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Beschreibung

[0001] Die vorliegende Erfindung betrifft eine Mehr-
wege-Ventilanordnung zur Verwendung als Kraft-
stofftank-Umschaltventil zwischen zwei Kraftstoff-
tanks und einem Motor in einem Kraftfahrzeug, mit
zweimal zwei Tankanschlissen jeweils fir Vorlauf
und Rdcklauf und zwei Motoranschliissen fir Vorlauf
und Ricklauf sowie mit einer Ventileinrichtung derart,
dass die Vorlauf-Tankanschllsse alternativ oder ge-
meinsam mit dem Vorlauf-Motoranschluss und die
Rucklauf-Tankanschlisse alternativ oder gemeinsam
mit dem Riicklauf-Motoranschluss verbindbar sind.

Stand der Technik

[0002] In bestimmten Regionen der Erde, beispiels-
weise in den U.S.A., werden im Fernverkehr mit Last-
kraftwagen grofie Strecken zwischen Gebieten mit
hohen Durchschnittstemperaturen und Gebieten mit
sehr niedrigen Temperaturen zurlckgelegt. Da
LKW's (blicherweise mit Diesel-Kraftstoff betrieben
werden, tritt dabei das Problem auf, dass "Nor-
mal-Diesel" bei etwa —15°C einfriert. Deshalb mus-
sen Diesel-Fahrzeuge bei niedrigeren Temperaturen
mit einem anderen, speziellen Kraftstoff betrieben
werden, dem sogenannten "Arktic-Diesel", der auch
bei Temperaturen bis —40°C noch flissig bleibt. Ark-
tic-Diesel ist allerdings um ca. 10 % bis 15 % teuerer
als Normal-Diesel und verursacht zudem auch einen
um etwa 10 % bis 15 % hoheren Kraftstoff Verbrauch.
Deshalb soll vermieden werden, das Fahrzeug nur, d.
h. auch in warmeren Regionen, mit Arktic-Diesel zu
betreiben. Allerdings ist es nicht praktikabel und auch
nicht rentabel, das gesamte Kraftstoffsystem mit
Tanks) und Leitungen bei einem Wechsel zwischen
warmen und kalten Regionen umzustellen, d. h. voll-
standig zu entleeren und neu zu befiillen.

[0003] Schwere LKW's sind heute Ublicherweise mit
(mindestens) zwei Kraftstofftanks ausgeristet. Dar-
aus ergibt sich die Mdglichkeit, je nach Einsatzfall die
Tanks mit gleicher oder unterschiedlicher Kraftstoffart
zu betanken. Mit Hilfe einer Ventilanordnung der ein-
gangs beschriebenen Art knnen dann die Tanks ein-
zeln oder gemeinsam mit dem Motor verbunden wer-
den.

[0004] Eine bekannte Ventilanordnung der genann-
ten, gattungsgemafen Art ist als Mehrfachventil aus
Metall ausgebildet und besteht aus vielen miteinan-
der verschraubten Einzelteilen, und zwar aus vier
2/2-Wege-Ventilen, die Uber zwei T-Verteiler verbun-
den sind. Jedes Einzelventil ist als Kugelventil ausge-
bildet und wird mechanisch Gber Zug/Schub-Stangen
bedient. Dabei treten einige bedeutende Nachteile
auf:

— lange Betadtigungswege der Hebel-Gestange

(150 bis 160 mm)

— hohes Gewicht (ca. 2, 5 kg)
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— verschraubte Anschlisse sind nicht oder nur
schwer richtungsverstellbar (bezlglich der Ver-
laufsrichtung von angeschlossenen Leitungen)

— hoher Material- und Montageaufwand

— hohe Betatigungskraft

— nur direkte manuelle Betatigung méglich, wozu
der Fahrer anhalten und das Flhrerhaus verlas-
sen muld.

Aufgabenstellung

[0005] Der vorliegenden Erfindung liegt die Aufgabe
zugrunde, eine zur Vermeidung der beschriebenen
Nachteile verbesserte Mehrwege-Ventilanordnung
der genannten Art zu schaffen, die sich insbesondere
durch reduzierten Material- und Montageaufwand,
geringes Gewicht und geringe Betatigungskraft mit
der daraus resultierenden Méglichkeit einer automa-
tischen (Fern-) Betatigung auszeichnet.

[0006] Erfindungsgemal wird dies durch die Merk-
male des Anspruchs 1 erreicht. Vorteilhafte Ausge-
staltungen der Erfindung sind in den abhangigen An-
spruchen enthalten.

[0007] Demnach besteht die Ventileinrichtung erfin-
dungsgemal} aus (mindestens) zwei schaltungstech-
nisch bezliglich der vorhandenen Anschllisse sym-
metrischen Teilventilen, die insbesondere als
4/2-Wege-Ventile beliebiger Bauart, bevorzugt aber
als Schieberventile ausgebildet sind. Somit handelt
es sich vorzugsweise um ein Doppel-Schieberventil
mit zwei zusammenwirkenden Schieberventilen.
Dies stellt eine kostengiinstige Lésung dar, die mit
minimalem Aufwand alle Funktionen der bekannten
Ventilanordnung erflllt, dabei aber aus sehr wenigen
Einzelkomponenten besteht. Daraus resultiert auch
ein geringer Herstellungs- und Montageaufwand. Der
Einsatz von Schieberventilen ist auch bezlglich der
Durchflusseigenschaften sehr vorteilhaft, weil grofe
Strémungsquerschnitte realisiert werden kénnen. So
mussen keine Dichtungen umstromt werden, so dass
die Strémungsquerschnitte innerhalb der Ventilan-
ordnung sogar um etwa 20 % grofler sein kdnnen, als
in den angeschlossenen Leitungen, und dies sogar
chne gréflere Einbaumalie der Ventilanordnung. Die
zur Betatigung notwendigen Schaltwege kdnnen klei-
ner als 30 mm gehalten werden.

[0008] Die Betatigungskrafte sind derart gering,
dass auch ein Schalten mit automatischen Mitteln,
insbesondere elektromagnetisch oder pneumatisch,
moglich ist. Zudem kann gegenliber der bekannten
Ausflhrung eine Gewichtsreduzierung von mindes-
tens 50 % (bei manueller Betatigung) bzw. von min-
destens 20 % (bei automatischer Betatigung) erreicht
werden. SchlieBlich kénnen alle Anschlisse auf recht
einfache Weise, insbesondere durch Verwendung
von Steckverbindungen, richtungseinstelibar, ausge-
legt sein.
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[0009] Jedes Teilventil weist zwei Tankanschlisse
flr Vor- und Rucklauf und zwei Motoranschllsse flr
Vor- und Ruicklauf auf, wobei die Vorlauf-Motoran-
schlusse der Teilventile miteinander zu einem ge-
meinsamen Vorlauf-Motoranschluss sowie die Riick-
lauf-Motoranschilisse der Teilventile miteinander zu
einem gemeinsamen Ricklauf-Motoranschluss ver-
bunden sind.

[0010] Es seian dieser Stelle bemerkt, dass das be-
vorzugte Doppel-Schieberventil grundsatzlich auch
unabhangig von der speziellen Anwendung einge-
setzt werden kann, und zwar als 6/3- bzw. 6/4-We-
ge-Ventil.

Ausflihrungsbeispiel

[0011] Anhand von in der Zeichnung veranschau-
lichten, bevorzugten Ausfihrungsbeispielen soll die
Erfindung genauer erlautert werden. Dabei zeigen:

[0012] Eig. 4 eine Perspektivansicht einer erfin-
dungsgemalien Ventilanordnung (ohne endseitige
Deckelelemente),

[0013] Eig.2 eine Seitenansicht der Ventilanord-
nung in Pfeilrichtung Il gemat Eig. 1,

[0014] Elig. 3 einen Axialschnitt in der Ebene Il
gemal Eig. 2,

[0015] Eig. 4 einen weiteren Axialschnitt in der zur
Ansicht nach Fig, 3 senkrechten Schnittebene V-1V

gemaR Fig. 3,

[0016] Eig. 8 eine AusschnittvergréRerung des Be-
reichs Vin Eig. 4,

[0017] Eig. 8 eine vergroferte Ansicht eines De-
ckelelementes in Pfeilrichtung VI geman Eig. 7,

[0018] Eig. 7 einen Schnitt in der Ebene VII-VII in
Fig. 6,

[0019] Eig. B eine teilweise geschnittene Seitenan-
sicht eines Einzelteils, und zwar eines Schiebers, der
erfindungsgemafien Ventilanordnung,

[0020] Eig. 8 einen Querschnitt in der Ebene IX-IX
gemal Eig. 8,

[0021] Eig. 18 bis Fig. 13 Darstellungen analog zu
Fig, 3 in verschiedenen Schaltstellungen der erfin-
dungsgemalien Ventilanordnung,

[0022] Fig. 14 eine Seitenansicht der Ventilanord-
nung in einer vorteilhaften Ausgestaltung mit einer
Druckmittel-Betatigungseinrichtung,

[0023] Fig. 18 einen Axialschnitt in der Ebene
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XV-XV in Fig. 14,

[0024] Eig. 16 eine vergroRerte Darstellung des Be-
reichs XVI der Betatigungseinrichtung in Eig. 18,

[0025] Eig. 17 eine vergroRerte Axialschnittansicht
eines Einzelteils, und zwar eines Betatigungskol-
bens, der Betatigungseinrichtung gemafl Ejg. 15

bzw. Eig. 18,

[0026] Eig. 18 eine Stirnansicht des Betatigungskol-
bens in Pfeilrichtung XVIIl geman Eig. 17,

[0027] Eig. .12 eine Seitenansicht in Pfeilrichtung
XIX'in Fig, 18,

[0028] Eig. 28 einen weiteren Axialschnitt in der
Ebene XX-XX in Eig, 18,

[0029] Eig, 21 eine weitere Ansicht eines Deckele-
lementes in einer gegendber Eig. § alternativen Aus-
fliihrung,

[0030] Fig. 22 einen Teilschnitt der Ventilanordnung
entsprechend der Schnittlinie XII-XI} in Fig, 158 mit zu-
satzlicher Darstellung von Anschluf3steckern und

[0031] Fig. 23 einvereinfachtes Schaltbild der erfin-
dungsgemalien Ventilanordnung als Umschaitventil
zwischen zwei Kraftstofftanks und einem Motor, bei-
spielhaft in einer Schaltstellung wie in £ig. 13.

[0032] In den verschiedenen Figuren der Zeichnung
sind gleiche Teile stets mit den gleichen Bezugszei-
chen versehen.

[0033] Wie sich zunachst aus Fig. 23 ergibt, wird
eine erfindungsgemafle Mehrwege-Ventilanordnung
1 insbesondere als Kraftstofftank-Umschaltventil zwi-
schen zwei Kraftstofftanks A und B und einem nur
schematisch angedeuteten Motor M in einem Kraft-
fahrzeug (LKW) eingesetzt. Die Ventilanordnung 1
weist dazu zweimal zwei Tankanschlliisse A1, A2 flr
den Tank A und B1, B2 flir den Tank B auf, wobei die
Anschliisse A1 und B1 als Vorlauf-Tankanschliisse
fur je eine vom Tank A bzw. B zur Ventilanordnung 1
flihrende Tank-Saugleitung 2, 4 und die Anschliisse
A2 und B2 als Rucklauf-Tankanschliisse fiir je eine
zurlck in Richtung Tank A bzw. B fihrende Riicklauf-
leitung 6, 8 fungieren. Ferner weist die Ventilanord-
nung 1 zwei Motoranschlisse M1 und M2 auf, wobei
der Anschluss M1 als Vorlauf-Motoranschluss ftir
eine zum Motor M fuhrende Vorlaufleitung 10 und der
Anschluss M2 als Riicklauf-Motoranschluss flr eine
vom Motor M kommende Rucklaufleitung 12 vorge-
sehen sind. Die Ventilanordnung 1 weist weiterhin
eine Ventileinrichtung derart auf, dass die Vor-
lauf-Tankanschlisse A1, B1 alternativ oder gemein-
sam mit dem Vorlauf-Motoranschluss M1 und die
Ricklauf-Tankanschllisse A2, B2 alternativ oder ge-

3/15

Petitioner MWE Investments, LLC, et al.
Exhibit 1003, Page 402



DE 10 2006 008 524 A1

meinsam mit dem Ruicklauf-Motoranschluss M2 ver-
bindbar sind. Dadurch kann alternativ entweder der
Tank A oder der Tank B mit dem Motor verbunden
werden, oder es kénnen beide Tanks A und B parallel
mit dem Motor verbunden werden. Vorzugsweise ist
noch eine vierte Schaltstellung vorgesehen, wobei
beide Tanks A und B vom Motor M getrennt, d. h. ab-
gesperrt sind. Diese vierte Schaftstellung (siehe
£ig. 18) kann beispielsweise — durch eine geeignete
Steuerung betatigt — den Kraftstoff zwangsweise ab-
speren, um als Wegfahrsperre zu dienen oder als Si-
cherheitsventil bei einem Unfall einen ungewollten
Kraftstoffaustritt aus beschadigten Leitungen oder
Aggregaten zu verhindern. In Eig, 23 ist beispielhaft
die Schaltstellung dargestellt, wobei der Tank B mit
dem Motor M verbunden ist, wahrend der andere
Tank A abgesperrt ist. Zu den anderen Schaltstellun-
gen wird bereits an dieser Stelle auf die Eig, 18 bis
Flg. 13 verwiesen.

[0034] Erfindungsgemal besteht nun die Ventilein-
richtung 1 aus zwei zusammenwirkenden, Mehrwe-
ge-Teilventilen V1, V2, insbesondere Schieberventi-
len 14 und 16. Jedes Teilventil V1, V2 bzw. Schieber-
ventil 14, 16 ist als 4/2-Wege-Ventil ausgebildet und
weist zwei der TankanschlUsse, und zwar einerseits
A1 und A2 und andererseits B1 und B2, fur Vor- und
Rucklauf auf. Die Motoranschllisse M1 und M2 sind
mit beiden Schieberventilen 14, 16 verbunden. Dar-
aus resultiert insgesamt ein Aufbau als 6/3- oder
6/4-Wege-Ventil mit sechs Anschlissen und mindes-
tens drei, vorzugsweise vier Schaltstellungen.

[0035] Jedes Schieberventil 14, 16 weist ein Ventil-
gehéduse 18 und einen in einem langlichen, zylinder-
artigen Schieberraum 20 innerhalb des Ventilgehau-
ses 18 in Richtung einer Schieberachse 22 kolbenar-
tig zwischen (mindestens) zwei Schaltstellungen
langsverschiebbaren Schieber 24 auf (vgl. hierzu
auch die gesonderte Darstellung in Eig. 8). Jeder
Schieberraum 20 weist an axial, d. h. in Richtung der
Schieberachse 22 versetzten Stellen vier Steuerdff-
nungen 26 auf, die jeweils mit einem der Tankan-
schliisse A1, A2 bzw. B1, B2 bzw. einem der Motor-
anschlisse M1 bzw. M2 verbunden sind. Je nach
Stellung der Schieber 24 kénnen die Steueréffnun-
gen 26 paarweise verbunden oder gegeneinander
abgesperrt werden.

[0036] In der bevorzugten Ausflihrung sind die zwei
Schieberventile 14, 16 direkt benachbart und bezlig-
lich ihrer Schieberachsen 22 parallel zueinander an-
geordnet. In weiterer vorteilhafter Ausgestaltung sind
dabei die beiden Ventilgehause 18 zu einem monoli-
thisch einstickigen Gehéause-Formteil 28 zusam-
mengefasst. Dieses Formteil 28 ist insbesondere als
Kunststoff-Spritzteil oder als Druckgussteil beispiels-
weise aus Aluminium oder Zink ausgebildet. Auch
dies tragt zu einer wirtschaftlichen Herstellung bei.
Grundsatzlich kann aber das Formteil 28 auch aus

2006.08.31

Vollmaterial durch eine spanende Bearbeitung her-
gestellt werden.

[0037] Das einstuckige Gehause-Formteil 28 mit
den beiden Ventilgeh&usen 18 ist bezlglich einer mit-
tigen Symmetrieebene 30 spiegelsymmetrisch aus-
gebildet. Dabei erstrecken sich die Tankanschlisse
A1, A2 und B1 und B2 jeweils mit zur Symmetrieebe-
ne 30 paralleler oder senkrechter Verlaufsrichtung
von dieser weg nach aulen. Die Motoranschlisse
M1, M2 sind mittig mit einer der Symmetrieebene 30
entsprechenden Verlaufsrichtung angeordnet. Somit
liegen die Motoranschllisse M1, M2 mittig zwischen
den beiden Schieberventilen 14, 16. Jeder Motoran-
schluss M1, M2 geht in einen Kanal Gber, der zur Bil-
dung der zugehorigen Steuerdffnungen 26 die Schie-
berraume 20 beider Schieberventile 14, 16 anschnei-
det. Dadurch sind auf einfache Weise die Motoran-
schlisse M1, M2 mit beiden Schieberventilen 14 und
16 verbunden.

[0038] Jeder Schieber 24 weist an axial beabstan-
deten Stellen Umfangsdichtungen 32 auf, die mit in-
neren Dichtflachen des jeweiligen Ventilgehduses 18
zusammenwirken. Dabei besteht jeder Schieber 24 —
siehe insbesondere Fig, § — aus einem zentrischen,
axialen Kern 36 und mehreren, in der dargestellten
Ausflhrung vier, radialen tellerartigen Ventilscheiben
38 sowie einem einseitig aus dem jeweiligen Ventil-
gehause 18 nach aullen geflhrten Betdtigungsende
40. Jede Ventilscheibe 38 tragt auf inrem AuRenum-
fang vorzugsweise in einer Ringnut 42 eine der Um-
fangsdichtungen 32. Die Umfangsdichtungen 32 kén-
nen von elastischen O-Ringen gebildet sein. Geman
Fig. 8 ist es vorteithaft, wenn die Ventilscheiben 38
im Bereich radial zwischen dem Kern 36 und dem au-
Reren Umfang axiale Hinterschneidungen 44 aufwei-
sen. Bei einer bevorzugten Herstellung der Schieber
24 als einstlckige Kunststoff-Formteile werden durch
die Hinterschneidungen 44 vorteilhafterweise Materi-
alanhaufungen und damit ein Verzug vermieden. Die-
se Hinterschneidungen 44 werden bei der Fertigung
durch eine sogenannte Springkerntechnik entformt.

[0039] In weiterer vorteilhafter Ausgestaltung der
Erfindung ist hierbei vorgesehen, dass die Umfangs-
dichtungen 32 bezlglich ihrer Aufendurchmesser
D1, D2, D3 (siehe hierzu Eig, 8) sowie die Dichtfla-
chen 34 bezlglich ihrer Innendurchmesser D'1, D'2
und D'3 (siehe Eig. 4) in Anpassung aneinander der-
art ausgelegt sind, dass jede Umfangsdichtung 32,
die sich bei einem Schaltvorgang axial iber den Be-
reich einer der Steueréffnungen 26 hinweg bewegt
(im dargesteliten Beispiel sind dies die Dichtungen
32b und 32d; siehe Fig. 4 und Fig. 8§), in ihrem sich
axial Uber die jeweilige Steueréffnungen 26 hinweg
erstreckenden Bewegungsbereich radial im Wesent-
lichen unverpresst ist und erst in einem jeweils axial
zwischen zwei voneinander zu trennenden Steueroff-
nungen 286 liegenden Dichtbereich radial verpresst
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wird. Durch diese vorteilhafte Mallhahme wird ver-
mieden, dass eine der Umfangsdichtungen 32 bei ih-
rer Bewegung Uber eine seitlich in den Schieberraum
20 mindende Steuerdffnung 26 hinweg beschadigt
werden kénnte, denn in einem verpressten Zustand
kénnte sich die Dichtung in die Steueréffnung 26 hin-
ein ausdehnen und bei der weiteren Bewegung am
Offnungsrand hdngenbleiben und so beschadigt wer-
den. Dies wird durch die erfindungsgemafe Mafinah-
me vermieden. Konkret ist bei der bevorzugten Aus-
fihrung vorgesehen, dass der Schieberraum 20 je-
des Ventilgehduses 18 ausgehend von einem fir das
Betatigungsende 40 des Schiebers 24 offenen Ende
46 mehrere axial iber konische Ubergéange 48 inein-
ander Ubergehende, im Wesentlichen zylindrische
Dichtflachen 34a bis ¢ aufweist, deren Innendurch-
messer D'1 bis D'3 sich sukzessive Uber die koni-
schen Ubergange 48 verkleinern (siehe nochmals
Fig. 4). Es sei bemerkt, dass die Dichtflachen 34
auch jeweils schwach konisch, d. h. mit einem klei-
nen Konuswinkel < 1°, ausgebildet sein kdnnen. Dies
ermoglicht eine vereinfachte Entformbarkeit bei der
Herstellung als Spritz- oder Druckgussteil. Die Ausle-
gung der Durchmesser muss dabei in Relation zu
den zugehorigen Umfangsdichtungen natirlich so
sein, dass jede Umfangsdichtung 32 in ihrer Dicht-
stellung im Bereich der zugehdrigen Dichtflache 34
eine sichere Abdichtung gewahrleistet. Was den
Schieber 24 betrifft (siehe £ig. 8), so weist die — aus-
gehend vom Betatigungsende 40 — erste Umfangs-
dichtung 32a einen Durchmesser D1 auf, der an den
Innendurchmesser D'1 der ersten Dichtflache 34a so
angepasst ist, dass diese Umfangsdichtung 32a zur
Abdichtung verpresst ist. Damit dient diese erste Um-
fangsdichtung 32a zur standigen Abdichtung des
Schieberraums 20 nach aufien in Richtung des offe-
nen Endes 46. Die ndchste, zweite Umfangsdichtung
32b weist demgegenlber einen reduzierten Durch-
messer D2 auf, so dass diese zweite Umfangsdich-
tung 32b im Bereich der ersten Dichtflache 34a nicht
oder zumindest nicht vollstandig radial verpresst ist.
Dadurch kann sie sich Uber den Bereich der ersten
Steueréffhnung 26 hinweg schadlos bewegen. Im An-
schluss daran wird diese zweite Umfangsdichtung
32b iiber den konischen Ubergang 48 radial ver-
presst, bis sie dann dichtend auf der zweiten Dichtfla-
che 34b mit dem Innendurchmesser D'2 anliegt. In
analoger Weise verhalt sich dies auch mit der dritten
und vierten Umfangsdichtung 32. So liegt die dritte
Umfangsdichtung 32¢ in jeder Stellung radial ver-
presst und dadurch dichtend an der Dichtflache 34b
an. lhr Durchmesser D2 entspricht demgeman etwa
dem Innendurchmesser D'2. Die vierte und letzte
Umfangsdichtung 32d weist einen weiter reduzierten
Durchmesser D3 auf, so dass sie folglich im Bereich
dieser Dichtflache 34b mit dem Innendurchmesser
D'2 nicht oder nur unwesentlich radial verpresst ist.
Sie kann sich dadurch Gber den Bereich der weiteren
Steuer6ffnung 26 schadlos hinweg bewegen und
wird dann (iber den weiteren konischen Ubergang 48
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radial verpresst, und zwar entsprechend dem Innen-
durchmesser D'3 der sich anschlieenden Dichtfla-
che 34c.

[0040] Es ist zweckmaRig, wenn die Ventilgehause
18 an ihren offenen Enden 46 mit einem Deckelele-
ment 50 verschlossen bzw. verschlieRbar sind. Vor-
zugsweise dient das Deckelelement 50 auch zur Fih-
rung des Betatigungsendes 40 des jeweiligen Schie-
bers 24. Dazu weist das Deckelelement 50 jeweils
eine Flhrungséffnung 52 mit einer dem Querschnitt
des Kerns 36 bzw. eines zusatzlichen Fihrungsab-
schnittes 54 entsprechenden Offnungskontur auf. Im
dargestellten Beispiel handelt es sich um einen von
der Kreisform abweichenden, insbesondere etwa
kreuzférmigen Querschnitt, siehe insbesondere
Fig. 8, so dass auch eine Flhrung gegen Verdrehen
um die Schieberachse 22 erreicht wird. Durch eine
spezielle, insbesondere gegeneinander ,verdrehte"
Anordnung der FUhrungséffnungen 52 (vgl. Fig, §
und Eig. 21) wird eine definierte Einbaulage der
Schieber 24 zur Korrektur von eventuellen, herstel-
lungsbedingten Formabweichungen im Gehause 18
erreicht. Hierzu kann der Schieber 24 in der Form
dem Gehause und dessen Formabweichung ange-
passt werden. Es ist dabei zudem vorteilhaft, wenn
die einzelnen Deckelelemente 50 der beiden Ventil-
gehause 18 Uber einen Verbindungsabschnitt 56 zu
einem einstlckigen Teil, insbesondere einem einstu-
ckigen Kunststoff-Formteil, zusammengefasst sind.

[0041] In weiterer bevorzugter Ausgestaltung ist je-
der Schieber 24 in jeder von zwei Schaltstellungen
insbesondere Gber Rastmittel 58 kraftformschliissig
fixiert. Wie sich insbesondere aus Fig. 8 ergibt, kann
als Rastmittel 58 jeweils ein Rastarm 60 im Bereich
der Flhrungséffnung 52 des Deckelelementes 50
vorgesehen sein, der mit einer Rastnase jeweils in
eine Rastausnehmung 62 des Schiebers 24 bzw. des
Flahrungsabschnittes 54 eingreift.

[0042] Wie nur in Eig. 3 stark schematisch ange-
deutet ist, ist es weiterhin vorteilhaft, wenn zur
Schmutzabdichtung zwischen dem Betatigungsende
40 jedes Schiebers 24 und dem Ventilgehause 18
bzw. dem damit verbundenen Deckelelement 50 eine
faltenbalgartig langenvariable Hille 64 angeordnet
ist.

[0043] In den Ausfiihrungen gemall Eig. 4 bis
Fig. 13 sind die Schieber 24 manuell, insbesondere
Uber nicht dargestellte mechanische Verbindungen,
wie Gestange oder Seilzlige, betatigbar.

[0044] Alternativ oder auch zuséatzlich kann eine Be-
tatigungseinrichtung 66 zur motorischen, insbeson-
dere pneumatischen oder hydraulischen oder elek-
tromagnetischen Betatigung der Schieber 24 vorge-
sehen sein.
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[0045] Hierzu wird auf das Ausflhrungsbeispiel ge-
maf Fig. 14 bis Fig. 18 verwiesen, wobei die Ventil-
gehduse 18 auf der Seite der Betatigungsenden 40
der Schieber 24 — vorzugsweise zusatzlich zu dem
Deckelelement 50 — mit jeweils einem Zylindergehau-
se 68 verbunden sind. Die Schieber-Betdtigungsen-
den 40 sind mit jeweils einem in dem Zylindergehau-
se 68 gefiihrten Betadtigungskolben 70 verbunden.
Jedes Zylindergehduse 68 weist einen Steuerdruck-
anschiuf $1 bzw. S2 auf. Dadurch kann der jeweilige
Betatigungskolben 70 auf der Seite eines Arbeits-
raums 71 mit einem Druckmittel beaufschlagt wer-
den, um den zugehdrigen Schieber 24 insbesondere
gegen die Ruckstellkraft einer Ruckstellfeder 72 zu
verschieben. Vorzugsweise ist dabei jeder Betati-
gungskolben 70 iiber Rastmittel 74 mit dem Betati-
gungsende 40 des zugehdrigen Schiebers 24 ver-
bunden. Hierzu wird auch auf die gesonderten Dar-
stellungen des Betatigungskolbens 70 in Eig. 47 bis
Fig. 28 hingewiesen. Um auf der dem Arbeitsraum
71 gegeniiberliegenden Seite des Betatigungskol-
bens 70 bei der Druck-Betatigung innerhalb des Zy-
lindergehauses 68 einen Uberdruck zu vermeiden
bzw. abzubauen, weist das/jedes Zylindergehause
68 in diesem Bereich (mindestens) eine Luftungsoff-
nung 67 auf, die vorzugsweise aulien von einer
membranventilartigen, ringbandférmigen Schmutz-
dichtung 69 Uberdeckt ist (siehe insbesondere

Fig. 18).

[0046] Weiterhin ist es vorteilhaft, wenn die beiden
Zylindergehduse 68 der Betatigungseinrichtung 66
zu einem einstickigen Formteil zusammengefasst
sind. Dieses Zylinder-Formteil wird bevorzugt im Be-
reich von seitlichen Montageansatzen 75 mit dem
Gehaduse-Formteil 28 verschraubt, und zwar unter
Zwischenlage des einteiligen Deckelelementes 50.
Dieses weist dann geman Eig. 21 korrespondierende
Montageansatzen 75 mit Schraubeniéchern 76 auf.
Zur Positionierung und Montagehilfe sind bevorzugt
im Anlagebereich zwischen der Betatigungseinrich-
tung 66 und dem Deckelelement 50 sowie zwischen
letzterem und dem Gehduse 18 bzw. dem Gehau-
se-Formteil 28 Positionsansatze 77 vorgesehen, die
in korrespondierende Offnungen eingreifen (siehe
insbesondere Eig. 18). Durch eine unterschiedliche
Anordnung und/oder Form, z.B. unterschiedliche
Durchmesser, der Positionseinsatze 77 kénnen die
Teile nur korrekt und lagerichtig miteinander verbun-
den werden, so dass vorteilhafterweise eine Fehl-
montage praktisch ausgeschlossen ist.

[0047] Bei der Alternative gemaf Fig. 2 bis Fig. 13
ist das Deckelelement 50 gemal Eig. & (ber Rastmit-
tel 78 mit den Ventilgehdusen 18 bzw. dem Gehau-
se-Formteil 28 verrastbar.

[0048] Dabei kann auch die Betatigungseinrichtung
66 Uber Rastmittel befestigt werden (nicht darge-
stellt).
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[0049] Es ist weiterhin zweckmalig, wenn alle vor-
gesehenen Anschlisse A1/2, B1/2, M1/2 und S1/2
als Kupplungsteile zum insbesondere richtungsvari-
ablen Steckanschluss von Leitungen ausgebildet
sind. Hierzu wird auf Ejg. 22 verwiesen, wonach je-
der Anschluss als muffenartige Aufnahmed&ffnung 80
zum Einstecken eines Steckerteils 82 ausgebildet ist.
Dabei sind zudem geeignete Arretiermittel 84 zum
I6sbaren Arretieren des eingesteckten Steckerteils
82 vorgesehen. Im dargestellten Beispiel weist jeder
Anschluss im Miundungsbereich der Aufnahmeoff-
nung 80 einen radial nach aufen ragenden Umfangs-
rand 86 auf, der im eingesteckten Zustand von aufle-
ren, sich axial erstreckenden Rastarmen 88 des je-
weiligen Steckerteils 82 rastend lbergriffen wird.
Zum Lésen konnen die Rastarme 88 radial nach au-
Ren gespreizt werden. Vorteil dieser Anschlussart ist,
dass die Verlaufsrichtung der angeschlossenen Lei-
tung (selbst nicht dargestellt) variabel ist, weil sich die
Steckerteile 82 relativ zu den Anschliissen verdrehen
lassen. Im dargestellten Beispiel gemal? Elg. 22
weist jedes Steckerteil 82 zum Leitungsanschluss ei-
nen Ublichen Anschlussdorn 90 auf.

[0050] Die Bestandteile der erfindungsgemafien
Ventilanordnung 1, und zwar insbesondere die Ven-
tilgehduse 18 bzw. das einstlckige Gehduse-Form-
teil 28, die Schieber 24 und vorzugsweise auch die
Deckelelemente 50 und optional die Zylindergehause
68 und die Betatigungskolben 70, bestehen vorzugs-
weise aus dem gleichen Material, und zwar insbeson-
dere aus einem faserverstarkten Kunststoff, wie
PA12-GF50. Dieses bevorzugte Material weist eine
geringe Wasseraufnahme auf und eignet sich gut zur
Anwendung mit Kraftstoffen, insbesondere Diesel.
Durch Verwendung von gleichen Materialien fir die
Bestandteile werden Undichtigkeiten, die durch ther-
mische Dehnung entstehen kénnten, vermieden.

[0051] Das Gehause-Formteil 28 weist zur Monta-
gebefestigung an einem nicht dargestellten Trager in
einem Kraftfahrzeug mindestens zwei, bevorzugt drei
aullen angeformte Befestigungselemente 92 auf, die
insbesondere derart gegeniiber den Bereichen der
Dichtflachen 34 axial und/oder radial versetzt ange-
ordnet sind, dass bei der Montage ein Verzug des
Formteils und daraus resultierende Formveranderun-
gen im Bereich der Dichtflachen 34 weitgehend aus-
geschlossen sind. Dies gewahrleistet eine gute Funk-
tionsfahigkeit und dauerhafte Dichtwirkung im Be-
reich der Umfangsdichtungen 32 und Dichtflachen
34.

[0052] Die Funktion der erfindungsgemalfien Venti-
lanordnung 1 dirfte durch die obigen Erlduterungen
des konstruktiven Aufbaus bereits hinreichend klar
sein. Erganzend wird auf die Darstellungen in den
Fig. 1¢ bis Fig. 12 verwiesen. In Eig, 18 ist eine opti-
onale Absperrstellung dargestellt, in der alle vorhan-
denen Anschlisse voneinander getrennt sind.
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Fig. 11 zeigt die Ventilstellung zur Verbindung des
Tanks A mit dem Motor M, indem A1 mit M1 und A2
mit M2 verbunden sind. Der Tank B ist vom Motor M
abgesperrt. Die umgekehrte Schaltstellung ist in
Eig. 13 dargestelit, wobei der Tank A abgesperrt und
der Tank B mit dem Motor M verbunden ist. Schlief3-
lich zeigt Eig. 12 eine Stellung, in der beide Tanks A
und B mit dem Motor M verbunden sind. Diese
Schaltstellung ist vorgesehen fir den Fall, dass beide
Tanks mit dem selben Kraftstoff befillt sind.

[0053] Die Absperrstellung gemaR Eig, 18 kann als
Prifstellung zur Dichtheitsprifung vorgesehen sein.
Dabei bilden sich im Ventil zwei Priifkammern, die
Uber die beiden Motoranschliisse M1 und M2 mit ei-
nem Prifdruck beaufschlagt werden kénnen. Diese
Prifkammern werden von den Umfangsdichtungen
32 der Schieber 24 gedichtet. Im Falle eines gemes-
senen Druckabfalls des Priifdruckes kann auf eine
beschadigte oder gar fehlende Umfangsdichtung ge-
schlossen werden.

[0054] Durch die beschriebene Ausgestaltung der
Ventilanordnung 1 bzw. der beiden Schieberventile
14, 16 werden Vor- und Ricklauf eines Tanks stets
nur gemeinsam geschaltet. Dadurch sind Vertau-
schungen ausgeschlossen.

[0055] Es sei nochmals bemerkt, dass ein Schieber-
ventil 14 bzw. 16 der beschriebenen Art bzw. ein Dop-
pel-Schieberventil der bevorzugten Art auch unab-
hangig von der beschriebenen, speziellen Anwen-
dung als Tank-Umschaltventil als allgemeines
4/2-bzw. 6/3- oder 6/4-Wege-Ventil verwendet wer-
den kann.

[0056] Im Ubrigen ist die Erfindung ohnehin nicht
auf die beschriebenen Ausfiihrungsbeispiele be-
schrankt, sondern erstreckt sich auch auf gleichwir-
kende Ausfiihrungen. Fernerist die Erfindung bislang
auch noch nicht auf die im jeweils unabhangigen An-
spruch definierte Merkmalskombination beschrankt,
sondern kann auch durch jede beliebige andere
Kombination von bestimmten Merkmalen aller insge-
samt offenbarten Einzelmerkmalen definiert sein.
Dies bedeutet, dal grundsatzlich praktisch jedes Ein-
zelmerkmal des jeweils unabhangigen Anspruchs
weggelassen bzw. durch mindestens ein an anderer
Stelle der Anmeldung offenbartes Einzelmerkmal er-
setzt werden kann. Insofern sind die Anspriiche le-
diglich als ein erster Formulierungsversuch fur eine
Erfindung zu verstehen.

Patentanspriiche

1. Mehrwege-Ventilanordnung (1) zur Verwen-
dung als Kraftstofftank-Umschaltventil zwischen min-
destens zwei Kraftstofftanks (A, B) und einem Motor
(M) in einem Kraftfahrzeug, mit mindestens zweimal
zwei Tankanschliiissen (A1, A2; B1, B2). jeweils flr
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Vorlauf und Ricklauf und zwei Motoranschllssen
(M1, M2) far Vorlauf und Rdacklauf sowie mit einer
Ventileinrichtung derart, dass die Vorlauf-Tankan-
schllisse (A1, B1) alternativ oder gemeinsam mit dem
Vorlauf-Motoranschiuss (M1) und die Ricklauf-Tank-
anschlisse (A2, B2) alternativ oder gemeinsam mit
dem Rucklauf-Motoranschluss (M2) verbindbar sind,
dadurch gekennzeichnet, dass die Ventileinrich-
tung aus mindestens zwei zusammenwirkenden,
schalttechnisch symmetrischen Mehrwege-Teilventi-
len (V1, V2), insbesondere 4/2-Wege-Ventilen, be-
steht.

2. Ventilanordnung nach Anspruch 1, dadurch
gekennzeichnet, dass die Teilventile (V1, V2) als zu-
sammenwirkende Schieberventile (14, 16) ausgebil-
det sind.

3. Ventilanordnung nach Anspruch 1 oder 2, da-
durch gekennzeichnet, dass jedes Teilventil (V1, V2)
zwei Tankanschlisse (A1 und A2 bzw. B1 und B2) fuir
Vor- und Ricklauf und zwei Motoranschlisse fiir Vor-
und Ricklauf aufweist, wobei die Vorlauf-Motoran-
schlisse der Teilventile (V1, V2) miteinander zu ei-
nem gemeinsamen Vorlauf-Motoranschluss (M1) so-
wie die Rucklauf-Motoranschlisse der Teilventile
(V1, V2) miteinander zu einem gemeinsamen Rick-
lauf-Motoranschluss (M2) verbunden sind.

4. Ventilanordnung nach Anspruch 2 oder 3, da-
durch gekennzeichnet, dass jedes Schieberventil
(14, 16) ein Ventilgehause (18) und einen in einem
zylinderartigen Schieberraum (20) innerhalb des
Ventilgehduses (18) in Richtung einer Schieberachse
(22) kolbenartig zwischen mindestens zwei Schalt-
stellungen langsverschiebbaren Schieber (24) auf-
weist, wobei jeder Schieberraum (20) an axial ver-
setzten Stellen vier Steueréffnungen (26) aufweist,
die jeweils mit einem der Tankanschllsse (A1, A2
bzw. B1, B2) bzw. einem der Motoranschlisse (M1
bzw. M2) verbunden sind.

5. Ventilanordnung nach einem der Anspriiche 2
bis 4, dadurch gekennzeichnet, dass die Schieber-
ventile (14, 16) direkt benachbart und bezlglich ihrer
Schieberachsen (22) parallel zueinander angeordnet
sind.

6. Ventilanordnung nach Anspruch 4 oder 5, da-
durch gekennzeichnet, dass die Ventilgehause (18)
der Schieberventile (14, 16) zu einem monolithisch
einstickigen Formteil (28) zuammengefasst sind.

7. Ventilanordnung nach Anspruch 6, dadurch
gekennzeichnet, dass das Formteil (28) als Kunst-
stoff-Spritzteil oder als Druckgussteil z.B. aus Alumi-
nium oder Zink oder als spanend bearbeitetes Metall-
oder Kunststoffteil ausgebildet ist.

8. Ventilanordnung nach einem der Anspriiche 4
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bis 7, dadurch gekennzeichnet, dass die Ventilge-
hause (18) bezlglich einer mittigen Symmetrieebene
(30) spiegelsymmetrisch ausgebildet sind, wobei sich
die Tankanschlisse (A1, A2; B1, B2) jeweils mit zur
Symmetrieebene (30) senkrechter oder paralleler
Verlaufsrichtung von dieser weg nach aullen erstre-
cken, und wobei die Motoranschlisse (M1, M2) mittig
mit einer der Symmetrieebene (30) entsprechenden
Verlaufsrichtung angeordnet sind.

9. Ventilanordnung nach Anspruch 8, dadurch
gekennzeichnet, dass jeder Motoranschluss (M1,
M2) einen Kanal aufweist, der zur Bildung der zuge-
hérigen Steuerdffnungen (26) die Schieberraume
(20) beider Schieberventile (14, 16) anschneidet.

10. Ventilanordnung nach einem der Anspriiche
4 bis 9, dadurch gekennzeichnet, dass jeder Schie-
ber (24) axial beabstandete Umfangsdichtungen
(32a—d) aufweist, die mit inneren Dichtflachen (34)
des jeweiligen Ventilgehduses (18) zusammenwir-
ken.

11. Ventilanordnung nach Anspruch 10, dadurch
gekennzeichnet, dass jeder Schieber (24) aus einem
zentrischen, axialen Kern (36) und mehreren, insbe-
sondere vier, radialen, tellerartigen Ventilscheiben
(38) sowie einem einseitig aus dem Ventilgehause
(18) nach aufien geflihrten Betatigungsende (40) be-
steht, wobei jede Ventilscheibe (38) aufihrem Aulien-
umfang in einer Ringnut (42) eine der Umfangsdich-
tungen (32a-d) tragt.

12. Ventilanordnung nach Anspruch 10 oder 11,
dadurch gekennzeichnet, dass die Umfangsdichtun-
gen (32a-d) bezdglich ihrer Auflendurchmesser
(D1-D3) sowie die Dichtflachen (34a-c) bezuglich ih-
rer Innendurchmesser (D'1-D'3) in Anpassung anei-
nander derart ausgelegt sind, dass jede Umfangs-
dichtung (32b, d), die sich bei einem Schaltvorgang
axial Gber den Bereich einer der Steuertffnungen
(26) bewegt, in ihrem sich axial Uber die Steuerdff-
nung (26) hinweg erstreckenden Bewegungsbereich
radial unverpresst und erst in einem jeweils axial zwi-
schen zwei Steueréffnungen (26) liegenden Dichtbe-
reich radial verpresst ist.

13. Ventilanordnung nach Anspruch 12, dadurch
gekennzeichnet, dass der Schieberraum (20) jedes
Ventilgehauses (18) ausgehend von einem offenen
Ende (46) mehrere axial (iber konische Ubergange
(48) ineinander U(bergehende, zylindrische oder
schwach konische Dichtflachen (34a—c) aufweist, de-
ren Innendurchmesser (D'1 bis D'3) sich sukzessive
Uber die konischen Ubergange (48) verkleinern.

14. Ventilanordnung nach einem der Anspriiche
4 bis 13, dadurch gekennzeichnet, dass die Ventilge-
hause (18) an ihren offenen Enden (46) mit einem
Deckelelement (50) verschlielibar sind, wobei vor-
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zugsweise das Deckelelement (50) auch zur Flhrung
des Betatigungsendes (40) des jeweiligen Schiebers
(24) dient.

15. Ventilanordnung nach Anspruch 14, dadurch
gekennzeichnet, dass das Deckelelement (50) je-
weils eine Flhrungséffnung (52) fur einen Fihrungs-
abschnitt (54) des jeweiligen Schiebers (24) aufweist,
wobei vorzugsweise eine bestimmte Drehlage mit Si-
cherung gegen Verdrehen der Schieber (24) vorge-
geben ist.

16. Ventilanordnung nach einem der Anspriiche
4 bis 15, dadurch gekennzeichnet, dass jeder Schie-
ber (24) in jeder von zwei Schaltstellungen insbeson-
dere (iber Rastmittel (58) kraftformschlissig fixiert ist.

17. Ventilanordnung nach einem der Anspriiche
4 bis 16, dadurch gekennzeichnet, dass zur
Schmutzabdichtung zwischen dem Betatigungsende
(40) jedes Schiebers (24) und dem Ventilgehause
(18) bzw. dem damit verbundenen Deckelelement
(50) eine faltenbalgartige Hulle (64) angeordnet ist.

18. Ventilanordnung nach einem der Anspriiche
4 bis 17, gekennzeichnet durch eine den Schiebern
(24) zugeordnete Betatigungseinrichtung (66) zur
manuellen oder motorischen, insbesondere pneuma-
tischen oder hydraulischen oder elektromagneti-
schen Betatigung der Schieber (24).

19. Ventilanordnung nach einem der Anspriiche
3 bis 18, dadurch gekennzeichnet, dass die Ventilge-
héduse (18) auf der Seite der Betatigungsenden (40)
der Schieber (24) mit jeweils einem Zylindergehause
(68) sowie die Schieber-Betatigungsenden (40) mit
jeweils einem Betatigungskolben (70) verbunden
bzw. verbindbar sind, wobei jedes Zylindergehause
(68) einen zur Druckbeaufschlagung des Betati-
gungskolbens (70) in einen Arbeitsraum (71) min-
denden Steuerdruckanschluss (81, S2) aufweist.

20. Ventilanordnung nach Anspruch 19, dadurch
gekennzeichnet, dass jedes Zylindergehause (68)
auf der dem Arbeitsraum (71) gegentlberliegenden
Seite des Betatigungskolbens (70) mindestens eine
vorzugsweise mit einer ventilartigen Schmutzdich-
tung (69) ausgestattete LUftungséffnung (67) auf-
weist.

21. Ventilanordnung nach einem der Anspriiche
1 bis 20, dadurch gekennzeichnet, dass alle vorgese-
henen Anschlisse (A, B, M, S) als Kupplungsteile
zum Steckanschluss von Leitungen ausgebildet sind,
wobei vorzugsweise jeder Anschluss als muffenarti-
ge Aufnahmedffnung (80) zum Einstecken eines Ste-
ckerteils (82) ausgebildet ist und Arretiermitte! (84)
zum lésbaren Arretieren des eingesteckten Stecker-
teils (82) vorgesehen sind.
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22. Ventilanordnung nach einem der Anspriiche
4 bis 21, dadurch gekennzeichnet, dass die Ventilge-
hause (18) bzw. das einstlckige Formteil (28) und die
Schieber (24) aus dem gleichen Material bestehen,
insbesondere aus einem faserverstarkten Kunststoff,
wie PA12-GF50.

23. Ventilanordnung nach einem der Anspriiche
4 bis 22, dadurch gekennzeichnet, dass die Ventilge-
hause (18) bzw. das Gehduse-Formteil (28) mindes-
tens zwei, insbesondere drei Befestigungselemente
(92) aufweisen/aufweist, die insbesondere derart au-
Rerhalb der Bereiche der Dichtflachen (34) angeord-
net sind, dass bei der Montage und/oder beim Her-
stellprozess verzugbedingte Verformungen im Be-
reich der Dichtflachen (34) vermieden werden.

24. Ventilanordnung nach einem der vorherge-
henden Anspriche, dadurch gekennzeichnet, dass
im Verbindungsbereich zwischen dem Deckelele-
ment (50) und dem Ventilgehause (18) bzw. dem Ge-
hause-Formteil (28) und/oder im Verbindungsbereich
zwischen der Betatigungseinrichtung (66) und dem
Deckelelement (50) in korrespondierende Offnungen
eingreifende Positionsansédtze (77) insbesondere
derart vorgesehen sind, dass nur eine korrekte, lage-
richtige Montage moglich ist.

25. Schieberventil (14, 16) insbesondere fur eine
Ventilanordnung (1) nach einem der Anspriiche 1 bis
24, bestehend aus einem Ventilgehduse (18) und ei-
nem in einem zylinderartigen Schieberraum (20} in-
nerhalb des Ventilgehduses (18) in Richtung einer
Schieberachse (22) kolbenartig zwischen mindes-
tens zwei Schaltstellungen langsverschiebbaren
Schieber (24), der axial beabstandete Umfangsdich-
tungen (32) aufweist, die mit inneren Dichtflachen
(34) des Schieberraums (20) zusammenwirken, um
in den Schieberraum (20) mindende Steuerdffnun-
gen (26) und damit verbundene Anschlisse (A1, A2,
B1, B2, M1, M2) entweder zumindest paarweise zu
verbinden oder gegeneinander abzusperren, da-
durch gekennzeichnet, dass die Umfangsdichtungen
(32a-d) bezliglich ihrer AuRendurchmesser (D1-D3)
sowie die Dichtflachen (34a—c) bezliglich ihrer Innen-
durchmesser (D'1-D'3) in Anpassung aneinander
derart ausgelegt sind, dass jede sich bei einem
Schaltvorgang axial lber eine der Steueréffnungen
(26) hinweg bewegende Umfangsdichtung (32b, d) in
ihrem sich Uber die Steuerdffnung (26) hinweg erste-
ckenden Bewegungsbereich radial unverpresst und
erst in einem jeweils axial zwischen zwei Steuer6ff-
nungen (26) liegenden Dichtbereich radial verpresst
ist.

26. Schieberventil nach Anspruch 25, dadurch
gekennzeichnet, dass der Schieberaum (20) des ins-
besondere als einstickiges Formteil ausgebildeten
Ventilgehauses (18) ausgehend von einem offenen
Ende (46) mehrere axial (iber konische Ubergange
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(48) ineinander Ubergehende, zylindrische oder
schwach konische Dichtflachen (34a—c) aufweist, de-
ren Innendurchmesser (D'1 bis D'3) sich sukzessive
iiber die konischen Ubergange (48) verkleinern.

27. Schieberventil-Anordnung, gekennzeichnet
durch zwei direkt benachbart und bezlglich ihrer
Schieberachsen (22) parallel zueinander angeordne-
te Schieberventile (14, 16) nach Anspruch 25 oder
26.

28. Schieberventil-Anordnung nach Anspruch
27, dadurch gekennzeichnet, dass die beiden Ventil-
gehause (18) der Schieberventile (14, 16) zu einem
monolithisch einstiickigen Formteil (28), insbesonde-
re einem Kunststoff-Spritzteil oder einem Druckguss-
teil z.B. aus Aluminium oder Zink oder einem spa-
nend bearbeiteten Metall- oder Kunststoffteil, zuam-
mengefasst sind.

29. Schieberventil-Anordnung nach Anspruch 27
oder 28, dadurch gekennzeichnet, dass die Ventilge-
hause (18) bezlglich einer mittigen Symmetrieebene
(30) spiegelsymmetrisch ausgebildet sind, wobei sich
je zwei separate Anschlisse (A1, A2; B1, B2) jeweils
mit zur Symmetrieebene (30) senkrechter oder paral-
leler Verlaufsrichtung von dieser weg nach aufien er-
strecken, und wobei zwei gemeinsame Anschlisse
(M1, M2) mittig mit einer der Symmetrieebene (30)
entsprechenden Verlaufsrichtung angeordnet sind.

30. Schieberventil nach Anspruch 25 oder 26
oder Anordnung nach einem der Anspriiche 27 bis
29, gekennzeichnet durch mindestens ein weiteres
Merkmal der Anspriche 1 bis 24.

31. Ventilgehause (18) fiir eine Ventilanordnung
(1) nach einem der Ansprliche 1 bis 24 oder fir ein
Schieberventil (14, 16) nach Anspruch 25 oder 26
oder 30.

32. Gehause-Formteil (28) fiir eine Ventilanord-
nung (1) nach einem der Anspriiche 1 bis 24 oder ftir
eine Schieberventil-Anordnung nach einem der An-
spriche 27 bis 30.

33. Schieber (24) fir eine Ventilanordnung (1)
nach einem der Anspriiche 1 bis 24 oder flr ein
Schieberventil (14, 16) nach Anspruch 25, 26 oder 30
oder fur eine Schieberventil-Anordnung nach einem
der Anspriiche 27 bis 30.

Es folgen 6 Blatt Zeichnungen
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
16/946,438 06/22/2020 Kendall J. Collie CET1090.076
CONFIRMATION NO. 5786
26629 PUBLICATION NOTICE
ZIOLKOWSKI PATENT SOLUTIONS GROUP, SC (ZPS)
1365 WISCONSIN ST B O

PORT WASHINGTON, W1 53074

Title:BATTERYLESS DUAL FUEL ENGINE WITH LIQUID FUEL CUT-OFF

Publication No.US-2020-0318578-A1
Publication Date:10/08/2020

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571) 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 16/946,438
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 75 N/A
SEARCH FEE
o o o N/A N/A N/A 330 N/A
EXAMINATION FEE
N FEE N/A N/A N/A 380 N/A
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 19 minus 20= 50 - 0.00 OR
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 2 minus 3 = 230 - 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL 785 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
> a7 CF% ?.16(i)) Minus = OR
% Independent * Minus | *** = _ OR
i (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR
% Independent * Minus | *** = _ OR
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".

*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO. Box 1450

Alexandria, Virginia 22313-1450
WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO TOT CLAIMSJIND CLAIMS
16/946,438 06/22/2020 3747 785 CET1090.076 19 2
CONFIRMATION NO. 5786
26629 FILING RECEIPT
ZIOLKOWSKI PATENT SOLUTIONS GROUP, SC (ZPS
T30 5 MISOONGIN o ) O AL A

PORT WASHINGTON, WI 53074
Date Mailed: 07/06/2020

Receipt is acknowledged of this non-provisional utility patent application. The application will be taken up for
examination in due course. Applicant will be notified as to the results of the examination. Any correspondence
concerning the application must include the following identification information: the U.S. APPLICATION NUMBER,
FILING DATE, NAME OF FIRST INVENTOR, and TITLE OF INVENTION. Fees transmitted by check or draft are
subject to collection.

Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a corrected Filing Receipt, including a properly marked-up ADS showing the changes
with strike-through for deletions and underlining for additions. If you received a "Notice to File Missing Parts" or
other Notice requiring a response for this application, please submit any request for correction to this Filing Receipt
with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
Filing Receipt incorporating the requested corrections provided that the request is grantable.

Inventor(s)
Kendall J. Collie, Anaheim Hills, CA;
Mark J. Sarder, Waukesha, WI;
Aleko D. Sotiriades, Cedarburg, WI;
James J. Dehn, Brookfield, WI;
Leigh A. Jenison, Hartland, WI;
Hiroaki Sato, Brookfield, WI;
Applicant(s)
Champion Power Equipment, Inc., Santa Fe Springs, CA;

Power of Attorney: The patent practitioners associated with Customer Number 26629

Domestic Priority data as claimed by applicant
This application is a CON of 14/925,441 10/28/2015 PAT 10697398
which is a CIP of 14/738,060 06/12/2015 PAT 10221780

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes
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Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 07/01/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/946,438

Projected Publication Date: 10/08/2020

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title

BATTERYLESS DUAL FUEL ENGINE WITH LIQUID FUEL CUT-OFF
Preliminary Class
123
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish

to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
page 2 of 4
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this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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Doc Code: PA..

Dccument Description: Power of Attarney

PTO/AIA/B2A, (07-13)
Approved for use through 03/31/2021. GMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application number and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number

Filing Date

First Named Inventor Kendall J. Collie

Title BATTERYLESS DUAL FUEL ENGINE WITH LIQUID FUEL CUT-OFF
Art Unit

Examiner Name

Attorney Docket Number

CET1090.076

SIGNATURE of Applicant or Patent Practitioner

Signature

/Kevin R. Rosin/

Date (Optional) | 2()2(0-06-22

Name

Kevin R. Rosin

Registration 55584

Number

Title (if Applicant is a
juristic entity}

Patent Practitioner

Applicant Name (if Applicant is a juristic entity)

Champion Power Equipment, Inc.

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

/ *Total of _ 1 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTC to process) an application. Confidentiality is governed by 35 U.S.C_ 122 and 37 CFR
1.11 and 1.14. This cellection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTCG. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9189 and select option 2.
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| UNITED STATES
PATENT AND TRADEMARK OFFICE

Page 1 of 3

) P.0. Box 1450
Alexandriz, VA 22313 - 1450
WL USDEIO. GOV

ELECTRONIC ACKNOWLEDGEMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME

16/448,438 G6/22/2020 02:5210 PM EY

ATTORNEY DOCKET #
CET1090.078

Title of Invention

BATTERYLESS DUAL FUEL ENGINE WITH LIGUID FUEL CUT-OFF

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application
under 35 USO 111(a)

CONFIRMATION #  E788
PATENT CENTER # 80042042

CUSTOMER # 28629

CORRESPONDENCE

ADDRESS
Documents
DOCUMENT PAGES
20200.08.22 ADS pdf 10
2020.08.22 Declaration.pdi &
2020.06.22 Generagl POA pdf 1
2020.06.22 Drawings.pdi 12
2020.06.22 POA 1
Transmittal. pdf
2020.06.22 Pat App- 40
APP TEXT . dock

PATENT #

FILED BY Hobyn Templin
FILING DATE

FIRST NAMED ¥Kendali Coilie
INVENTOR

AUTHORIZED BY Kavin Rosin

TOTAL DOCUMENTS: 6

DESCRIPTION BIZE (KB
___________ Apphcmmﬂama‘%hem1198?(8
Oathor[}edardtioﬁmed ____________________________________ 2162?(8 _____
______ Pewermm{(}meygggKg
______ DiawmgsOmyb!aﬁkaﬂdwmte2823KE

fine drawings

Powear of Atlomesy 187 KB
Application body structured text 70 KB
document
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Warning: Text decorations have peen removed

Digest

DOCUMENT MESSAGE DIGEST{SHA-512)

2020.06.22 ADS . pdi FE4B06E3BCCOC06COF4ESB3CC4BEBFT827BE483A88305F6
D4ADE2ABSEESABRAEDASEEFT 18308020A1E126084D77BDG7EE
58964B6856B41A81FER730B486418304

2020.06.22 Declaration.pdi 44481 B77ERD1CA4EE20T7O3AFES25402ED6B2R 107 7819578CA
SOGSAF7OOAASCASIBDRNZ2D7OF ARSOSEECSBLRE2DARTD24AB
AZTFOCTo866621754322008134498FE

2020.06.22 Genergl POA pdf EEESTO50000EABE430FIECERSADIGA0OE3ESOFIT 1481205308
EASFDOOZOEARBR0Z80007SABATGO4BECBACAAER418CCE62028
80338007070 BYFAATRZ230CFFERY

2020.06.22 Drawings.pdf PUAZEADEIZESNMCCI00BEGRBISERTAFI7DDEDCI980D4BNF

DE70ADBEBF7SELE34230135C388F 1 0BDF4EC4RESFTE76FDDZ
CFESCT16240B6B70D610DBD262BFCED5E

2020.068.22 POA Transmiltalpdf SCESECCOTEDEIASDOBEELAF24AF4A3E1142F78C457ABATNEE
74ESBB13CE4FTE240FFAEATOASIBCAGI1BE147FEDT1DAFB4DS
304A3BCT2DAREDEFE308D2044425F

20200.06.22 Pat App- D311296ED40203D0D26RB3537 1451781333744 B080E7CF2138AD
APP TEXT docx 1A0D241EBADTSCTATRF47FEET78CF2418ADFE73D57574788602
BeALOECECZEORF2EATENE2RD2426

This Ackrowledgement Receipt evidences receipt on the noted date by the LUSPTO of the indicated documents, characterized
by the applicant, and including page counts, where appiicabia. I sarves as svidence of receipt similar to a Post Card, as
descrioed in MPEF 503

Mew Applications Under 358 UR.C. 111

H a new application is being filed and the application inciudes the necassary componenis for iing date (ses 37 CFR 1.88(k)-(d)
and MPEP 508}, g Filing Raceipl (37 OFR 1.54) will be issued in due course and the dats shown on this Acknowledgermant
Racaint will establish tha filing dale of the application

Mational Stage of an intermnational Application under 38 U.S.C. 371
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If a timely submission o enter the nalional stags of an international apphication is compliant with the conditions of 35 U.5.C.
A7t and other applicabide requiraments a Form PCT/DO/ECG/ONS indicating acceplancs of the application as a national stage
submission under 35 U.B.0, 371 will be issuad in gddition o the Filing Receipl, in due course.

New international Application Flled with the USPTO as a Recsiving Office

& new international applicalion is being fed and the intermalional gpplication includes the necessary components for an
international fiing dade (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number and of the
internationat Filing Dale (Form POT/ROA0E) will be issuad in due course, subject to prescriptions concarming national security,
and the date shown on this Acknowledgemasnt Beceipt will sstablish the internalional Hling date of the agplicalion.
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| UNITED STATES PO B
PATENT AND TRADEMARK OFFICE A, ety o

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #
16/448,438 G6/22/2020 02:5210 PM EY CETI090.076

Title of Invention
BATTERYLESS DUAL FUEL ENGINE WITH LIQUID FUEL CUT-OFF

Application Information

APPLICATION TYPE  Utility - Nonprovisional Application PATENT # -
under 35 USO 111(a)

CONFIRMATION # 57886 FILED BY Haobyn Templin
PATENT CENTER # 80042042 AUTHORIZED BY Kavin Rosin
CUSTOMER # 28629 FILING DATE -
CORRESPONDENCE - FIRST NAMED  Kendali Coilie
ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY

CARD /4528 E20208LER4437567 Robyn Templin

FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)

211 UTHITY PATENT APPL. SEARCH 330.00 1 330.00
FEE

401 BASIC FILING FEE- UTHLITY 7500 1 75.00

2311 EXAMINATION OF ORIGINAL 380.00 1 380.00

PATENT APPLICATION

TOTAL $785.00
ARMOUNT.

This Acknowledpement Receaipl evidences receipt on the noted dals by the USPTE of the indicated documents, characterized
iy the appticant, and including pags counts, where appiicabis. I serves as evidence of receipt sinvlar 1o a Post Card, as
described in MPEP 508,
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New Applications Under 358 LS80, 111

¥ a new applicallon is being #led and the application inciudes the necessary components for filing date (see 37 CFR 1.53(b)-(d)
ard MPER 508}, a Filing Receipt (37 CFR 1.54) will ba issued in dus coursa and the date shown on this Acknowledgement
Raceipt will eslabiish the filing dale of the application

National Stage of an International Application under 38 U.S.0. 371

I a timely submission &0 entar the national stage of an international apolicalion is compliant with the conditions of 35 11.8.C.
371 and other applicabls requirements a Form POT/DOEDB0S indicating acceptance of the application as a national stage
subnussion under 35 1.5.C. 371 will be isgued in addition o the Fiing Hecaipt, in dus courss.

Meow International Application Filed with the USPTO as 2 Recsiving Offics

i g new intermnalional appiication is baing fHed and the international application includes the nacessary compoeneanis for an
international filing cate {see PUT Article 11 and MPEP 13103, a Motification of the Infernational Application Number and of the
International Filing Date (Form PCT/RO/OS) will he issuad in due course, subjsct io prescriptions concerning national security,
andd the dale shown on this Acknowledgerment Receind will eslablish the international filing dale of the application.
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PTO/AIA/4 (02-18)
Approved for use through 11/30/2020. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid CMB control number.

) ) Attorney Docket Number | CET1090.076
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | BATTERYLESS DUAL FUEL ENGINE WITH LIQUID FUEL CUT-OFF

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:
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and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
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B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 {opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application is a continuation of, and claims priority to U.S. Patent
Application Scrial No. 14/925,441, filed October 28, 2015, which is a continuation-in-
part of, and claims priority to, U.S. Patent Application Serial No. 14/738,060, filed June
12, 2015, now Issued U.S. Patent 10,221,780, issued March 5, 2019, the disclosures of

which are incorporated herein by reference in their entirety.
BACKGROUND OF THE INVENTION

[0002] Embodiments of the invention relate generally to dual fuel generators, and
more particularly, to an apparatus and method for delivering liquid fuel or gaseous fuel

to a dual fuel generator.

[0003] Electric generators are frequently driven by internal combustion engines that
use gasoline as a fuel source. Gasoline is a common fuel source for generators in a
variety of applications. However, alternative fuel sources also provide a desirable fuel
source. For instance, alternative fuels may provide a clean burning fuel that limits
hazardous emissions. Alternative fuels may also be stored for long periods of time
without degradation, whereas gasoline can degrade over a period of months leading to
hard starting, rough running, and also lead to gum and varnish deposit left in the fuel
system. In addition, generators that operate on alternative fuels may generate electricity
when gasoline is not readily available. For instance, generators are frequently used
when power outages in the utility grid result from severe weather. Unfortunately, gas
stations may also bc closcd as a rcsult of thc power outage. Such a circumstancc
presents just one example where it would be advantageous to operate electrical

generators on alternative fuels.

[0004] Certain generators are configured to operate as “dual fuel” generators,
otherwise known as bi-fuel generators. These generalors are driven by an internal
combustion engine that is configured to operate on a liquid fuel for a period of operation

and an alternative fuel for another period of operation. The alternative fuel source is
1
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generally a gaseous fuel that may exist in a gaseous state at normal temperature and
pressure and can be any one of liquelied petroleum gas, compressed natural gas,
hydrogen, or the like. Liquefied petroleum gas (LPG), often referred to as propane,
exists in a gaseous state at normal temperature and pressure but can be conveniently
stored under pressure in a liquid state. LPG may be a desirable fuel source for internal
combustion engines because it can be stored for longer periods of time and contains
fewer impurities than gasoline, resulting in smoother and cleaner operation, and often

resulting in a longer lasting engine.

[0005] In order to provide the liquid and gaseous fuel to the engine, the dual fuel
engine may have a first fuel line for liquid fuel and a second fuel line for gaseous fuel.
A liquid fuel source and a gaseous fuel source may be coupled to the respective lines to
provide fuel to the engine. However, a common problem with such configurations that
couple two fuel sources to a single engine is the engine can experience overly rich air-
fuel ratio when both fuels are simultaneously engaged during cross-over switching
between the fuel sources. Such simultaneous delivery of fuel from the first fuel line and
thc sccond fucl line may make the engine hard to start or lcad to unstablc opcrating
conditions. Further, a float bowl in the carburetor that must first fill or empty prior to

changeover causes delay in cross-over switching between the fuel sources.

[0006] Therefore, it would be desirable to design a dual fuel generator having a
liquid fuel and gaseous fuel delivery system that overcomes the alorementioned

detriments without substantially increasing the overall cost of the system.
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BRIEF DESCRIPTION OF THE INVENTION

[0007] In accordance with one aspect of the invention, a dual fuel engine includes an
engine operable on a gaseous fuel and a liquid fuel. A carburetor attaches to an intake
of the engine to mix air and fuel and connect to a gaseous fuel source and a liquid fuel
sourcc. The dual fucl cngine also includes a switch to change operation of the cnginc
between gaseous fuel and liquid fuel, and a liquid fuel cut-off attaches to the carburetor

to interrupt liquid fuel upon actuation of the switch from liquid fuel to gaseous fuel.

[0008] In accordance with another aspect of the invention, a batteryless dual fuel
generator includes a housing containing a pull start engine coupled to drive an
alternator. The engine is operable on a gaseous fuel and a liquid fuel and includes a
carburetor attached to an intake of the engine. The carburetor has a throat to mix fuel
with air, a float bowl, and a fuel passage to provide liquid fuel from the float bowl to the
throat. The generator may also include a switch to select engine operation on either the
liquid fuel or the gaseous fuel and a fuel shutoff attached to the carburetor to close the

fuel passage upon selection of engine operation to gaseous fuel.

[0009] In accordance with yet another aspect of the invention, a carburetor having a
fuel shutoff includes a carburetor with a float bowl, a throat, and a fuel passage to
provide [uel [rom the [loat bowl to the throat. A [uel shutoll couples (o the carburetor
which may have a first end in the carburetor that actuates to close the fuel passage and a
second end external to the carburetor to actuate the first end. The fuel shutoff may
operate within the carburetor such that the fuel shutoff actuates free from linear motion

when opening and closing the fuel passage.

[0010] In accordance with yct another aspcct of the invention, a mcthod of
assembling a dual fuel engine includes providing an engine operable on a gaseous fuel
and a liquid fuel and attaching a carburetor to an intake of the engine to supply the fuels
to the engine. The carburetor includes a throat to mix gaseous fuel with air and liquid
[uel with air, a [loat bowl, and a [uel passage (o provide liquid [uel from the (loat bowl
to the throat. The fuels may be supplied to the carburetor by a gaseous fuel source

coupled to the throat and a liquid fuel source coupled to the float bowl. The method

3
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also includes coupling a switch to the engine to change operation of the engine between
gaseous [uel and liquid (uel, and attaching a liquid fuel cut-off to the carburetor (o close

the fuel passage upon actuation of the switch from liquid fuel to gaseous fuel.

[0011]  Various other features and advantages will be made apparent from the

following detailed description and the drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The drawings illustrate preferred embodiments presently contemplated for

carrying out the invention.
[0013] In the drawings:

[0014] FIG. 1 is a perspective view of a dual fuel generator coupled to a fuel

dclivery system, according to an cmbodiment of the invention.

[0015] FIG. 2 is a detail view of a portion of the generator of FIG. 1 about a
mechanical fuel lockout switch with the switch in a first position, according to an

embodiment of the invention.

[0016] FIG. 3 is a detail view similar to FIG. 2 and showing the mechanical fuel
lockout switch in a second position, with an LPG supply line connected thereto,

according to an embodiment of the invention.

[0017] FIG. 4A is a schematic diagram of a fuel system for the dual fuel generator of
FIG. 1 showing a liquid fuel source in communication with a carburetor of the generator
consistent with the first position of the switch as shown in FIG. 2, according to an

electro-mechanical embodiment of the invention.

[0018] FIG. 4B is a schematic diagram of the fuel system of FIG. 4A showing a
gaseous fuel source in communication with a carburetor of the generator of FIG. 1
consistent with the second position of the switch as shown in FIG. 3, according to an

electro-mechanical embodiment of the invention.

[0019] FIG. 5 is a perspective view of a dual fuel carburetor having a manual fuel
shutoff system and coupled to a first fuel line and a second fuel line, according to a

mechanical embodiment of the invention.

[0020] FIG. 6 is cross-sectional view of the carburetor of FIG. 5 taken along line 6-6
of FIG. 5 through a fucl passagc that provides fucl from a float bowl to a throat of the

carburetor, according to an embodiment of the invention.
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[0021] FIG. 7A is a partial sectional view of the float bowl of FIG. 6 with a manual

[uel shutof[ system in an open position, according to an embodiment of the invention.

[0022] FIG. 7B is a detailed partial sectional view of the float bowl with a manual
fuel shutoff of FIG. 7A taken along line 7B-7B of FIG. 7A, according to an embodiment

of the invention.

[0023] FIG. 8 is a partial sectional view similar to FIG. 7A and showing the manual

fuel shutoff system in a closed position, according to an embodiment of the invention.

[0024] FIG. 9 is a perspective view of a shaft for the manual fucl shutoff system of

FIG. 5, according to an embodiment of the invention.

[0025] FIG. 10 is a side view of a valve member for the manual fuel shutoff system

of FIG. 5, according to an embodiment of the invention.

[0026] FIG. 11 is a perspeclive view ol the carburetor of FIG. 5 with the manual [uel

shutoff system exploded from a float bowl of the carburetor.

[0027] FIG. 12 is a flow chart showing steps in fabricating a manual fuel shutoff

system for a carburetor, according to an embodiment of the invention.

[0028] FIG. 13 is a magnetic fuel shutoff system for a carburetor, according to a

magnetic-mechanical embodiment of the invention.

[0029] FIG. 14 is a wiring diagram of a microcontrollcr rcceiving input signals and

operating engine components, according to an embodiment of the invention.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0030] The operating environment of the invention is described with respect to a
dual fuel generator. However, it will be appreciated by those skilled in the art that the
invention is equally applicable for use with any dual fuel internal combustion engine.
Moreover, the invention will be described with respect to a dual fuel generator
configured to operate on a liquid fuel and a gaseous fuel. However, one skilled in the
art will further appreciate that the invention is equally applicable for use with other fuel

combinations for dual fuel generators and internal combustion engines.

[0031] Referring to FIG. 1, a dual fuel generator 20 is coupled to a fuel delivery
system 22, in accordance with an embodiment of the invention. Dual fuel generator 20
includes an internal combustion engine (not shown) within housing 21 at one end 24,
operatively connected to an alternator also enclosed in housing 21 at another end 26, by
conventional means. Dual fuel generator 20 is configured to operate on different fuels
via either a first fuel source 28 or a second fuel source 30. In an exemplary embodiment
of the invention, first fuel source 28 is a liquid fuel and second fuel source 30 is a
gaseous fuel. The liquid fuel may be gasoline and the gaseous fuel may be liquid
petroleum gas (LPG). Each can selectively operate the generator as desired and
controlled by an operator. For instance, generator 20 may operate on gasoline for a first
period of operation and then switch to LPG for a second period of operation. However,
it is contemplated that dual fuel generator 20 is configured (o operate on [uels other than
gasoline and LPG (e.g., natural gas, biodiesel, etc.), and thus the scope of the invention
is not meant to be limited strictly to a dual fuel arrangement where first fuel source 28

provides gasoline and second fuel source 30 provides LPG.

[0032] In one embodiment of the invention, dual fuel generator 20 includes a
gasoline tank 32 or, generally, a liquid fuel tank, located inside cover 21 onboard
generator 20 to provide gasoline to the engince as first fucl source 28. Gasoline tank 32
connects to a first fuel line to provide gasoline to the carburetor to run the engine, as
will later be described with reference to FIG. 4A and 4B. Generator 20 is also coupled

to a pressurized fuel container 34, or a pressurized fuel source, located off board
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generator 20 to provide LPG to the engine as second fuel source 30. Pressurized fuel
container 34 is coupled to generator 20 with an LPG supply hose 36. LPG supply hose
36 is coupled to a second fuel line within generator 20 to provide LPG to the carburetor
to run the engine. Dual fuel generator 20 includes a mechanical fuel lockout switch 38
for selecting a desired fuel to be provided to the engine. The mechanical fuel lockout
switch 38 is actuated to select first fuel source 28 when in a first position, as shown in
FIG. 2, and alternately to select second fuel source 30 when in a second position, as

shown in FIG. 3.

[0033] Referring back to FIG. 1, in an exemplary embodiment, fuel 30 from
pressurized fuel container 34 is regulated using a fuel regulator system 39 for delivery
to the engine. Fuel regulator system 39 includes one or more pressure regulators that
reduce and control the pressure of the fuel from pressurized fuel container 34 and
delivers fuel at a desired pressure for operation of the engine. Fuel regulator system 39
has an inlet 41 operatively coupled to a service valve 40 of pressurized fuel container 34
and an outlet 43 coupled to LPG supply hose 36. Fuel regulator system 39 includes a
primary pressurc regulator 42 coupled to pressurized fucl container 34 and a sccondary
pressure regulator 44. Primary pressure regulator 42 protects downstream components
from high pressure of pressurized fuel container 34. Primary pressure regulator 42
receives LPG through service valve 40 of pressurized fuel container 34 and reduces the
pressure of the LPG (o a [irst stage. In one embodiment of the invention, the [irst stage
may be delivered directly to generator 20 at a pressure required for operation of the

engine.

[0034] In an exemplary embodiment of the invention, fuel regulator system 39
includes secondary pressure regulator 44 coupled to the outlet of primary pressure
regulator 42 in order to use standard “off-the-shelf” components. Typically, the primary
pressure regulator is mounted on the LPG tank, while the secondary pressure regulator
is mounted on the component using the fuel, such as an engine or grill. Here, since
generator 20 can be used as a gasoline only generator, secondary pressure regulator 44
is mounted off-board the generator o reduce size and cost of the generator. Secondary

pressure regulator 44 receives LPG from primary pressure regulator 42 and further
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reduces the pressure of LPG to a second stage to be delivered to generator 20. In a
system with (wo regulators, primary pressure regulator 42 regulates [uel received [rom
pressurized fuel container 34 and reduces the pressure of the fuel to a level required for
operation of secondary pressure regulator 44. Secondary pressure regulator 44 regulates
fuel received from primary pressure regulator 42 and further reduces the pressure of the
fuel to a level required for operation of generator 20. In addition, primary pressure
regulator 42 may compensate for varying tank pressure as fuel is depleted while

secondary pressure regulator 44 may compensate for varying demand from generator
20.

[0035] In accordance with an exemplary embodiment of the invention, fuel regulator
system 39 includes both the primary and secondary regulators, or a custom single
regulator, but in any case is located remotely, or off-board, from dual fuel generator 20.
Fuel regulator system 39 may be directly mounted to pressurized fuel container 34 using
a regulator mounting bracket 46. Regulator mounting bracket 46 has mounting
locations for primary pressure regulator 42 and secondary pressure regulator 44.
Recgulator mounting brackct 46 also has a sccuring mcchanism 48 to sccurc rcgulator

mounting bracket 46 to pressurized fuel container 34.

[0036] In another embodiment of the invention, primary pressure regulator 42 is
mounted on regulator mounting bracket 46 while secondary pressure regulator 44 could
be mounted on or near generator 20. In yet another embodiment of the invention, a dual
stage regulator may regulate the fuel received from pressurized fuel container 34 and
deliver fuel at a pressure required for operation of generator 20. Such a dual stage
regulator may regulate the fuel to the second stage within a single structure. The dual

stage regulator may be mounted directly on fuel container 34.

[0037] Referring to FIG. 2, a detail view of a portion of generator 20 of FIG. 1
depicts mechanical fucl lockout switch 38 in a first position 38(a), in accordancc with
an embodiment of the invention. In this position, mechanical fuel lockout switch 38
provides gasoline flow from gasoline tank 32 to the engine while preventing connection

of an LPG supply line to fuel inlet 59 of the second fuel line, as will later be discussed
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in detail with reference to FIGS. 4A and 4B. Still referring to FIG. 2, mechanical fuel
lockout switch 38 provides a combination liquid [uel shutofl valve and a gaseous [uel
supply lockout that prevents simultaneous delivery of fuel to the engine from gasoline
tank 32 and pressurized fuel container 34, FIG. 1. As such, mechanical fuel lockout
switch 38 provides a fuel selector to ensure only the selected fuel is provided to dual

fuel generator 20.

[0038] Mechanical fuel lockout switch 38, FIG. 2, includes mechanical fuel valve 54
actuateable between first position 38(a) as shown in FIG. 2 and second position 38(b) as
shown in FIG. 3 to selectively control fuel flow to the dual fuel engine from first fuel
source 28 through a first fuel line and second fuel source 30 through a second fuel line
36. Mechanical fuel lockout switch 38 may also include fuel lockout apparatus 58
coupled to mechanical fuel valve 54 to communicate fuel sources individually to
generator 20. In one embodiment of the invention, fuel lockout apparatus 58
communicates first fuel source 28 to the engine by actuating mechanical fuel valve 54 to
first position 38(a) to open the first fuel line as shown in FIG. 2, and communicates
sccond fucl source 30 to thc cngine by actuating mcchanical fucl valve 54 to sccond
position 38(b) to open communication of the second fuel source 30 to the engine as
shown in FIG. 3. Referring back to FIG. 2, when mechanical fuel valve 54 is in first
position 38(a), fuel lockout apparatus 58 communicates first fuel source 28 to the dual
[uel engine and prevents communication between the second [uel source and the dual

fuel engine.

[0039] In an exemplary embodiment of the invention, mechanical fuel valve 54
controls the flow of LPG to the engine by actuating fuel lockout apparatus 58 to block
or unblock fuel inlet 59 for the second fuel source. Mechanical fuel valve 54 is coupled
to the first fuel line as a liquid fuel valve, as shown in FIGS. 4A and 4B, and therefore
can control the flow of gasoline to the engine by opening and closing the first fuel line.
When the mechanical fuel valve 54, FIG. 2, is in the first position 38(a), gasoline flows
from the gasoline tank to the engine and the fuel lockout apparatus 58 blocks the fuel

inlet 59. Accordingly, [uel lockout apparatus 58 prevents LPG (low to generator 20
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when the mechanical fuel valve 54 is in first position 38(a) wherein the engine is

operaled on gasoline.

[0040] Mechanical fuel valve 54 includes a fuel valve handle 56 to control the
opening and closing of the valve. Fuel valve handle 56 is movable between first
position 38(a) as shown in FIG. 2 and second position 38(b) as shown in FIG. 3.
Mechanical fuel valve 54 opens the first fuel line (to enable liquid fuel flow to the
engine) when fuel valve handle 56 is in the first position, and mechanical fuel valve 54
closes the first fuel line (to prevent liquid fuel flow to the engine) when fuel valve
handle 56 is in the second position. Thus, when fuel valve handle 56 is in first position
38(a) as shown in FIG. 2, mechanical fuel valve 54 opens the first fuel line and allows

gasoline from gasoline tank 32 to flow to the engine.

[0041] Fuel valve handle 56 is coupled to fuel lockout apparatus 58. Fuel valve
handle 56 actuates with fuel lockout apparatus 58 to prevent LPG flow to generator 20
when gasoline flow to the generator is enabled. Fuel lockout apparatus 58 is controlled
by fuel valve handle 56 so that moving fuel valve handle 56 to the first position causes
fuel lockout apparatus 58 to block fuel inlet 59 for LPG, and moving fuel valve handle
56 to the second position causes fuel lockout apparatus 58 to unblock fuel inlet 59 for

LPG.

[0042] In an exemplary embodiment of the invention, fuel valve handle 56 rotates
between the first position and the second position and fuel lockout apparatus 58 is
rigidly coupled to the rotating handle. Fuel lockout apparatus 58 may include a fuel
inlet cover 61, which may be a flange, coupled to fuel valve handle 56 so that fuel inlet
cover 61 rotates with the handle. Fuel inlet cover 61 extends radially outward from fuel
valve handle 56 and sweeps over fuel inlet 59 for LPG as fuel valve handle 56 rotates.
That is, fuel inlet cover 61 rotates transversely across fuel inlet 59 and blocks access
thercto. Accordingly, fucl inlet cover 61 prevents LPG flow to gencrator 20 when fucl

valve handle 56 is in first position 38(a) to allow gasoline to run the engine.

[0043] Referring to FIG. 3, a detail view of a portion of generator 20 of FIG. 1
depicts mechanical fuel lockout switch 38 in a second position 38(b), in accordance
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with an embodiment of the invention. In this position, mechanical fuel lockout switch
38 provides a disconnect Lo stop gasoline [low [rom gasoline tank 32 to the engine while
allowing connection of LPG supply hose 36 to fuel inlet 59 of the second fuel line.
FIG. 3 further shows LPG supply hose 36 coupling second fuel source 30 to generator

20 to deliver LPG to run the generator.

[0044] Mechanical fuel lockout switch 38 includes mechanical fuel valve 54 coupled
to fuel lockout apparatus 58 to prevent gasoline flow to generator 20 when LPG from
the LPG supply hose 36 is supplied to the engine. In one embodiment of the invention,
actuation of mechanical fuel valve 54 to second position 38(b) causes fuel lockout
apparatus 58 to allow communication of second fuel source 30 to the dual fuel engine,
and interrupts the first fuel source 28 communication with the dual fuel engine. The
position of fuel lockout apparatus 58 prevents the fuel valve handle 56 from moving to

first position 38(a) (FIG. 2) while LPG supply hose 36 is connected to generator 20.

[0045] A quick-disconnect hose coupling 50, also referred to as a quick-connect hose
coupling, connects LPG supply hose 36 to generator 20 so that LPG supply hose 36 may
be quickly attached and detached from generator 20. Hose coupling 50 has a first end
50a mounted on the external surface of generator 20 and coupled to supply the second
fuel to the engine. Hose coupling 50 has a second end 50b coupled to the outlet of LPG
supply hose 36. Each end 50a, 50b has a gaseous fuel valve that opens when the
couplings are engaged and closes when the couplings are disengaged. As such, quick-
disconnect hose coupling 50 automatically opens when connected to enable fuel flow
from LPG supply hose 36 to the engine. Hose coupling 50 automatically disconnects
fluid communication when disconnected. Accordingly, when the supply hose is
detached from generator 20, the coupling 50 is automatically closed so that fuel does

not escape and unwanted air does not enter the fuel system.

[0046] In onc cmbodiment, fucl inlet cover 61 is coupled to fucl valve handle 56 so
that it is spaced apart from the surface of generator 20 to provide clearance for first end
50a of the quick-disconnect hose coupling 50 that protrudes from the surface of

generator 20. As shown in FIG. 2, fuel inlet cover 61 blocks off first end 50a of the
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quick-disconnect hose coupling when fuel valve handle 56 is rotated to first position
38(a) Lo enable gasoline [low so that fuel inlet cover 61 prevents connection of LPG
supply hose 36 (FIG. 3) to generator 20. As shown in FIG. 3, fuel inlet cover 61
uncovers first end 50a of the quick-disconnect hose coupling 50 when fuel valve handle
56 is rotated to second position 38(b) to disable gasoline flow so that fuel inlet cover 61

permits connection of LPG supply hose 36 to generator 20.

[0047] To operate generator 20 on LPG, fuel valve handle 56 is turned to second
position 38(b) to disable the flow of gasoline to the engine and to expose first end 50a
of hose coupling 50 on generator 20. LPG supply hose 36 is then connected to
generator 20 via hose coupling 50 to enable the flow of LPG to the engine. To operate
generator 20 on gasoline, LPG supply hose 36 is disconnected from generator 20 via
hose coupling 50 to disable the flow of LPG to the engine and to unblock fuel valve
handle 56 from rotating to the first position. As shown in FIG. 2, fuel valve handle 56

is then turned to first position 38(a) to enable the flow of gasoline to generator 20.

[0048] Referring to FIG. 4A, a schematic diagram of a fuel system for a dual fuel
engine 60 shows mechanical fuel lockout switch 38 in first position 38(a) to provide
communication between the first fuel source 28 and dual tuel carburetor 62, according
to an embodiment of the invention. Mechanical fuel lockout switch 38 prevents
communication between second fuel source 30 and dual fuel carburetor 62 when the
swilch is in [irst position 38(a). In one embodiment of the invention, [irst [uel source 28
includes a gasoline tank 32 to provide gasoline to carburetor 62 through a first fuel line
66, and second fuel source 30 can include a propane or LPG tank 68 to provide propane
or LPG to carburetor 62 through a second fuel line 70. Accordingly, first fuel line 66

may be a liquid fuel line and second fuel line 70 may be a gaseous fuel line.

[0049] Mechanical fuel lockout switch 38 changes the fuel source for engine 60
between liquid fucl and gascous fucl. Mecechanical fucl lockout switch 38 includes a
mechanical fuel valve 54 actuateable between first position 38(a) as shown in FIG. 4A
and second position 38(b) as shown in FIG. 4B to selectively control fuel flow to the

dual fuel engine 60 from first fuel source 28 through first fuel line 66 and second fuel
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source 30 through second fuel line 70. Referring back to FIG. 4A, mechanical fuel
valve 54 selectively controls [uel flow through first fuel line 66 by opening the line
when the mechanical fuel lockout switch 38 actuates to first position 38(a). Mechanical
fuel valve 54 may be coupled to fuel lockout apparatus 58 that actuates with mechanical
fuel valve 54 to block and unblock fuel inlet 59 of second fuel line 70. First end 50a of
the quick-disconnect hose coupling is located at fuel inlet 59 and a mating end 50b of
the quick-disconnect hose coupling is coupled to the propane or LPG tank 68.
Actuation of mechanical fuel valve 54 to first position 38(a) causes fuel lockout
apparatus 58 to block fuel inlet 59 to prevent coupling the first end 50a and second end
50b of the quick-disconnect hose coupling together, and actuation of mechanical fuel
valve 54 (o another position causes [uel lockout apparatus 58 to unblock fuel inlet 59 to

permit attaching first end 50a and second end 50b together.

[0050] A liquid fuel cut-off 72 couples to carburetor 62 to regulate liquid fuel flow
through the carburetor. Liquid fuel cut-off 72 can stop liquid fuel flow to engine 60 to
prevent an overly rich air-fuel ratio when operating engine 60 on gaseous fuel. Liquid
fucl cut-off 72 may attach to carburctor 62 to intcrrupt liquid fucl upon actuation of
mechanical fuel lockout switch 38 from liquid fuel to gaseous fuel. As such, liquid fuel
cut-off 72 can prevent engine flooding by stopping liquid fuel flow when starting on
gaseous fuel. Liquid fuel cut-off 72 is manually operated in some embodiments of the

inventon and electrically operated in other embodiments of the invention.

[0051] In one embodiment of the invention, liquid fuel cut-off 72 comprises a fuel
cut solenoid 74, also referred to as a carburetor cutoff solenoid, that operates within
carburetor 62 as a solenoid valve to control liquid fuel flow to engine 60. Fuel cut
solenoid 74 actuates between an open position to provide liquid fuel to engine 60 and a
closed position to stop liquid fuel to the engine. Fuel cut solenoid 74 can operate as a
normally open solenoid valve so that power is not required to open the solenoid during
liquid fuel operation. As such, fuel cut solenoid 74 is powered and moved to a closed
position to stop liquid fuel flow to engine 60 during gaseous fuel operation.
Alternatively, [uel cut solenoid 74 may be operated as a normally closed valve that is

powered to open for liquid fuel operation.
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[0052] Fuel cut solenoid 74 is preferably powered by a magneto 76, alternator,
engine [lywheel with a charge winding, or other electrical power generator having a
charge winding or coil 78. Charging coil 78 allows operation of fuel cut solenoid 74 in
a batteryless engine. In a batteryless dual fuel generator, the charging coil 78 may be
integral to an alternator driven by the batteryless engine. Engine 60 may be a pull-start
engine having a recoil starter 80. During engine startup, recoil starter 80 cranks the
engine with a manual pull by a user that causes magneto 76 to supply electrical power to
fuel cut solenoid 74. While a fuel cut solenoid 74 in a normally open mode does not
require any initial electrical power for starting engine 60 on liquid fuel, charging coil 78
powers the solenoid to stop liquid fuel flow during startup on gaseous fuel.
Alternatively, charging coil 78 can power a [uel cut solenoid 74 operaling in a normally

closed mode to open and provide liquid fuel to engine 60 during startup on liquid fuel.

[0053] Charging coil 78 has an output voltage generally proportional to engine speed
and therefore charge coil 78 will produce a range of voltages over the range of engine
operating speeds. For example, if charging coil 78 produces 12 VAC at 3600 rpm, it
may only producc 1 VAC at 300 rpm which would bc insufficient voltage during startup
to power a solenoid that requires 12 volts. An alternator typically used to power 12 volt
accessories, such as a battery, at engine speeds will need increased output voltage to
provide sufficient voltage for operation of fuel cut solenoid 74 at low recoil start speeds.
In addition, the output voltage of a charging coil may vary il the alternator or magneto
76 also powers accessories. Accordingly, the output voltage of a charging coil should
be verified by running engine 60 through the full range of operating speeds before

increasing the output voltage.

[0054]  Additional turns can be added to a charging coil in the alternator or magneto
76 to increase the output voltage and provide sufficient voltage to activate fuel cut
solenoid 74 at manual start speeds. Typical alternators or magnetos may have limited
room within stator laminations for additional turns, but low current requirements of fuel
cut solenoid 74 allows substitution of smaller gage wire. Alternatively, solenoid

windings on [uel cut solenoid 74 can be modified (o operate at lower vollages for recoil
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starting. However, adding coil turns to a charge winding provides an inexpensive

modification and allows use of standard 12 volt solenoids.

[0055] To protect electrical systems, a voltage regulator 82 couples to charging coil
78 to provide a fixed output voltage for a varying input voltage. If charge winding 78 is
wound to supply 12 VAC at 300 rpm, it could supply 144 VAC at 3600 rpm. Applying
144 volts could quickly destroy a solenoid designed to operate at 12 volts. Accordingly,
voltage regulator 82 may comprise a switching power supply circuit 84 that regulates a
rectified DC power output from magneto 76 and provides a fixed voltage to fuel cut
solenoid 74. Switching circuits are very efficient, dissipate very little power, and can be
made small and inexpensive. Switching power supply circuit 84 allows for low rpm,
recoil starter electrical power generation with charge coil 78 voltage control over engine

speed range.

[0056] In the embodiment shown in FIGS. 4A and 4B, fuel cut solenoid 74 is
operated by an electro-mechanical switch 86. Electro-mechanical switch 86 connects
one fuel source to carburetor 62 and is connected to magneto 76 for a power source.
Electro-mechanical switch 86 may comprise an electrical switch 88 that provides
electrical connection between fuel cut solenoid 74 and magneto 76. Electro-mechanical
switch 86 may also comprise mechanical fuel lockout switch 38, and electrical switch
88 can be mechanically actuated and controlled by mechanical fuel lockout switch 38.
Fuel cut solenoid 74 connects to open and close a [uel path to pull-start engine 60 in

response to reception of electrical power from electro-mechanical switch 86.

[0057]  Fuel cut solenoid 74 can operate as a normally open valve that closes when
powered by alternator or magneto 76. The normally open valve is activated to close and
prevent gasoline flow to engine 60 for LPG mode, and deactivated to open and allow
gasoline flow to engine 60 for gasoline mode. As such, actuation of mechanical fuel
lockout switch 38 to first position 38(a) opcns clectrical switch 88 to interrupt power
and open fuel cut solenoid 74 as represented in FIG. 4A, and actuation of mechanical
fuel lockout switch 38 to second position 38(b) closes electrical switch 88 to power and

close fuel cut solenoid 74 as represented in FIG. 4B. Alternatively, fuel cut solenoid 74
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can operate as a normally closed valve where actuation of mechanical fuel lockout
switch 38 (o first position 38(a) closes electrical switch 88 to power and open fuel cut
solenoid 74, and actuation of mechanical fuel lockout switch 38 to second position

38(b) opens electrical switch 88 to interrupt power and close fuel cut solenoid 74.

[0058] In an alternative embodiment of the invention, a microcontroller 89 operates
fuel cut solenoid 74 so that fuel cut solenoid 74 opens to operate engine 60 on gasoline
and is closed when the engine operates on LPG. While engine 60 is running, charging
coil 78 provides power available to microcontroller 89 for operation of fuel cut solenoid
74. Fuel cut solenoid 74 may operate in a normally open mode to allow gasoline flow
to engine 60 without power from microcontroller 89, and microcontroller 89 may
operate fuel cut solenoid 74 to operate as an after-fire solenoid when shutting down
engine 60 from gasoline operation. That is, microcontroller 89 powers fuel cut solenoid
74 to a closed position preventing fuel being drawn into engine 60 and muffler during
engine shutdown from operation on gasoline. When engine 60 runs on LPG,
microcontroller 89 switches on power to close fuel cut solenoid 74 to prevent engine 60
from drawing in gasolinc from the float bowl of carburctor 62 and first fucl linc 66.
Microcontroller 89 may also operate fuel cut solenoid 74 configured to be normally

closed. Implementation of microcontroller 89 is further described with respect to FIG.

14.

[0059] Referring to FIG. 4B, a schemaltic diagram of a [uel system [or a dual [uel
engine shows mechanical fuel lockout switch 38 in second position 38(b) to provide
communication between second fuel source 30 and dual fuel carburetor 62, according to
an embodiment of the invention. Mechanical fuel lockout switch 38 prevents
communication between first fuel source 28 and dual fuel carburetor 62 when the switch
is in second position 38(b). The dual fuel engine has a first fuel line 66 to provide fuel
from first fuel source 28 to carburetor 62 and a second fuel line 70 to provide fuel from

second fuel source 30 to carburetor 62.

[0060] Mechanical fuel lockout switch 38 includes mechanical fuel valve 54 that

selectively controls fuel flow through first fuel line 66 by closing the line when
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mechanical fuel lockout switch 38 actuates to second position 38(b). Mechanical fuel
lockout switch 38 may also include a mechanical lockout apparatus 58 (o block and
unblock fuel inlet 59 of the second fuel line 70. Fuel inlet 59 may include first end 50a
of the quick-connect hose coupling mounted on the generator and coupled to second
fuel line 70. Second end 50b of the quick-connect hose coupling is coupled to the outlet
of second fuel source 30, and the first end 50a mates with second end 50b to quickly
attach propane or LPG tank 68 to second fuel line 70. Fuel lockout apparatus 58 may
also hold mechanical fuel lockout switch 38 in second position 38(b) when the propane
or LPG tank 68 is coupled to the engine via the ends 50a, 50b of the quick-connect hose

coupling.

[0061] Liquid fuel cut-off 72 couples to carburetor 62 to regulate liquid fuel flow
through the carburetor as described with respect to FIG. 4A. Liquid fuel cut-off 72 may
comprise a fuel cut solenoid 74 powered by magneto 76. Engine 60 has recoil starter 80
that cranks the engine and drives magneto 76 to power fuel cut solenoid 74 when
starting the engine. Voltage regulator 82 reduces the voltage delivered to fuel cut
solcnoid 74 at higher enginc opcrating spceds. Fucl cut solcnoid 74 is activatcd by
electro-mechanical switch 86 providing electrical connection to magneto 76 via
electrical switch 88. FElectrical switch 88 can be manually actuated and controlled by
mechanical fuel lockout switch 38. FIG. 4B shows electrical switch 88 closed to power
a normally open configured [uel cul solenoid 74 (o a closed position [or LPG mode

when mechanical fuel lockout switch 38 is in second position 38(b).

[0062] FIG. 4A and FIG. 4B depict an embodiment where mechanical fuel valve 54
operates along first fuel line 66 to provide a flow path for first fuel source 28 to
carburetor 62 when the valve is in first position 38(a). That is, mechanical fuel valve 54
may control a single fuel line that runs through the valve while operating fuel lockout
apparatus 58 to control fuel flow through second fuel line 70. Embodiments of the
invention also contemplate mechanical fuel valve 54 configured to operate along second
fuel line 70 to provide a flow path for second fuel source 30 to carburetor 62 when the
valve is in second position 38(b). Mechanical [uel valve 54 may be configured to

control multiple fuel lines that run through the valve according to embodiments of the
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invention. In another embodiment of the invention, a manual fuel petcock is coupled
along second [uel line 70 to provide an independent shut-off from second [(uel source 30

to the engine.

[0063] Referring to FIG. 5, a dual fuel carburetor having a manual fuel shutoff
system is shown, in accordance with a mechanical embodiment of the invention.
Carburetor 62 attaches to an intake 90 of the engine to mix air and fuel and connect to a
liquid fuel source and a gaseous fuel source. Carburetor 62 has a mixing passage or
throat 92 having an inlet 94 for air and an outlet 96 for an air-fuel mixture. A venturi 98
is located in throat 92 with a choke valve 100 located upstream from the venturi and a
throttle valve 102 located downstream from the venturi. Carburetor 62 has a float bowl
104 that provides fuel through a fuel passage into a narrow portion of venturi 98. Float
bowl 104 has a liquid fuel inlet 106 to receive liquid fuel from first fuel source 28.
Throat 92 has a gaseous fuel inlet 108 to receive gaseous fuel from second fuel source
30. Dual fuel carburetor 62 mixes air with fuel from first fuel source 28 and second fuel
source 30 and provides the respective air-fuel mixtures for operation of the dual fuel

gencerator.

[0064] Liquid fuel cut-off 72 couples to carburetor 62 to control liquid fuel flow
downstream of float bowl 104 in the carburetor. Liquid fuel cut-off 72 can close off
float bowl 104 to stop liquid fuel flow to the engine and prevent an overly rich air-fuel
ratio during gaseous [uel operation. As such, liquid fuel cut-off 72 prevents engine
flooding when starting on gaseous fuel. Liquid fuel cut-off 72 also traps fuel in float
bowl 104 to eliminate delay in filling the bowl when starting the engine on liquid fuel,
and can stop liquid fuel flow to the engine immediately after ignition shutdown. As
such, liquid fuel cut-off 72 reduces emissions and prevents afterfire by stopping the

engine from continuing to draw in fuel from float bowl 104 during shutdown.

[0065] In the embodiment of FIG. 5, liquid fucl cut-off 72 compriscs a manually
operated fuel shutoff 110 coupled to carburetor 62 to control liquid fuel flow
downstream of float bowl 104. Manual fuel shutoff 110 can be cable actuated for use

on engines without battery power, for instance engines with recoil starters. Manual fuel
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shutoff 110 actuates between a first position to allow gasoline flow to the engine, as
shown in FIG. 7A, and a second position (o prevent gasoline [low (o the engine, as
shown in FIG. 8. Referring back to FIG. 5, manual fuel shutoff 110 may comprise a
shaft 112 extending into carburetor 62 that actuates between the first position and
second position. A manually operated control system 114 couples to shaft 112 external

to carburetor 62 to control manual fuel shutoff 110.

[0066] A bracket 116 couples to the outer surface of carburetor 62 to support manual
control system 114. Bracket 116 mounts to a boss 118 extending outwards from float
bowl 104. Boss 118 has a flat vertical surface with a pair of tapped holes for mounting
bracket 116 to float bowl 104. Screws 120, 122 extend through respective holes in
bracket 116 and into the tapped holes to mount the bracket to carburetor 62. Manual
fuel shutoff 110 extends out of carburetor 62 and through an opening 124 in bracket
116. Bracket 116 has a first stopping tab 126 and a second stopping tab 128 extending
away from float bowl 104 to hold manual fuel shutoff 110 in a respective open or closed
position. A fuel drain screw 130 extends into an opening in carburetor 62 adjacent

bracket 116.

[0067] Bracket 116 has a lower arm 132 extending downward and to the air inlet
side of carburetor 62. Lower arm 132 has a bottom portion 134 bent outward from
carburetor 62 to couple to a control system spring 136. Bottom portion 134 has a hole
138 for control system spring 136 adjacent a positioning groove 140 for the spring.
Control system spring 136 is held in position by groove 140 as it hooks through hole
138. Bracket 116 also has an upper arm 142 extending first outward from carburetor 62
and then vertically and to the outlet side of the carburetor. Upper arm 142 has a cable
clamp 144 for holding a Bowden cable 146. Cable clamp 144 has a flat midsection and
two curved ends contacting bracket 116 to hold the midsection slightly apart from the
bracket. Cable clamp 144 is coupled to bracket 116 by a bolt 148 extending through a

hole in the midsection and through upper arm 142 of the bracket.

[0068] A lever 150 couples to shaft 112 to actuate manual fuel shutoff 110. A cap
152 holds lever 150 on shaft 112. Alternatively, lever 150 may be coupled to the shaft
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112 by welding or staking. Lever 150 has a first lever arm 154 to contact and hold lever
150 against [irst and second stopping tabs 126, 128 of the bracket. Lever 150 has a
second lever arm 156 to actuate shaft 112. First lever arm 154 is in plane with an
opening in the lever for shaft 112 and second lever arm 156 extends first outward from
carburetor 62 and then parallel to first lever arm 154. Second lever arm 156 extends
outward from carburetor 62 to provide clearance between bracket 116 and the second
lever arm for control system spring 136 and screw 122. Second lever arm 156 has two
holes 158, 160 for coupling control system spring 136 and Bowden cable 146 to lever
150.

[0069] Manual fuel shutoff 110 operates as a valve within carburetor 62 to
selectively interrupt liquid fuel flow to the engine. Control system spring 136
preferably pulls on lever 150 to hold manual fuel shutoff 110 in an open valve position,
and Bowden cable 146 pulls lever 150 against control system spring 136 to rotate
manual fuel shutoff 110 to a closed valve position. As such, control system spring 136
holds manual fuel shutoff 110 open for gasoline mode until Bowden cable 146 is pulled
to closc the valve for LPG mode. Altcrnatively, control system spring 136 can hold
manual fuel shutoff 110 in a closed valve position until Bowden cable 146 is pulled to
open the valve. Therefore, actuation of the Bowden cable 146 acts as a switch to assist
in changeover between the dual fuels. Manual fuel shutoff 110 may rotate 90 degrees
between the open and closed positions with stopping tabs 126, 128 positioned about
bracket 116 accordingly. Lever 150 can be positioned on shaft 112 so that second lever
arm 156 is pulled upward by a generally vertical Bowden cable 146. Second lever arm
156 may actuate between a position 45 degrees below horizontal for an open valve and
a position 45 degrees above horizontal for a closed valve. When holding the valve
open, control system spring 136 may bc oricnted at a right angle to sccond lever arm

156 for increased leverage.

[0070] Referring to FIG. 6, a cross-sectional view of the carburetor taken generally
about line 6-6 of FIG. 5 is shown, in accordance with an embodiment of the invention.
Carburetor 62 includes a throat 92 to mix gaseous fuel with air and liquid fuel with air.

Throat 92 includes a gaseous fuel inlet port 162 in communication with gaseous fuel
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inlet 108 coupled to a second fuel line 70. Carburetor 62 also includes float bowl 104
and a [uel passage 164 (o provide a liquid [uel path from (loat bowl 104 through a main
nozzle 166 into venturi 98. Float bowl 104 has a liquid fuel inlet port 168 and a float
valve 170 to regulate liquid fuel flow through liquid fuel inlet port 168. Liquid fuel
inlet port 168 is in communication with the liquid fuel inlet 106 coupled to first fuel line

66.

[0071] Manual fuel shutoff 110 couples to carburetor 62 to regulate liquid fuel flow
downstream of float bowl 104. Manual fuel shutoff 110 attaches to carburetor 62 to
close fuel passage 164 upon selection of engine operation to gaseous fuel. Manual fuel
shutoff 110 may have a first end 172 positioned in carburetor 62 adjacent an inlet port
174 to fuel passage 164, and the first end 172 actuates to close fuel passage 164. That
is, first end 172 actuates between a first position to permit fuel flow into fuel passage
164, as shown in FIG. 7A, and a second position to prevent fuel flow into fuel passage

164, as shown in FIG. 8.

[0072] Referring back to FIG. 6, manual fuel shutoff 110 has a second end 176
positioned external to carburetor 62 that is manually actuated to operate manual fuel
shutoff 110. Manual fuel shutoff 110 may have a rotating shaft 112 that extends
through an opening 178 in carburetor 62. A blocking member or valve tip 180 couples
to shaft 112 in carburetor 62 to create a valve-shaft assembly 179. Valve tip 180 rotates
parallel (o inlet 174 of fuel passage 164 between a blocking position and non-blocking
position to selectively block fuel flow into fuel passage 164. Lever 150 couples to shaft

112 external to carburetor 62 and actuates to rotate shaft 112 and valve tip 180.

[0073] Shaft 112 may be horizontal or substantially horizontal to allow valve tip 180
to be positioned directly in float bowl 104 adjacent inlet port 174 of fuel passage 164.
That is, manual fuel shutoff 110 may be coupled to carburetor 62 such that second end
176 is horizontal from first end 172. Inlct 174 of fucl passage 164 can facc horizontal
or substantially horizontal to accommodate valve tip 180 in float bowl 104. As such,
fuel passage 164 may have a horizontal component that receives fuel from float bowl

104 leading to a vertical component to provide fuel to venturi 98. The interior surface
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of the float bowl 104 may also have a recess or cavity 182 to provide room for valve

member 180 in the bowl.

[0074] Opening 178 in carburetor 62 has a plug 184 to hold shaft 112 and prevent
fuel flow out of the carburetor. Shaft 112 extends through a hole 186 in plug 184 and
hole 186 is positioned to align valve tip 180 with fuel passage 164. Plug 184 has a
larger outer diameter 188 toward the external side of carburetor 62 and a smaller outer
diameter 190 toward the internal side. Larger outer diameter 188 and smaller outer
diameter 190 mate with corresponding diameters of opening 178. Plug 184 has a
counterbore 192 to hole 186 on the external side of the plug. A compression spring 194
is positioned around shaft 112 in float bowl 104 to push valve tip 180 against plug 184.
Compression spring 194 holds valve tip 180 against inlet 174 of fuel passage 164 in

order to seal the fuel passage.

[0075] A primary o-ring 196 and a secondary o-ring 198 are positioned around shaft
112 to provide a respective first and second fuel seal between the shaft and plug 184 and
to seal first end 172 of manual fuel shutoff 110 in carburetor 62. Primary o-ring 196
may be positioned in an o-ring groove 200 in shaft 112 and secondary o-ring 198 may
be positioned in counterbore 192 of plug 184. A bracket 116 or other support member
mounts over counterbore 192 and around shaft 112 to hold secondary o-ring 198 in
counterbore 192. Bracket 116 has an opening 124 large enough for shaft 112 but small
enough (o hold secondary o-ring 198 in counterbore 192. Manual fuel shutofl 110
actuates in a rotative motion free from linear motion in part to ensure fuel will not leak
through primary o-ring 196 or secondary o-ring 198. Compared to a sliding valve, a
rotating valve, such as manual fuel shutoff 110, reduces the likelihood that fuel will leak

from carburetor 62.

[0076] Liquid fuel cut-off 72 may regulate fuel flow through multiple fuel passages
in carburctor 62 that provide fucl from float bowl 104 to the cnginc. For instance,
carburetor 62 may have a main fuel circuit 202 and an idle fuel circuit 204. Main fuel
circuit 202 provides fuel through main nozzle 166 into a narrow portion of venturi 98.

Idle fuel circuit 204 provides fuel to throat 92 downstream from the throttle valve.
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Liquid fuel cut-off 72 may regulate fuel flow through some or all of the fuel circuits that
provide [uel from (loat bowl 104 to the engine. FIG. 6 shows an embodiment where
idle fuel circuit 204 branches off from main fuel circuit 202 and liquid fuel cut-off 72
actuates to block fuel flow into both main fuel circuit 202 and idle fuel circuit 204. In
other embodiments, liquid fuel cut-off 72 closes main fuel circuit 202 while small
amounts of liquid fuel pass through idle fuel circuit 204. Fuel passing through idle fuel
circuit 204 may not negatively affect engine performance during LPG operation but will

eventually drain the gasoline tank.

[0077] Referring to FIG. 7A, a partial sectional view of a float bowl shows a manual
fuel shutoff system in an open position for gasoline mode, in accordance with an
embodiment of the invention. The partial sectional view is taken through a portion of
float bowl 104 along fuel passage 164 while showing another portion of float bowl 104
in front of fuel passage 164 and coupled to manual fuel shutoff 110. Inlet 174 to fuel
passage 164 is in a boss 206 extending outward from a central region of float bowl 104.
Boss 206 has an oval top with sides that extend to the floor of float bowl 104. Inlet 174
to fucl passagc 164 cxtends through boss 206 and has a substantially flat pcrimeter edge
208 around inlet port 174 on the surface of the boss. Manual fuel shutoff 110 presses
against substantially flat perimeter edge 208 surrounding fuel passage 164 to block fuel

flow into fuel passage 164.

[0078] Manual fuel shutofl 110 may have a rotating shaft 112 extending through an
aperture 178 in float bowl 104. Shaft 112 has a first end 210 coupled to valve tip 180
and located in float bowl 104 that is held against inlet port 174 to fuel passage 164.
Shaft 112 rotates valve tip 180 against inlet port 174 between a first position 180(a)
allowing fuel flow through the inlet port 174, as shown in FIG. 7A, and a second
position 180(b) blocking fuel flow through the inlet port 174, as shown in FIG. 8. That
is, valve tip 180 uncovers the inlet 174 of fuel passage 164 to permit fuel flow into the
inlet 174 when rotated to first position 180(a), FIG. 7A, and covers inlet 174 of fuel
passage 164 to prevent fuel flow into inlet 174 when rotated to second position 180(b),
FIG. 8.
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[0079] Referring back to FIG. 7A, the manual fuel shutoff system further includes
bracket 116 to support shalt 112 in float bowl 104 and provide mounting locations [or
manually operated control system 114. Bracket 116 also has a pair of stopping tabs
126, 128 to hold the manual fuel shutoff 110 in an open or closed position. Shaft 112
extends through bracket 116 and lever 150 couples to a second end 212 of shaft 112
located outside of float bowl 104. Control system spring 136 couples lever 150 to
bracket 116 to hold lever 150 against stopping tab 126 and hold manual fuel shutoff 110
in the open position for gasoline mode. Bowden cable 146 couples to lever 150 to pull
against control system spring 136 and rotate manual fuel shutoff 110 to the closed
position for LPG mode. As such, second end 176 of manual fuel shutoff 110 is
positioned external (o [loat bowl 104 and coupled to manually operated control system

114 to operate manual fuel shutoff 110.

[0080] Referring to FIG. 7B, a detailed partial sectional view of the float bowl of
FIG. 7A taken along line 7B-7B shows a manual fuel shutoff in an open position for
gasoline mode, in accordance with an embodiment of the invention. Float bowl 104
includes boss 206 through which fucl passage 164 cxtends and having a substantially
flat perimeter edge 208 surrounding inlet 174 to fuel passage 164. Substantially flat
perimeter edge 208 preferably has a flat finished surface for improved sealing against
valve tip 180. Valve tip 180 maintains planar contact with substantially flat perimeter
edge 208 while rotating between an open position permitting [uel [low into inlet 174
and a closed position blocking fuel flow into inlet 174. As such, valve tip 180 rotates
parallel to inlet 174 of fuel passage 164 between the open or first position 180(a) and
closed or second position 180(b), FIG. 8.

[0081] Referring again to FIG. 7B, valve tip 180 may comprise an oval or stadium
214 having a flat surface 216 that contacts perimeter edge 208 around inlet 174 of fuel
passage 164. Valve tip 180 may have a recessed portion or cutout 218 in the flat surface
216 to provide a flow passage through the valve tip. Fuel flows through the cutout 218
into the inlet 174 of fuel passage 164 when cutout 218 is aligned with inlet 174. That is,
cutout 218 in valve tip 180 aligns with inlet port 174 when valve tip 180 is rotated to the

open position such that fuel can pass from float bowl 104 through cutout 218 into fuel
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passage 164. Cutout 218 in valve tip 180 is strategically positioned in a narrow portion
of stadium 214 so a long portion of stadium 214 can be rotated (o cover and block inlet
174. Valve tip 180 may comprise one of many shapes including a stadium, an oval, a

disk, a rectangle, an irregular shape, among others.

[0082] Referring to FIG. 8, a partial sectional view of a float bowl shows a manual
fuel shutoff system in a closed position for LPG mode, in accordance with an
embodiment of the invention. Valve tip 180 pushes against inlet 174 to fuel passage
164 to seal the inlet when in second position 180(b). Valve tip 180 may have a stadium
shape 214 with a cutout 218 in the narrow portion of the stadium to provide a flow
passage. Valve tip 180 blocks fuel flow into fuel passage 164 when the cutout 218 in
valve tip 180 is rotated away from inlet 174 of fuel passage 164. Cutout 218 may face
downward when in the closed position and horizontal when in the open position. Lever
150 couples to shaft 112 outside of float bowl 104 and is actuated by Bowden cable 146

to operate manual fuel shutoff 110.

[0083] Bowden cable 146 may be coupled to mechanical fuel lockout switch 38,
FIG. 1, to automatically open and close manual fuel shutoff 110 upon selection of a
corresponding fuel source. Mechanical fuel lockout switch 38 may have a lever arm
inside of the generator housing for actuating Bowden cable 146, FIG. 8. Alternatively,
Bowden cable 146 may have a push-pull knob located on an external surface of the
generator housing (o independently actuate manual (uel shutoff 110. In either case,
manual fuel shutoff 110 can attach to the carburetor to close fuel passage 164
downstream from float bowl 104 upon actuation of the mechanical fuel lockout switch

38, FIG. 1, from liquid fuel to gaseous fuel.

[0084] Referring to FIG. 9, a perspective view of a shaft for the manual fuel shutoff
system of FIGS. 5-8 is shown, in accordance with an embodiment of the invention.
Shaft 112 has two “D” shaped ends each located at a respective first cnd 210 and sccond
end 212 of the shaft. Shaft 112 also has a first diameter 220 and a larger second
diameter 222 each extending radially from shaft 112 outward beyond the two “D”

shaped ends. First diameter 220 and second diameter 222 are separated by o-ring
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groove 200 with first diameter 220 toward first end 210 of shaft 112 and second
diameter 222 toward second end 212 of shaft 112. First diameter 220 also has a groove
224 for a retaining ring. Lever 150, FIG. 8, has a “D” shaped opening to fit on the
second end 212 of shaft 112 and held against the second diameter 222.

[0085] Referring to FIG. 10, a side view of a valve member for the manual fuel
shutoff system of FIG. 5-8 is shown, in accordance with an embodiment of the
invention. Valve tip 180 has a flat surface 216 to seal and rotate against a mating
surface in the carburetor. Valve tip 180 is preferably made from polyoxymethylene
(POM) or other thermoplastic material to provide a surface suitable for sealing. Valve
tip 180 may be shaped as a stadium 214 with a short direction 226 and a long direction
228 extending from a center of rotation 230. The long direction 228 rotates over inlet
174, FIG. 8, to selectively block fuel passage 164. As such, valve tip 180 may rotate
less than 360 degrees between the open and closed positions, and valve tip 180 rotates
substantially 90 degrees between the positions in an exemplary embodiment of the

invention.

[0086] Referring back to FIG. 10, cutout 218 may be located along a straight side of
stadium 214 to create a flow passage through valve tip 180. Cutout 218 may have a
depth less than the thickness of stadium 214 or may extend through the thickness of the
stadium. Cutout 218 may be a half circle with tangent side components extending
perpendicular (o a straight edge of stadium 214, through a side of valve tip 180. Cutout
218 may extend into valve tip 180 short of the center of stadium 214 and positioned

slightly offset along the length of the stadium from the stadium center.

[0087] Valve tip 180 may have a “D” shaped opening 232 to press onto shaft 112 of
FIG. 9, defining center of rotation 230, FIG. 10. Center of rotation 230 may be equal
distance from straight edges of stadium 214 and positioned between cutout 218 and a
roundcd cnd of the stadium that is the closcst rounded cnd to the cutout. Cutout 218 is
askew from center of rotation 230 along the length of stadium 214 in part to cover more

distance when rotated away from inlet port 174, FIG. 8. In addition, valve tip 180 is
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positioned off center on shaft 112 to increase the length of long direction 228 from

center of rotation 230 that is rotated (o cover inlet port 174.

[0088] Referring to FIG. 11, a perspective view of the carburetor of FIG. 5 with the
manual fuel shutoff system exploded from a float bowl of the carburetor is shown, in
accordance with an embodiment of the invention. Carburetor 62 has a throat 92, a float
bowl 104, and a fuel passage 164 from float bowl 104 to an outlet port 234 in throat 92.
Manual fuel shutoff 110 includes shaft 112 having first end 210 to be positioned in float
bowl 104 and a second end 212 to be positioned external to float bowl 104. A primary
o-ring 196 installs on shaft 112 and positioned in an o-ring groove 200 in shaft 112. A
retaining ring 236 installs on shaft 112 in a groove 224 toward first end 210 from o-ring
groove 200. Compression spring 194 installs on shaft 112 followed by valve tip 180
pressed onto first end 210 of shaft 112 creating a valve-shaft assembly 179. Orientation
of valve tip 180 is controlled by a “D” shaped hole 232 in valve tip 180 mating with a
“D” shaped end of shaft 112.

[0089] Plug 184 installs on shaft 112 pushing compression spring 194 against valve
tip 180. Primary o-ring 196 seals between shaft 112 and plug 184. Valve-shaft
assembly 179 inserts through opening 178 in float bowl 104 and plug 184 presses into
the opening. Plug 184 anchors in opening 178 so that compression spring 194 holds
valve tip 180 against fuel passage 164. Secondary o-ring 198 installs around shaft 112
to seal between the shaflt and plug 184. Secondary o-ring 198 may be positioned in a
counterbore 192 in plug 184. Bracket 116 couples to float bowl 104 and holds
secondary o-ring 198 positioned in counterbore 192. Bracket 116 may be 2.0 mm thick
and stamped from Q235 grade steel. A pair of screws 120, 122 each having a spring
lock washer 238, 240 extend through a respective hole 242, 244 in bracket 116 to mount
bracket 116 to carburetor 62. Screws 120, 122 may be M5 screws. A spacer 246
installs on shaft 112 and against bracket 116.

[0090] Lever 150 couples to shaft 112 and held apart from bracket 116 by spacer
246. Shaft 112 has a “D” shape at second end 212 that is inserted into a corresponding
“D” shaped opening 248 in lever 150. The orientation of lever 150 is controlled by “D”
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shape hole 248 in lever 150 mating with a “D” shape end of shaft 112. Lever 150 may
be 1.5 mm thick and stamped (rom Q235 grade steel. Cap 152 presses onto shaft 112 to
hold lever 150 on shaft 112. Control system spring 136 attaches to lever 150 and
bracket 116 to hold manual fuel shutoff 110 open. Cable clamp 144 couples to bracket
116 by bolt 148. Cable clamp 144 has a tab 250 at one or both ends that fits into a
corresponding slot or recess 252 in bracket 116. Cable clamp 144 also has a midsection
with a notch 254 to pinch and hold Bowden cable 146 to bracket 116. Bowden cable
146 is held by cable clamp 144 and attaches to lever 150 to actuate manual fuel shutoff
110 to the closed position. Fuel drain screw 130 and drain screw spring 256 insert into
carburetor 62. In one embodiment, drain screw spring 256 is the same type of spring

used [or compression spring 194.

[0091] Referring to FIG. 12, and with continued reference back to FIG. 11, a method
of fabricating a manual fuel shutoff system for a carburetor is shown, in accordance
with an embodiment of the invention. Process 300 begins by providing carburetor 62 at
STEP 302. Process 300 continues with making a valve-shaft assembly 179 at STEP
304, with valve tip 180 pressed onto shaft 112.  Also in STEP 304, a compression
spring 194 is stalled on shaft 112 and primary o-ring 196 is installed around shaft 112.
Process 300 continues by installing plug 184 on valve-shaft assembly 179 at STEP 306.
Next, valve-shaft assembly 179 is inserted through opening 178 in float bowl 104 and
plug 184 is pressed into the opening at STEP 308. Process 300 continues at STEP 310
by installing secondary o-ring 198 in a groove on plug 184. Next, bracket 116 is
coupled to float bowl 104 of carburetor 62 in STEP 312. Process 300 continues at
STEP 314 by installing lever 150 on shaft 112. Next, cap 152 is pressed onto shaft 112
to hold lever 150 to shaft 112 in STEP 316. In STEP 318, control system spring 136 is
installed on lever 150 and bracket 116. Also, in STEP 318, Bowdcn cablc 146 is
attached to lever 150 to actuate shaft 112.

[0092] Referring to FIG. 13, a magnetic fuel shutoff system for a carburetor is
shown, in accordance with an embodiment of the invention. Magnetic fuel shutoff
system 320 couples to the carburetor to provide a magnelically actuated liquid [uel cut-

off for the internal combustion engine. Magnetic fuel shutoff system 320 controls liquid
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fuel flow through a fuel passage leading from the float bowl to the throat in the
carburetor. Magnetic fuel shutofl system 320 can be manually actuated between an
open position to allow gasoline flow to the engine for gasoline operation and a closed

position to prevent gasoline flow to the engine for LPG operation.

[0093] Magnetic fuel shutoff system 320 includes a housing at least partially
enclosing the liquid fuel cut-off. That is, magnetic fuel shutoff system 320 has a first
section 322 housing magnetic fuel shutoff 324 and a second section 326 housing a
manually actuated magnet 328 to operate the magnetic fuel shutoff. First section 322
has a forward wall 330 and a back wall 332 with the forward wall facing internal to the
carburetor. Forward wall 330 has a flange 334 around an outer perimeter for coupling
to the carburetor. Forward wall 330 also has an opening 336 through which a plunger
342 of the magnetic fuel shutoff 324 extends into the carburetor. A lip 338 extends
forward from forward wall 330 around opening 336 and an o-ring 340 is installed
around lip 338. Flange 334 may be mounted to a plug in an opening of the carburetor

with magnetic fuel shutoff 324 entering the carburetor through a hole in the plug.

[0094] First section 322 provides a sealing member enclosing plunger 342 of
magnetic fuel shutoff 324 to the carburetor and holding fuel in the carburetor. The
plunger 342 extends through opening 336 in forward wall 330 with a pointed end that is
selectively inserted into a fuel supply path in the carburetor to block fuel flow
downstream [rom the [loat bowl. Magnelic [uel shutofl 324 has a back plate 344
coupled to plunger 342 in first section 322. Plunger 342 extends perpendicular from a
forward face of back plate 344. A spring 346 pushes a back face of back plate 344
against back wall 332 to push plunger 342 through opening 336 in forward wall 330 to
block the fuel supply path in the carburetor. Accordingly, the first section 322 holds the
spring 346 against the plunger 342. Magnetic fuel shutoff 324 is guided through its
actuation by back plate 344 sliding through first section 322 and plunger 342 through
opening 336 in forward wall 330.

[0095] Second section 326 couples to first section 322 and is located behind back

wall 332. Second section 326 encloses an actuating magnet 328 to selectively pull
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magnetic fuel shutoff 324 against spring 346. Second section 326 preferably guides
actuating magnet 328 along a path perpendicular to that of magnetic [uel shutofl 324.
As such, the magnetic force to pull magnetic fuel shutoff 324 to an open valve position
is the strongest when actuating magnet 328 is aligned with the path of magnetic fuel
shutoff 324. Actuating magnet 328 pulls magnetic fuel shutoff 324 against spring 346
when actuating magnet 328 approaches magnetic fuel shutoff 324 and releases magnetic
fuel shutoff 324 while traveling away from magnetic fuel shutoff 324. Actuating

magnet 328 may comprise a rare-earth or other permanent magnet.

[0096] In an exemplary embodiment of the invention, magnetic fuel shutoff 324
actuates horizontally between an open position to permit fuel flow into a fuel passage in
the carburetor and a closed positioned to prevent fuel flow into the fuel passage.
Actuating magnet 328 preferably follows a vertical path and a spring 348 couples to a
top of second section 326 pushing downward on actuating magnet 328. Bowden cable
146 couples to the top of second section 326 and to actuating magnet 328 to pull the

magnet vertically against spring 348 and operate magnetic fuel shutoff system 320.

[0097] Referring now to FIG. 14, a wiring diagram of a microcontroller 89 receiving
input signals and operating engine components is shown, according to an embodiment
of the invention. Microcontroller 89 closes fuel cut solenoid 74 when the engine
operates on LPG and opens the fuel cut solenoid to operate the engine on gasoline. For
LPG mode, microcontroller 89 swilches on power (o [uel cul solenoid 74 (o close the
solenoid preventing the engine from drawing in gasoline from the float bowl of the
carburetor. During shutdown from gasoline operation, microcontroller 89 can also
power fuel cut solenoid 74 to a closed position preventing additional gasoline being
drawn into the engine. While microcontroller 89 can operate fuel cut solenoid 74
operating in a normally open configuration, microcontroller 89 can also operate a fuel

cut solenoid operating in a normally closed configuration.

[0098] Microcontroller 89 may include a module 350 to connect fuel cut solenoid 74,
charging coil 78, switches and a ground terminal. Module 350 has a first connection

352(a) to couple fuel cut solenoid 74 and a second connection 352(b) to couple charging
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coil 78 to power the fuel cut solenoid. Fuel cut solenoid 74 may be coupled to a fuel
swilch 354 and a combination swiltch 356 that are also connected o module 350 via a
third connection 352(c). Fuel switch 354 changes operation of the engine between LPG
and gasoline, and combination switch 356 can operate to kill the engine. A ground
terminal 358 connects to module 350 via a fourth connection 352(d) in order to ground

fuel cut solenoid 74 via fuel switch 354 or combination switch 356.

[0099] In LPG mode, fuel switch 354 connects a first contact 360(a) to a second
contact 360(b), instead of third contact 360(c), to complete an electrical circuit for fuel
cut solenoid 74 by connecting the fuel cut solenoid to ground terminal 358. A fuel cut
solenoid 74 operating in a normally open configuration is therefore powered and closed
to prevent gasoline flow from the fuel bowl of the carburetor to the engine. Fuel switch
354 also connects a fourth contact 360(d) to a fifth contact 360(e), instead of sixth
contact 360(f), to prevent combination switch 356 from grounding magneto 76 thereby

maintaining power to spark plug 362.

[0100] In gasoline mode, fuel switch 354 connects first contact 360(a) to third
contact 360(c) to interrupt an electrical circuit for fuel cut solenoid 74 by disconnecting
the fuel cut solenoid from ground terminal 358. A fuel cut solenoid 74 operating in a
normally open configuration is therefore unpowered and opened to allow gasoline flow
from the fuel bowl of the carburetor to the engine. Fuel switch 354 also connects fourth
contact 360(d) to sixth contact 360() to allow combination switch 356 (o ground

magneto 76 upon shutdown thereby interrupting power to spark plug 362.

[0101] Combination switch 356 can actuate fuel cut solenoid 74 upon engine
shutdown from gasoline operation to prevent after-fire. That is, combination switch 356
connects a first point 364(a) to a second point 364(b) to kill the engine by connecting
magneto 76 to ground terminal 358. At the same time, combination switch 356
connccts a third point 364(c) to a fourth point 364(d) complcting an clectrical circuit for
fuel cut solenoid 74 by connecting the solenoid to ground terminal 358. Fuel cut
solenoid 74 is then powered and closed to prevent continued gasoline flow to the engine

after combination switch 356 stops power supply to spark plug 362.
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[0102] In one embodiment of the invention, combination switch 356 can operate as a
kill switch only for gasoline operation. That is, combination swilch 356 can be
decoupled from magneto 76 by fuel switch 354 so that combination switch 356 cannot
be actuated to shut down the engine during LPG operation. In another embodiment of
the invention, combination switch 356 can operate as a kill switch for both gasoline
operation and LPG operation. During LPG operation, combination switch 356 may
actuate fuel switch 354 with actuation of combination switch 356 to ground magneto 76
and kill the engine. That is, combination switch 356 connects first point 364(a) to
second point 364(b) and also actuates fuel switch 354 to connect fourth contact 360(d)
to sixth contact 360(f) so that magneto 76 is coupled to ground terminal 358 killing the
engine. Al the same time, combination switch 356 connects third point 364(c) to [ourth
point 364(d) so that fuel cut solenoid 74 maintains connection to ground terminal 358 to
remain closed even though fuel switch 354 interrupts connection between first contact

360(a) and second contact 360(b).

[0103] Microcontroller 89 may also include a Voltage Frequency and Low Oil
Shutdown (VFO) module 366. VFO module 366 can mcasurc paramcters of an
alternator driven by an engine in a generator. VFO module 366 monitors alternator
voltage and frequency by receiving an input signal 368 from the alternator. Input signal
368 is 120 VAC and 60 Hz from the alternator as a monitoring point for VFO module
366. VFO module 366 allows the engine (o run il alternator paramelers are within
preset limits and shuts down the engine if the parameters are outside the limits. VFO
module 366 can also monitor oil volume within the engine by receiving an input signal
from an oil level switch 370 shown in the wiring diagram engine block 372. VFO
module 366 may allow the engine to operate only if the oil volume is greater than a
presct lower limit and can shutdown the cnginc by initiating conncction between the

ignition coil or magneto 76 and ground terminal 358.

[0104] Beneficially, embodiments of the invention provide for a fuel lockout switch
to ensure that two fuels are not simultaneously delivered to a dual fuel internal
combustion engine and (o efliciently convert operation of the engine between the [uel

sources. Embodiments of the invention also provide for a dual fuel generator with a
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remotely mounted gaseous fuel regulator system. Embodiments of the invention also
provide for a batteryless dual [uel internal combustion engine having a liquid [uel cut-

off coupled to a carburetor to selectively interrupt liquid fuel.

[0105] Therefore, according to one embodiment of the invention, a dual fuel engine
includes an engine operable on a gaseous fuel and a liquid fuel and a switch to change
operation of the engine between gaseous fuel and liquid fuel. The dual fuel engine also
includes a carburetor attached to an intake of the engine to mix air and fuel and connect
to a gaseous fuel source and a liquid fuel source. A liquid fuel cut-off attaches to the
carburetor to interrupt liquid fuel upon actuation of the switch from liquid fuel to

gaseous fuel.

[0106] According to another embodiment of the invention, a batteryless dual fuel
generator includes a housing containing a pull start engine coupled to drive an
alternator, the engine operable on a gaseous fuel and a liquid fuel. A carburetor attaches
to an intake of the engine and includes a throat to mix fuel with air, a float bowl, and a
fuel passage to provide liquid fuel from the float bowl to the throat. The generator also
includes a fuel shutoff attached to the carburetor to close the fuel passage upon selection

of engine operation to gaseous fuel.

[0107] According to yet another embodiment of the invention, a carburetor having a
fuel shutoff includes a carburetor with a float bowl, a throat, and a fuel passage to
provide fuel from the float bowl to the throat. The carburetor further includes a fuel
shutoff coupled to the carburetor having a first end in the carburetor that actuates to
close the fuel passage and a second end external to the carburetor to actuate the first

end, and the fuel shutoff can actuate free from linear motion.

[0108] According to yet another embodiment of the invention, a method of
assembling a dual fuel engine includes providing an engine operable on a gaseous fuel
and a liquid fucl. The method also includes attaching a carburctor to an intake of the
engine, the carburetor includes a throat to mix gaseous fuel with air and liquid fuel with
air, a float bowl, and a fuel passage to provide liquid fuel from the float bowl to the

throat. The method also includes coupling a switch to the engine to change operation of
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the engine between gaseous fuel and liquid fuel and attaching a liquid fuel cut-off to the
carburetor (o close the [uel passage upon actuation of the swiltch from liquid fuel to

gaseous fuel.

[0109]  This written description uses examples to disclose the invention, including
the best mode, and also to enable any person skilled in the art to practice the invention,
including making and using any devices or systems and performing any incorporated
methods. The patentable scope of the invention is defined by the claims, and may
include other examples that occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they have structural elements that do not
differ from the literal language of the claims, or if they include equivalent structural

elements with insubstantial differences from the literal languages of the claims.
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ABSTRACT

A dual fuel engine includes an engine operable on a gaseous fuel and a liquid fuel and a
switch to change operation of the engine between gaseous fuel and liquid fuel. The dual
fuel engine also includes a carburetor attached to an intake of the engine to mix air and
fuel and connect to a gaseous fuel source and a liquid fuel source. A liquid fuel cut-off
attaches to the carburetor to interrupt liquid fuel upon actuation of the switch from

liquid fuel to gaseous fuel.
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CLAIMS

What is claimed is:

1. A dual fuel generator comprising:

an cnginc opcrable on a gascous fucl and a liquid fucl;

an electrical power generator driven by the engine and comprising a
charging coil;

a switch to change operation of the engine between gaseous fuel and
liquid fuel;

a carburetor attached to an intake of the engine to mix air and fuel and
connect to a gaseous fuel source and a liquid fuel source;

a liquid fuel cut-off solenoid to interrupt liquid fuel flow to the engine
upon actuation of the switch from liquid fuel to gaseous fuel; and

a voltage regulator coupled to the charging coil to receive power
therefrom and that operates to provide a regulated voltage to the liquid fuel cut-off

solenoid.

2. The dual fuel generator of claim 1 further comprising:
a liquid fuel valve along a liquid fuel line coupling the liquid fuel source
to the carburetor; and
a gaseous fuel valve along a gaseous fuel line coupling the gaseous fuel

sourcc to the carburctor.

3. The dual fuel generator of claim 2, wherein each of the liquid fuel valve

and the gaseous fuel valve comprises a mechanical valve.

4. The dual fuel generator of claim 2, wherein the liquid fuel cut-off

solenoid is attached to the carburetor.

5. The dual fuel generator of claim 1, wherein the gaseous fuel is LPG and

the liquid fuel is gasolinc.
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6. The dual fuel generator of claim 1, wherein the switch is an electro-
mechanical switch connecting one fuel source to the carburetor and connected to the
electrical power generator, and wherein the liquid fuel cut-off solenoid is connected to
open and close a fuel path to the engine in response to reception of electrical power

from the switch.

7. The dual [uel generator of claim 6, wherein the swilch selectively powers
the solenoid valve by controlling electrical connection between the solenoid valve and

the electrical power generator.

8. The dual fuel generator of claim 1, wherein the liquid fuel cut-off
solenoid is normally open to provide liquid fuel to the engine when the liquid fuel cut-

off solenoid is unpowered.

0. The dual fuel generator of claim 8, wherein the dual fuel generator is a
batteryless dual [uel generator and the engine is a pull-start engine, the batteryless dual
fuel generator further comprising a pull-starter that drives the electrical power generator
to power and close the liquid fuel cut-off solenoid while starting the engine on gaseous

fuel.

10. The dual fuel genecrator of claim 1, whercin the clectrical power

generator comprises a magneto or an alternator.

11. A dual fuel generator comprising:
an engine operable on a gaseous fuel and a liquid fuel;
a carburetor attached to an intake of the engine to mix air and fuel and
connect to a gaseous fuel source and a liquid fuel source; and
a manually actuated fuel shutoff coupled to the carburetor, the manually
actuated fuel shutoff comprising:
a first cnd in the carburctor that actuatcs to sclectively allow or

block a flow of fuel through the carburetor; and
2
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and a second end external to the carburetor to actuate the first

end.

12. The dual fuel generator of claim 11, wherein the engine is a pull start,

batteryless engine.

13. The dual fuel generator of claim 11, wherein the gaseous fuel is LPG and

the liquid fuel is gasoline.

14. The dual fuel generator of claim 11 wherein the manually actuated fuel

shutofl comprises a rotating mechanical valve.

15. The dual fuel generator of claim 14 wherein the carburetor comprises:
a float bowl;
a throat; and
a fucl passage to providc fucl from the float bowl to the throat;
wherein the manually actuated fuel shutoff comprises a shaft extending
into the carburetor through an aperture in the float bowl, the shaft being coupled to a

valve tip in the float bowl that rotates to open and close the fuel passage.

16. The dual fuel generator of claim 15 wherein the valve tip rotates parallel
to an inlet of the fuel passage between a first position permitting fuel flow into the inlet

and a second position blocking fuel flow into the inlet.

17. The dual fuel generator of claim 15, wherein the fuel passage has an inlet
with a substantially flat perimeter edge and the valve tip maintains planar contact with

the perimeter edge while rotating to open and close the fuel passage.

18. The dual fuel generator of claim 17 further comprising:

a plug in the aperture around the shaft; and
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a compression spring around the shaft in the float bowl pushing against

the plug (o hold the valve tip against the perimeter edge of the inlet.

19. The dual fuel generator of claim 15 further comprising:
a lever coupled to the shaft outside of the carburetor;
a spring coupled to the lever to hold the fuel shutoff opening the fuel
passage; and
a cable coupled to the lever to move the lever against the spring and

rotate the fuel shutoff to close the fuel passage.
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DECLARATION (37 CFR 1. 63) FOR UTILITY OR DESIGN AF’PLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Invention

Jicle of | BATTERYLESS DUAL FUEL ENGINE WITH LIQUID FUEL CUT-OFF

As the below named inventor, | hereby declars that:

This declaration M The atlached application, or
is directed to:

) D United States application or PCT international application number

filed on

The abeve-identified application was mada or authorized to be made by me.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

I hereby acknowledge that any willful faise statemant made in this declaration is pumshable under 18U.8.C. 1001 by
fine ar imprisonment of not more than five (5) years, or both.

WARNING:
Petitioner/applicant is cautioned 1o avoid submitling personal information in documents filed in a patent apphcatlon
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or
cradit card numbers (other than a check or credit card authorization form PT0-2038 submitted for payment purposes)
is naver raquirad by the USPTO to support a petitton or an application. If this type of perscnal information is included
in documants submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents befare submitting them to the USFPTO. Petitionerapplicant is advisad that the record of a patent
application is available to the public after publication of the application (unless a non-publication request in, :
compliance with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermors, the record from an
abandenad application may also be avallable to the public If the application is referenced in a published application or
an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTC-2038 submitted for payment
purposes are not retained in the application fiis and therefore are not publicly avallable.

LEGAL NAME OF INVENTOR

Inventor; Mark J. Sarder - Date (Optional):

Nbfe:_An applicatioﬁ Vtr:lata sheét (#Td’SB/M or equivalent), including naming the entire inventive_ehtily, fnuét .
accompany this form. Use an additional PTO/AIA/01 form for each additional inventor.
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APPLICATION DATA SHEET (37 CFR1.76)

Mad BATTERYLESS DUAL FUEL ENGINE WITH LIQUID FUEL CUT-OFF

inventlon

As the below namad inventer, | hereby declare that:

This declaration |Z[ The attached apphcatlon or
is directed to:

D United States application or PCT international apptication number

filed on

The above-identified application was made or authorized to be made by me.
| believe that | am the criginal inventor or an original joint inventor of a claimed invention in the application.

I hereby acknowledge that any willful false statement made In this dediaralion is punishable under 18 U.S. C 1001 by
fine or Imprisonment of not more than five (5) years, or both. .

WARNING:
Petitioner/applicant is cautmned to avoid submitting personal information in documents fited in a palent application
that may contribute fo identity theft. Personal information such as social security numbers, bank account numbers, or
credit card numbers (other than a check or credit card authorization form PTC-2038 submitted for payment purposes)
is never required by the USPTC to support a petition or an application. If this type of personal information is included -
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents befors submitting them to the USPTO. Petltloner/appllcant Is advised that the record of a patent’
application is available to the public after publication of the application (unfess a non-publication request in
compfiance with 37 CFR 1.213(a) Is madse In the application) or issuance of a patent. Furthermore, the record from an

abandoned application may also be available to the public if the application is referenced ih a published application or o

an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment
purposes are not ratalned inthe appllcatmn file-and therefora are not publicly available.

. LEGAL'NAME OF INVENTOR .

Inventor: Aleko D. Sotiriades L ' o Date (Optional): Z%‘ (21 %£’2‘24 s anp

Signature:

Nota: An appllcation data sheet (PTOISB/M or equlvalem) |nclud|ng naming the entlre tnventlve antlty must
accompany this.form. Use an additional PTO/AIA/Gt form for each additionat |nvenlor
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DECLARATION (37 CFR 1. 63) FOR UTILITY OR DESIGN APPLICATION USING AN

APF’LICAT!ON DATA SHEET (37 CFR 1.76)

invention

Title of BATTERYLESS DUAL FUEL ENGINE WITH LIQUID FUEL CUT-OFF

As the below named inventor, | hereby declare that:

This declaration M The attached application, or
is directed to:

D United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

I believe that | am the original inventor or an original joint Inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statemant made in this daclaration is pumshable under 18 U.S.C. 1601 by -

fine or |mpr|sonment of not more than five (5) years, or both.

" WARNING: ‘
Petitioner/applicant is cautioned to avold submitting personal information in documents filed in a patent application
that may contribute lo identity theft. Personal information such as social security numbers, bank account numbers, or
credit card numbers (other than a check or cradit card authorization form PT0-2038 submitted for payment purposes)
is never required by the USPTO fo support a petition or an application. If this type of perscnal information is included
in documenits submitted to the USPTO, pstitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent
application.is available lo the public after publication of the application (unless a non-publication request in
compliance with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermors, the record from an
abandoned application may also be available to the public if the application is referenced in a publishied application or
an issued patent (ses 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for payment
purpases are not retained In the application file and therefore are not publicly available. '

LEGAL NAME OF INVENTOR

Inventor: James J. Dehn | . Date (Optional): / o/ 23/ FAo /8

7 Note: An applicationrdata sheet (PTOISB/_14 or equivalent}, including naming the entire inventive entity, must '
accompany this form. Use an additional PTO/AIA/O1 form for each additional invenior.
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1. 76)

Title of BATTERYLESS DUAL FUEL ENGINE WITH LIQUID FUEL CUT-OFF

Invention

As the below named inventor, | hereby dedlare that: -

This declaration M The attached application, or
is directed to:

D United States application or PGT international application ni.lmber_

filed on

The above-identified épplication was made or authorized to be made by me.
| balieve that | am the original inventor or an original Joint inventor of a claimed invention in the application.

| harsby acknow!edga that any willful false statement made in this declarat!on Is punishable under 18 U.S.C. 1001 by
fine or imprisonment of not more than five (5) years, or both. .

WARNING: ‘ :
Petitionsr/appiicant is cautioned to avoid submitting psrsonal information in documents filed in a patent application
that may contribute to' identity theft. Personal information such as social security numbers, bank account numbers, or
eradit card numbers {other than a check or credit card authorization form PTO-2038 submitted for payment purposes)
Is never required by the USPTO to support a petition or an application. I this typa of parsonal information is included
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal information
from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the record of a patent
application is available to the public after publication of the application (unless a non-publication request in :
compliance with 37 CFR 1.213(a) Is made in the application) or issuance of a patent. Furthermore, the record from an
abandoned application may alsc be available to the public if the application is referenced in a published application or |
an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO-2038 submitted for paymen!
purposes are not retained in !he application file and therefore are not publicly available.

* LEGAL NAME OF INVENTOR

Inventor: Lelgh Jenison _ Date (Opt_iqhal): /028 2oty

Note: An application data shest {PTO/SB/14 or equivalent), Inciuding naming the entire inventive entity, must
accompany this form. Use an additional PTO/AIA/01 farm for each additional inventor.- _
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DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN-

-APPLICATION DATA SHEET (37 CFR 1.76)

Teof BATTERYLESS DUAL FUEL ENGINE WITH LIQUID FUEL CUT-OFF

Invention

As the below named inventor, | hereby declare that:

This declaration M The attached apphcatlon ar
is directed to:

: D Unitad States application or PCT international appl{cation number

filed on

The above-identified application was madae or authorized to be mads by me.
| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

I hereby acknowladga that any wiliful false statement mads in this declaration is punishable under 18 U.S.C. 1001 by
fine or imprisonment of not more than five (5) years, or bath.

WARNING
Petitioner/applicant is cautioned to avoid submitting personat information in documents filed in a patent appllcatlon
that may contribute to identity theft. Personal information such as social security numbers, bank account numbers, or
credit card numbers (othar than a check or credit card authorization form PTO-2038 submitted far payment purposes)
is never required by the USPTO to support a petition or an applicaticn. if this type of personal inforration is included
in documents submitted to the USPTO, petitioners/applicants should consider redacting such personal infarmation
from the documents before submitting them to the USPTO. Petiticner/applicant is advised that the record of a patent
application is avallable to the public after publication of the apphcatlon (unless a non-publication request in
compliance with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an
abandoned application may also be available to the public if the application is referenced in a published application or
an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PT0-2038 submltled for payment
purposes are not retained in the application file and thersfore are not publicly available. :

LEGAL NAME OF INVENTOR

Inventor: Hiroaki Sato - - ___ - Date (Optional): / 0/ Z 3/ / 5

Signature: _7 ﬁ ;

[

Noie An appllcatlon data shest (PTO/SBI14 or equwalent) lnctudlng naming the entire Inventlve enllty must
accompany this form Use an additional PTOIAIAf01 form for each additional inventor. :
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MAHDI SHAHBAKHTI, Ph.D., P.Eng.

5-281 DICE Building, Mech. Eng. Dept. E-mail: mahdi@ualberta.ca
University of Alberta, Edmonton, AB T6G 1H9 URL.: https://sites.ualberta.ca/~mahdi/
Tel: (780) 492-8409 Linkedin: mahdi-shahbakhti-a5457816/

Summary/Highlights

Litigation Experience
e |PR/Patents: Completed eight cases in different areas of Mechanical Engineering systems including vehicles, engines,
powertrains, heating ventilation air conditioning (HVAC) systems, buildings, ...
e |TC: Two cases in the area of Mechanical Engineering systems
o Depositions: 8 including serving plaintifffcomplainant (3), defense/respondent (5)
e Expert Report/Declaration: 9 reports

Professional Work

o Registered Professional Engineer (PEng) in Alberta
o Academic: Professor, Associate Professor, Assistant Professor of Mechanical Engineering, 2012 — now
e Industry: Engine (3.5 years), Robotics (1 year) industries, HVAC (2.5 years)

Internal Combustion Engine Experience
o Have worked 25 years in the area of engine and engine control including dual fuel engines
e Have taught internal combustion engine courses many times since 2008 in different academic institutions in US and

Canada

e Have supervised more 50 undergraduate and graduate students for the research in the area of engine and engine
controls

e Have tested various dual fuel engines for different applications. These include small (< 0.5 liter) to large scale engines
(e.g., 15 liter)

e Have studied engines running with a variety of fuels including but not limited to gasoline, diesel, ethanol, n-heptane,
iso-octane, gaseous fuels (natural gas, butane, hydrogen, ...), and biofuels.

e Have worked with engines with carburetor, throttle body injection (TBI), port fuel injection (PFI), direct injection (DI)
systems, and mixer systems for gaseous fuels

e Have studied various engine types including spark ignition, compression ignition, lean burn, low temperature
combustion (HCCI, PPCI, RCCI) engines, and their exhaust aftertreatment systems

e Have led national level engine research programs in the US and Canada in the past 10 years

e Served on review panels for US Department of Energy Engine and Fuel Technology programs, and also rUS National
Science Foundation (NSF) panels for grant proposals in the area of internal combustion engines design and controls

e Have been director of Energy Mechatronics Laboratory at Michigan Tech and University of Alberta for design and
control of combustion engines

Professional Recognition
o Publications: 255 peer-reviewed publications including 113 journal papers, 138 peer-reviewed conference proceeding
papers, and 4 book chapters. These publications center on mechanical engineering systems. Many of these
publications are in the field of engines including dual fuel engines.

o (Citations: Google Scholar shows total citations of 6204 from more than 80 different countries in Europe, Australia,
Africa, Asia, North America, and South America; h-index: 41, i10-index: 144 (as of 2025-04-28).
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Reviews: Served on the United States NSF and DOE grant proposal review panels in the areas of mechanical
engineering systems; Reviewer for international grant proposals from Canada, Croatia, France, Germany, and
Netherlands; Reviewer for 24 international journals in the area of mechanical engineering systems.

Editorship:

- Technical Editor, ASME/IEEE Transactions on “Mechatronics”, 2025 -

- Associate editor, American Society of Mechanical Engineers (ASME) Journal of Dynamic Systems, Measurement,
and Controls, 2017 — 2023

- Guest Editor for Special Issue on “Optimal Design and Operation of Energy Systems”, Int. Journal of Optimal Control
Applications and Methods (Wiley Publisher), 2020 — 2022

- Associate Editor, Int. Journal of Powertrains (Inderscience Publishers), 2014 — 2020

- Guest Editor for two Special Issues on Advanced Powertrain Engineering, Int. Journal of Powertrains, 2016 — 2020

Technical Committees (TC): Chair of Energy Systems TC in ASME-DSCD, 2018-2020; Chair of Automotive and
Transportation Systems TC in ASME Dynamic Systems Control Division (DSCD), 2020-2022. The Automotive TC
and Energy Systems TC have over 210 and 180 members respectively from academia, and industry from countries
North America, Europe, Asia, and Australia. Secretory of ASME — DSCD Executive Committee, 2023 — now

Funding/Grants: Pl of over $6M USD, co-PI of over $9M USD, and $591K USD equipment support from federal,
provincial, industry, and international funding sources for proposals in the area of mechanical systems. These include
highly competitive (success rate < 15%) grants from US National Science Foundation, and US Department of Energy.

Organizing International Technical Sessions: Organized/co-organized 78 invited technical sessions, special sessions,
industry sessions in the area of modeling, estimation, optimization, and control of mechanical systems in ASME-DSCC,
MECC, AIM, ACC, IEEE-CCTA, SAE and IFAC international conferences during 2012-2024.

Chairing International Technical Sessions: Chaired/co-chaired 47 technical sessions in the area of modeling, diagnosis
and control of mechanical systems in ASME-DSCC, ACC, MECC, SAE international conferences during 2012-2024.

Teaching

Teaching Experience: Taught in mechanical engineering departments at three academic institutions from 2004 to 2025
as a primary instructor for more than 25 academic semesters and as a teaching assistant for eight academic semesters.
The size of the classes ranged from 5 to 123 students for undergraduate and graduate level courses. These courses
include Combustion Engines and Alternative Fuels, Thermodynamics, Fluid Mechanics, Energy Thermo-Fluids (ETF),
Machine Learning Control, Model Predictive Control, etc.

Membership

SAE (Society of Automotive Engineers), Member for about 20 years

ASME (American Society of Mechanical Engineers), Member for about 13 years

Page 2 of 51

Petitioner MWE Investments, LLC, et al.
Exhibit 1003, Page 498


http://www.asme-dscd.org/dscd-technical-committees/energy-systems
http://www.asme-dscd.org/dscd-technical-committees/energy-systems

Curriculum Vitae Mahdi Shahbakhti 4/28/2025

Academic Appointments

University of Alberta - Department of Mechanical Engineering

Professor (2024 - now), Associate Professor (2019-2024), Canada

Director of Energy Mechatronics Lab (EML)

o Research interests: Energy Mechatronics, Combustion Engines, Vehicles, Thermodynamics, HVAC, Fuel Cells,
Buildings

Michigan Tech. University - Department of Mechanical Engineering - Engineering Mechanics

Adjunct Professor (2020 - now), Research Associate Professor (2019-2020), Associate Professor (2017-2019),

Assistant Professor (2012-2017), USA

University of California Berkeley - Department of Mechanical Engineering
Post-doctoral Scholar, 2010 — 2012, USA

Education

Ph.D. in Mechanical Engineering, University of Alberta, Edmonton, Canada, 2004 — 2009
Thesis: Modeling and Experimental Study of an HCCI Engine for Combustion Timing Control

M.Sc. in Mechanical Engineering (Summa Cum Laude), KNT University of Tech., Tehran, Iran, 2000 — 2003

Thesis: Dynamic Modeling of MPFI Engines for AFR Control during Cold Start and Warm up Conditions and
Investigation of Factors Influencing Mixture Preparation and Pollutant Formation in these Conditions

B.Sc. in Mechanical Engineering (Summa Cum Laude), KNT University of Tech., Tehran, Iran, 1996 — 2000

Industry Experience

R&D Engineer, IPCO, Tehran, Iran, Mar. 2001 — Aug. 2004
Iran Khodro Powertrain Company (www.ip-co.com), the largest powertrain manufacturer in the Middle East

o Dynamic modeling of gasoline engines and longitudinal vehicle dynamics

o Calibration of engines and design of control strategies for CNG-gasoline engine control units

¢ On-vehicle testing of powertrain controllers

e Benchmarking of Peugeot 206 engine - a mutual project with FEV® carried out in Aachen, Germany

R&D Engineer, Advanced Robotics Automatic Systems (ARAS), Tehran, Iran, 2000 - 2001
Engineering Intern, Yekta Tahvieh Arvand Air Conditioning Industries, Iran, 1998 - 2000

Consulting

o Law firms, Expert witness for patent/IP/ITC applications, 2018 — present

- Ice Miller (Chicago, Indianapolis), DOAR (New York, NY): Expert witness for four Inter Partes
Reviews (IPRs) cases in the area of internal combustion engines, 2025 - now

- Kirkland & Ellis LLP (Chicago, Boston), DOAR (New York, NY): Expert witness for one International
Trade Commission (ITC) case in the Mechanical Engineering area, Included one deposition, 2024

- Fish & Richardson (Washington DC), DOAR (New York, NY): Expert witness for three IPRs in the
Vehicles/Mechanical Engineering area, Included two depositions, 2020-2021

- Maxwell Goss PLLC (Birmingham, MI): Expert witness for three IPRs in the area of
Vehicles/Mechanical Engineering, Included two depositions, 2020

- Latham & Watkins, LLP (Los Angeles, CA), DOAR (New York, NY): Expert witness for one
International Trade Commission (ITC) case in the HVAC area, 2020

- Finnegan, Henderson, Farabow, Garret & Dunner, LLP (Washington DC): Expert witness for two IPRs
in the Vehicles/Mechanical Engineering area; Included three depositions, 2018 - 2019
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Professional Affiliations

e American Society of Mechanical Engineers (ASME)
e Canadian Society of Mechanical Engineers (CSME)

e Society of Automotive Engineers (SAE)

o International Federation of Automatic Control (IFAC)
¢ Renewable Fuel Association (RFA)

e The Combustion Institute

e The New York Academy of Sciences (NYAS)

Professional Development

e Certificate of “Ingenuity - Innovation for Researchers” from THECIS (The Centre for Innovation Studies), a
three-month course to advance understanding the use of innovation as a subject of both study and practice,
2008, AB, Canada.

Selected Awards

Research/Academic

Transport Canada 2023 Technology Achievement Award Finalist, 2023

Best Student Paper Award Finalists (top 6 papers), selected three times in 2012, 2013, 2016 ASME Dynamic
System Control (DSC) Conferences, USA. Submissions to these conferences ranged from 233 to 406 papers.

Best Paper Award, ASME Automotive and Transportation Systems Technical Committee — DSCC, 2015
2018 MARQUIS Who’s Who in the World (“top 3% of the professionals in the world”)

Best Presentation in the Session, American Control Conference (ACC), 2012, 2015, 2016

Best Presentation Award, SAE Int. Powertrain, Fuels & Lubricants Conference, Baltimore, MD, USA, 2016
Research Excellence Fund, Michigan Tech University, 2013, 2014

Best Paper Award, ASME Automotive and Transportation Systems Technical Committee — DSCC, 2012
Canada NSERC (Natural Science and Engineering Research Council) Postdoctoral Fellowship, 2010 - 2012
Andrew Stewart Memorial Graduate Prize, University of Alberta, 2009

Prairie Mines & Royalty Ltd. Scholarship in Environments Engineering, University of Alberta, 2008
THECIS - Ingenuity Scholarship, THECIS (The Center for Innovation Studies), Canada, 2008

Queen Elizabeth Il Graduate Scholarship - Doctoral Level, University of Alberta, 2008

Lehigh Inland Cement Graduate Scholarship in Environmental Studies, University of Alberta, 2007

Winning Team (first prize) of a Total of 66 Research Teams from 26 Canadian Universities, Canada
Automotive21 High Qualified Personnel Competition, Windsor, Canada, June 11-13, 2007

Chevron Graduate Scholarship in Natural Gas Engineering, University of Alberta, 2005
Best Paper Award in 3" International Conference on Internal Combustion Engines, Tehran, Iran, 2004

Summa Cum Laude (ranked first among graduates) in both MSc Mech Eng — Powertrain (2003) and BSc Mech
Eng — Thermofluids (2000), K. N. Toosi University of Technology, Tehran, Iran.
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Teaching
e SAE Ralph R. Teetor Educational Award, 2016

e Provost’s List, Top 10% instructors among over 1050 evaluated sections/instructors university-wide, Michigan
Tech University, Selected four times in Fall 2015, Fall 2016, Fall 2017, Spring 2018

e Zita and John Rosen Teaching Excellence Award for Principal Instructor, University of Alberta, 2009
Only one award across the university is granted annually to give special recognition to a graduate student
principal instructor who is an especially skilled and dedicated teacher.

Leadership and Service
o Province of Alberta Graduate Citizenship Award for Student Leadership, Canada, 2009

o Award for Outstanding Contribution for “Most Youth Reached” in National Let’s Talk Science Program,
Canada, 2007-2008

o Alan Wharmby Memorial Graduate Award in Mechanical Engineering, University of Alberta, 2008

Grants/Funding

University, International, Company Labor Cost Share,

$1511,572  $466,972 Federal, Equipment, $1,134,861 Pl
$8,944,423 $591,519 $6,205.328

Industry,
$4,883,601

Provincial, Co-PlI,
$1,410,654 $9,195,516 Values are in USD

Awarded

51- C. R. Koch, D. Gordon, M. Shahbakhti (co-PI), " Machine Learning Control for Hydrogen integration in
Heavy-duty Engines ", 1,140,000 CAD, including 760,000 CAD from NSERC Alliance Grant and 340,000
CAD from Diesel Tech Industries (DTI) and 40,000 CAD from City of Edmonton, 2025 — 2029.

50- M. Shahbakhti (PI), C. R. Koch, " Alberta Zero-Emissions Fleet Fueling (AZEFF) ", 208,000 CAD, City of
Edmonton via Emission Reduction Alberta (ERA), 2024 — 2027.

49- M. Shahbakhti (PI), C. R. Koch, " Hydrogen fueled combined heat and power (CHP) for commercial and
residential buildings, and municipal applications ", 950,000 CAD, Alberta Innovates, 2024 — 2026.

48- M. Shahbakhti (PI), C. R. Koch, " Zero Emission Trucking Testbed ", 264,750 CAD, Alberta Motor
Transport Association (AMTA), 2024 — 2028.

47- M. Shahbakhti (PI), C. R. Koch, A. Khajehoddin, " Machine Learning Control and Diagnostics of Solid
Oxide Fuel Cell Stack to Optimize Performance and Minimize Degradation ", 1,450,887 CAD, including
898,887 CAD from NSERC Alliance Grant and 552,000 CAD from Cummins Inc., 2024 — 2027.

46- M. Shahbakhti (PI), G. McTaggart-Cowan (Simon Fraser Univ.), S. Munshi (Westport Inc.), " Assessment
and Optimization of CleanTech Hydrogen-Fueled Commercial VVehicles for Zero Tailpipe Greenhouse Gas
Emissions ", 265,000 CAD including 170,000 CAD from Mitacs Accelerate Program and 95,000 CAD from
Westport Inc., 2024-2026.

45- M. Shahbakhti (PI), C. R. Koch, " Development of High-Performance Solid Oxide Fuel Cell Stack with Low
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Degradation Rate and Fault Tolerance for Commercial Applications™, 363,600 CAD, University of Alberta
Future Energy Systems (FES) — Canada First Research Excellence Fund, 2023 — 2026.

44- M. Shahbakhti (PI), C. R. Koch, J. Laverty " Intelligent and Sustainable Management Tool for UAlberta
Fleet Vehicles: Operational Cost Reduction, GHG Reduction, and Campus Air Quality Improvement ",
128,942 CAD, Campus Sustainability Grant - University of Alberta, 2023 — 2025.

43- M. Shahbakhti (PI), C. R. Koch, " Hydrogen truck Performance Analysis and Technology Assessment ",
288,200 CAD, Alberta Motor Transport Association (AMTA), 2023 — 2026.

42- M. Shahbakhti (PI), C. R. Koch, " Performance Analysis of Alberta Zero Emissions Hydrogen Transit
(AZEHT) Project Transit Buses ", 155,000 CAD, The Transition Accelerator, 2022 — 2025.

41- M. Shahbakhti (PI), C. R. Koch, " Scalable and Reconfigurable Powertrain Control Methods via Artificial
Intelligence and Model Predictive Control ", 240,000 USD, Cummins Inc., 2022 — 2026.

40- C. R. Koch, V. Hosseini, M. Shahbakhti (co-Pl), " Urban Transportation Emissions and GHGs; Technologies
and Behavioral Shifts Towards Zero Emissions ", 498,750 CAD, Environment & Climate Change Canada,
2022 —2027.

39- M. Shahbakhti (PI), C. R. Koch, " Fault Isolation of Solid Oxides Fuel Cell using Machine Learning ",
300,000 USD, Cummins Inc., 2021 — 2025.

38- A. Nouri, M. Shahbakhti (co-PI), " A Robust and Low-cost Technology for Risk Mitigation of Pathogenic
Infection in HVAC Systems ", 733,000 CAD, including 373,000 CAD from NSERC Alliance Grant and
360,000 CAD from Engineered Air, 2022 — 2026.

37- M. Shahbaknhti (PI), C. R. Koch, " Artificial Intelligence and Machine Learning for Engine Modeling and
Virtual Field Calibration and Assessment of Heavy-Duty Engines ", 41,775 CAD, IAV GmbH, 2021 — 2022.

36- C. R. Koch, V. Hosseini, M. Shahbakhti (co-Pl), " Blue hydrogen - Diesel Dual-Fuel Engine Technology
Development for a Transition to a Hydrogen Economy ", 827,425 CAD, Alberta Innovates, 2021 — 2023.

35- M. Shahbakhti (PI), C. R. Koch, " Cooperative Truck Platooning System (CTPS) ", 245,936 CAD, Alberta
Motor Transport Association (AMTA) — Transport Canada, 2021 — 2023.

34- M. Shahbakhti (PI), C. R. Koch, " Artificial Intelligence and Model Predictive Control Applications for
Engine Control and Calibration ", 37,532 CAD, Cummins Inc., 2020 — 2022.

33- M. Shahbakhti (PI), G. McTaggart-Cowan (Simon Fraser Univ.), S. Munshi (Westport Inc.), " Optimum
high-efficient hybrid electric natural gas powertrain designs towards economically viable low emission
trucks", 179,750 CAD, NSERC Alliance Grant, 2021 — 2024.

32- M. Shahbakhti (PI), " Intelligent Control of Connected and Automated Vehicles and Powertrains for Cold
Climates ", 273,000 CAD, NSERC Discovery Grant, 2020 — 2027.

31- M. Shahbakhti (PI), C. R. Koch, V. Hosseini, " Intelligent and Sustainable Management Tool for UAlberta
Fleet Vehicles: Operational Cost Reduction, GHG Reduction, and Campus Air Quality Improvement ",
145,709 CAD, EMSO - University of Alberta, 2020 — 2022.

30- M. Shahbaknhti (PI), C. R. Koch, " Artificial Intelligence and Machine Learning for Engine Modeling and
Virtual Field Calibration and Assessment of Heavy-Duty Engines ", 76,904 CAD, IAV GmbH, 2019 — 2021.

29- M. Shahbakhti (PI), A. O. Vargas, C. R. Koch, V. Hosseini, " Urban Carrying Capacity under Cold Climate
for Transportation Generated Air Pollution and Public Exposure ", 50,000 CAD, Social Sciences and
Humanities Research Council of Canada (SSHRC) Grant, 2020 — 2021.

28- M. Shahbakhti (PI), " Exergy-Wise Predictive Control of Building and Automotive Energy Systems ", 27,000
CAD, NSERC Discovery Grant, 2019 — 2020.

27-J. Naber, M. Shahbakhti (co-PI), Y. Ra, J. Worm, S. Munshi (Westport Fuel Systems Inc.), " A Compression
Ignition Mono-Fueled NG High-Efficiency, High-Output Engine for Medium and Heavy-Duty Applications
", 1,786,494 USD including 1,156,042 USD from US Department of Energy, 450,000 USD from Westport
and 180,452 USD Michigan Tech cost share, 2019 — 2022.

26- J. Naber, Y. Ra, S.-Y. Lee, M. Shahbakhti (co-PI), J. Worm, " Co-optimized PPCI-SI Engine System
Demonstrator to Improve Fuel Economy while Meeting LEV 111 Emissions ", 1,161,130 USD including
899,372 USD from US Department of Energy and 261,758 USD for MTU cost share, 2019 — 2022.

25- M. Shahbakhti (lead PI), J. Naber, J. Mohammadpour (Univ. of Georgia), A. Borhan (Cummins Inc.),
" GOALLI: Collaborative Research: Control-oriented Modeling and Predictive Control of High Efficiency
Low-Emission Natural Gas Engines ", 561,422 USD including 499,976 USD from US National Science
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Foundation and 61,446 USD from MTU, 2018 — 2021.

24- A. Barnard, M. Shahbakhti (co-Pl), " Application of Carbon Nanotubes (CNT) for Heating Aftertreatment
Systems in Vehicles ", 18,525 USD, Faurecia Automobile Company, 2018.

23- M. Shahbakhti (PI), D. Robinette J. Blough, " Improved Driveline Torgque Shaping: Controls and Calibration
"', 240,964 USD including 200,000 USD from Ford Motor Company and 40,964 USD for MTU cost share,
2018 —2020.

22- J. Naber, M. Shahbakhti (co-PI), C. Morgan, " Development, Validation, and Integration Support for a
Hardware-In-the-Loop (HIL) VD&PT Vehicle Model ", 59,600 USD, Hitachi America Ltd., 2018.

21- D. Robinette J. Blough, M. Shahbakhti (co-PI), " Improved Clunk Parameterization and Rig Development
"', 240,964 USD including 200,000 USD from Ford Motor Company and 40,964 USD for MTU cost share,
2018 — 2020.

20- J. Naber, M. Shahbakhti (co-Pl), " High Engine Speed Cranking and Individual Combustion Control for
Reduced Cold Start Emissions ", 240,964 USD including 200,000 USD from Ford Motor Company and
40,964 USD for MTU cost share, 2018 — 2020.

19- M. Shahbakhti (PI), D. Robinette, J. Blough, " Driveline Torque Modeling and Estimation for Anti Jerk
Control ", Ford Motor Company, 24,770 USD, 2017 — 2018.

18- M. Shahbakhti (PI), R. Robinett, " Micro Concentrated Solar Power (CSP) Contribution on the Management
of an Electrical Grid Including Renewable Energy Sources ", Mohammadia School of Engineering via
Morocco’s Institut de Recherche en Energie Solaire et an Energies Nouvelles (IRESEN), 17,616 USD, 2017
—2018.

17- J. Naber, D. Robinette, M. Shahbakhti (co-Pl), K. Zhang, B. Chen, G. Cesiel (GM), " NEXTCAR: Connected
and Automated Control for Vehicle Dynamics and Powertrain Operation on a Light-Duty Multi-Mode
Hybrid Electric Vehicle ", US Department of Energy’s Advanced Research Projects Agency-Energy
(ARPA-E), 3,505,824 USD including 2,801,390 USD from DOE, 553,362 USD from GM cost share,
151,072 USD for MTU cost share, 2017 — 2020.

16- J. Naber, J. Blough, B. Chen, M. Shahbakhti (co-Pl), " Sensor Evaluation and Fusion for Closed Loop
Combustion Control for SI Engines ", Ford Motor Company, 165,000 USD, 2016 — 2017.

15- M. Shahbakhti (P1*), J. Naber, S. Munshi (Westport Innovations Inc. - Canada), " High BMEP and High
Efficiency Micro-Pilot Ignition Natural Gas Engine ", 1,224,356 USD including 600,000 USD from US
Department of Energy, 125,000 USD from Westport cash to MTU, 175,000 USD for MTU cost share, and
324,356 USD from Westport in-kind cost share, 2016 — 2019. [*Original PI but changed to Naber due to the
final award requirement for foreign national approval.]

14- M. Shahbakhti (lead P1), K. Hedrick (UC Berkeley), K. Butts (Toyota), " GOALI: Collaborative Research:
Easily Verifiable Controller Design ", 328,390 USD including 299,986 USD from US National Science
Foundation (NSF), 28,404 USD from MTU cost share, 2014 — 2017.

13- J. Naber, M. Shahbakhti (co-Pl), P. Dice, " Investigation of Ignition Performance of Hitachi Coils for PFlI
Natural Gas Fueled Engine on a Single Cylinder, Boosted, Spark Ignition Engine ", 42,500 USD, Hitachi
North America, Feb. 2016 — Aug. 2016.

14- M. Shahbakhti (P1), " FPGA Software for Real-Time Powertrain Control Research and Education ", Xilinx®
Design Software Tool, 1,099.00 USD, Xilinx Inc., Mar. 2016.

11- J. Naber, S.Y. Lee, M. Shahbakhti (co-PI), " Continuation of Engine Ignition Studies ", 115,000 USD, Ford
Motor Company, 2015-2016.

10- J. Naber, M. Shahbakhti (co-PI), " Injector Evaluation and Characterization on Mahle Optical Single

Cylinder DI SI Engine ", 63,477 USD, Nostrum Motors, 2015.

M. Shahbaknhti (PI), R. Berkey, " Advancing Vehicle Education and Research through HIL Simulator and

Student Competition Vehicle Support ", 25,000 USD, Denso North America, 2014-2015.

J. Naber, S.Y. Lee, M. Shahbakhti (co-PlI), " Continuation of Ignition Studies ", 115,000 USD, Ford Motor

Company, 2014-2015.

7- M. Shahbakhti (PI), " NI-based Automotive Hardware-in-the-Loop Setup Research™, National Instruments,
equipment 4,381 USD, 2015.

6- M. Shahbakhti (PI), " Optimal, Energy-Efficient Solutions for Integration of Buildings and Smart Grids ",

9

8
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15,000 USD, Michigan Tech Research Excellence Fund, 2014-2015.

5- M. Shahbaknhti (PI), " Research on Li-ion Battery in Hybrid Electric Powertrain Test Cell ", LG Chem Power
Inc., equipment 11,100 USD, 2013.

4- ). Naber, S.Y. Lee, M. Shahbakhti (co-PI), " Ignition Studies ", 95,752 USD, Ford Motor Company, 2013-
2014.

3- J. Naber, M. Shahbakhti (co-PI), " Optical Engine for Detailed Combustion Research ", equipment with
value over 300,000 USD, Mahle Powertrain North America, 2013.

2- M. Shahbakhti (PI), " REF-MG: Mentoring in Advanced Powertrain Control *, 9,000 USD, Michigan Tech
Research Excellence Fund, 2013-2014.

1- J. Worm, J. Naber, M. Shahbakhti (co-Pl), 4-day course on " Torque-based Control of SI Engines ", 32,003
USD, DENSO North America Inc., Feb. 2013.

Invited Talks

37- M. Shahbakhti, " Data Analytics for Zero Emission Trucking Testbed ", Transport Canada, Deloitte, AMTA
sponsored event on Accelerating Canada’s Zero Emission Trucking Sector, Sep. 27, 2024, Edmonton,
Alberta.
36- M. Shahbaknhti, " Alberta Zero Emissions Truck Electrification Collaboration (AZETEC) ", Panellist on
AMTA Industry Innovations EXPO, Sep. 26, 2024, Edmonton, Alberta.
35- M. Shahbakhti, " Al-based Modeling and Intelligent Management for a Fleet of Connected Vehicles ",
Workshop, 27" IEEE International Conference on Intelligent Transportation Systems, Sep. 23, 2024,
Edmonton, Alberta.
34- M. Shahbakhti, " Data Analytics and Control of Connected and Autonomous Vehicles (CAVs) ", Department
of Mathematics and Computer Science, Data and Artificial Intelligence (DAI) Cluster Seminar, Technical
University of Eindhoven (TU/e), Apr. 18, 2024, Eindhoven, Netherlands.
33- M. Shahbakhti, " Machine Learning for Monitoring and Control of Automotive Vehicles ", Eindhoven Al
Systems Institute (EAISI), EAISI Lecture Series, Technical University of Eindhoven (TU/e), Apr. 17, 2024,
Eindhoven, Netherlands.
32- M. Shahbakhti, " Machine Learning Modeling and Control of Automotive Powertrain and VVehicle Emissions
", TNO (Netherlands Organisation for Applied Scientific Research), Apr. 16, 2024, Helmond, Netherlands.
31- M. Shahbakhti, L. Jiang, " Truck Platooning on Canadian Public Roads in Winter Driving Conditions ",
Transportation Association of Canada (TAC), Panelist for Technology Achievement Award, Jul. 27, 2023,
Online session, Canada.

30- M. Shahbakhti, S. Lindwall, " Data & Movement Information for Cooperative Truck Platooning Systems
Trial ", The Data Management (DAMA) Association, Apr. 28, 2022, Edmonton, Canada.

29- M. Shahbakhti, " Cooperative Truck Platooning Trials in Alberta ", SAE Alberta Section, Mar. 17, 2022,
Edmonton, Canada.

28- M. Shahbakhti, J. Laverty, " Intelligent Management of University of Alberta Fleet Vehicles ", Panel on
Sustainability Awareness: Campus as a Living Lab, University of Alberta, Oct. 26, 2021, Canada.

27- M. Shahbakhti, A. Osornio-Vargas, " Urban Carrying Capacity under Cold Climate for Transportation
Generated Air Pollution and Public Exposure", Canada’s Social Sciences and Humanities Research Council
(SSHRC), Panellist and Online Forum/Talks and, Living within the Earth’s Carrying Capacity Program,
Panel on Healthy Communities, Apr. 7, 2021, Canada.

26- M. Shahbakhti, " Exergy-wise Control of Energy Systems: A Promising Paradigm to Enable Maximum
Energy Conversion Efficiency in Systems *, Control Seminars Series, University of Michigan — Ann Arbor,
Delivered online due to Covid travel restrictions, Nov. 13, 2020, Ann Arbor, MI, USA.

25- M. Shahbakhti, " Modeling and Predictive Control of Multi-Mode Combustion Engines along with Hybrid
Electric Vehicles, and Energy Saving Opportunities in a Connected World", Mechanical Engineering
Department, University of British Columbia, Jan. 30, 2020, VVancouver, BC, Canada.
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24- M. Shahbakhti, " Energy Mechatronics: Enabling Smart Buildings and Intelligent Autonomous Vehicles in
a Connected World ", School of Sustainable Energy Engineering, Simon Fraser University, Jan. 27, 2020,
Vancouver, BC, Canada.

23- M. Shahbakhti, " Intelligent Control of Building and Automotive Energy Systems in a Connected World ",
College of Engineering Seminar Series, University of Georgia, Oct. 5, 2018, Athens, GA, USA.

22- M. Shahbakhti, " Energy Mechatronics: Enabling Smart Buildings and Building-to-Grid Operation in a
Connected World ", Mechanical Engineering Department, University of Alberta, July 6, 2018, Edmonton,
AB, Canada.

21- M. Shahbakhti, " Modeling and Control of Building and Automotive Energy Systems in the New Era of
Connected World ", Mechanical and Aerospace (MAE) Engineering Graduate Seminar Series, MAE
Department, University of California - Davis, May 17, 2018, Davis, CA, USA.

20- M. Shahbakhti, " Intelligent Control of Buildings Integrated with Renewable Solae Energy Sources ", Guest
lecture at Alternative Energy Enterprise, Michigan Technological University, Mar. 27, 2018, Houghton, Ml,
USA.

19- M. Shahbakhti, " Control of Advanced Hybrid Electric Vehicles ", Center for Automotive Research (CAR),
Ohio State University, Sep. 5, 2017, Columbus, OH, USA.

18- M. Shahbakhti, " Ultra Low CO; Transportation Technologies via Energy Mechatronics ", Department of
Automotive, Mechanical, and Manufacturing Engineering, University of Ontario Institute of Technology,
Aug. 11, 2017, Oshawa, ON, Canada.

17- M. Shahbakhti, " Physics-based Control of Energy Systems Ranging from Smart Buildings and Power Grid
to Smart Hybrid Electric Vehicles ", Waterloo Institute for Sustainable Energy, WISE Lecture Series,
University of Waterloo, Aug. 02, 2017, Waterloo, ON, Canada.

16- M. Shahbakhti, " Multi-Physics Modeling and Model-based Control of Energy Systems ", University of
Calgary, Mechanical Engineering Department, Jun. 23, 2017, Calgary, AB, Canada.

15- M. Shahbakhti, " Advanced Engine and Powertrain Research Towards Fuel-efficient Vehicles ", VolvoCars
Company, Jun. 2, 2017, Gothenburg, Sweden.

14- M. Shahbakhti, A. Solouk, " Fuel Economy Benefits of Electrified Powertrains with Advanced Combustion
Engines: Mild to Strong HEV Applications ", 2017 SIA Int. Powertrain Conference, Jun. 7, 2017,
Versailles, France.

13- B. Mahadevan, J. Johnson, M. Shahbakhti, " Simulation of Temperature and Particulate Matter Distribution
and Pressure Drop of a Catalyzed Diesel Particulate Filter ", Cross Cut Lean Exhaust Emissions Reduction
Simulations (CLEERS) Focus Group including a number of industry, government, and academic
representatives, Teleconference Presentation, Mar. 22, 2017, USA.

12- M. Shahbakhti, D. Hanover, " Modeling and Control of Smart Buildings with Renewable Integrations ",
Guest lecture at Alternative Energy Enterprise, Michigan Technological University, Mar. 14, 2017,
Houghton, MI, USA.

11- M. Shahbakhti, " Control and Electrification of Multi-mode Low Temperature Combustion Engines ",
University of Wisconsin-Madison, Mechanical Engineering Department, Feb. 27, 2017, Madison, WI,
USA.

10- A. Solouk, M. Shahbakhti, " Potential of Low Temperature Combustion (LTC) Engine Technology for
Range Extender Vehicles ", 2016 SAE Range Extenders for Electric Vehicles Symposium, Nov. 2, 2016,
Knoxville, TN, USA.

9- M. Shahbakhti, " Modeling and Control of Energy Systems ", Halla Visteon Climate Control Corp. (HVCC),
Apr. 21, 2015, Van Buren Township, MI, USA.

8- M. Shahbakhti, " Model-based Control of a Low Temperature Combustion (LTC) Engine ", University of
Wisconsin-Madison, Engine Research Center, May 23, 2013, Madison, WI, USA.

7- M. Shahbakhti, " Model-based Control of a Low Temperature Combustion (LTC) Engine ", GM R&D,
October 16, 2013, Warren, Ml, USA.
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6

5-

4

3-

2
1

M. Shahbakhti, " Control Challenges and Opportunities for Advanced Automotive Combustion Engine
Research ", 2013 IEEE Workshop on Open Problems and Challenges in Automotive Control, June 20,
2013, Washington DC, USA.

M. Shahbakhti, " LTC Engines: Opportunities, Challenges, and Solutions ", Michigan Tech University,
Graduate Curriculum Seminar Series, Apr. 11, 2013, Houghton, MI, USA.

M. Shahbakhti, " Model-based Powertrain Controller Design and Verification ", University of Alberta, Apr.
20, 2012, Edmonton, Canada.

M. Shahbakhti, " Early Model-based Design and Verification of Powertrain Control System ", University
of California - Merced, Feb. 8, 2012, Merced, CA, USA.

M. Shahbakhti, " Powertrain Research Seminar "', Cranfield University, Dec. 1, 2011, Cranfield, UK.

M. Shahbakhti, "' Powertrain Modeling for Model-based Controller Design ", McMaster University, Jul. 14,
2011, Hamilton, Canada.

Media Appearances

M. Shahbakhti, Interview by M. Cummings, " Alberta semi-automated truck convoys didn't save fuel but
tech still has promise, researchers say ", Published in CBC (Canadian Broadcasting Corporation), May 3,
2024.

M. Shahbakhti, Interview by I. Semeniuk, " At the top of the CN Tower, a rare study of winter air pollution
is under way ", Published in The Globe and Mail, Feb. 11, 2024.

Professional Service
Technical Committees

Secretary, Executive Committee (ExComm) of the ASME-Dynamic Systems and Control Division (DSCD),
2023 — present

Elected chair (2020-2022), Elected vice-chair (2018-2020), Best Paper Award Committee Chair (2018-2021),
Best Paper Award Committee Member (2022-2024), Elected Secretary (2016-2018), Lead session organizer
(2014-2016), member (2010-present) of ASME-DSCD Automotive and Transportation Systems Technical
Committee

Elected chair (2018-2020), Elected vice-chair (2016-2018), Best Paper Award Committee Member (2016-
2020,2023), secretary (2014-2016), publicity chair (2012-2014), and Fuels & Combustion thrust area leader
(2012-2013), member (2012 — present) of ASME-DSCD Energy Systems Technical Committee

Member of ASME-DSCD Mechatronic Technical Committee, 2011 — present
Member of IEEE CSS Technical Committee on Automotive Controls, 2015 — present

Member of SAE Technical Committee on New Engines, Components, Actuators and Sensors, 2016 —
present

Editorships
o Editor

- Technical Editor, ASME/IEEE Transactions on Mechatronics, 2025 — now

- Guest Editor for Special Issue on “Optimal Design and Operation of Energy Systems”, Int. Journal of
Optimal Control Applications and Methods (Wiley Publisher), 2020 — 2022
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- Guest Editor for Special Issue on “Connected and Automated Vehicles”, ASME Journal of Dynamic
Systems, Measurement, and Control, 2020 — 2021

- Guest Editor for Special Issue on “Enabling Green Mobility via Advanced Powertrain Engineering”, Int.
Journal of Powertrains (1JPT), 2019 — 2020

- Guest Editor for Special Issue on “Vehicle Powertrain Research”, Int. Journal of Powertrains, 2016-
2017

- Guest Editor for ASME Dynamic Systems and Control Division E-Newsletter — Summer Issue, 2017

e Associate Editor
- Associate Editor, ASME Journal of Dynamic Systems, Measurement, and Control, 2017 — 2023
- Associate Editor, Int. Journal of Powertrains (Inderscience Publishers), 2014 — 2020

- Associate Editor, 11" IFAC International Symposium on Advances in Automotive Control (AAC),
Eindhoven, Netherlands, 2025

- Associate Editor at large, 2024 IFAC Modeling, Estimation and Control Conference (MECC), Chicago,
IL, USA, 2024

- Associate Editor, Proceedings of 2022 IFAC International Symposium on Advances in Automotive
Control, Columbus, OH, USA, 2022

- Associate Editor, Proceedings of 2014 American Control Conference
- Associate Editor, Proceedings of 2014 ASME Dynamic Systems Control Conference

¢ Editorial Board Member, International Journal of Vehicle Autonomous Systems (2020 — present), International
Journal of Automobiles and Automobile Technologies (2020 — present), International Journal of Powertrains
(2020 — present), Energies (2020 — present)

Reviewing/Refereeing Activities

Funding Agencies

o Panel for US Department of Energy (DOE) Vehicle Technologies - Fuels Technologies (FT) Program,
Annual Merit Review and Peer Evaluation, Washington DC, 2013, 2014, 2018, 2020, 2021, 2022.

¢ Panel for US National Science Foundation (NSF), Reviewer for grant proposals, 2015, 2016, 2019, 2020,
2021.

e Panel for US Department of Energy (DOE), Reviewer for grant proposals, 2015, 2017, 2018.

o Grant proposals review, Mitacs (Canadian national research organization) Elevate Program, Accelerate
Program, Canada, 2022, 2023, 2024.

e Panel for MTU REF Mentoring Grant Proposals, 2014.

e Grant proposal review, Poland National Science Centre (SHENG), 2018.

o Grant proposal review, Dutch Technology Foundation STW - NWO (Netherlands), 2016.
o Grant proposal review, IdEx Bordeaux (France), 2015.

o Grant proposal review, Luxembourg National Research Fund (Germany), 2014.
o Grant proposal review, Croatian Science Foundation, 2012, 2020.
e Grant proposal review, Shota Rustaveli National Science Foundation (USA), 2012.
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National Institutions

¢ Review of the Research Program of the US DRIVE Partnership: Fifth Report (2017), 204 pages, Available
online, US National Academies of Sciences, Engineering, Medicine, 2017.

Promotion & Tenure

o Promotion to Tenure application assessment, New Jersey Institute of Technology, USA, 2024.

o Promotion to Tenure application assessment, University of Massachusetts at Lowell, USA, 2024.
o Promotion to Tenure application assessment, Tennessee Tech Univ., USA, 2021.

o Promotion to Tenure application assessment, Carleton Univ., Canada, 2021.

Books/eLearning
e CRC Press, Review of a new book on engine controls, 2022.

o Elsevier Publishing, Review of a new book on nonlinear controls, 2020.

¢ Elsevier Publishing, Review of a new book on automotive powertrain testing, 2019.

o Springer International Publishing AG, Review of a new book on hybrid electric vehicle controls, 2017.
o |IEEE eLearning Course, 2018.

Journals

o Automatica (Elsevier)

¢ Annual Reviews in Control (Elsevier)

¢ Journal of Dynamic Systems, Measurement, and Control (ASME)

o Applied Energy (Elsevier)

e Journal of the Energy Institute (Elsevier)

e Mechatronics (Elsevier)

Int. Journal of Robust and Nonlinear Control (Wiley)

Control Engineering Practice (Elsevier)

IEEE/ASME Transactions on Mechatronics

IEEE Transactions on Control Systems Technology

IEEE Transactions on Industrial Electronics

IEEE Transactions on Vehicular Technology

IEEE Transactions on Intelligent Vehicles

IEEE Transactions on Intelligent Transportation Systems

IEEE Transactions on Transportation Electrification

IEEE Systems Journal

Transportation Research Part D: Transport and Environment (Elsevier)
Journal of Mechanical Engineering Science - Proceedings of IMechE, Part C (SAGE)
Int. Journal of Engine Research (SAGE)

Int. Journal of Powertrains (Inderscience)

International Journal of Vehicle Autonomous Systems (Inderscience)
Journal of Automobile Engineering - Proceedings of IMechE, Part D (SAGE)
e SAE Int. Journal of Fuels and Lubricants

o Fuel (Elsevier)

¢ Journal of Petroleum Gas and Engineering (Academic Journals)
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¢ Journal of Petroleum Technology and Alternative Fuels (Academic Journals)
e Combustion Science and Technology (Taylor & Francis)

¢ Journal of Heat Transfer Research (BegellHouse)

e Int. Journal of Vehicle Noise and Vibration (InderScience)

Conferences

e ASME: Dynamic Systems and Control Conference (DSCC); Internal Combustion Engine Conference
e CSME: Canadian Society of Mechanical Engineering International Congress
e SAE: World Congress; Powertrains, Fuels & Lubricants Conference

o |IEEE/IFAC: American Control Conference; IFAC World Congress; IEEE Conference on Decision and
Control; European Control Conference; Multi Conference on Systems and Control; IEEE Conference on
Control Technology and Applications; Int. Symposium on Advances in Automotive Control

Chair/Co-chair Technical Sessions (47)

e Chair of the technical session " Batteries and Fuel Cells ", IFAC Modeling, Estimation and Control
Conference (MECC), Oct. 27-30, 2024, Chicago, IL, USA.

e Co-chair of the technical session " Estimation and Control for Energy Storage Systems ", IFAC Modeling,
Estimation and Control Conference (MECC), Oct. 27-30, 2024, Chicago, IL, USA.

e Chair of the workshop session on " Frontiers in Al-powered Optimization and Virtual Validation of Vehicle
Systems and Fleet ", 27" IEEE International Conference on Intelligent Transportation Systems, Sep. 23, 2024,
Edmonton, Alberta, Canada.

o Chair of the technical session on " RI: Machine Learning in Control ", American Control Conference, July
10, 2024, Toronto, ON, Canada.

o Co-chair of the technical session on " Machine Learning in Automotive Powertrains ", IFAC World Congress,
July 13, 2023, Yokohama, Japan.

e Chair of the technical session on " Internal Combustion Engine & Gas-turbine Engine Combustion ",
Combustion Institute/Canadian Section Spring Tech. Conference, May 16, 2023, Edmonton, AB, Canada.

e Chair of technical session " Rising Stars in Automotive and Transportation Systems ", IFAC Modeling,
Estimation and Control Conference (MECC), Oct. 5, 2022, Jersey City, NJ, USA.

¢ Chair of three technical sessions in Transportation Symposium, Canadian Society of Mechanical Engineers
(CSME) 2022 International Congress, Jun. 5-8, 2022, Edmonton, AB, Canada.

o Chair of the technical session on " Engine Combustion 11 ", Combustion Institute/Canadian Section (CI/CS)
Spring Technical Conference, May 2022, Ottawa, ON, Canada.

e Co-chair of the technical session on " Energy Systems Modeling, Estimation and Control ", 2021 IFAC
Modeling, Estimation, Control Conference (MECC), Oct. 2021, Austin, TX, USA.

e Co-chair of the special session on " Underrepresented Stories in Controls & Robotics Industry ", 2021 IFAC
Modeling, Estimation, Control Conference (MECC), Oct. 2021, Austin, TX, USA.

e Track Chair of 2020 IEEE Connected and Automated Vehicles Symposium (CAVS), Oct. 2020, Victoria,
BC, Canada.

e Chair of the session on " Control Methods for Automotive Applications ", IEEE Conference on Control
Technology and Applications, Aug. 2020, Montreal, QC, Canada.

e Co-chair of the special session on " Automotive Applications 1 ", IEEE Conference on Control Technology
and Applications, Aug. 2020, Montreal, QC, Canada.

e Chair of the session on " Control and Energy Management of Building Systems ", 2019 American Control
Conference, Jul. 2019, Philadelphia, PA, USA.
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o Co-chair of the special industry session on " Autonomous and Connected Vehicles ", 2019 American Control
Conference, Jul. 2019, Philadelphia, PA, USA.

o Chair of the session on " Homogenous Charge Compression Ignition — Part 11 *, 2019 SAE World Congress,
Apr. 2019, Detroit, MI, USA.

o Co-chair of the session on " Homogenous Charge Compression Ignition —Part 1 "', 2018 SAE World Congress,
Apr. 2018, Detroit, MI, USA.

e Co-chair of the session on " Control of Smart Buildings and Microgrids ", 2017 ASME Dynamic Systems
Control Conference, Oct. 2017, Tysons Corner, VA, USA.

e Co-chair of the session on " Sliding Mode Control ", 2017 ASME Dynamic Systems Control Conference,
Oct. 2017, Tysons Corner, VA, USA.

e Co-chair of the session on " Control and Energy Management of Building Systems ", 2017 American Control
Conference, May 2017, Seattle, WA, USA.

e Co-chair of the session on " IC Engine Modeling and Control ", 2017 American Control Conference, May
2017, Seattle, WA, USA.

e Co-chair of the session on " Modeling, Optimization, and Control of Engine Exhaust Systems ", 2017
American Control Conference, May 2017, Seattle, WA, USA.

e Co-chair of the session on " Homogenous Charge Compression Ignition —Part 1 "', 2017 SAE World Congress,
Apr. 2017, Detroit, MI, USA.

e Chair of the session on " Modeling and Control of Automotive Systems ", 2016 ASME Dynamic System
Controls Conference, Oct. 2016, Minneapolis, MN, USA.

e Chair of the session on " Modeling and Control of Combustion Engines ", 2016 ASME Dynamic System
Controls Conference, Oct. 2016, Minneapolis, MN, USA.

e Co-chair of the session on " Homogenous Charge Compression Ignition —Part 1 "', 2016 SAE World Congress,
Apr. 2016, Detroit, MI, USA.

o Chair of the session on " Homogenous Charge Compression Ignition — Part 11 *, 2016 SAE World Congress,
Apr. 2016, Detroit, MI, USA.

e Chair of the session on " Modeling and Control of Electric and Hybrid Vehicles ", 2015 ASME Dynamic
System Controls Conference, Oct. 2015, Columbus, OH, USA.

e Chair of the session on " Estimation and Control of Advanced Internal Combustion Engines ", 2015 American
Control Conference, Jul. 2015, Chicago, IL, USA.

e Co-chair of the session on " Control of Autonomous Vehicles and Connected Vehicles ", 2015 American
Control Conference, Jul. 2015, Chicago, IL, USA.

e Co-Chair of the session on " Control-Oriented Modeling of Advanced Internal Combustion Engines ", 2015
American Control Conference, Jul. 2015, Chicago, IL, USA.

e Co-chair of the session on " Modeling and Control of IC Engines ", 2014 ASME Dynamic System Control
Conference, Oct. 2014, San Antonio, TX, USA.

o Co-chair of the session on " Dynamic Systems Modeling for the Design and Optimization of Vehicle Systems
", 2014 ASME Dynamic System Control Conference, Oct. 2014, San Antonio, TX, USA.

e Co-chair of the session on " Energy Storage: Transportation Applications ', 2014 ASME Dynamic System
Control Conference, Oct. 2014, San Antonio, TX, USA.

e Chair of the session on " Modeling and Control of Advanced IC Engine Combustion ", 2014 American
Control Conference, Jun. 2014, Portland, OR, USA.

e Co-chair of the session on " Model-based Estimation for Control and Diagnosis of Automotive systems ",
2014 American Control Conference, Jun. 2014, Portland, OR, USA.
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e Co-chair of the session on " Modeling and Control of Advanced Transportation Systems ", 2014 American
Control Conference, Jun. 2014, Portland, OR, USA.

e Chair of the session on "Control of Advanced Combustion Engines"”, 2013 ASME Dynamic System Control
Conference, Oct. 2013, Palo Alto, CA, USA.

o Chair of the session on "Control Design Methods for Advanced Powertrain Systems and components", 2013
ASME Dynamic System Control Conference, Oct. 2013, Palo Alto, CA, USA.

o Co-chair of the session on "Automotive Control Systems", 2013 ASME Dynamic System Control
Conference, Oct. 2013, Palo Alto, CA, USA.

e Chair of the session on "Modeling and Control of Advanced Combustion Systems", 2013 American Control
Conference, Jun. 2013, Washington, DC, USA.

e Chair of the session on "Modeling, Estimation, and Control of Advanced Engine Sensing and Actuation”,
2013 American Control Conference, Jun. 2013, Washington, DC, USA.

e Chair of the session on "Modeling and Model-Based Control of Advanced IC Engines”, 2012 ASME
Dynamic Systems and Control Conference, Oct. 2012, Fort Lauderdale, FL, USA.

Organizing Technical Sessions at Conferences (78 sessions)

e Co-organized two workshop sessions on " Frontiers in Al-powered Optimization and Virtual Validation of
Vehicle Systems and Fleet ", 27" IEEE International Conference on Intelligent Transportation Systems, Sep.
23, 2024, Edmonton, Alberta, Canada.

e Co-organized a special industry session titled " Industrial Stories in Controls " at 2022 IFAC Modeling,
Estimation, Control Conference (MECC), Jersey City, NJ, USA.

e (Co-organized a technical session (PFL560) in the area of “Powertrain Actuators and Sensors” for 2022 SAE
World Congress, Detroit, MI, USA.

o Co-organized a technical invited session in the area of Energy Systems Modeling, Estimation and Control at
2021 IFAC Modeling, Estimation, Control Conference (MECC), Austin, TX, USA.

o Co-organized a special session titled "Underrepresented Stories in Controls & Robotics Industry"” at 2021
IFAC Modeling, Estimation, Control Conference (MECC), Austin, TX, USA.

e Co-organized a technical invited session in the area of Mechatronic Applications in Automotive Systems at
2020 IEEE/ASME International Conference on Advanced Intelligent Mechatronics (AlM).

e Co-organized a technical session (PFL560) in the area of “Powertrain Actuators and Sensors” for 2021 SAE
World Congress, Detroit, MI, USA.

e Co-organized a technical invited session in the area of “robust and optimal control for building HVAC
systems” at 2020 American Control Conference.

e Co-organized a special industry session titled “women in controls” at 2020 American Control Conference.

o Co-organized a special industry session on controls in autonomous vehicles at 2019 ASME Dynamic Systems
and Control Conference.

o Co-organized a technical invited session in the area of modeling and control of thermal energy systems at
2019 ASME Dynamic Systems and Control Conference.

e Co-organized a technical invited session in the area of control and energy management of building systems
at 2019 American Control Conference.

o Co-organized a special industry session in the area of connected and autonomous vehicles at 2019 American
Control Conference.
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o Co-organized two technical sessions in the area of combustion engines for 2019 SAE World Congress.

e Led and co-organized an invited session in the area of modeling and management of power and energy
systems for 2018 ASME Dynamic Systems and Control Conference.

e Co-organized two technical sessions in the area of combustion engines for 2018 SAE World Congress.

e Co-organized one technical invited session in the area of control of smart buildings and microgrids for 2017
ASME Dynamic Systems and Control Conference.

e Co-organized one industry special session in the area of control research perspective in Automotive Industry
for 2017 ASME Dynamic Systems and Control Conference.

¢ Led and co-organized eight technical invited sessions in the area of automotive systems for 2017 American
Control Conference.

e Co-organized one technical invited session in the area of building energy systems for 2017 American Control
Conference.

e Co-organized two technical sessions in the area of combustion engines for 2017 SAE World Congress.

o Led and co-organized three technical invited sessions in the area of Automotive and Transportation Systems
for 2016 ASME Dynamic Systems and Control Conference.

e Led and co-organized five technical invited sessions in the area of automotive systems for 2016 American
Control Conference.

o Co-organized two technical invited sessions in the area of building energy systems for 2016 American Control
Conference.

o Co-organized two technical sessions in the powertrain area for 2016 SAE World Congress.

o Led and co-organized three technical invited sessions in division of Automotive and Transportation Systems
(ATS) for 2015 ASME Dynamic Systems and Control Conference.

e Co-organized five technical invited sessions in the area of Automotive and Transportation Systems (ATS) for
2015 American Control Conference.

e Co-organized two technical sessions in the area of HCCI engines for 2015 SAE World Congress.

o Co-organized four technical invited sessions in the area of Automotive and Transportation Systems (ATS)
and Energy Systems (ES) for 2014 ASME Dynamic Systems and Control Conference.

o Co-organized seven technical invited sessions in the areas of Automotive and Transportation Systems (ATS)
and Energy Systems (ES) for 2014 American Control Conference.

e Co-organized six technical invited sessions in the area of Automotive and Transportation Systems (ATS) and
Energy Systems (ES) for 2013 ASME Dynamic Systems and Control Conference.

o Co-organized five technical invited sessions in the areas of Automotive and Transportation Systems (ATS)
and Energy Systems (ES) for 2013 American Control Conference.

o Co-organized three invited technical sessions in the area of Automotive and Transportation Systems (ATS)
in 2012 ASME Dynamic Systems and Control Conference.

¢ Organized and coordinated a series of teaching seminars entitled " What Contributes to Successful Teaching
in Engineering " in the Faculty of Engineering, University of Alberta, 2007-2008.

Conference Organizing Team

e Conference Finance Chair, IEEE Conference on Control Technology and Applications (CCTA), Vancouver,
BC, Canada, 2026.
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e Member of Technical Program Committee (TPC), 2025 International Conference on Intelligent
Transportation and Future Mobility (ITFM 2025), Guangxi, Guilin, China, April 11-13, 2025.

e Conference International Program Co-Chair, IFAC Modeling, Estimation, and Control Conference (MECC),
Chicago, IL, USA, 2024.

e Co-organized an open invited track on “Machine Learning in Automotive Powertrains” for IFAC World
Congress, Yokohama, Japan, July 9-14, 2023.

e Conference Program Co-Chair, Combustion Institute/Canadian Section (CI/CS) Conference, Edmonton, AB,
Canada, May 15-18, 2023.

e Conference International Program Committee Member, 10™ IFAC Symposium: Advances in Automotive
Control, Columbus, Ohio, USA, August 28-31, 2022.

e Transportation Systems Symposium Co-chair, Canadian Society of Mechanical Engineers (CSME)
International Congress, Edmonton, AB, Canada, June 5-8, 2022.

¢ Conference International Program Co-Chair, IFAC Modeling, Estimation, and Control Conference (MECC),
Austin, TX, USA, Oct. 17-20, 2021.

e Member of Technical Program Committee (TPC), 2020 IEEE Connected and Automated Vehicles
Symposium (CAVS), Victoria, Canada, 4-5 October, 2020.

e Member of Conference Scientific Committee, 2019 International Symposium on Automotive Science and
Technology (ISASTECH), Ankara, Turkey, Sep. 5-6, 2019.

e Conference Program Co-Chair, 2019 International Conference on Advanced Vehicle Powertrains, Hefei,
China, Aug. 25-27, 2019.

e Member of Program Committee, 2017 ASME Dynamic Systems and Control Conference, Tysons Corner,
VA, USA, Oct. 11-13, 2017.

¢ Organizing Committee Chair, 2017 International Conference on Advanced Vehicle Powertrains, HangZhou,
China, Sep. 25-27, 2017.

e Co-chaired and coordinated 2" Annual Mechanical Engineering Graduate Symposium, over 180 participants
from 8 different departments, University of Alberta, March 6, 2008.

¢ Member of organizing team for Combustion Institute/Canadian Section (CI/CS) spring technical conference,
Banff, Alberta, Canada, May 14-16, 2007.

Workshops

12- R. Rezaei, F. Willems, M. Shahbakhti, H. Tadjine, workshop on " Frontiers in Al-powered Optimization and
Virtual Validation of Vehicle Systems and Fleet ", 27" IEEE International Conference on Intelligent
Transportation Systems, Sep. 23, 2024, Edmonton, Alberta, Canada.

11- A. Norouzi, C.R. Koch, M. Shahbakhti, workshop on “Machine Learning Control”, Canadian Society of
Mechanical Engineers (CSME) 2022 International Congress, Jun. 5, 2022, Edmonton, AB, Canada. [> 100
attendees]

10- M. Shahbakhti, H. Fathy, workshop (including 16 invited speakers) on “Connected and Automated Vehicles
(CAVs)”, 2018 ASME Dynamic System and Control Conference, Atlanta, GA, USA, Sep. 30, 2018.

9- A. Scacchioli, M. Shahbakhti, workshop (including 6 invited speakers) on “From Data to Models and
Decisions in Engineering Systems”, 2018 ASME Dynamic System and Control, Atlanta, GA, USA, Sep. 30,
2018.

8- M. Shahbakhti, K. Hedrick, K. Butts, half-day workshop on “Methods of Easily Verifiable Control Design”,
American Control Conference, Boston, MA, USA, Jul. 5, 2016.

7- J. Worm, J. Naber, M. Shahbakhti, 4-day workshop on " Torque-based Control of SI Engines "', DENSO Inc.,
Southfield, MI, USA, Feb. 5-8, 2013.
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5- M. Shahbakhti, N. Yusefi, " Automotive Engines and Power Transmission Systems ", Let’s Talk Science
Workshop, Edmonton, Canada, Mar. 14, 2008.

5- M. Shahbakhti, N. Yusefi, " Vortex in Rotational Flows ", Let’s Talk Science Workshop, Edmonton, Canada,
Mar. 14, 2008.

M. Shahbakhti, " HCCI Engines and Advanced Methods to Improve Emissions of Motor Vehicles ", 811"

Annual GETCA Convention (Greater Edmonton Teachers Convention), Shaw conference center, Edmonton,

Canada, Mar. 1-2, 2007.

3- M. Shahbakhti, " Vehicles” Emissions ", Heritage Youth Researcher Summer (HYRS) Teachers Workshop,
University of Alberta, Jul. 25-26, 2006.

1- M. Shahbakhti, " Engineering Solutions for Automotive Emissions ", HYRS Teachers Workshop, University
of Alberta, Aug. 8-10, 2005.

1- M. Shahbakhti, " Methods to Reduce Emissions of Vehicles during Cold Start and Warm up Conditions ", 3™

International Conference on Internal Combustion Engines (ICICE), Tehran, Iran, Feb. 19, 2004.

4

Publications (students under Shahbakhti’s supervision/mentorship are indicated by “*”)

Publications cited in 83 countries [Google Scholar]

Book Chapters

4- A.R.Razmi*, Sh. Sharifi*, E. Gholamian, A. Arabkoohsar, M. Shahbakhti, " Green Hydrogen ", pages 574-
620, Book title: Future Grid-Scale Energy Storage Solutions, Elsevier, ISBN 978-0-323-90786-6, 2023.

3- Sh. Sharifi*, A. R. Razmi*, M. H. Nabat, J. Liu, A. Arabkoohsar, M. Shahbakhti, " Power-to-X ", pages 621-
646, Book title: Future Grid-Scale Energy Storage Solutions, Elsevier, ISBN 978-0-323-90786-6, 2023.

2- M. H. Nabat, A. R. Razmi*, Sh. Sharifi*, A. Arabkoohsar, M. Shahbakhti, " Liquid Air Energy Storage ",
pages 345-408, Book title: Future Grid-Scale Energy Storage Solutions, Elsevier, ISBN 978-0-323-90786-
6, 2023.
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1- S. Batool*, J. D. Naber, M. Shahbakhti, " Multi-mode Low Temperature Combustion (LTC) and Mode
Switching Control ", pages 43-93, Book title: Advanced Combustion for Sustainable Transport, Springer,
ISBN 978-981-16-8417-3, 2022.

Selected Peer Reviewed Journal Papers

113- S. Moghadasi*, A. Yasami*, S. Munshi, G. McTaggart-Cowan, M. Shahbakhti, " Real-world Steep Drive
Cycles and Gradeability Performance Analysis of Hybrid Electric and Conventional Class 8 Regional-haul
Trucks ", Energy, Vol. 320, 24 pages, 2025.

112- A. Razmi*, A. R. Hanifi, M. Shahbakhti, " A Comparative Techno-Economic Analysis Between Solar-
based Hydrogen Production by Methane Pyrolysis and Water Electrolysis Methods ", Renewable Energy,
Vol. 242, pages 1-26, 2025.

111-Z. Salehi*, M. Tofigh*, A. Kharazmi, D. J. Smith, A. R. Hanifi, C. R. Koch, M. Shahbakhti, " Transfer
Learning-based Deep Neural Network Model for Performance Prediction of Hydrogen-Fueled Solid Oxide
Fuel Cells ", Int. Journal of Hydrogen Energy, Vol. 99, pages 102-111, 2025.

110- N. Balazadeh, S. Munshi, M. Shahbakhti, G. McTaggart-Cowan, " Predicting Transient Performance of a
Heavy-Duty Gaseous-Fuelled Engine Using Combined Phenomenological and Machine Learning Models
", Int. Journal of Engine Research, 18 pages, 2024.

109- M. Tofigh*, A. Kharazmi, D. J. Smith, A. R. Hanifi, C. R. Koch, M. Shahbakhti, " Temporal Dilated
Convolution and Nonlinear Autoregressive Network for Predicting Solid Oxide Fuel Cell Performance ",
Engineering Applications of Artificial Intelligence, Vol. 136, 13 pages, 2024.

108- A. Ansari*, H. Abediasl*, M. Shahbakhti, " Ambient Temperature Effects on Energy Consumption and
CO2 Emissions of a Plug-in Hybrid Electric Vehicle ", Energies, Vol. 17, Issue 14, 21 pages, 2024, to
appear.

107- M. Tofigh*, M. Fakouri Hasanabadi*, A. R. Hanifi, D. J. Smith, A. Kharazmi, C. R. Koch, M. Shahbakhti,
" Control-oriented Modeling of a Solid Oxide Fuel Cell Affected by Redox Cycling using a Novel Deep
Learning Approach ", ASME Journal of Dynamic Systems, Measurement, and Control, 13 pages, 2024, to
appear.

106- S. Shahpouri*, D. Gordon, M. Shahbakhti, C. R. Koch, " Transient NOx Emission Modeling of a Hydrogen-
Diesel Engine Using Hybrid Machine Learning Methods ", Int. Journal of Engine Research, 21 pages, 2024,
to appear.

105- A. Razmi*, A. R. Hanifi, M. Shahbakhti, " Thermodynamic and Economic Analysis of a Novel Concept
for Methane Pyrolysis in Molten Salt Combined with Heliostat Solar Field ", Energy, Vol. 301, 17 pages,
2024.

104- M. Tofigh*, Z. Salehi*, A. Kharazmi, D. J. Smith, A. R. Hanifi, C. R. Koch, M. Shahbakhti, " Transient
Modeling of a Solid Oxide Fuel Cell using an Efficient Deep Learning HY-CNN-NARX Paradigm ",
Journal of Power Sources, Vol. 606, 15 pages, 2024.

103- S. Moghadasi*, Y. Long*, L. Jiang*, S. Munshi, G. McTaggart-Cowan, M. Shahbakhti, " Design and
Performance Analysis of Hybrid Electric Class 8 Heavy-Duty Regional-haul Trucks with a Micro-Pilot
Natural Gas Engine in Real-World Highway Driving Conditions ", Journal of Energy Conversion and
Management, Vol. 309, 20 pages, 2024.

102- L. Jiang*, J. Kheyrollahi, C. R. Koch, M. Shahbakhti, " Cooperative Truck Platooning Trial on Canadian
Public Roads under Commercial Operation in Winter Driving Conditions ", IMechE Part D — Journal of
Automobile Engineering, 13 pages, DOI:10.1177/09544070241245477, 2024.
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101- S. Batool*, J. Naber, M. Shahbakhti, " Machine Learning Approaches for Identification of Heat Release
Shapes in a Low Temperature Combustion Engine for Control Applications *, Control Engineering Practice,
Vol. 144, 16 pages, 2024.

100- L. Jiang*, J. Kheyrollahi, C. R. Koch, M. Shahbakhti, " Performance Analysis of Cooperative Truck
Platooning under Commercial Operation during Canadian Winter Season ", SAE Int. Journal of Connected
and Automated Vehicles, Vol. 7, Issue 2, 16 pages, 2024.

99- A. Razmi*, Sh. Sharifi*, S. Vafaeenezhad, A. R. Hanifi, M. Shahbakhti, " Modeling and Microstructural
Study of the Anode-support Solid Oxide Fuel Cells: Experimental and Thermodynamic Analyses”, Int.
Journal of Hydrogen Energy, VVol. 54, Pages 613-634, 2024.

98- N. Balazadeh Meresht, S. Moghadasi*, S. Munshi, M. Shahbakhti, G. McTaggart-Cowan, " Advances in
Vehicle and Powertrain Efficiency of Long-haul Commercial Vehicles: A Review ", Energies, Vol. 16, Issue
19, 37 pages, 2023.

97- H. Abediasl*, N. Balazadeh Meresht, H. Alizadeh, M. Shahbakhti, C. R. Koch, V. Hosseini, "Road
Transportation Emissions and Energy Consumption in Cold Climate Cities", Urban Climate, Vol. 52, 23
pages, 2023.

96- A. R. Razmi*, A. R. Hanifi, M. Shahbakhti, " A Green Hydrogen Production and Storage Concept based on
Heliostat Solar Field and Solid Oxide Electrolyzer/Fuel Cells: Thermodynamic and Economic Analyses ",
Journal of Renewable Energy, Vol. 215, 21 pages, 2023.

95- N. Samadi*, M. Shahbakhti, " Energy Efficiency and Optimization Strategies in a Building to
Minimize Airborne Infection Risks ", Energies, Vol. 16, Issue 3, 28 pages, 2023.

94- H. Abediasl*, A. Ansari*, V. Hosseini, C. R. Koch, M. Shahbakhti, " Real-time Fuel Consumption
Estimation using Machine Learning and On-board Diagnostics Data ", IMechE Part D: Journal of
Automobile Engineering, 15 pages, doi:10.1177/09544070231185609, 2023.

93- C. Reddy*, V. B. Vinhaes*, J. D. Naber, R. D. Robinett, M. Shahbakhti, " Exergy-Based Model Predictive
Control of an Integrated Dual Fuel Engine and a Waste Heat Recovery System ", Control Engineering
Practice, Vol. 135, 15 pages, 2023.

92- S. Shahpouri*, D. Gordon, C. Hayduk, R. Rezaei, C. R. Koch, M. Shahbakhti, " Hybrid Emission and
Combustion Modeling of Hydrogen Fueled Engines ", International Journal of Hydrogen Energy, Vol. 48,
Issue 62, pages 24037-24053, 2023.

91- P. Reddy*, M. Ravichandran, J. Doering, M. Shahbakhti, " Real-time Predictive Clunk Control using a
Reference Governor ", Control Engineering Practice, Vol. 135, 15 pages, 2023.

90- A. Norouzi*, H. Heidarifar*, H. Borhan, M. Shahbakhti, C. R. Koch, " Integrating Machine Learning and
Model Predictive Control for Automotive Applications: A Review and Future Directions ", Engineering
Applications of Artificial Intelligence, Vol. 120, 31 pages, 2023.

89- X. Ma, M. Shahbakhti, T. Chigan, " Deep Learning based Distributed Meta-Learning for Fast and Accurate
Online Adaptive Powertrain Fuel Consumption Modeling ", IEEE Transactions on Vehicular Technology,
Vol. 72, Issue 6, pages 7251-7264, 2023.

88- A. Norouzi*, S. Shahpouri*, D. Gordon, M. Shahbakhti, C. R. Koch, " Safe Deep Reinforcement Learning
in Diesel Engine Emission Control ", Proc IMechE Part I: Journal of Systems and
Control Engineering, DOI: 10.1177/09596518231153445, 14 pages, 2023.

87- B. K. Irdmousa*, L. N. A. Basina*, J. D. Naber, J. Mohammadpour Velni, H. Borhan, M. Shahbakhti,
" Control-oriented Data-driven and Physics-based Modeling of Maximum Pressure Rise Rate in Reactivity
Controlled Compression Ignition Engines ", SAE Int. Journal of Engines, Vol. 16, Issue 6, 12 pages, 2023.

86- S. Shahpouri*, A. Norouzi*, C. Hayduk, A. Fandakov, R. Rezaei, C. R. Koch, M. Shahbakhti, " Laminar
Flame Speed Modeling for Low Carbon Fuels Using Methods of Machine Learning ", Fuel, VVol. 333, Issue
1, 11 pages, 2023.
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85- S. Batool*, J. D. Naber, M. Shahbakhti, " Closed-loop predictive control of a multi-mode engine including
HCCI, PPCI and RCCI combustion modes ", SAE International Journal of Fuels and Lubricants, Vol. 16,
Issue 1, 22 pages, 2023.

84- D. C. Gordon, A. Norouzi*, A. Winkler, J. McNally, E. Nuss, D. Abel, M. Shahbakhti, J. Andert, C. R.
Koch, " End-to-End Deep Neural Network-based Nonlinear Model Predictive Control: Experimental
Implementation on Diesel Engine Emission Control”, Energies, Vol. 15, Issue 24, 24 pages, 2022.

83- A. Khameneian*, P. Dice, J. Duncan, M. Shahbakhti, J. D. Naber, C. Archer, P. Moilanen, C. Glugla,
G. Huberts, " Dynamic Individual-Cylinder Analysis of a Gasoline Direct Injection Engine Emissions for
Cold Crank-Start at Elevated Cranking Speed Conditions of a Hybrid Electric Vehicle ", Control
Engineering Practice, Vol. 129, 15 pages, 2022.

82- A. Norouzi*, S. Shahpouri*, D. Gordon, A. Winkler, E. Nuss, D. Abel, J. Andert, M. Shahbakhti, C. R.
Koch, " Deep Learning based Model Predictive Control for Compression Ignition Engines ", Control
Engineering Practice, Vol. 127, 13 pages, 2022.

81- A.R. Razmi*, S. M. Alirahmi, M. H. Nabat, E. Assareh, M. Shahbakhti, " A Green Hydrogen Energy Storage
Concept based on Parabolic Trough Collector and Proton Exchange Membrane Electrolyzer/Fuel Cell:
Thermodynamic and Exergoeconomic Analyses with Multi-Objective Optimization ", International Journal
of Hydrogen Energy, Vol. 47, Issue 62, Pages 26468-26489, 2022.

80- V. Bonfochi Vinhaes*, X. Yang*, G. McTaggart-Cowan, S. Munshi, M. Shahbakhti, J. Naber, "
Development of a Medium-Duty Stoichiometric Diesel Micro-Pilot Natural Gas Engine ", International
Journal of Engine Research, 14 pages, 2022. do0i:10.1177/14680874221087954

79- 0. Wine*, A. O. Vargas, S. Campbell, V. Hosseini, C. R. Koch, M. Shahbakhti, " Cold Climate Impact on
Air Pollution Related Health Outcomes: A Scoping Review ", International Journal of Environmental
Research and Public Health, Vol. 19, Issue 3, 17 pages, 2022.

78- V. Bonfochi Vinhaes*, G. McTaggart-Cowan, S. Munshi, M. Shahbakhti, J. D. Naber, " Experimental
Studies of Low Load Limit in a Stoichiometric Micro-Pilot Diesel Natural Gas Engine ", Energies, Vol. 15,
Issue 3, 18 pages, 2022.

77- M. Toub*, R. D. Robinett Ill, M. Shahbakhti, " Building-to-Grid Optimal Control of Integrated MicroCSP
and Building HVAC System for Optimal Demand Response Programs", Optimal Control Applications and
Methods, 19 pages, 2022.

76- S. Hemmati*, R. Yadav*, S. Kaushik*, D. Robinette, M. Shahbakhti, " Important Powertrain Dynamics for
Developing Models for Control of Connected and Automated Electrified Vehicles ", IMechE Part D:
Journal of Automobile Engineering, 18 pages, 2022. doi:10.1177/09544070211070738

75- A. Khameneian*, B. Khoshbakht Irdmousa*, P. Dice, M. Shahbakhti, J. D. Naber, P. Moilanen, C. Archer,
C. Glugla, G. Huberts, " A Dynamic Method to Analyze Cold Start First Cycles Engine-Out Emissions at
Elevated Cranking Speed Conditions of a Hybrid Electric Vehicle Including a Gasoline Direct Injection
Engine ", SAE International Journal of Engines, Journal Article Number 03-15-06-0044, Vol. 15, Issue 6,
21 pages, 2022.

74- C. Reddy*, V. Bonfochi Vinhaes*, J. D. Naber, R. D. Robinett 11, M. Shahbakhti, " Model Predictive

Control of a Dual Fuel Engine Integrated with Waste Heat Recovery used for Electric Power in Buildings",
Optimal Control Applications and Methods, 20 pages, 2022.

73- A. Mohammad, R. Rezaei, C. Hayduk, T. O. Delebinski, S. Shahpouri*, M. Shahbakhti, " Physical-oriented
and Machine Learning-based Emission Modeling in a Diesel Compression Ignition Engine: Dimensionality
Reduction and Regression ", Int. J. of Engine Research, 15 pages, 2022.

72- P. Reddy*, M. Shahbakhti, M. Ravichandran, J. Doering, " Real-time Estimation of Backlash Size in
Automotive Drivetrains ", IEEE/ASME Transactions on Mechatronics, 11 pages, 2022.
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71- A. Khameneian*, X. Wang, P. Dice, J. D. Naber, M. Shahbakhti, C. Archer, P. Moilanen, C. Glugla, G.
Huberts, " A Real-Time Control-Oriented Discrete Nonlinear Model Development for In-Cylinder Air
Charge, Residual Gas and Temperature Prediction of a Gasoline Direct Injection Engine Using Cylinder,
Intake and Exhaust Pressures ", Control Eng. Practice, Vol. 119, 21 pages, 2022.

70- M. Aliramezania, C. R. Koch, M. Shahbakhti, " Modeling, Diagnostics, Optimization, and Control of
Internal Combustion Engines via Advanced Machine Learning Techniques: A Review and Future Directions
", Progress in Energy and Combustion Science, Vol. 88, 38 pages, 2022.

69- S. Shahpouri*, A. Norouzi*, C. Hayduk, R. Rezaei, M. Shahbakhti, C. R. Koch, " Hybrid Machine Learning
Approaches and a Systematic Model Selection Process for Predicting Soot Emissions in Compression
Ignition Engines ", Energies, Vol. 14, Issue 23, 25 pages, 2021.

68- A. Norouzi*, H. Heidarifar*, M. Shahbakhti, C. R. Koch, H. Borhan, " Model Predictive Control of Internal
Combustion Engines: A Review and Future Directions ", Energies, Vol. 14, Issue 19, 40 pages, 2021.

67- S. A. Nadeem*, P. Reddy*, M. Shahbakhti, M. Ravichandran, J. Doering, " Model Predictive Control of an
Automotive Driveline for Optimal Torque Delivery with Minimal Oscillations during Torque Converter
Slipping Conditions ", SAE International Journal of Passenger Cars: Mechanical Systems, Paper No. 06-
14-01-0004, Vol. 14, Issue 1, 16 pages, 2021.

66- M. Toub*, C. R. Reddy*, R.D. Robinett I1l, M. Shahbakhti, " Integration and Optimal Control of MicroCSP
with Building HVAC Systems: Review and Future Directions ", Energies, Vol. 14, Issue 3, 42 pages, 2021.

65- S. Hemmati*, N. Doshi*, D. Hanover*, C. Morgan, M. Shahbakhti, " Integrated HVAC and Powertrain
Thermal Energy Management for a Connected Hybrid Electric Vehicle ", Applied Energy, Vol. 283, 22
pages, 2021.

64- A. Paykani, A. Garcia Martinez, M. Shahbakhti, P. Rahnama, R. D. Reitz, " Reactivity Controlled
Compression Ignition Engine: Pathways Towards Commercial Viability ", Applied Energy, Vol. 282, Part
A, 23 pages, 2021.

63- S. Polat*, H. S. Yiicesu, A. Uyumaz, K. Kannan*, M. Shahbakhti, " An Experimental Investigation on
Combustion and Performance Characteristics of Supercharged HCCI Operation in Low Compression Ratio
Engine Setting ", Applied Thermal Engineering, Vol. 180, 16 pages, Nov. 2020.

62- Y. Bao, J. Mohammadpour Velni, M. Shahbakhti, " Epistemic Uncertainty Quantification in State-space
LPV Model Identification Using Bayesian Neural Networks ", IEEE Control Systems Letters (L-CSS),
Vol. 5, Issue 2, Pages 719-724, 2020.

61- X. Ma, M. Shahbakhti, T. Chigan, " Connected Vehicle based Distributed Meta-Learning for Online
Adaptive Engine/Powertrain Fuel Consumption Modeling ", IEEE Transactions on Vehicular Technology,
Vol. 69, Issue 9, Pages 9553-9565, 2020.

60- C. Reddy*, M. Shahbakhti, R. Robinett, M. Razmara*, " Exergy-wise Predictive Control Framework for
Optimal Performance of MicroCSP Systems for HVAC Applications in Buildings ", Energy Conversion and
Management, Vol. 210, 15 pages, 2020.

59- M. Toub*, C. Reddy*, M. Razmara*, M. Shahbakhti, R. Robinett, G. Aniba, " Model-Based Predictive
Control for Optimal MicroCSP Operation Integrated with Building HVAC Systems ", Energy Conversion
and Management, VVol. 199, 16 pages, 2019.

58- V. R. Chundru, B. S. Mahadevan*, J. H. Johnson, G. G. Parker, M. Shahbakthi, " Development of a 2D
Model of a SCR Catalyst on a DPF ", Emission Control Science and Technology, Vol. 5, Issue 2, Pages
133-171, 2019.

57- E. Ansari*, T. Menucci, M. Shahbakhti, J. Naber, " Experimental Investigation into Effects of High
Reactive Fuel on Combustion and Emission Characteristics of the Diesel - Natural Gas RCCI Engine ",
Applied Energy, Vol. 239, Pages 948-956, 2019.

56- A. Raut*, B. Irdmousa*, M. Shahbakhti, " Dynamic Modeling and Model Predictive Control of an RCCI
Engine ", Control Engineering Practice, Vol. 81, Pages 129-144, 2018.

55- E. Ansari*, M. Shahbakhti, J. Naber, " Optimization of Performance and Operational Cost for a Dual Mode
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Diesel-Natural Gas RCCI and Diesel Combustion Engine ", Applied Energy, VVol. 231, Pages 549-561, 2018.

54- M. Bidarvatan*, M. Shahbakhti, " Analysis and Control of Torque Split in Hybrid Electric Vehicles by
Incorporating Powertrain Dynamics ", ASME Journal of Dynamic Systems, Measurement, Control,
Vol. 140, Issue 11, No. 111009-111009-11, 2018.

53- M. Amini*, M. Shahbakhti, S. Pan, " Adaptive Discrete Second Order Sliding Mode Control with
Application to Nonlinear Automotive Systems ", ASME Journal of Dynamic Systems, Measurement,
Control, Vol. 140, Issue 12, No. 121010-121010-12, 2018.

52- B. M. Mahadevan*, J. Johnson, M. Shahbakhti, " Development of a Kalman Filter Estimator for Simulation
and Control of Particulate Matter Distribution of a Diesel Catalyzed Particulate Filter ", International
Journal of Engine Research, 19 pages, DOI: 10.1177/1468087418785855, 2018.

51- M. Razmara*, G. Bharati, M. Shahbakhti, S. Paudyal, R. Robinett, " Bilevel Optimization Framework for
Smart Building-to-Grid Systems ", IEEE Transactions on Smart Grid, Vo. 9, No. 2, Pages 582-593, 2018.

50- A. Solouk*, M. Shakiba, J. Arora*, M. Shahbakhti, " Fuel Consumption Assessment of an Electrified
Powertrain with a Multi-Mode High-Efficiency Engine in Various Levels of Hybridization ", Energy
Conversion and Management, Vol. 155, Pages 100-115, 2018.

49- A. Rezaei*, J. B. Burl, A. Solouk*, B. Zhou, M. Rezaei, M. Shahbakhti, " Catch Energy Saving Opportunity
(CESO), an Instantaneous Optimal Energy Management Strategy for Series Hybrid Electric Vehicles ",
Applied Energy, Vol. 208, pages 655-665, 2017.

48- A. Solouk™*, J. Tripp*, M. Shakiba, M. Shahbakhti, " Fuel Consumption Assessment of a Multi-Mode Low
Temperature Combustion Engine as Range Extender for an Electric Vehicle ", Energy Conversion and
Management, Vol. 148, pages 1478-1496, 2017.

47- M. Razmara*, G. R. Bharati, D. Hanover*, M. Shahbakhti, S. Paudyal, R.D. Robinett 111, " Building-to-grid
Predictive Power Flow Control for Demand Response and Demand Flexibility Programs ", Applied Energy,
Vol. 203, pages 128-141, 2017.

46- K. Poorghasemi, R. Khoshbakhti Saray, E. Ansari*, B. Khoshbakht*, M. Shahbakhti, J. D. Naber, " Effect
of Diesel Injection Strategies on Natural Gas/Diesel Combustion Characteristics in a Light Duty Diesel
Engine ", Applied Energy, Vol. 199, pages 430-446, 2017.

45- B. Bahri, M. Shahbakhti, A.A. Aziz, " Real-time Modeling of Ringing in HCCI Engines using Acrtificial
Neural Networks ", Energy, Vol. 125, pages 509-518, 2017.

44- M. Fathi, O. Jahanian, M. Shahbakhti, " Modeling and Controller Design Architecture for Cycle-by-Cycle
Combustion Control of Homogeneous Charge Compression Ignition (HCCI) Engines - A Comprehensive
Review ", Energy Conversion and Management, Vol. 139, pages 1-19, 2017.

43- M. R. Amini*, M. Shahbakhti, S. Pan, J. K. Hedrick, " Bridging the Gap Between Designed and Implemented
Controllers via Adaptive Robust Discrete Sliding Control ", Control Engineering Practice, Vol. 59, pages
1-15, 2017.

42- A. Solouk*, M. Shakiba, M. Shahbakhti, " Analysis and Control of a Torque Blended Hybrid Electric
Powertrain with a Multi-Mode LTC-SI Engine ", SAE Int. J. of Alternative Powertrains, 15 pages, 6(1):2017,
DOI:10.4271/2017-01-1153, 2017.

41- M. R. Amini*, M. Razmara*, M. Shahbakhti, " Robust Model-Based Discrete Sliding Mode Control of an
Automotive Electronic Throttle Body ", SAE Int. J. of Commercial Vehicles, 15 pages, 10(1):2017,
DOI:10.4271/2017-01-0598, 2017.

40- Y. Wang*, J. Zhang*, X. Wang*, P. Dice, M. Shahbakhti, J. Naber, M. Czekala, Q. Qu, G. Huberts, "
Investigation of Impacts of Spark Plug Orientation on Early Flame Development and Combustion in a DI
Optical Engine ", SAE Int. J. Engines, 17 pages, 10(3):2017, DOI:10.4271/2017-01-0680, 2017.

39- A. Solouk*, M. Shahbakhti, " Modeling and Energy Management of an HCCI based Powertrain for Series
Hybrid and Extended Range Electric Vehicles ", Int. J. of Powertrains, VVol. 6, Issue 3, pages 226-258, 2017.
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38- B. M. Singalandapuram*, J. H. Johnson and M. Shahbakhti, " Predicting Pressure Drop, Temperature and
Particulate Matter Distribution of a Catalyzed Diesel Particulate Filter using a Multi-zone Model including
Cake Permeability ", Emission Control Science & Technology, Vol. 3, Issue 2, pages 171-201, 2017.

37- A. Solouk*, M. Shahbakhti, " Energy Optimization and Fuel Economy Investigation of Series Hybrid
Electric Vehicle Integrated with Diesel/RCCI Engines ", Energies, 9(12), pages 1-23, 1020; 2016.

36- M. Razmara*, M. Bidarvatan*, M. Shahbakhti, R. Robinett I11, " Optimal Exergy-based Control of Internal
Combustion Engines ", Applied Energy, Vol. 183, pages 1389-1403, 2016.

35- B. Bahri, M. Shahbakhti, K. Kannan*, A.A. Aziz, " Identification of Ringing Operation for Low Temperature
Combustion Engines ", Applied Energy, Vol. 171, pages 142-152, Jun. 2016.

34- M.R. Nazemi* and M. Shahbakhti, " Modeling and Analysis of Fuel Injection Parameters for Combustion
and Performance of an RCCI Engine ", Applied Energy, Vol. 165, pages 135-150, Mar. 2016.

33- K. Khodadadi Sadabadi*, M. Shahbakhti, A. N. Bharath and R. D. Reitz, " Modeling of Combustion Phasing
of a Reactivity-Controlled Compression Ignition Engine for Control Applications ", Int. J. of Engine
Research, Vol. 17, Issue 4, Pages 421-435, 2016.

32- M. Razmara*, M. Maasoumy, M. Shahbakhti, and R. D. Robinett 111, " Optimal Exergy Control of Building
HVAC System ", Applied Energy, Vol. 156, pages 555-565, Oct. 2015.

31- B. M. Singalandapuram*, J. H. Johnson and M. Shahbakhti, " Experimental and Simulation Analysis of
Temperature and Particulate Matter Distribution for a Catalyzed Diesel Particulate Filter ", Emission Control
Science & Technology, Vol. 1, Issue 4, Pages 255-283, Oct. 2015.

30- M. Boudaghi*, M. Shahbakhti, S.A. Jazayeri, " Misfire Detection of SI Engines Using a New Technigque

Based on Mean Power Output "', ASME J. of Engineering for Gas Turbines and Power, 9 pages, Vol. 137,
Issue 9, Sept. 2015.

29- B. M. Singalandapuram*, J. H. Johnson and M. Shahbakhti, " Development of a Catalyzed Diesel Particulate
Filter Multi-zone Model for Simulation of Axial and Radial Substrate Temperature and Particulate Matter
Distribution ", Emission Control Science & Technology, Vol. 1, Issue 2, Pages 183-202, May 2015.

28- R. Salehi*, A. Alasty, M. Shahbakhti, G. Vossoughi, " Detection and Isolation of Faults in the Exhaust Path
of Turbocharged Automotive Engines ", Int. J. of Automotive Technology, Vol. 16, Issue 1, Pages 127-138,
Feb. 2015.

27- J. Rezaei*, M. Shahbakhti, B. Bahri, A.A. Aziz, " Performance Prediction of Oxygenate Fueled HCCI
Engines using Artificial Neural Networks ", Applied Energy, Vol. 138, Pages 460-473, Jan. 2015.

26- M. Shahbakhti, M. R. Amini*, J. Li*, S. Asami, J. K. Hedrick, " Early Model-Based Design and Verification
of Automotive Control System Software Implementations ", ASME Journal of Dynamic Systems,
Measurement and Control, 14 pages, Vol. 137, Issue 2, Feb. 2015.

25- M. Bidarvatan*, V. Thakkar*, M. Shahbakhti, B. Bahri, A.A. Aziz, " Grey-box Modeling of HCCI Engines
", Applied Thermal Engineering, VVol. 70, Issue 1, Pages 397-409, Sept. 2014.

24- M. Maasoumy, M. Razmara*, M. Shahbakhti, A. Sangiovanni-Vincentelli, " Handling Model Uncertainty
in Model Predictive Control for Energy Efficient Buildings ", Energy and Buildings, Vol. 77, Pages 377-
392, Jul. 2014.

23- M. Amini*, M. Shahbakhti, A. Ghaffari, " A Novel Singular Perturbation Technique for Model-Based
Control of Cold Start Hydrocarbon Emission ", SAE Int. J. Engines, 13 pages, Vol. 7, Issue 3, Aug. 2014.

22- M. Bidarvatan*, M. Shahbakhti, " Integrated HCCI Engine Control based on a Performance Index ", ASME
J. of Engineering for Gas Turbines and Power, 12 pages, Vol. 136, Issue 10, Oct. 2014.
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21- M. Bidarvatan*, M. Shahbakhti, " Grey-Box Modeling for Performance Control of an HCCI Engine with
Blended Fuels ", ASME J. of Engineering for Gas Turbines and Power, 10 pages, Vol. 136, Issue 10, Oct.
2014.

20- R. Salehi*, M. Shahbakhti, J. K. Hedrick, " Real-time Hybrid Switching Control of Automotive Cold Start
Hydrocarbon Emission ", ASME J. of Dynamic Systems, Measurement and Control, 11 pages, Vol. 136,
Issue 4, Jul. 2014.

19- M. Bidarvatan*, M. Shahbakhti, S. A. Jazayeri, C. R. Koch, " Cycle-to-Cycle Modeling and Sliding Mode
Control of Blended-Fuel HCCI Engine ", J. of Control Engineering Practice, Vol. 24, Pages 79-91, Mar.
2014.

M. Koochack, A. Gharehghani, M. Shahbakhti, "' Experimental and Simulation Study of In-cylinder Strategies
for Regeneration of Lean NOx Traps in an HSDI Diesel Engine ", IMechE Part D: J. of Automobile
Engineering, VVol. 227, Issue 12, Pages 1661-1673, Dec. 2013.

17- B. Bahri*, A. A. Aziz, M. Shahbakhti, M. F. Muhamad Said, " Analysis and Modeling of Exhaust Gas

Temperature in an Ethanol Fuelled HCCI Engine ", J. of Mechanical Science and Technology, Vol. 27, Issue
11, Pages 3531-3539, Nov. 2013.

16- M. Dehghani*, M. Shahbakhti, C. R. Koch, S. A. Jazayeri, " Thermodynamic Control-oriented Modeling of
Cycle-to-Cycle Exhaust Gas Temperature in an HCCI Engine ", Applied Energy, Vol. 110, Pages 236-243,
Oct. 2013.

15- B. Bahri*, A. A. Aziz, M. Shahbakhti, M. F. Muhamad Said, " Understanding and Detection of Misfire in
an HCCI Engine Fuelled with Ethanol ", Applied Energy, Vol. 108, pages 24-33, Aug. 2013.

14- M. Nazoktabar, S. A. Jazayeri, O. Jahanian, M. Shahbakhti, " Using a Single Zone Thermodynamic Model
in an HCCI Engine to Predict Effective Controlling Parameters ", J. of Engine Research, Vol. 25, pages 13-
23, 2013.

13- B. Bahri*, A. A. Aziz, M. Shahbakhti, M. F. Muhamad Said, " Misfire Detection Based on Statistical
Analysis for an Ethanol Fueled HCCI Engine ", J. of International Review of Mechanical Engineering, Vol.
6, Issue 6, pages 1276-1282, 2012.

12- M. Bidarvatan*, M. Shahbakhti, S. A. Jazayeri, " Model-Based Control of Combustion Phasing in an HCCI
Engine ", SAE Int. J. Engines, Vol. 5, Issue 3, pages 1163-1176, 2012.

11- M. Bidarvatan*, M. Shahbakhti, S. A. Jazayeri, " Optimal Integral State Feedback Control of HCCI
Combustion Timing ", Int. J. of Automotive Engineering, Vol. 1, Issue 3, pages 206-217, 2011.

18

10- M. Shahbakhti, A. Ghazimirsaied, C. R. Koch, " Experimental Study of Exhaust Temperature Variation in
an HCCI Engine ", IMechE Part D: J. of Automobile Engineering, Vol. 224, pages 1177-1197, 2010.

9- A. Ghazimirsaied, M. Shahbakhti, C. R. Koch, " HCCI Combustion Phasing Prediction Using a Symbol-
Statistic Approach ", ASME J. of Engineering for Gas Turbine and Power, VVol. 132, Issue 8, 5 pages, Aug.
2010.

8- M. Shahbakhti, C. R. Koch, " Physics Based Control Oriented Model for HCCI Combustion Timing ", ASME
J. of Dynamic Systems, Measurement and Control, VVol. 132, Issue 2, 12 pages, Mar. 2010.

7- M. Shahbakhti, S. A. Jazayeri, M. Ghafuri, A. R. Aslani, A. Sahraeian, S. Azadi, " A Method to Determine
Fuel Transport Dynamic Model Parameters in Port-Fuel Injected Gasoline Engines during Cold Start and
Warm-Up Conditions ", ASME J. of Engineering for Gas Turbine and Power, Vol. 132, Issue 7, 5 pages,
Jul. 2010.

6- M. Shahbakhti, C. R. Koch, " Dynamic Modeling of HCCI Combustion Timing in Transient Fueling
Operation ", SAE Int. J. Engines, Vol. 2, pages 1098-1113, Oct. 2009.

6- M. Shahbakhti, C. R. Koch, " Characterizing the Cyclic Variability of Ignition Timing in an HCCI Engine
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Fueled with n-Heptane/iso-Octane Blend Fuels ", Int. J. of Engine Research, Vol. 9, Issue 5, pages 361-397,
Oct. 2008.

4- M. Shams Zahraei, S. A. Jazayeri, M. Shahbakhti, M. Sharifirad, " Look-Forward Longitudinal Dynamic
Modeling for a Series-Parallel Hybrid Electric Vehicle ", Int. J. of Electric and Hybrid Vehicles, Vol. 1,
Issue 4, pages 342-363, 2008.

3- P. Kirchen, M. Shahbakhti, C. R. Koch, " A Skeletal Kinetic Mechanism for PRF Combustion in HCCI
Engines ", J. of Combustion Science and Technology, Vol. 179, Issue 6, pages 1059-1083, Jun. 2007.

2- K. Swan, M. Shahbakhti, C. R. Koch, " Predicting Start of Combustion Using a Modified Knock-Integral
Method for an HCCI Engine ", SAE 2006 Transactions J. of Engines, pages 611-620, Mar. 2007.

1- S. Sharifi Rad, S. A. Jazayeri, M. Shahbakhti, " Automatic Driver Design and Longitudinal Dynamic
Simulation for Passenger Cars ", SAE 2006 Transactions J. of Passenger Cars - Mechanical Systems, pages
923-930, Mar. 2007.

Submitted Journal Papers

1- H. Mehnatkesh*, A. Winkler, E. Sperling, J. Kheyrollahi Kalvanagh, M. Shahbakhti, D. Gordon, C. R.
Koch, " Procedure for Deep Learning-Based Model Predictive Control with Bayesian Hyperparameter
Optimization for a Hydrogen/Diesel Dual-Fuel Engine ", Control Engineering Practice, 24 pages, Dec.
2024.

2- A. Yasami*, M. Tofigh*, B. Bahri, C. R. Koch, M. Shahbakhti, " Intelligent Ensemble Architecture for
Capturing Transient Nitrogen Oxides (NOx) Emission Spikes in Real World Driving Condition ",
Engineering Applications of Artificial Intelligence, 37 pages, Feb. 2025.

3- L.Jiang*, M. Shahbakhti, " Reducing Fuel Consumption and Tailpipe Nitrogen Oxides Emissions through
Large-Spacing Cooperative Truck Platooning under Varying Road Gradients ", Journal of Transportation
Part D, 30 pages, Mar. 2025.

4-  A.Razmi*, A. R. Hanifi, M. Shahbakhti, " Techno-economic Assessment of Solid Oxide Fuel Cells VVersus
Hydrogen Fuelled Internal Combustion Engines for Institutional Energy Management: A Case Study of the
University of Alberta", Energy, 30 pages, Apr. 2025.

5- S. Shahpouri*, L. Jiang*, C. R. Koch, M. Shahbakhti, " Tailpipe NOx Emissions Modeling of a Heavy-
Duty Diesel Truck using Deep Learning Method ", Energies, 28 pages, Apr. 2025.

6- A. Yasami*, M. Tofigh*, M. Shahbakhti, C. R. Koch, " A Generative Physics-Informed Reinforcement
Learning-Based Approach for Construction of Representative Drive Cycle ", Transportation Research Part
D, 27 pages, Apr. 2025.

Selected Peer Reviewed Conference Proceeding Papers (6 to 22-page conference papers)

138- L. Jiang*, M. Shahbakhti, " Large-Spacing Truck Platooning under Windy Conditions "', American Control
Conference, 6 Pages, Jul. 8-10, 2025, Denver, CO, USA. [Accepted in Jan. 2025]

137- M. Tofigh*, D. Smith, S. Hanifi*, A. Hanifi, M. Shahbakhti, " A deep Conv-Atten-KAN Architecture to
Identify Solid Oxide Fuel Cell Dynamics under Fuel Starvation ", IEEE/IFAC 9" International Conference
on Control Automation and Diagnosis (ICCAD'25), 6 Pages, Jul. 1-3, 2025, Barcelona, Spain. [Accepted
in Apr. 2025]

136- A. Yasami*, M. Tofigh*, L. Jiang*, H. Abediasl*, C. R. Koch, M. Shahbakhti, " Data-Efficient Vehicular
Fuel Rate Estimation via Transfer Learning Using Nonlinear-Autoregressive-Exogenous Neural Network
AL Symposium on Advances in Automotive Control, 6 Pages, Jun. 16-18, 2025, Eindhoven, Netherlands.
[Accepted in Feb. 2025]

135- A. Yasami*, M. Tofigh*, M. Shahbakhti, C. R. Koch, " Representative Driving Cycle Construction
Incorporating Road Grade Transitions Using A Markov-chain Method ", Canadian Society of Mechanical
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Engineers (CSME) 2025 International Congress, 6 pages, May 25-28, 2025, Montréal, QC, Canada.
[Accepted in Mar. 2025]

134- L. Jiang*, M. Shahbakhti, " Fuel-Efficient Large-Spacing Truck Platooning in Windy Conditions
Considering Longitudinal and Lateral Motions ", Int. Conference on Intelligent Transportation and Future
Mobility (ITFM 2025), 6 Pages, Apr. 11-13, 2025, Guilin, Guangxi, China.

133- N. Balazadeh, S. Munshi, M. Shahbakhti, G. McTaggart-Cowan, " Evaluating the Potential of a Turbo-
compound System for a Heavy-Duty Natural Gas Engine: A Modelling Study ", SAE 2025 World Congress,
20 pages, SAE Paper No. 2025-01-8355, Apr. 8-10, 2025, Detroit, MI, USA.

132- A. Razmi*, A. R. Hanifi, M. Shahbakhti, " Potential of Solid Oxide Fuel Cell-based Combined Heat and
Power Systems for Commercial and Residential Applications in Alberta and Canada", Global conference
on Renewable Energy and Climate Change, 6 Pages, Nov. 27-28, 2024, Toronto, ON, Canada.

131- Z. Salehi*, M. Tofigh*, S. Vafaeenezhad*, A. Kharazmi, D. J. Smith, C. R. Koch, M. Shahbakhti, "
Performance Prediction of a Range of Diverse Solid Oxide Fuel Cells using Deep Learning and Principal
Component Analysis ", IFAC Modeling, Estimation and Control Conference (MECC), 6 Pages, Oct. 27-30,
2024, Chicago, IL, USA.

130- H. Abediasl*, M. Aliramezani, C. R. Koch, M. Shahbakhti, " Monitoring Real-time Fleet Emissions through
an Intelligent Fleet Management System ", 27" IEEE International Conference on Intelligent
Transportation Systems (ITS), 6 Pages, Sep. 24-27, 2024, Edmonton, AB, Canada.

129- L. Jiang*, D. Gordon, M. Shahbakhti, " Fuel Efficient Control System Design for Cooperative Truck
Platooning at Large Separation Distances ", 27" IEEE International Conference on Intelligent
Transportation Systems (ITS), 6 Pages, Sep. 24-27, 2024, Edmonton, AB, Canada.

128- M. Tofigh*, Z. Salehi*, D. Smith, A. Kharazmi, A. R. Hanifi, C.R. Koch, M. Shahbakhti, " Developing an
Efficient Model for a SOFC System Using Self-supervised Convolutional Autoencoder and Stateful LSTM
Network ", American Control Conference, 6 pages, Jul. 8-12, 2024, Toronto, ON, Canada.

127- Y. Ma*, B. Bahri*, M. Shahbakhti, " A Simulation Model of a Fuel Cell Electric Bus for Predicting Energy
Consumption ", Canadian Society of Mechanical Engineers (CSME) 2024 International Congress, 6 pages,
May 26-29, 2024, Toronto, ON, Canada.

126- Y. Ma*, B. Bahri*, M. Shahbakhti, " A Simulation Model for Predicting Energy Consumption of an Electric
Transit Bus ", Canadian Society of Mechanical Engineers (CSME) 2024 International Congress, 6 pages,
May 26-29, 2024, Toronto, ON, Canada.

125- S. Batool*, J. Naber, M. Shahbakhti, " Classification and Characterization of Heat Release Rate Traces in
Low Temperature Combustion for Optimal Engine Operation ", SAE 2024 World Congress, 11 pages, SAE
Paper No. 2024-01-2835, Apr. 16-18, 2024, Detroit, MI, USA.

124- N. Balazadeh, S. Munshi, M. Shahbakhti, G. McTaggart-Cowan, " Downsizing a Heavy-Duty Natural Gas
Engine by Scaling the Air Handling System and Leveraging Phenomenological Combustion Model ", SAE
2024 World Congress, 17 pages, SAE Paper No. 2024-01-2114, Apr. 16-18, 2024, Detroit, MI, USA.

123- S. Batool*, J. D. Naber, M. Shahbakhti, " Closed-loop Control of SI<RCCI Mode Transitions in a Multi-
Mode Combustion Engine, ", IFAC Modeling, Estimation and Control Conference (MECC), IFAC-
PapersOnLine, Vol. 56, Issue 3, Pages 79-84, Oct. 2-5, 2023, Lake Tahoe, NV, USA.

122- P. Reddy*, X. Wang, M. Shahbakhti, J. D. Naber, M. Ravichandran, J. Doering, " Integration of Optimal
Engine and Driveline Controllers to Minimize Driveline Clunk and Shuffle ", IFAC Modeling, Estimation
and Control Conference (MECC), IFAC-PapersOnLine, VVol. 56, Issue 3, Pages 91-96, Oct. 2-5, 2023, Lake
Tahoe, NV, USA.

121-B. Khoshbakht*, J. Naber, M. Shahbakhti, " CFD-based Data-driven Modeling of Reactivity and
Stratification Dynamics for RCCI Engine Control ", IFAC World Congress, 6 pages, July 9-14, 2023,
Yokohama, Japan.
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120- S. Moghadasi*, A. Salahi*, H. Borhan, C. R. Koch, M. Shahbakhti, " Model Predictive Control Using
Machine Learning for Voltage Control of a PEM Fuel Cell Stack ", Canadian Society of Mechanical
Engineers (CSME) 2023 International Congress, 6 pages, May 28-31, 2023, Sherbrooke, QC, Canada.

119- A. Salahi*, S. Moghadasi*, H. Borhan, C. R. Koch, M. Shahbakhti, " Imitative Learning Control of a
LSTM-NMPC Controller on PEM Fuel Cell for Computational Cost Reduction ", Canadian Society of
Mechanical Engineers (CSME) 2023 International Congress, 6 pages, May 28-31, 2023, Sherbrooke, QC,
Canada.

118- H. Heidarifar*, M. Shahbakhti, " Energy Saving in a Residential Building Using Occupancy Information
", Canadian Society of Mechanical Engineers (CSME) 2023 International Congress, 6 pages, May 28-31,
2023, Sherbrooke, QC, Canada.

117- H. Heidarifar*, M. Shahbakhti, " Occupancy Detection in a Residential Building Using Sensor Fusion Data
and Machine Learning Algorithms ", Canadian Society of Mechanical Engineers (CSME) 2023
International Congress, 6 pages, May 28-31, 2023, Sherbrooke, QC, Canada.

116- Y. Liu*, H. Abediasl*, A. Ansari*, M. Shahbakhti, " Characterizing Driving Behavior and Link to Fuel
Consumption for University Campus Shuttle Minibuses ", Canadian Society of Mechanical Engineers
(CSME) 2023 International Congress, 6 pages, May 28-31, 2023, Sherbrooke, QC, Canada.

115- A. Yasami*, A. Vafamand*, A. Jordan, H. Borhan, C. R. Koch, M. Shahbakhti, " Control of a Modified
Double Inverted Pendulum Using Machine Learning Based Model Predictive Control ", Canadian Society
of Mechanical Engineers (CSME) 2023 International Congress, 6 pages, May 28-31, 2023, Sherbrooke, QC,
Canada.

114- N. Balazadeh Meresht, S. Munshi, M. Shahbakhti, G. McTaggart-Cowanl, " Developing Machine Learning
Models to Predict Methane and Nitrogen Oxide Engine-out Emissions from a Heavy-duty Natural-gas
Engine ", Canadian Society of Mechanical Engineers (CSME) 2023 International Congress, 6 pages, May
28-31, 2023, Sherbrooke, QC, Canada.

113- R. Sitaraman*, S. Batool*, H. Borhan, J. Mohammadpour Velni, J. D. Naber, M. Shahbakhti, " Machine
Learning-based Classification of Combustion Events in an RCCI Engine Using Heat Release Rate Shapes
", IFAC Modeling, Estimation and Control Conference (MECC), IFAC-PapersOnLine, 7 Pages, Oct. 2-5,
2022, Jersey City, NJ, USA.

112-R. Sitaraman*, S. Batool*, H. Borhan, J. Mohammadpour Velni, J. D. Naber, M. Shahbakhti, " Data-Driven
Model Learning and Control of RCCI Engines based on Heat Release Rate ", IFAC Modeling, Estimation
and Control Conference (MECC), IFAC-PapersOnLine, 7 Pages, Oct. 2-5, 2022, Jersey City, NJ, USA.

111-A. Norouzi*, S. Shahpouri*, D. Gordon, A. Winkler, E. Nuss, D. Abel, M. Shahbakhti, C. R. Koch, "
Machine Learning Integrated with Model Predictive Control for Imitative Optimal Control of Compression
Ignition Engines ", 10" IFAC Symposium on Advances in Automotive Control, 8 pages, Aug. 28-31, 2022,
Columbus, OH, USA.

110- Y. Liu*, A. Ansari*, M. Shahbakhti, " Identification of the Driving Cycle for University Fleet Vehicles ",
Canadian Society of Mechanical Engineers (CSME) 2022 International Congress, 6 pages, Jun. 5-8, 2022,
Edmonton, AB, Canada.

109- A. Khaled ElKashat*, A. R. Razmi*, S. Vafaeenezhad, A. R. Hanifi, T. H. Etsell, M. Shahbakhti, "
Experimental and Thermodynamic Analyses of a Novel Anode Supported Solid Oxide Fuel Cell *, Canadian
Society of Mechanical Engineers (CSME) 2022 International Congress, 6 pages, Jun. 5-8, 2022, Edmonton,
AB, Canada.

108- H. Abediasl*, V. Hosseini, C. R. Koch, M. Shahbakhti, " Emission Measurement of University Fleet
Vehicles through On-road Remote Sensing and Identification of High NOx Emitters *, Canadian Society of
Mechanical Engineers (CSME) 2022 International Congress, 6 pages, Jun. 5-8, 2022, Edmonton, AB,
Canada.

107- A. Ansari*, H. Abediasl*, P. Rakeshkumar Patel*, V. Hosseini, C. R. Koch, M. Shahbakhti, " Estimating
Instantaneous Fuel Consumption of Vehicles by using Machine Learning and Real-time On-board
Diagnostics (OBD) Data ", Canadian Society of Mechanical Engineers (CSME) 2022 International
Congress, 6 pages, Jun. 5-8, 2022, Edmonton, AB, Canada.

106- V. Bonfochi Vinhaes*, X. Yang*, G. McTaggart-Cowan, B. Eggar, S. Munshi, M. Shahbakhti, J. D. Naber,
" Multi-Variable Sensitivity Analysis and Ranking of Control Factors Impact in a Stoichiometric Micro-
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Pilot Natural Gas Engine at Medium Loads ", 2022 SAE World Congress, 14 pages, SAE Paper No. 2022-
01-0463, Apr. 5-7, 2022, Detroit, MI, USA.

105- S. Batool*, J. Naber, M. Shahbakhti, " Data-Driven Modeling and Control of Cyclic Variability of an
Engine Operating in Low Temperature Combustion Modes ", IFAC Modeling, Estimation and Control
Conference (MECC), IFAC-PapersOnL.ine, Vol. 54, Issue 20, Pages 834-839, Oct. 24-27, 2021, Austin, TX,
USA.

104- S. Shahpouri*, A. Norouzi*, C. Hayduk, R. Rezaei, M. Shahbakhti, C.R. Koch, " Soot Emission Modeling
of a Compression Ignition Engine Using Machine Learning ", IFAC Modeling, Estimation and Control
Conference (MECC), IFAC-PapersOnLine, Vol. 54, Issue 20, Pages 826-833, Oct. 24-27, 2021, Austin, TX,
USA.

103- P. Reddy*, M. Shahbakhti, M. Ravichandran, J. Doering, " Drivetrain Clunk Control via a Reference
Governor ", IFAC Modeling, Estimation and Control Conference (MECC), IFAC-PapersOnLine, Vol. 54,
Issue 20, Pages 846-851, Oct. 24-27, 2021, Austin, TX, USA.

102- B. Khoshbakht Irdmousa*, J. Naber, J. Mohammadpour Velni, H. Borhan, M. Shahbakhti, " Input-output
Data-driven Modeling and MIMO Predictive Control of an RCCI Engine Combustion ", IFAC Modeling,
Estimation and Control Conference (MECC), IFAC-PapersOnL.ine, Vol. 54, Issue 20, Pages 406-411, Oct.
24-27, 2021, Austin, TX, USA.

101- C. R. Reddy*, M. Shahbakhti, R. D. Robinett 11l, V. B. Vinhaes* and J. D. Naber, " Model Predictive
Control of a Waste Heat Recovery System Integrated with a Dual Fuel Natural Gas-Diesel Engine ",
American Control Conference, pages 1842-1847, May 26-28, 2021, New Orleans, LA, USA.

100- A. Mohammad, R. Rezaei, C. Hayduk, T. O. Delebinski, S. Shahpouri*, M. Shahbakhti, " Hybrid Physical
and Machine Learning-oriented Modeling Approach to Predict Emissions in a Diesel Compression Ignition
Engine ", SAE 2021 World Congress, 12 pages, SAE Paper No. 2021-01-0496, Apr. 13-15, 2021, Detroit,
MI, USA.

99- Y. Bao, J. Mohammadpour Velni, M. Shahbakhti, " An Online Transfer Learning Approach for
Identification and Predictive Control Design with Application to RCCI Engines ", 2020 ASME Dynamic
Systems Control Conference, 9 pages, Oct. 4-7, 2020, Pittsburgh, PA, USA.

98- A. Khameneian*, X. Wang, P. Dice, M. Shahbakhti, J. Naber, C. Archer, P. Moilanen, C. Glugla, G. Huberts,
" Model-Based Dynamic In-Cylinder Air Charge, Residual Gas and Temperature Estimation for a GDI Spark
Ignition Engine Using Cylinder, Intake and Exhaust Pressures ", 2020 ASME Dynamic Systems Control
Conference, 10 pages, Oct. 4-7, 2020, Pittsburgh, PA, USA.

97- P. Reddy*, K. Darokar*, M. Shahbakhti, D. Robinette, M. Ravichandran, and J. Doering, " Backlash Size
Estimation in Automotive Drivelines ", IEEE Conference on Control Technology and Applications, 6
pages, Aug. 24-26, 2020, Montréal, Canada.

96- L. N. A. Basina*, B. K. Irdmousa*, J. Mohammadpour Velni, H. Borhan, J. D. Naber, and M. Shahbakhti, "
Data-driven Modeling and Predictive Control of Maximum Pressure Rise Rate in RCCI Engines ", IEEE
Conference on Control Technology and Applications, 6 pages, Aug. 24-26, 2020, Montréal, Canada.

95- K. Darokar*, P. Reddy*, M. Shahbakhti, D. Robinette, M. Ravichandran, and J. Doering, " Automotive
Backlash Position Estimator for Driveline Jerk Control ", IEEE Conference on Control Technology and
Applications, 6 pages, Aug. 24-26, 2020, Montreal, Canada.

94-Y. Bao, J. Mohammadpour Velni, A. Basina*, M. Shahbakhti, " Identification of State-space Linear
Parameter-varying Models Using Artificial Neural Networks ", IFAC World Congress, 6 pages, Jul. 12-17,
2020, Berlin, Germany.

93- R. Maharjan*, M. Shahbakhti, R. Rezaei, R. Méllmann, Y. Huang, T. Delebinski " Optimization of Diesel
Engine and After-treatment Systems for a Series Hybrid Forklift Application *, SAE 2020 World Congress,
12 pages, SAE Paper No. 2020-01-0658, Apr. 21-23, 2020, Detroit, MI, USA.
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92- M. Toub*, M. Shahbakhti, R. Robinett, G. Aniba, " Model Predictive Control of MicroCSP Integrated into
a Building HVAC System for Load Following Demand Response Programs ", 10 pages, ASME Dynamic
Systems and Control Conference, Oct. 8-11, 2019, Park City, UT, USA.

91- X. Wang, A. Khamenian*, P. Dice, B. Chen, M. Shahbakhti, J. Naber, C. Archer, Q. Qu, C. Glugla, G.
Huberts, " Control-Oriented Model-Based Burn Duration and Ignition Timing Prediction with Recursive-
Least-Square Based Adaptation for Closed-Loop Combustion Phasing Control of a Spark Ignition Engine ",
10 pages, ASME Dynamic Systems and Control Conference, Oct. 8-11, 2019, Park City, UT, USA.

90- N. Doshi*, D. Hanover*, S. Hemmati*, C. Morgan, M. Shahbakhti, " Modeling of Thermal Dynamics of a
Connected Hybrid Electric Vehicle for Integrated HVAC and Powertrain Optimal Operation ", 10 pages,
ASME Dynamic Systems and Control Conference, Oct. 8-11, 2019, Park City, UT, USA.

89- P. Krishna Bhat, J. Oncken, R. Yadav*, B. Chen, M. Shahbakhti, and D. Robinette, “Generation of Optimal
Velocity Trajectory for Real-Time Predictive Control of a Multi-Mode PHEV,” 2019 IEEE 90th Vehicular
Technology Conference: VTC2019-Fall, Sep. 22-25, 2019, Honolulu, Hawaii, USA.

88- S. Polat*, H. Serdar Yucesu, H. Solmaz*, A. Uyumaz, K. Kannan*, M. Shahbakhti, " An Experimental Study
on the Variation of COV uer and Ringing Intensity at Different Air Excess Coefficients in a HCCI Engine
", International Symposium on Automotive Science and Technology (ISASTECH), 9 pages, Sep. 5-6, 2019,
Ankara, Turkey.

87- X. Wang, A. Khamenian*, P. Dice, B. Chen, M. Shahbakhti, J. Naber, C. Archer, Q. Qu, C. Glugla, G.
Huberts, " Model-Based Combustion Duration and Ignition Timing Prediction for Combustion Phasing
Control of a Spark-Ignition Engine Using In-Cylinder Pressure Sensors ", 10 pages, ASME International
Design Engineering Technical Conferences & Computers and Information in Engineering Conference
(IDETC-CIE), Aug. 18-21, 2019, Anaheim, CA, USA.

86- S. Bhasme*, S. Hemmati*, D. Robinette, M. Shahbakhti, " Modelling of Chevy Volt Gen Il Supervisory
Controller in Charge-Sustaining Mode”, 2019 International Conference on Advanced Vehicle
Powertrains, 23 pages, Aug. 25-27, 2019, Hefei, China.

85- C. Reddy*, M. Razmara*, M. Shahbakhti, R. Robinett, " Optimal Exergy-wise Predictive Control for a
Combined MicroCSP and HVAC System in a Building ", 6 pages, American Control Conference, Jul. 10-
12, 2019, Philadelphia, PA, USA.

84- B. Khoshbakht Irdmousa*, S. Z. Rizvi, J. Mohammadpour Velni, J. Naber, M. Shahbakhti, " Data-driven
Modeling and Predictive Control of Combustion Phasing for RCCI Engines ", 6 pages, American Control
Conference, Jul. 10-12, 2019, Philadelphia, PA, USA.

83- M. Toub*, M. Shahbakhti, R. Robinett, G. Aniba, " MPC-trained ANFIS for Control of MicroCSP Integrated
into a Building HVAC System ", 6 pages, American Control Conference, Jul. 10-12, 2019, Philadelphia,
PA, USA.

82- P. Reddy*, K. Darokar*, D. Robinette, M. Shahbakhti, J. Blough, M. Ravichandran, M. Farmer, J.
Doering, " Control-Oriented Modeling of a VVehicle Drivetrain for Shuffle and Clunk Mitigation ", SAE 2019
World Congress, 15 pages, SAE Paper No. 2019-01-0345, Apr. 9-11, 2019, Detroit, MI, USA.

81- X. Yang*, V. B. Vinhaes*, M. Turcios, G. McTaggart-Cowan, J. Huang, J. Naber, M. Shahbakhti, H.
Schmidt, W. Atkinson, " Process for Study of Micro-Pilot Diesel-NG Dual Fuel Combustion in a Constant
Volume Combustion Vessel Utilizing the Premixed Pre-burn Procedure ", SAE 2019 World Congress,
15 pages, SAE Paper No. 2019-01-1160, Apr. 9-11, 2019, Detroit, MI, USA.

80- C. R. Reddy*, M. Toub*, M. Razmara, M. Shahbakhti, R. D. Robinett lll, G. Aniba, " Modeling and Optimal
Control of MicroCSP and a Building HAVC System to Minimize Electricity Cost , 10 pages, ASME 2018
Dynamic Systems and Control Conference, Sep. 30 — Oct. 3, 2018, Atlanta, GA, USA.
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79- H. Wang, K. Sacheva, J. Tripp*, B. Chen, D. Robinette, M. Shahbakhti, " Optimal Map-Based Mode
Selection and Powertrain Control for a Multi-Mode Plug-in Hybrid Electric Vehicle ", 14™ IEEE/ASME
International Conference on Mechatronic and Embedded Systems and Applications (MESA), 6 pages, July
2-4, 2018, Oulu, Finland.

78- M. Toub*, C. R. Reddy*, M. Razmara, M. Shahbakhti, R. D. Robinett Ill, G. Aniba, " Model Predictive
Control for MicoCSP Integration into a Building HVAC System ", 14™ IEEE International Conference on
Control and Automation, 6 pages, Jun. 12-15, 2018, Anchorage, AK, USA.

77- M. Amini*, M. Shahbakhti, J. Sun, " Predictive Second Order Sliding Control of Constrained Linear Systems
with Application to Automotive Control Systems ", 2018 American Control Conference, 6 pages, June 27-
29, 2018, Milwaukee, WI, USA.

76- A. Raut*, M. Bidarvatan, H. Borhan, M. Shahbakhti, " Model Predictive Control of an RCCI Engine ",
7 pages, 2018 American Control Conference, 6 pages, June 27-29, 2018, Milwaukee, WI, USA.

75- Y. Wang*, J. Zhang, Z. Yang, X. Wang, P. Dice, M. Shahbakhti, J. Naber, M. Czekala, Q. Qu, G. Huberts,
" Investigation of Flow Conditions and Tumble Near the Spark Plug in a DI Optical Engine at Ignition ",
SAE 2018 World Congress, 18 pages, SAE Paper No. 2018-01-0208, Apr. 10-12, 2018, Detroit, MI, USA.

74- M. R. Amini*, M. Shahbakhti, S. Pan, " MIMO First and Second Order Discrete Sliding Mode Controls of
Uncertain Linear Systems Under Implementation Imprecisions ", ASME 2017 Dynamic Systems and Control
Conference, 10 pages, Oct. 11-13, 2017, Tysons Corner, VA, USA.

73- M. R. Amini*, M. Shahbakhti, " Design of an SI Engine Cold Start Controller based on Dynamic Coupling
Analysis ", 2017 Int. Conference on Advanced Vehicle Powertrains, 22 pages, Sep. 25-27, 2017, Hangzhou,
China.

72- M. Razmara*, G. R. Bharati, D. Hanover*, M. Shahbakhti, S. Paudya, and R. D. Robinett Ill, " Enabling
Demand Response Programs via Predictive Control of Building-to-Grid Systems Integrated with PV Panels
and Energy Storage Systems ", 2017 American Control Conference, 6 pages, May 24-26, 2017, Seattle, WA,
USA.

71- M. R. Amini*, M. Shahbakhti, S. Pan, and J. K. Hedrick, " Discrete Adaptive Second Order Sliding Mode
Controller Design with Application to Automotive Control Systems with Model Uncertainties ", 2017
American Control Conference, 6 pages, May 24-26, 2017, Seattle, WA, USA.

70- N. Teja Kondipati*, J. K. Arora*, M. Bidarvatan, M. Shahbakhti, " Modeling, Design and Implementation
of a Closed-Loop Combustion Controller for an RCCI Engine", 2017 American Control Conference, 6
pages, May 24-26, 2017, Seattle, WA, USA.

69- M. Amini*, M. Razmara*, M. Shahbakhti, " Robust Model-Based Discrete Sliding Mode Control of an
Automotive Electronic Throttle Body ", SAE 2017 World Congress, 15 pages, SAE Paper No. 2017-01-
0598, Apr. 4-6, 2017, Detroit, MI, USA.

68- A. Solouk*, M. Shakiba, M. Shahbakhti, " Analysis and Control of a Torque Blended Hybrid Electric
Powertrain with a Multi-Mode LTC-SI Engine ", SAE 2017 World Congress, 15 pages, SAE Paper No. 2017-
01-1153, Apr. 4-6, 2017, Detroit, MI, USA.

67-J. K. Arora*, M. Shahbakhti, " Real-time Closed-loop Control of a Light-duty RCCI Engine During Transient
Operations ", SAE 2017 World Congress, 15 pages, SAE Paper No. 2017-01-0767, Apr. 4-6, 2017, Detroit,
MI, USA.

66- Y. Wang*, J. Zhang*, P. Dice, X. Wang*, M. Shahbakhti, J. Naber, M. Czekala, Q. Qu, G. Huberts, " An
Experimental Study on the Interaction between Flow and Spark Plug Orientation on Ignition Energy and
Duration for Different Electrode Designs ", SAE 2017 World Congress, 10 pages, SAE Paper No. 2017-01-
0672, Apr. 4-6, 2017, Detroit, MI, USA.

65- A. Yazdani*, J. Naber, M. Shahbakhti, P. Dice, C. Glugla, S. Cooper, D. McEwan, G. Huberts, " Air Charge
and Residual Gas Fraction Estimation for a Spark-Ignition Engine Using In-Cylinder Pressure , SAE 2017
World Congress, 15 pages, SAE Paper No. 2017-01-0527, Apr. 4-6, 2017, Detroit, MI, USA.
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64- Y. Wang*, J. Zhang*, X. Wang*, P. Dice, M. Shahbakhti, J. Naber, M. Czekala, Q. Qu, G. Huberts, "
Investigation of Impacts of Spark Plug Orientation on Early Flame Development and Combustion in a DI
Optical Engine ", SAE 2017 World Congress, 17 pages, SAE Paper No. 2017-01-0680, Apr. 4-6, 2017,
Detroit, MI, USA.

63- A. Solouk*, M. Shakiba, K. Kannan*, H. Solmaz, M. Bidarvatan*, N. T. Kondipati*, P. Dice, M. Shahbakhti,
" Fuel Economy Benefits of Integrating a Multi-Mode Low Temperature Combustion (LTC) Engine in a
Series Extended Range Electric Powertrain "', SAE 2016 Int. Powertrains, Fuels & Lubricants Conference,
15 pages, SAE Paper No. 2016-01-2361, Oct. 24-26, 2016, Baltimore, Maryland, USA. (Received best
presentation award of the conference.)

62- E. Ansari*, K. Poorghasemi*, B. K. Irdmousa*, M. Shahbakhti, J. D. Naber, " Efficiency and Emissions
Mapping of a Light Duty Diesel — Natural Gas Engine Operating in Conventional Diesel and RCCI Modes
", SAE 2016 Int. Powertrains, Fuels & Lubricants Conference, 15 pages, SAE Paper No. 2016-01-2309,
Oct. 24-26, 2016, Baltimore, Maryland, USA.

61- M. R. Amini*, M. Shahbakhti, S. Pan, J. K. Hedrick, " Handling Model and Implementation Uncertainties
via an Adaptive Discrete Sliding Mode Controller Design ", 2016 ASME Dynamic Systems Control
Conference, 10 pages, Oct. 12-14, 2016, Minneapolis, MN, USA. (Selected as the top 6 best student papers
out of 233 conference paper submissions.)

60- K. Khodadadi Sadabadi*, M. Shahbakhti, " Dynamic Modeling and Controller Design of Combustion
Phasing of an RCCI Engine ", 2016 ASME Dynamic Systems Control Conference, 10 pages, Oct. 12-14,
2016, Minneapolis, MN, USA.

59- G. R. Bharati, M. Razmara*, S. Paudyal, M. Shahbakhti, R. Robinett Ill, " Hierarchical Optimization
Framework for Demand Dispatch in Building-Grid Systems ", 5 pages, 2016 IEEE Power & Energy Society
(PES) General Meeting, Jul. 17-21, 2016, Boston, MA, USA.

58- M. R. Amini*, M. Shahbakhti, J. K. Hedrick, " Discrete Sliding Controller Design with Robustness to
Implementation Imprecisions via Online Uncertainty Prediction ", 6 pages, 2016 American Control
Conference, Jul. 6-8, 2016, Boston, MA, USA. (Selected as best presentation of the session)

57- M. Razmara*, M. Bidarvatan*, M. Shahbakhti, R. Robinett I1I, " Novel Exergy-Wise Predictive Control of
Internal Combustion Engines ", 6 pages, 2016 American Control Conference, Jul. 6-8, 2016, Boston, MA,
USA. (Selected as best presentation of the session)

56- J. Dobbs*, M. Razmara*, M. Shahbakhti, S. Paudyal, " Selecting Control Input Type for a Building
Predictive Controller Integrated in a Power Grid ", 6 pages, 2016 American Control Conference, Jul. 6-8,
2016, Boston, MA, USA.

55- M. Razmara*, M. Bidarvatan®*, M. Shahbakhti, R. Robinett IIl, " Innovative Exergy-based Combustion
Phasing Control of IC Engines ", 2016 SAE World Congress, 13 pages, SAE Paper No. 2016-01-0815, Apr.
12-14, 2016, Detroit, MI, USA.

54- M. R. Amini*, M. Shahbakhti, J. K. Hedrick, " Easily Verifiable Adaptive Sliding Mode Controller Design
with Application to Automotive Engines ", 2016 SAE World Congress, 16 pages, SAE Paper No. 2016-01-
0629, Apr. 12-14, 2016, Detroit, MI, USA.

53- M. Bidarvatan* and M. Shahbakhti, " Energy Management of a Hybrid Electric VVehicle by Incorporating
Powertrain Dynamics ", ASME Dynamic Systems and Control Conference, 10 pages, Oct. 28-30, 2015,
Columbus, Ohio, USA. (Best Paper Award, ASME Automotive and Transportation Systems Technical
Committee.)

52- M. Razmara*, M. Maasoumy, M. Shahbakhti, R. Robinett, " Exergy-Based Model Predictive
Control for Building HVAC Systems ", 6 pages, 2015 American Control Conference, Jul. 1-3, 2015,
Chicago, IL, USA.
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51- M. Razmara*, G. Bharati, M. Shahbakhti, S. Paudyal, R. Robinett , " Bidirectional Optimal Operation of
Smart Building-to-Grid Systems ", 6 pages, 2015 American Control Conference, Jul. 1-3, 2015, Chicago,
IL, USA.

50- M. Bidarvatan*, D. Kothari*, M. Shahbakhti, " Integrated Cycle-to-Cycle Control of Exhaust Gas
Temperature, Load, and Combustion Phasing in an HCCI Engine ", 6 pages, 2015 American Control
Conference, Jul. 1-3, 2015, Chicago, IL, USA. (Selected as best presentation of the session)

49- S. Polat*, K. Kannan*, M. Shahbakhti, A. Uyumaz, H. S. Yucesu, " An Experimental Study for the Effects
of Supercharging on Performance and Combustion of an Early Injection HCCI Engine ", Int. Research
Conference on Engineering, Science and Management (IRCESM), 6 pages, June 3-4, 2015, Dubai, UAE.
(Received best presentation award of the conference)

48- H. Saigaonkar*, M. Nazemi* and M. Shahbakhti, " Sequential Model for Residual Affected HCCI with
Variable Valve Timing ", 15 pages, 2015 SAE World Congress, SAE Paper No. 2015-01-1748, Apr. 21-23,
2015, Detroit, MI, USA.

47- M. Bidarvatan* and M. Shahbakhti, " Impact of Engine Dynamics on Torque Split Management of a Hybrid
Electric Vehicle ", ASME Dynamic Systems and Control Conference, 10 pages, October 22-24, 2014, San
Antonio, Texas, USA.

46- A. Solouk*, M. Shahbakhti, M. J. Mahjoob, " Energy Management and Control of a Hybrid Electric Vehicle
with an Integrated Low Temperature Combustion (LTC) Engine ", ASME Dynamic Systems and Control
Conference, 10 pages, October 22-24, 2014, San Antonio, Texas, USA.

45- M. J. Rezaei* and M. Shahbakhti, " Artificial Neural Networks Based Prediction of Performance and Exhaust
Emissions in a Butanol Fuelled HCCI Engine", Int. Conference on Advanced Technology & Sciences, 6
pages, August 12-15, 2014, Antalya, Turkey.

44- M. Nazemi*, H. Saigaonkar*, M. Shahbakhti, " Thermo-kinetic Modeling of Variable Valve Timing Effects
on HCCI Engine Combustion”, Int. Conference on Advanced Technology & Sciences, 6 pages, August 12-
15, 2014, Antalya, Turkey.

43- M. Maasoumy, M. Razmara*, M. Shahbakhti, A. Sangiovanni-Vincentelli, " Selecting Building Predictive
Control Based on Model Uncertainty ", 7 pages, American Control Conference, Jun. 4-6, 2014, Portland,
OR, USA.

42- M. Bidarvatan*, V. Thakkar*, M. Shahbakhti, " Grey-box Modeling and Control of HCCI Engine
Emissions”, 6 pages, American Control Conference, Jun. 4-6, 2014, Portland, OR, USA.

41- M. Amini*, M. Shahbakhti, A. Ghaffari, " A Novel Singular Perturbation Technique for Model-Based
Control of Cold Start Hydrocarbon Emission ", 13 pages, SAE World Congress, SAE Paper No. 2014-01-
1547, Apr. 8-10, 2014, Detroit, MI, USA.

40- M. Bidarvatan*, M. Shahbakhti, " Integrated HCCI Engine Control based on a Performance Index "', ASME
Internal Combustion Engine Division Fall Technical Conference, Paper No. ICEF2013-19107, 11 pages,
Oct. 13-16, 2013, Dearborn, Michigan, USA.

39- M. Bidarvatan*, M. Shahbakhti, " Grey-Box Modeling for HCCI Engine Control ", ASME Internal
Combustion Engine Division Fall Technical Conference, Paper No. ICEF2013-19097, 10 pages, Oct. 13-16,
2013, Dearborn, Michigan, USA.

38- M. Boudaghi*, M. Shahbakhti, S. A. Jazayeri, " A New Physics-based Misfire Detection Technique for a Sl
Engine ", ASME Internal Combustion Engine Division Fall Technical Conference, Paper No. ICEF2013-
19096, 11 pages, Oct. 13-16, 2013, Dearborn, Michigan, USA.

37- M. Maasoumy, B. Moridian*, M. Razmara*, M. Shahbakhti, A. Sangiovanni-Vincentelli, " On-line
Simultaneous State Estimation and Parameter Adaptation for Building Predictive Control *, 10 pages, ASME
Dynamic Systems and Control Conference, Oct. 21-23, 2013, Palo Alto, CA, USA. (Selected as the top 6
best student papers out of 406 conference paper submissions.)
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36- R. Salehi*, M. Shahbakhti, A. Alasty, G. Vossoughi, " On-line Fault Detection and Isolation (FDI) for the
Exhaust Path of a Turbocharged SI Engine ", 10 pages, ASME Dynamic Systems and Control Conference,
Oct. 21-23, 2013, Palo Alto, CA, USA.

35- B. Bahri*, A. A. Aziz, M. F. Muhamad Said, M. Shahbakhti, " Misfiring Cycle Pressure Measurement for
Diesel-converted HCCI Engine ", 6 pages, ICA Int. Conference on Instrumentation, Control and Automation,
Aug. 28-30, 2013, Bali, Indonesia.

34- B. Bahri*, A. A. Aziz, M. Shahbakhti, M. F. Muhamad Said, " Ethanol Fuelled HCCI Engine: A Review ",
7 pages, Int. Conference on Mechanical, Aeronautical and Automotive Engineering, Jul. 4-5, 2013, SG,
Singapore.

33- M. Bidarvatan*, M. Shahbakhti, " Two-Input Two-Output Control of Blended Fuel HCCI Engines ",
Proceeding of SAE World Congress, SAE Paper No. 2013-01-1663, 15 pages, Apr. 16-18, 2013, Detroit,
USA.

32- R. Salehi*, M. Shahbakhti, J. K. Hedrick, " Hybrid Switching Control of Automotive Cold Start Hydrocarbon
Emission ", Proceeding of American Control Conference, 6 pages, Jun. 17-19, 2013, Washington, DC, USA.

31- K. Edelberg*, M. Shahbakhti, J. K. Hedrick, " Incorporation of Implementation Imprecision in Automotive
Control Design ", Proceeding of American Control Conference, 6 pages, Jun. 17-19, 2013, Washington, DC,
USA.

30- R. Salehi*, M. Shahbakhti, A. Alasty, G.R. Vossoughi, " Control Oriented Modeling of a Radial Turbine for
a Turbocharged Gasoline Engine ", Proceeding of American Control Conference, 6 pages, Jun. 17-19, 2013,
Washington, DC, USA.

29- R. Salehi*, M. Shahbakhti, A. Alasty, G.R. Vossoughi, " Nonlinear Observer Design for Turbocharger in a
Sl Engine ", Proceeding of American Control Conference, 6 pages, Jun. 17-19, 2013, Washington, DC, USA.

28- B. Bahri*, A. A. Aziz, M. Shahbakhti, M. F. Muhamad Said, " A Diagnosis Technique for the Identification
of Misfire in a Converted-Diesel HCCI Engine ", 6 pages, 13" WSEAS Int. Conference on Robotics, Control
and Manufacturing Technology, Apr. 2-4, 2013, Kuala Lumpor, Malaysia.

27- A. Hansen*, M. Shahbakhti, J. K. Hedrick, " Impact of Implementation Imprecision on Sliding Mode
Controller Design for Cold Start Automotive Emissions ", 10 pages, ASME Dynamic Systems and Control
Conference, Oct. 17-19, 2012, Ft. Lauderdale, FL, USA. (Best Paper Award, ASME Automotive and
Transportation Systems Technical Committee.)

26- M. Shahbaknhti, J. Li*, J. K. Hedrick, " Early Model-Based Verification of Automotive Control System
Implementation ", 6 pages, American Control Conference, Jun. 27-29, 2012, Montréal, Canada. (Selected as
best presentation of the session)

25- A. Cranmer*, M. Shahbakhti, J. K. Hedrick, " Grey-Box Modeling of Rotational Dynamics in Automotive
Engines ", 6 pages, American Control Conference, Jun. 27-29, 2012, Montréal, Canada.

24- B. Bahri*, A. A. Aziz, M. F. Muhamad Said, M. Shahbakhti, " Artificial Neural Network Model for
Predicting Exhaust Temperature of an Ethanol-Fueled HCCI Engine ", 4 pages, JSAE Annual Congress,
JSAE Paper No. 20125168, May 23-25, 2012, Yokohama, Japan.

23- M. Bidarvatan*, M. Shahbakhti, S. A. Jazayeri, " Model-Based Control of Combustion Phasing in an HCCI
Engine ", 2012 SAE World Congress, SAE Paper No. 2012-01-1137, 17 pages, Apr. 24-26, 2012, Detroit,
USA.

22- M. Shahbakhti, A. Ghazimirsaied, C. R. Koch, " Modeling Ranges of Cyclic Variability for Ignition Timing
Control of HCCI Engines ", ASME Dynamic Systems and Control Conference, 8 pages, Oct. 31 - Nov. 2,
2011, Arlington, USA.

21- S. Asami, A. Cranmer*, M. Shahbakhti, J. K. Hedrick, " Model-based Control via Balanced Realization for
Automotive Cold Start Hydrocarbon Reduction ", ASME Dynamic Systems and Control Conference, 8 pages,
Oct. 31 - Nov. 2, 2011, Arlington, USA.

20- A. Ghazimirsaied, M. Shahbakhti, C. R. Koch, " Comparison of Crank Angle Based Ignition Timing
Methods on an HCCI Engine ", ASME Internal Combustion Engine Division Fall Technical Conference,
Paper No. ICEF2010-35087, 12 pages, Sept. 12-15, 2010, San Antonio, USA.
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19- M. Shahbakhti, A. Ghazimirsaied, C. R. Koch, " Predicting the Distribution of Combustion Timing Ensemble
in an HCCI Engine ", ASME Internal Combustion Engine Division Spring Technical Conference, Paper No.
ICES2009-76007, 12 pages, May 3-6, 2009, Milwaukee, WI, USA.

18- A. Ghazimirsaied, M. Shahbakhti, C. R. Koch, " Nonlinear Dynamics in Cyclic Variations of Combustion
Phasing in an HCCI Engine ", ASME Internal Combustion Engine Division Spring Technical Conference,
Paper No. ICES2009-76157, 7 pages, May 3-6, 2009, Milwaukee, WI, USA.

17- M. Shahbakhti, C. R. Koch, " Dynamic Modeling of HCCI Combustion Timing in Transient Fueling
Operation ", Proceeding of SAE World Congress, SAE Paper No. 2009-01-1136, 16 pages, Apr. 20-23, 2009,
Detroit, USA.

16- M. Shahbakhti, R. Lupul, C. R. Koch, " Sensitivity Analysis & Modeling of HCCI Auto-Ignition Timing",
Proceeding of the Fifth IFAC Symposium on Advances in Automotive Control, pages 303 - 310, Aug. 20-22,
2007, Monterey Coast, California, USA.

15- M. Shahbakhti, C. R. Koch, " Control Oriented Modeling of Combustion Phasing for an HCCI Engine ",
Proceeding of 2007 American Control Conference, pages 3694-3699, Jul. 11-13, 2007, NewYork, USA.

14- M. Shahbakhti, R. Lupul, C. R. Koch, " Cyclic Variations of Ignition Timing in an HCCI Engine ",
Proceeding of Annual ASME/IEEE Joint Rail Conference (JRC) and the ASME Internal Combustion Engine
Division (ICED) Conference, Paper No. JRCICE2007/40032, 11 pages, Mar. 13-16, 2007, Pueblo, Colorado,
USA.

13- M. Shahbakhti, R. Lupul, C. R. Koch, " Predicting HCCI Ignition Timing by Extending a Modified Knock-
Integral Method ", Proceeding of SAE World Congress, SAE Paper No. 2007-01-0222, 13 pages, Apr. 16-
19, 2007, Detroit, USA.

12- S. Sharifi Rad*, S. A. Jazayeri, M. Shahbakhti, " Automatic Driver Design and Longitudinal Dynamic
Simulation for Passenger Cars ", Proceeding of SAE World Congress, SAE Paper No. 2006-01-1015,
9 pages, Apr. 3-7, 2006, Detroit, USA.

11- K. Swan, M. Shahbakhti, C. R. Koch, " Predicting Start of Combustion Using a Modified Knock-Integral
Method for an HCCI Engine ", Proceeding of SAE World Congress, SAE Paper No. 2006-01-1086, 10 pages,
Apr. 3-7, 2006, Detroit, USA.

10- S. Sharifi Rad*, S. A. Jazayeri, M. Shahbakhti, " Simulation of Vehicle Dynamics and Design of an Auto-

driver for ECE Driving Cycles ", Proceeding of 4™ International Conference on Internal Combustion

Engines (ICICE), 9 pages, Nov. 16-17, 2005, Tehran, Iran.

M. Shahbakhti, S. A. Jazayeri, M. Ghafuri, A. R. Aslani, A. Sahraeian, S. Azadi, " A Novel Method to
Estimate Parameters of the Wall-Wetting Fuel Model in MPFI Engines for Cold Start and Warm up
Conditions ", Proceeding of ASME Internal Combustion Engine Fall Technical Conference, 12 pages, Oct.
24-27, 2004, Long Beach, CA, USA.

A. Sahraeian, M. Shahbakhti, A. R. Aslani, S. A. Jazayeri, S. Azadi, " Longitudinal Vehicle Dynamics
Modeling on the Basis of Engine Modeling "', Proceeding of SAE World Congress, SAE Paper No. 2004-01-
1620, 11 pages, Mar. 8-11, 2004, Detroit, USA.

7- A. R. Aslani, M. Shahbakhti, A. Sahraeian, S. M. Hoseinalipoor, S. A. Jazayeri, " Dynamic Modeling of a
Port Fuel-Injected Engine with Sensitivity Analysis ", Proceeding of SAE World Congress, SAE Paper No.
2004-01-1771, 9 pages, Mar. 8-11, 2004, Detroit, USA.

M. Shahbakhti, S. A. Jazayeri, M. Ghafuri, A. R. Aslani, A. Sahraeian, S. Azadi, " Control Oriented Modeling
of Mixture Formation in MPFI Engines to Predict Air-Fuel-Ratio in Transient Conditions ", Proceeding of
3 International Conference on Internal Combustion Engines (ICICE), 15 pages, Feb.17-19, 2004, Tehran,
Iran.

5- A. Sahraeian, M. Shahbakhti, A. R. Aslani, " Development and Use of a Vehicle Power-train Simulation for
Fuel Economy and Performance Studies ", Proceeding of 3™ International Conference on Internal
Combustion Engines (ICICE), 11 pages, Feb. 17-19, 2004, Tehran, Iran.

4- A. R. Aslani, M. Shahbakhti, A. Sahraeian, S. M. Hoseinalipoor, " Control Oriented Modeling of Paykan
Injection Engine ", Proceeding of 3™ International Conference on Internal Combustion Engines (ICICE), 9
pages, Feb. 17-19, 2004, Tehran, Iran. (Best paper award)

9

8

6
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3- M. Shahbakhti, S. A. Jazayeri, A. R. Aslani, M. Ghafuri, S. Azadi, " Identification of Dynamic Fuel
Parameters in PFI Engines for Different Thermal Conditions ", Proceeding of 7" International and 11"
Annual Mechanical Engineering Conference, ISME, Vol. 2, pages 743-760, 2003, Mashhad, Iran.

2- M. Shahbakhti, A. Mohsenian rad, S. A. Jazayeri, S. Azadi, " An Investigation into the Effective Methods
to Reduce Emissions of Passenger Cars During Cold Start and Warm up Conditions ", Proceeding of 7"
International and 11" Annual Mechanical Engineering Conference, ISME, Vol. 2, pages 702-718, 2003,
Mashhad, Iran.

1- A. R. Aslani, M. Shahbakhti, S. M. Hoseinalipoor, S. A. Jazayeri, A. Ohadi, S. Azadi, " Dynamic Modeling
of a Port Fuel Injection Engine for Air/Fuel Ratio Determination ", Proceeding of 7" International and 11"
Annual Mechanical Engineering Conference, ISME, Vol. 2, pages 773-785, 2003, Mashhad, Iran.

Submitted Conference Papers

1- L.Jiang*, S. Moghadasi*, M. Shahbakhti, " Energy Management of Large-Spacing Platooning with Hybrid
Electric Trucks ", IFAC Modeling, Estimation and Control Conference (MECC), 6 Pages, Oct. 5-8, 2025,
Pittsburgh, PA, USA.

Abstract/Extended-abstract Refereed Conference Papers (6-9 page long conference papers)

16- H. Abediasl*, C.R. Koch, M. Shahbakhti, " Tailpipe Emissions of a Plug-in Hybrid Electric Vehicle in Cold
Climate ", Proceeding of Combustion Institute-Canadian Section (CICS) Spring Technical Conference,
6 pages, May 14-16, 2025, Calgary, AB, Canada.

15- H. Mehnatkesh*, E. Sperling, J. Kheyrollahi, M. Shahbakhti, D. Gordon, and C.R. Koch, " Emission
Analysis in Data-Driven Model Predictive Control of Hydrogen/Diesel Dual-Fuel Engines ", Proceeding of
Combustion Institute-Canadian Section (CICS) Spring Technical Conference, 6 pages, May 13-16, 2024,
Kingston, ON, Canada.

14- L. Jiang*, M. Shahbakhti, " Cooperative Truck Platooning on Canadian Public Roads during a Winter Season
" Proceeding of 28" IAVSD International Symposium on Dynamics of Vehicles on Roads and Tracks,
9 pages, Aug. 21-25, 2023, Ottawa, ON, Canada.

13- J. McNally*, D. Gordon, E. Sperling, M. Shahbakhti, C.R. Koch, " Performance and Emission Investigation
of Hydrogen Diesel Dual Fuel Combustion ", Proceeding of Combustion Institute-Canadian Section (CICS)
Spring Technical Conference, 6 pages, May 15-18, 2023, Edmonton, AB, Canada.

12- N. Balazadeh, G. McTaggart-Cowan, S. Munshi, M. Shahbakhti, " Evaluating the Transient Performance of
a Direct Injection of a Natural Gas Engine using a Phenomenological Combustion Model ", Proceeding of
Combustion Institute-Canadian Section (CICS) Spring Technical Conference, 6 pages, May 15-18, 2023,
Edmonton, AB, Canada.

11- S. Shahpouri*, A. Norouzi*, C. Hayduk, R. Rezaei, C. R. Koch, M. Shahbakhti, " Modeling of a Single-Fuel
Hydrogen Spark ignition and a Dual-Fuel Diesel-Hydrogen Engines ", Proceeding of Combustion Institute-
Canadian Section (CICS) Spring Technical Conference, 6 pages, May 16-19, 2022, Ottawa, ON, Canada.

10- A. Solouk™*, M. Shahbakhti, " Fuel Economy Benefits of Electrified Powertrains with Advanced Combustion
Engines: Mild to Strong HEV Applications ", 7 pages, 2017 SIA Int. Powertrain Conference, Jun. 7-8, 2017,
Versailles, France.

9- K. Ebrahimi, M. Shahbakhti, C. R. Koch, " Comparison of Butanol/n-Heptane to PRF Blended Fuels in HCCI
Engines ", 2011 Combustion Institute-Canadian Section (CICS) Spring Technical Conference, Paper No.
CICS11-34, 6 pages, May 8-11, 2011, Winnipeg, Canada.

8- A. Ghazimirsaied, M. Shahbakhti, C. R. Koch, " Ignition Timing Criteria for Partial Burn Operation in an
HCCI Engine™, 2011 Combustion Institute-Canadian Section (CICS) Spring Technical Conference, Paper
No. CICS11-33, 6 pages, May 8-11, 2011, Winnipeg, Canada.

7- M. Shahbakhti, A. Ghazimirsaied, C. R. Koch, " Combustion Characteristics of Butanol/n-Heptane Blend
Fuels in an HCCI Engine ", 2010 Combustion Institute-Canadian Section (CICS) Spring Technical
Conference, Paper No. CICS10-A018, 6 pages, May 9-12, 2010, Ottawa, Canada.
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6

A. Ghazimirsaied, M. Shahbakhti, C. R. Koch, " Recognizing Partial Burn Operation in an HCCI Engine",
2010 Combustion Institute-Canadian Section (CICS) Spring Technical Conference, Paper No. CICS10-
A017, 6 pages, May 9-12, 2010, Ottawa, Canada.

M. Shahbakhti, A. Ghazimirsaied, C. R. Koch, " The Effect of Operating Conditions on HCCI Exhaust Gas
Temperature ", Proceeding of Combustion Institute-Canadian Section (CICS) Spring Technical Conference,
Paper No. CICS-A02, 6 pages, May 10-13, 2009, Montréal, Canada.

4- A. Ghazimirsaied, M. Shahbakhti, C. R. Koch, " Partial-Burn Crank Angle Limit Criteria Comparison on an
Experimental HCCI Engine ", Proceeding of Combustion Institute-Canadian Section (CICS) Spring
Technical Conference, Paper No. CICS-A52, 6 pages, May 10-13, 2009, Montréal, Canada.

A. Ghazimirsaied, M. Shahbakhti, A. Audet, C. R. Koch, " HCCI Engine Cyclic Variation Characterization
Using Both Chaotic and Statistical Approach ", Proceeding of Combustion Institute-Canadian Section
(CICS) Spring Technical Conference, 6 pages, May 12-14, 2008, Toronto, Canada.

M. Shahbakhti, R. Lupul, A. Audet, C. R. Koch, " Experimental Study of HCCI Cyclic Variations for Low-
Octane PRF Fuel Blends ", Proceeding of Combustion Institute-Canadian Section (CICS) Spring Technical
Conference, 6 pages, May 13-16, 2007, Banff, Canada.

M. Shahbakhti, C. R. Koch, " Thermo-kinetic Combustion Modeling of an HCCI Engine to Analyze Ignition

Timing for Control Applications ", Proceeding of Combustion Institute-Canadian Section (CICS) Spring
Technical Conference, 6 pages, May 13-16, 2007, Banff, Canada.

5

3

2

2

Non-refereed Conference Papers

1- B. Chen, D. Robinette, M. Shahbakhti, K. Zhang, J. Naber, " Connected Vehicles and Powertrain
Optimization ", Invited article, 9 pages, ASME Dynamic System Control Magazine, 2017.

2- J. K. Hedrick and M. Shahbakhti, " Model-based Verification of Automotive Control System Implementation
", Keynote paper, 8 pages, Int. Conference on Advanced Vehicle Technologies and Integration (VTI), Jul. 16-
19, 2012, Changchum, China.

Abstract-refereed Conference Presentations

23- M. Shahbakhti, B. Bahri, J. Rao, " Alberta Zero Emission Hydrogen Transit Bus Winter Performance Results
in the Edmonton Region”, Canadian Hydrogen Convention, Apr. 23-25, 2024, Edmonton, AB, Canada.

22- A. Ansari*, H. Abediasl*, M. Shahbakhti, " Effect of Cold Climate on Energy Consumption of a Plug-in
Hybrid Electric Vehicle ", Canadian Society of Mechanical Engineers (CSME) 2022 International Congress,
Jun. 5-8, 2022, Edmonton, AB, Canada.

21- L. Jiang*, J. Kheyrollahi, C. R. Koch, M. Shahbakhti, " Cooperative Truck Platooning Trials on Canadian
Public Roads under a Commercial Operation in Winter Driving Conditions ", Canadian Society of
Mechanical Engineers (CSME) 2022 International Congress, Jun. 5-8, 2022, Edmonton, AB, Canada.

20- D. C. Gordon, A. Norouzi*, S. Shahpouri*, M. Shahbakhti, C. R. Koch, " Deep Reinforcement Learning for
Emission Control in Diesel Engines ", Canadian Society of Mechanical Engineers (CSME) 2022
International Congress, Jun. 5-8, 2022, Edmonton, AB, Canada.

19- Y. Long*, L. Jiang*, S. Moghadasi*, S. Munshi, G. McTaggart-Cowan, M. Shahbakhti, " Performance
Analysis of a Heavy-Duty Hybrid Electric Truck with a MicroPilot Natural Gas Engine in Real-World
Highway Driving Conditions ", Canadian Society of Mechanical Engineers (CSME) 2022 International
Congress, Jun. 5-8, 2022, Edmonton, AB, Canada.

18- A. Norouzi*, S. Shahpouri*, D. C. Gordon, A. Winkler, E. Nuss, J. Andert, M. Shahbakhti, C. R. Koch, "
Deep Learning and Nonlinear Model Predictive Control Integration for Compression Ignition Engine
Emission Reduction ", Canadian Society of Mechanical Engineers (CSME) 2022 International Congress,
Jun. 5-8, 2022, Edmonton, AB, Canada.
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17- N. Balazadeh, S. Munshi, M. Shahbakhti, G. McTaggart-Cowan, " High Efficiency Natural Gas Engine
Modeling for Commercial Vehicle Studies ", Canadian Society of Mechanical Engineers (CSME) 2022
International Congress, Jun. 5-8, 2022, Edmonton, AB, Canada.

16- S. Shahpouri*, A. Norouzi, C. Hayduk, A. Fandakov, R. Rezaei, C. R. Koch, M. Shahbakhti, " Laminar
Flame Speed Modeling of Hydrogen, Methanol, and Ammonia using Machine Learning ", Canadian Society
of Mechanical Engineers (CSME) 2022 International Congress, Jun. 5-8, 2022, Edmonton, AB, Canada.

15- S. Shahpouri*, A. Norouzi, C. Hayduk, A. Fandakov, R. Rezaei, C. R. Koch, M. Shahbakhti, " Machine
Learning Modeling of Soot Emissions in Diesel Engines ", Canadian Society of Mechanical Engineers
(CSME) 2022 International Congress, Jun. 5-8, 2022, Edmonton, AB, Canada.

14- S. Moghadasi*, Y. Long*, S. Munshi, G. McTaggart-Cowan, M. Shahbakhti, " Investigation of Davis
Dam Drive Cycle Application for Performance Assessment of Electrified and Conventional Long-
Haul Trucks ", Canadian Society of Mechanical Engineers (CSME) 2022 International Congress, Jun. 5-
8, 2022, Edmonton, AB, Canada.

13- H. Abediasl*, V. Hosseini, N. Balazadeh, C. R. Koch, M. Shahbakhti, " Impact of Cold Climate on Emissions
and Fuel Consumption of Vehicles: Knowledge Gap Synthesis "', Canadian Society of Mechanical Engineers
(CSME) 2022 International Congress, Jun. 5-8, 2022, Edmonton, AB, Canada.

12-J. Mcnally*, D. Gordon, A. Norouzi, M. Shahbakhti, C. R. Koch, " Experimental Study of Hydrogen Diesel
Dual Fuel Engine Characterization ", Canadian Society of Mechanical Engineers (CSME) 2022
International Congress, Jun. 5-8, 2022, Edmonton, AB, Canada.

11- S. Batool*, J. D. Naber, M. Shahbakhti, " Machine Learning Approach for Identification of Heat Release
Shapes in a Low Temperature Combustion Engine"”, 2022 SAE World Congress, Apr. 5-7, 2022, Detroit,
MI, USA.

10- A. Norouzi*, M. Shahbakhti, C.R. Koch, " Machine Learning-based Diesel Engine-out Emissions Model
and Control Using the Learning-based Control Technique ", 2021 SAE World Congress, Apr. 13-15, 2021,
Detroit, MI, USA.

9- S.A. Nadeem*, P. Reddy*, M. Shahbakhti, M. Ravichandran, J. Doering, " Model Predictive Control of an
Automotive Driveline for Optimal Torque Delivery with Minimal Oscillations during Torque Converter
Slipping Conditions ", 2021 SAE World Congress, Apr. 13-15, 2021, Detroit, MI, USA.

8- B. Khoshbakht*, A. Basina*, J. Valeni, H. Borhan, J. Naber, M. Shahbakhti, " Control-oriented Modeling of
Maximum Pressure Rise Rate in RCCI Engines ", 2021 SAE World Congress, Apr. 13-15, 2021, Detroit,
MI, USA.

7- S. Batool*, J. Naber, M. Shahbakhti, " Closed-loop Predictive Control of a Multi-mode Engine Including
HCCI, PPCI, and RCCI Combustion Modes ", 2021 SAE World Congress, Apr. 13-15, 2021, Detroit, Ml,
USA.

6- S. Hemmati*, N. Doshi*, D. Hanover*, C. Morgan, M. Shahbakhti, " Integrated HVAC and Powertrain
Control for a Connected Plug-in Hybrid Electric Vehicle ", 2019 SAE Thermal Management Systems
Symposium (TMSS), Oct. 15-17, 2019, Plymouth, MI, USA.

5- B. S. Mahadevan*, J. H. Johnson, and M. Shahbakhti, " Development of a MPF Model with a Kalman Filter
State Estimator for Simulation and Control of Particulate Matter Distribution of a CPF for Aftertreatment
System Control Applications ", 2017 CLEERS (Cross-Cut Lean Exhaust Emissions Reduction Simulations)
Workshop, Oct. 3-5, 2017, Ann Arbor, MI, USA.

4- A. Solouk*, M. Shahbaknhti, " Potential of Low Temperature Combustion (LTC) Engine Technology for
Range Extender Vehicles ", 2016 SAE Range Extenders for Electric Vehicles Symposium, Nov. 2-3, 2016,
Knoxville, TN, USA.

3- M. Nazemi*, S. Polat*, M. Shahbakhti, "Advanced Combustion Model of LTC Engines", 2014
CONVERGE™ User Group Meeting, Sept. 23-25, 2014, Madison, Wisconsin, USA.

2- M. Shahbakhti, K. Edelberg*, S. Pan*, A. Hansen*, J. Li*, J. K. Hedrick, " Model-Based Verification and
Real-Time Validation of Automotive Controller Software ", ASME Verification and Validation Symposium,
May 22-24, 2013, Las Vegas, NV, USA.
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1- K. Edelberg*, M. Shahbakhti, J. K. Hedrick, " Modeling and Incorporation of Software Implementation
Uncertainty to Realize Easily Verifiable Automotive Controllers ", ASME Verification and Validation
Symposium, May 22-24, 2013, Las Vegas, NV, USA.

Technical Posters

9- B. Bahri*, M. Shahbakhti, AZEHT team, " Preliminary Winter Performance Results of AZEHT Project in
Edmonton, Alberta "', Canadian Hydrogen Convention, April 25-27, 2023, Edmonton, AB, Canada.

8- J. McNally, E. Sperling, D. Gordon, J. Kheyrollahi, C.R. Koch, M. Shahbakhti, "' Hydrogen-Diesel Dual-Fuel
Combustion Testing ", Canadian Hydrogen Convention, April 25-27, 2023, Edmonton, AB, Canada.

7- N. Balazadeh Meresht, S. Munshi, M. Shahbakhti, G. Mctaggart-Cowan, " Predictive Combustion Modeling
of HPDI Natural Gas Engine for Class-8 Commercial Vehicle Applications ", 39" International Symposium
on Combustion, July 24-29, 2022, Vancouver, BC, Canada.

6- S. Vafaeenezhad, A. R. Hanifi, M. Cuglietta, A. R. Razmi*, A. Khaled Elkashat*, M. Shahbakhti, P. Sarkar,
T. H. Etsell, " High-Efficiency and Stable Solid Oxide Fuel Cells and Electrolysis Cells "', Canadian Hydrogen
Convention, April 26-28, 2022, Edmonton, AB, Canada.

5- M. Mashkournia, A. Ghazimirsaied, J. Boddez, M. Shahbakhti, D. Achtymichuk, D. Handford, " Flexible
Operation of HCCI Combustion Using Intelligent Control ", Canada Auto21 HQP Conference, May 26-28,
2009, Hamilton, ON, Canada.

4- S. Varnhagen, A. Audet, M. Shahbakhti, D. Handford, A. Ghazimirsaied, " Flexible Operation of HCCI
Combustion Using Intelligent Control ", Canada Auto21 HQP Conference, Jun. 1-4, 2008, London, ON,
Canada.

3- A. Audet, R. Lupul, M. Shahbakhti, V. Hosseini, A. Ghazimirsaied, P. Kongsereeparp, X. Yao, " Electronic
Control for VVT and HCCI Combustion ", Canada Auto21 HQP Conference, Jun. 11-13, 2007, Windsor, ON,
Canada.

2- R. Chladny, R. Lupul, M. Shahbakhti, V. Hosseini, P. Kongsereeparp, Y. Gao, " Electronic Control for VVT
and HCCI Combustion ", Canada Auto21 HQP Conference, May 15-17, 2006, Barrie, ON, Canada.

1- R. Chladny, V. Hosseini, S. Chung, K. Frank, P. Kongsereeparp, M. Shahbakhti, " Electronic Control for
VVT and HCCI Combustion ", Canada Auto21 HQP Conference, May 10-12, 2005, Oshawa, ON, Canada.

Teaching/Mentoring Experience

New Course Development
Department of Mechanical Eng., University of Alberta
e MECE 442: Vehicle Propulsion Systems
¢ MECE 610: Machine Learning Control for Engineering Applications

Principal Instructor
Department of Mechanical Eng., University of Alberta
o MECE 442: Vehicle Propulsion Systems, 17 students, Winter 2025
o MECE 610: Machine Learning Control for Engineering Applications, 16 students, Fall 2024
e MECE 541: Combustion Engines, 21 students, Fall 2024
e MECE 541: Combustion Engines, 27 students, Winter 2024
e MECE 610: Machine Learning Control for Engineering Applications, 21 students, Fall 2023
e MECE 541: Combustion Engines, 28 students, Fall 2023
o MECE 442: Vehicle Propulsion Systems, 7 students, Winter 2023
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o MECE 610: Machine Learning Control for Engineering Applications, 5 students, Fall 2022
¢ MECE 541: Combustion Engines, 44 students, Fall 2022 (student evaluation*: 4.6/5)
e MECE 541: Combustion Engines, 43 students, Winter 2022 (student evaluation*: 4.3/5)
o MECE 541: Combustion Engines, 36 students, Fall 2021 (student evaluation*: 4.6/5)
e MECE 340: Applied Thermodynamics, 70 students, 2021 (student evaluation*: 4.8/5)
e MECE 541: Combustion Engines, 14 students, Winter 2021 (student evaluation*: 4.9/5)
o MECE 340: Applied Thermodynamics, 74 students, Spring-Summer 2020 (student evaluation*: 4.9/5)
* The course rating system at the University of Alberta ranks responses to the USRI question 221 “Overall, this instructor was

excellent” on a scale of 1 — 5, with 1 being “strongly disagree” and 5 being “strongly agree”.

Department of Mechanical Eng.-Eng. Mechanics, Michigan Tech. University

¢ MEEM 5295: Advanced Propulsion for Hybrid Electric Vehicles, 28 students, Spring 2019 (student
evaluation: 4.64/5)

e MEEM 2201: Energy-Thermal-Fluids I, 80 students, Fall 2018 (student evaluation: 4.4/5)

¢ MEEM 5295: Advanced Propulsion for Hybrid Electric Vehicles, 45 students, Spring 2018 (student
evaluation: 4.74/5)

e MEEM 2201: Energy-Thermal-Fluids I, 85 students, Fall 2017 (student evaluation: 4.61/5)
e MEEM 2201: Energy-Thermal-Fluids I, 85 students, Fall 2016 (student evaluation: 4.66/5)
o MEEM 5295: Advanced Propulsion for Hybrid Electric Vehicles, 37 students, Spring 2016
e MEEM 2201: Energy-Thermal-Fluids I, 96 students, Fall 2015 (student evaluation: 4.57/5)
e MEEM 2201: Energy-Thermal-Fluids I, 76 students, Spring 2015 (student evaluation: 4.35/5)

o MEEM 2200: Thermodynamics, Spring 2014, two sections, 85 students (student evaluation — ave. of two
sections: 4.3/5)

e MEEM 2200: Thermodynamics, Spring 2013, 26 students (student evaluation: 4.36/5)
e MEEM 5990/6990 Special Topics (graduate courses):
- Optimal and Model Predictive Controls, 7 students, Fall 2013

- Design, Instrumentation, Control of HEV-LTC Powertrain Setup, 20 students, 2013-2016
- Experiment and Simulation of LTC Engine in HEV Powertrain, 4 students, Spring 2013
- HCCI Engine Control, 1 student, Fall 2012

Department of Mechanical Engineering, KNT University of Technology
e MEL16-31: Deign of Combustion Engines, Winter 2010, 28 students (student evaluation: 3.61/4)
e MEL19-31: Environmental Pollution Control, Winter 2010, 32 students (student evaluation: 3.94/4)
Department of Mechanical Engineering, University of Alberta
o MECE 541: Combustion Engines and Alternative Fuels, Fall 2008, 28 students (student evaluation: 4.7/5)
e MECE 541: Combustion Engines and Alternative Fuels, Fall 2009, 50 students (student evaluation: 4.4/5)

Teaching Assistant

Department of Mechanical Engineering, University of Alberta
o MECE 420: Feedback Control Design of Dynamic Systems, Winter 2005, Winter 2006

e MECE 330: Fluid Mechanics, Fall 2004, Fall 2005, Fall 2006, Winter 2007, Winter 2008
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e MECE 541: Combustion Engines, Winter 2009

Teaching Professional Development

o University Teaching Program, University of Alberta, 2004 - 2009

- Completed 50 hours of formal classroom training which covers a wide range of theoretical teaching
topics through seminars and workshops.

Supervising/Mentoring

e Research Associates (3)

- Dr. M. Cuglietta, Research Associate (100%), Simulation and design of Solid Oxides Fuel Cell
stacks, University of Alberta, 2024 - present.

- Dr. P. Sarkar, Research Associate - Principal Advisor in Fuel Cell (100%), Design and fabrication of
Solid Oxides Fuel Cell stack, University of Alberta, 2024 - present.

- Dr. A. Hanifi, Research Associate (100%), Solid Oxides Fuel Cell stack design and fabrication,
University of Alberta, 2022 - present.

e Postdoctoral Scholars (9)

- Dr. A. Razmi, Postdoctoral Researcher (100%), Techno-Economic Analysis of Hydrogen Energy
Solutions, University of Alberta, 2025 - present.

- Dr. S. A. Sobhi, Postdoctoral Researcher (100%), Data Analytics and Software Development,
University of Alberta, 2024 - present.

- Dr. M. Fakouri Hasanabadi, Postdoctoral Researcher (100%), Design, Experimentation, and Analysis
of Fuel Cell Stacks, University of Alberta, 2023 - present.

- Dr. M. Ezzat, Postdoctoral Researcher (100%), Modeling and Assessment of Hydrogen Fueled
Heavy-Duty Vehicles, University of Alberta, 2022 - present.

- Dr. B. Bahri, Postdoctoral Researcher (100%), Analysis and Assessment of City of Edmonton and
Strathcona County Fuel Cell, Electric, and Diesel Buses, University of Alberta, 2022 - present.

- Dr. S. Vafaeenezhad, Postdoctoral Researcher (60%; joint with C.R. Koch), Experimental study of
Solid Oxides Fuel Cells, University of Alberta, 2022 - 2023.

- Dr. O. Wine, Postdoctoral Researcher (50%; joint with A. Osornio Vargas), Transportation Health
Impact in Cold Climates, University of Alberta, 2020 - 2021.

- Dr. H. Solmaz, Postdoctoral Researcher (100%), Experimentation and Analysis of LTC Regimes in
a Light-duty Engine, Michigan Tech University, 2015 - 2016.

- Dr. M. Razmara, Research Engineer (50%; joint with R. Robinett), Building-to-Grid Demand
Response Optimization, Michigan Tech University, 2016 - 2017.

e PhD Students (37)

Thesis advising (26)

N. Fadaei Mobarhan, PhD thesis co-adviser (joint with A. Hakkaki-Fard), Modeling and analysis of
solid oxides fuel cell operation, Laval University, 2024 - present.

A. Shabani, PhD thesis adviser (40%; joint with A. Nouri), Analysis of airborne particles in HYAC
channels for Covid-virus filter disinfection units, University of Alberta, 2022 - present.

A. Vafamand, PhD thesis adviser (60%; joint with C.R. Koch), Machine learning control of battery
electric systems, University of Alberta, 2022 - present.

A. Salahi, PhD thesis adviser (40%; joint with C.R. Koch), Control of fuel cell systems, University
of Alberta, 2022 - present.
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A. Mirzazadeh Akbarpoor, PhD thesis adviser (50%; joint with A. Nouri), Low-cost Technology for

Risk Mitigation of Pathogenic Infection in HVAC Systems, University of Alberta, 2022 - present.

- A. Yasami, PhD thesis adviser (40%; joint with C.R. Koch), Intelligent fleet management using
artificial intelligence, University of Alberta, 2022 - present.

- S. Moghadasi, PhD thesis adviser (100%), Optimization and modeling of natural gas fueled hybrid
electric trucks, University of Alberta, 2021 - present.

- Z. Salehi, PhD thesis adviser (40%; joint with C.R. Koch), Diagnostics of solid oxide fuel
cell degradation using methods of machine learning, University of Alberta, 2021 - present.

- M. Tofigh, PhD thesis adviser (60%; joint with C.R. Koch), Fault diagnostics of solid oxide fuel
cell systems using methods of machine learning, University of Alberta, 2021 - present.

- L. Jiang, PhD thesis adviser (100%), Experimental analysis and control of platooning trucks,
University of Alberta, 2021 - present.

- H. Abediasl, PhD thesis adviser (60%; joint with C.R. Koch), Optimization of university fleet
vehicles to minimize GHG and energy consumption, University of Alberta, 2020 - present.

- A. Razmi, PhD thesis adviser (100%), Design and optimization of hydrogen fueled thermodynamic

cycles, University of Alberta, 2020 - present.

Graduated (15):

- A. Razmi, PhD thesis adviser (100%), Design, Techno-Economic Assessment, and Comparison of
Clean Hydrogen Production/Utilization Technologies Based on High-Temperature Solar Thermal
Energy, University of Alberta, 2020 - 2025.

- B. Khoshbakht Irdmousa, PhD thesis adviser (40%; joint with J. Naber), Modeling and control of
natural gas-diesel RCCI engines, Michigan Tech University, 2016 - 2023.

- S. Shahpouri, PhD thesis adviser (60%; joint with C.R. Koch), Machine learning for emission
modeling of fossil-fueled and hydrogen-fueled internal combustion engines, University of Alberta,
2020 - 2023.

- S. Batool, PhD thesis adviser (60%; joint with J. Naber), Dynamic modeling and control of a multi-
mode combustion engine, Michigan Tech University, 2018 - 2023.

- A. Norouzi Yengeje, PhD thesis adviser (40%; joint with C.R. Koch), Machine learning and deep
learning for modeling and control of internal combustion engines, University of Alberta, 2020 - 2022.

- P. Reddy, PhD thesis adviser (80%; joint with D. Robinette), Design and real-time implementation
of optimal model-based torque shaping automotive control systems, Michigan Tech University, 2018
- 2022.

- V. B. Vinhaes, PhD thesis adviser (50%; joint with J. Naber), Combustion development of a high
efficiency micro pilot diesel natural gas engine, Michigan Tech University, 2016 - 2022.

- C. R. Reddy, PhD thesis adviser (70%; joint with R. Robinett I11), Model predictive control of energy
systems for heat and power applications, Michigan Tech University, 2017 - 2022.

- A. A. Khameneian, PhD thesis adviser (50%; joint with J. Naber), Model-based engine-out emissions

analysis for a gasoline turbocharged direct injection spark-ignition engine in elevated HEV (hybrid
electric vehicle) cranking speed, Michigan Tech University, 2016 - 2021.

- M. R. Amini, PhD thesis adviser (100%), Easily verifiable controller design with application to
automotive powertrains, Michigan Tech University, 2013 - 2017.

- A. Solouk Mofrad, PhD thesis adviser (100%), Model-based control of hybrid electric powertrains
integrated with LTC engines, Michigan Tech University, 2013 - 2017.

- B. Mahadevan, PhD thesis adviser (50%; joint with J. Johnson), Development of a Multi-Zone
Catalyzed Particulate Filter Model and Kalman Filter Estimator for Simulation and Control of
Particulate Matter Distribution of a CPF for Engine ECU Applications, 2014 - 2017.

- M. Razmara, PhD thesis adviser (60%; joint with R. Robinett 111), Predictive control of power grid-
connected energy systems based on energy and exergy metrics, Michigan Tech University, 2012 -
2016.
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- M. Bidarvatan, PhD thesis adviser (100%), Physics-based modeling and control of powertrain
systems integrated with low temperature combustion engines, Michigan Tech University, 2012 -
2015.

- B. Bahri, PhD thesis adviser (30%; joint with A.A. Aziz), Investigation of HCCI engines fueled with
ethanol blends, University Technology Malaysia, 2010 - 2013.

Visiting students (7)

- Y. Long, Visiting PhD candidate from Wuhan University of Technology in China, Modeling a
MicroPilot NG Engine and Integration into a Plug-in Hybrid Electric Truck, University of Alberta,
May 2021 — April 2022.

- M. Toub, co-hosted by Prof. R. Robinett, Visiting PhD candidate from Mohammed V University in
Morocco, Modeling and control of concentrated solar power (CSP) for building energy management
and building-to-grid operation, Michigan Tech University, Sep. 2016 — 2018.

- P. Ahmadizadeh, Visiting PhD candidate from Iran University of Science and Technology, Two-
mode power split hybrid electric powertrain, Michigan Tech University, Feb. 2016 — Oct. 2016.

- K. Poorghasemi, Visiting PhD candidate from Sahand University of Tech in Iran, RCCI engine
combustion modeling, Michigan Tech University, Feb. - Aug. 2015.

- M. Baloo, co-hosted by Prof. S.Y. Lee, Visiting PhD candidate from Amir Kabir University of Tech
in Iran, Experimental combustion diagnosis, Michigan Tech University, Sep. 2014 — Jan. 2015.

- S. Polat, Visiting PhD candidate from Gazi University in Turkey, Modeling and experimental study
of an HCCI engine, Michigan Tech University, Jan. 2014 — Mar. 2015.

- M. Pc¢olka, co-hosted by Prof. R. Robinett, Visiting PhD candidate from Czech Tech University in
Prague, Building energy controls, Michigan Tech University, Jan. 2013 — May 2013.

Mentoring (4)
- S. Hemmati, PhD student, Control of connected and automated hybrid electric vehicles, Michigan
Tech University, 2018 - 20109.
- S. Pan, PhD candidate, Adaptive sliding controller design with robustness to
implementation imprecision, University of California, Berkeley, 2012.
- R. Salehi, Visiting PhD candidate from Sharif University in Iran, Hybrid switching controller for cold
start emission reduction, University of California, Berkeley, 2012.

- Y. Chen, Visiting PhD candidate from Jilin University in China, Control of engine emissions during
cold start, University of California, Berkeley, 2010 - 2011.

e MSc Students (77)

Thesis advising (33)
- M. Moghtader, MSc thesis adviser (40%; joint with A. Nouri), Use of radiative heating for HVAC
filter disinfection, University of Alberta, 2023 - present.
- E. Rasouli, MSc thesis adviser (40%; joint with A. Nouri), CFD modeling of airborne particles in
HVAC channels for Covid-virus filter disinfection units, University of Alberta, 2022 - present.
- Y. Ma, MSc thesis adviser (100%), Modeling and analysis of City of Edmonton fuel cell transit buses,
University of Alberta, 2022 - present.

Graduated (30):
- A. Ansari, MSc thesis adviser (100%), Fuel consumption estimation and analysis of the University
of Alberta fleet vehicles, University of Alberta, 2020 - 2023.
- A. Khaled, MSc thesis adviser (100%), CFD modeling and analysis of anode supported solid oxide
fuel cells, University of Alberta, 2021 - 2023.
- L. Yang, MSc thesis adviser (100%), Driving cycle and driver behavior analysis for University of
Alberta fleet vehicles, University of Alberta, 2021 - 2023.

Page 43 of 51

Petitioner MWE Investments, LLC, et al.
Exhibit 1003, Page 539



Curriculum Vitae Mahdi Shahbakhti 4/28/2025

H. Heidarifar, MSc thesis adviser (100%), Energy optimization of a residential building using
occupancy prediction via sensor fusion and machine learning algorithms, University of Alberta, 2020
- 2023.

- N. Samadi, MSc thesis adviser (100%), Modeling and control of an HVAC system to minimize

COVID-19 virus transmission, University of Alberta, 2020 - 2022.

- S. A. Nadeem, MS thesis main adviser (90%; joint with D. Robinette), Design of an anti-jerk
controller for both locked and slipping torque converter conditions in a vehicle, Michigan Tech
University, 2019 - 2020.

- R. Sitaraman, MS thesis main adviser (60%; joint with J. Naber), Identification of heat release shapes
and combustion control of an LTC engine, Michigan Tech University, 2018 - 2020.

- R. Moharjan, MS thesis adviser (100%), Optimization of diesel engine and after-treatment system
for a series hybrid forklift application, Michigan Tech University, 2018 - 2019.

- A. Basina, MS thesis adviser (100%), Modeling and control of maximum pressure rise rate in RCCI
engines, Michigan Tech University, 2018 - 2019.

- N. Doshi, MS thesis main adviser (80%; joint with D. Robinette), Modeling of thermal dynamics in
Chevrolet Volt GEN II hybrid electric vehicle for integrated powertrain and HVAC optimal operation
through connectivity, Michigan Tech University, 2018 - 2019.

- K. Darokar, MS thesis main adviser (80%; joint with D. Robinette), Automotive driveline backlash
state and size estimator design for anti-jerk control, Michigan Tech University, 2018 - 2019.

- P. Reddy, MS thesis main adviser (60%; joint with D. Robinette), Control oriented modeling of an
automotive drivetrain for anti-jerk control, Michigan Tech University, 2017 - 2018.

- R. Yadav, MS thesis main adviser (70%; joint with D. Robinette), Modeling and analysis of energy
consumption in Chevrolet Volt Gen Il Hybrid Electric Vehicle, Michigan Tech University, 2017 —
2018.

- A. Abhay Raut, MS thesis adviser (100%), Model-based control of an RCCI engine, Michigan Tech
University, 2016 - 2017.

- N. Kondipati, MSc thesis adviser (100%), Experimental Study, Modeling and Controller Design for
an RCCI Engine, Michigan Tech University, 2015 - 2016.

- J. Arora, MSc thesis adviser (100%), Design of Real-Time Combustion Feedback System and
Experimental Study of an RCCI Engine for Control, Michigan Tech University, 2015 - 2016.

- K. Kannan, MSc thesis adviser (100%), An Experimental Investigation of Low Temperature
Combustion Regimes in a Light Duty Engine, Michigan Tech University, 2014 - 2016.

- J. Dobbs, MSc thesis adviser (100%), Model Predictive Control of Building Energy Management
Systems in a Smart Grid Environment, Michigan Tech University, 2013 - 2015.

- K. Khodadadi, MSc thesis adviser (100%), Modeling and Control of Combustion Phasing of an RCCI
Engine, Michigan Tech University, 2013 - 2015.

- M. R. Nazemi, MSc thesis adviser (100%), Modeling and Analysis of Reactivity Controlled
Compression Ignition (RCCI) Engine Combustion, Michigan Tech University, 2013 - 2015.

- M. Paranjape, MSc thesis adviser (100%), Optimal Control of Building Energy with Smart Grid
Interaction, Michigan Tech University, 2013 - 2014.

- H. Saigaonka, MSc thesis adviser (100%), An Investigation of Variable Valve Timing Effects on
HCCI Engine Performance, Michigan Tech University, 2013 - 2014.

- D. Kothari, MSc thesis adviser (100%), Experimental Setup and Controller Design for an HCCI
Engine, Michigan Tech University, 2013 - 2014.

- V. Thakkar, MSc thesis adviser (100%), Modeling and Experimental Setup of an HCCI Engine,
Michigan Tech University, 2013 - 2014.
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A. Soloukmofrad, MS thesis adviser (50%; joint with M. Mahjoob), Modeling and control of a
hybrid electric powertrain using an HCCI engine, University of Tehran, 2011 - 2013.

M. Amini, MSc thesis co-adviser (50%; joint with A. Ghaffari), Model-based Control of Cold Start
Hydrocarbon Emissions in SI Engines, KNT University, 2010 - 2012.

M. Boodaghi, MSc thesis co-adviser (50%; joint with S.A. Jazayeri), Strategies of Misfire Detection
in Gasoline-CNG Bi-fuel Engines, KNT University, 2010 - 2011.

M. Marami, MSc thesis co-adviser (50%; joint with S.A. Jazayeri), Simulation of Qil Circuit in an
Sl Engine at Cold Start Transient Conditions, KNT University, 2010 - 2011.

M. Dehghani, MSc thesis co-adviser (50%; joint with S.A. Jazayeri), Thermodynamic Modeling of
HCCI Exhaust Temperature, KNT University, 2010 - 2011.

M. Bidarvatan, MSc thesis co-adviser (50%; joint with S.A. Jazayeri), Control of Combustion
Phasing in an HCCI Engine, KNT University, 2010 - 2011.

Technical report advising (11)
Graduated (11):

- K. Shah, MEng Capstone project adviser, Data collection and analysis of City of Edmonton buses to
determine passenger comfort, University of Alberta, 2024.

- C. Niu, MEng Capstone project adviser, Alberta residential building’s energy consumption
simulation and optimization, University of Alberta, 2021 - 2022.

- Z. Luan, MEng Capstone project adviser, Performance analysis of alternative heavy-duty transit
buses, University of Alberta, 2021 - 2022.

- M. Owais, MEng Capstone project adviser, Measurement and analysis of fuel consumption, wind
velocity and angle from a class 8 truck, University of Alberta, 2021.

- P. Rakeshkumar, MEng Capstone project adviser, Real-time fuel consumption of university's vehicle
fleet using on-board diagnostic (OBD) sensor, University of Alberta, 2021.

- S. Bhasme, MS technical report main adviser (co-adviser: Dr. Darrell Robinette), Modeling Chevy
Vol Gen Il supervisory controller in charge sustaining operation, Michigan Tech University, 2018 -
20109.

- V. B. Vinhaes, MS technical report co-adviser (50%), Combustion development of a high efficiency
diesel micro pilot natural gas engine, Michigan Tech University, 2016 - 2018.

- K. Surresh, MS technical report main adviser (co-adviser: Dr. Darrell Robinette), Modeling and
analysis of Chevy Volt Gen Il hybrid vehicle in electric mode, Michigan Tech University, 2017 -
2018.

- P. Lakhani, MS technical report main adviser (co-adviser: Dr. Darrell Robinette), Modeling and
analysis for driveline jerk control, Michigan Tech University, 2017 - 2018.

- A. Soloukmofrad, MS technical report adviser, Energy management of hybrid electric powertrains
integrated with low temperature combustion engines, Michigan Tech University, 2013 - 2015.

- M. Razmara, MS technical report main adviser (co-adviser: Dr. Rush Robinett 111), Model Predictive
Control of Building HVAC Systems, Michigan Tech University, 2012 - 2014.

Mentoring (33)
- R. Khonsarian, Short term scholar, Modeling and control of connected and automated vehicles
(CAVs), University of Alberta, 2019-2020.

- V. Prasaad Raghupathy, Short term scholar, Study and analysis of HVAC systems in Electric
Vehicles, Michigan Tech University, 2019-2020.
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A. Mahapatra, Short term scholar, Simulation of CNT materials for three-way catalyst cold start

heating, Michigan Tech University, 2019.

- R. Kamaraj, Short term scholar, Investigations into state-of-the-art hybrid electric vehicles powertrain
configurations, Michigan Tech University, 2018.

- A. Somasundaram, Short term scholar, Modeling of mode switching control strategies of Chevy Volt
Il plug-in hybrid electric vehicle, Michigan Tech University, 2018.

- J. Tripp, Short term scholar, Modeling of powertrain and vehicle dynamics for Chevy Volt I,
Michigan Tech University, 2017.

- M. Darji, Short term scholar, Electrification of high-efficiency engines, Michigan Tech University,
2017.

- K. C. Dhankani, Short term scholar, LPV modeling of an RCCI engine, Michigan Tech University,
2016.

- D. B. Lodaya, Short term scholar, Modeling and optimization of two-mode power split hybrid electric
powertrain, Michigan Tech University, 2016.

- G. Ramanathan, D. Dhanraj, Short term scholars, Control of robot’s electric motor for throwing ball
and demonstration for MTU’s Summer Youth Program, Michigan Tech University, 2016.

- J. Dwivedi, V. Ghadge, E. Malik, D. Dhanraj, Short term scholars, Calibration and torque control of
100-kW E-motor for hybrid electric powertrain test bed, Michigan Tech University, 2015 — 2016.

- R. R. Zakkam, H. Nutulapati, M. Cheruvathur, Short term scholars, Experimental setup for a LTC
engine and hybrid electric powertrain, Michigan Tech University, 2014.

- F. Ahmed, G. Xiong, A. Ketkale, A. Kondra, A. Girase, and H. Su, Short term scholars, Experimental
setup for low temperature combustion engine research, Michigan Tech University, 2013 - 2014.

- Z. Han, S. Viswanathan, Z. Huang, and N. Ghike, Short term scholars, Control of electric motor and
Lithium-ion battery for HEV powertrain, Michigan Tech University, 2013 - 2014.

- B. Moridian, Short term scholar, Adaptive parameter/state estimation for building energy control,
Michigan Tech University, 2012 - 2013.

- A. Hansen, Visiting M.Sc. student from Technische Universitdt Hamburg-Harburg, Discrete sliding
mode control of automotive controllers, University of California, Berkeley, 2012.

- K. Edelberg, MSc student, Robust model-based controller  design  using
implementation imprecision bounds, University of California, Berkeley, 2012.

- A. Cranmer, MSc student, Modeling HC tailpipe emissions from an Sl engine, University of
California, Berkeley, 2010 - 2011.

- S. Sharifirad, Visiting MSc student from KNT University, Automatic driver controller design for

standard driving test cycles simulation, Iran Khodro Engine Research Center, 2003 - 2004.

e BSc Students (34)

Thesis advising (8)

- A. Solouk Mofrad, BSc thesis co-adviser (50%; joint with S.A. Jazayeri), On-board diagnosis of
catalytic converters in Sl engines, KNT University, 2010.
A. Kazemi Taskoh, BSc thesis co-adviser (50%; joint with S.A. Jazayeri), Control strategies to reduce
cold start and warm-up emissions from passenger cars, KNT University, 2010.
M. Aliramezani, BSc thesis co-adviser (50%; joint with S.A. Jazayeri), Control strategies of Anti-
lock Braking Systems (ABS) in passenger cars, KNT University, 2010.
J. Rezaee, BSc thesis co-adviser (50%; joint with S.A. Jazayeri), Experimental study of an HCCI
engine running with butanol blended fuels, KNT University, 2010.

A. Shahrokhshahi and H. Zamani, BSc thesis co-adviser (50%; joint with S.A. Jazayeri), Strategies
to control/monitor evaporative emissions in passenger cars, KNT University, 2010.
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- H. Jafarian, BSc thesis co-adviser (50%; joint with S.A. Jazayeri), Simulation of bearings of a Sl
engine using AVL-EXCITE software, KNT University, 2010.

- M. Amereh, BSc thesis co-adviser (50%; joint with S.A. Jazayeri), Numerical modeling of the flow
under engine's hood of Samand vehicle using Fluent software, KNT University, 2010.

Co-op (6)

- C. D. Reyes, Co-op student, SOFC planar cell fabrication, University of Alberta, Winter 2025.
K. Kunkle-Reed, Co-op student, Test setup design and fabrication for a fuel cell stack, University of
Alberta, Winter-Summer 2025.

J. Sathya Sai, Co-op student, Data collection and synchronization for analysis of two platooning
trucks, University of Alberta, Fall 2021.

S. Virk, Co-op student, Design of a vehicle data acquisition system for two platooning trucks,
University of Alberta, Summer-Fall 2021.

E. Stewart, Co-op student, co-supervised with Prof. Bob Koch, Vehicle OBD setup and data analysis
for reducing vehicle fuel consumption from the UAlberta fleet vehicles, University of Alberta, Fall
2020.

H. Holzer, Co-op student, co-supervised with Prof. Bob Koch, Vehicle OBD setup, University of
Alberta, Summer 2020.

Mentoring (20)

- M. Khani, Short term scholar, Vehicles data processing and analysis, University of Alberta, 2024 -
present.

- D. Hanover, Short term scholar, PV Panel modeling, HYAC modeling for an MTU building and a
Chevy Volt Vehicle, Michigan Tech. University, 2015 — 2018.

- A. Krisztian, Short term scholar, Analysis of the experimental data from Chevy Volt Gen 2 vehicle,
Michigan Tech. University, Summer 2017.

- R. P. Robles, Short term scholar, Sizing Analysis of Energy Storage Systems and Solar PV Panels
for Commercial Buildings, Michigan Tech. University, 2016.

- S. Hedblom, Student project as part of The Honors Institute, Skiing’s mechanical efficiency,
Michigan Tech. University, 2015.

- T. Kovach, Short term scholar, Experimental study of building energy efficiency, Michigan Tech.
University, 2014.

- A. Songji, R. Bhasin, A. Neti, N. Neti, A. Hayashi, S. Bigdeli, S. Raghunathan, Mech. Eng.
undergraduate students, Modeling, control and testing of a 2.4-liter Toyota engine and exhaust
aftertreatment system, University of California, Berkeley, 2012.

- J. Li, and A. Cheng, Senior Mech. Eng. undergraduate students, Verification and hardware-in-the-
loop testing of automotive controllers, University of California, Berkeley, 2012.

- M. Muller, P. Sang Cho, and R. Sze, Senior Mech. Eng. undergraduate students, Model analysis and
control trajectory modification for reducing hydrocarbon emissions in Sl engines, University of
California, Berkeley, 2011.

S. Varnhagen, NSERC summer student, HCCI experimental study, University of Alberta, 2008.
K. Swan, NSERC summer student, HCCI combustion modeling, University of Alberta, 2006.

e Lab Engineers (3)
- L. Yamarte, Lab Engineer (100%), Fabrication of Solid Oxides Fuel Cells, University of Alberta,
2024 - present.

- S. Hanifi, Lab Engineer (100%), Experimentation, Testing, and Analysis of Solid Oxides Fuel Cells,
University of Alberta, 2024 - present.
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- Sh. Sharifi, Lab Engineer (60%), Fabrication, Testing, and Analysis of Solid Oxides Fuel Cells,
University of Alberta, 2022 - 2023.

University/Community Service

Theses/Proposals (examination committee member)
PhD committees (30):

¢ Prasoon Garg, PhD thesis exam, “Intelligent Data-Driven Control Calibration For Automotive Powertrains”,
Eindhoven University of Technology, 2024.

e Fan Wu, PhD thesis exam, “Traffic Management in Mixed Autonomy with CAVs: Sensing, Signal
Optimization, and Trajectory Control”, University of Alberta, 2024.

e Ramin Fathian, PhD candidacy exam, “Evaluating the Prevalence of Shoulder Injury Among Manual
Wheelchair Users”, University of Alberta, 2024.

e Wenkang Zhang, PhD thesis defense, “Scheduling of Remanufacturing Systems based on Metaheuristic
Methods”, University of Alberta, 2023.

¢ Navid Balazadeh Meresht, PhD proposal exam, Simon Fraser University, 2023.

e David Gordon, PhD thesis defense, “Realtime Machine Learning based In-Cycle Control of Homogeneous
Charge Compression Ignition”, University of Alberta, 2023.

e Ajay Singh, PhD thesis defense, “Deterministic Characteristics of Cyclic Combustion Dynamics of
Conventional and Advanced Reciprocating Engines”, Indian Institute of Technology - Ropar, 2022.

e Wenkang Zhang, PhD candidacy exam, “Process Planning and Scheduling for a Flexible Job-shop-type
Remanufacturing System based on Metaheuristic Methods”, University of Alberta, 2022.

e Sajad Vafaeenezhad, PhD thesis defense, “Studying the Microstructure of electrodes for Low-Temperature
Solid Oxide Fuel Cell and Electrolysis Applications”, University of Alberta, 2022.

e Fan Wu, PhD candidacy exam, “V2X Technology Supported Traffic Management System for Signalized
Anrterials”, University of Alberta, 2022.

e Mudasser Seraj, PhD thesis defense, “Mobility and Safety Implications of Automated Vehicles in Mixed
Traffic by Recognizing Behavioral Variations of Drivers”, University of Alberta, 2021.

e Zhihao Zhao, PhD thesis defense, “High Injection Pressure Impinging Diesel Spray Characteristics and
Subsequent Soot Formation in Reacting Conditions”, Michigan Tech University, 2021.

e Alireza Noamani, PhD candidacy exam, “Development of Wearable Technologies for Standing and Sitting
Balance Evaluation”, University of Alberta, 2020.

¢ Jihoon Lim, PhD thesis defense, “Gain-scheduling and Preview Control of Selective Catalytic Reduction
Systems in Diesel Engines”, The University of British Columbia (Vancouver), 2020.

e Xin Wang, PhD proposal and thesis defense, “A Study of Model-based Control Strategy for a Gasoline
Turbocharged Direct Injection Spark Ignited Engine”, Michigan Tech University, 2015-2020.

e David Gordon, PhD candidacy exam, “Realtime Machine Learning based In-Cycle Control of Homogeneous
Charge Compression Ignition for Combustion Stability and Emissions Improvement”, University of Alberta,
2020.

e Mudasser Seraj, PhD candidacy exam, “Mobility and Safety Implications of Automated Vehicles in Mixed
Traffic by Recognizing Behavioral Variations of Drivers”, University of Alberta, 2019.

e Xin Ma, PhD proposal and thesis defense, “Connected Vehicle-Based Distributed Machine Learning for
Adaptive Fuel Consumption and Eco-Driving”, University of Massachusetts at Lowell, 2016-2019.

e Mufaddel Dahodwala, PhD proposal and thesis defense “Experimental and Computational Investigation of
Dual Fuel Diesel-Natural Gas RCCI Combustion in a Heavy-Duty Diesel Engine”, Michigan Tech University,
2016-2018.

e Zhihao Zhao, PhD proposal, “Study of High Injection Pressure Impinging Diesel Spray and Combustion
Processes” Michigan Tech University, 2018.

e Mojtaba Bahramgiri, PhD oral exam, Michigan Tech University, 2018.
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e Guna R. Bharati, PhD proposal, and thesis defense, “Hierarchical Optimization for Vehicle-to-Grid and
Building-to-Grid Integration” Michigan Tech University, 2015-2017.

e Yanyu Wang, PhD proposal, and thesis defense, “The Interaction of Ignition and In-Cylinder Flow on Flame
Kernel Development and Combustion Variability in an Optically Accessible Direct Injection Engine”,
Michigan Tech University, 2014-2017.

o Ehsan Ansari, PhD proposal, and thesis defense, “Combustion, Emissions, and Performance Optimization in
a DI/PFI-RCCI Diesel/Natural Gas Turbocharged Engine”, Michigan Tech University, 2014-2017.

¢ Bin Zhou, PhD proposal entitled “Hybrid Electric Vehicle Battery Aging Estimation and Optimization based
on Energy Consumption Minimization Strategy”, Michigan Tech University, 2017.

o Amir Rezaei, PhD proposal, and thesis defense, “Optimal Energy Management Strategies for Hybrid Electric
Vehicles”, Michigan Tech University, 2015-2017.

¢ Jiongxun Zhang, PhD proposal entitled “Experimental Characterization of Spark Ignited Direct Injection
Gasoline Engine Injection Processes”, Michigan Tech University, 2015.

o Mufaddel Dohodwala, committee member for PhD qualifying exam, Michigan Tech University, 2014.
e Zhuyong Yang, committee member for PhD qualifying exam, Michigan Tech University, 2014.

e Eva Zaéekova, PhD thesis entitled “Identification for Model Predictive Control under Closed-loop
Conditions”, Czech Technical University, 2013.

MSc committees (31):

¢ Lap Quan Au-Yeung, MSc thesis entitled “Applications of Machine Learning in Drop Impact Dynamics and
Drug Discovery”, University of Alberta, 2024.

¢ Lalitha Ganesh Prabhu Komaragiri, MSc thesis entitled “Study of Dynamics of Water Droplet Freezing”,
University of Alberta, 2024.

o Jakub McNally, MSc thesis entitled “Hydrogen-Diesel Dual Fuel Combustion Characterization for an Internal
Combustion Engine”, University of Alberta, 2023.

e Caitlyn Shum, MSc thesis entitled “Addressing Urban Climate Hazard Vulnerability in Canada through
Building Retrofit Techniques and Strategies”, University of Alberta, 2023.

e Amir Hossein Ebrahimnezhad, MSc thesis entitled “Deep Learning in Autonomous UAV Pursuit”, University
of Alberta, 2023.

¢ Michael E. Nicol-Seto, MSc thesis entitled “Investigation of a Drive Mechanism Maodification to Increase
Thermodynamic Power of a Low Temperature Differential Gamma Type Stirling Engine”, University of
Alberta, 2021.

¢ Habiba Imam, MSc thesis entitled “Towards an Autonomous Robot-based Laser Cladding Repair Process: A
Framework for Damage Detection, Localization and Path Planning”, University of Alberta, 2021.

o Aditya Kodkani, MSc thesis entitled “Numerical Analysis of a Hybrid Cooling Tower and its Plume”,
University of Alberta, 2021.

e Ali Lotfi, MSc thesis entitled “Study of Light-duty Gasoline Vehicle Cold Climate NOx and Particulate
Number Emissions in Real-world Driving Conditions”, University of Alberta, 2020.

o Ali Alizadeh, MSc thesis entitled “Assessment of Co-processing Hydrodeoxygenated Fast Pyrolysis Oil and
Vacuum Gas Oil in a Fluid Catalytic Cracking Unit”, University of Alberta, 2020.

e Jason Philip Michaud, MSc thesis entitled “Low Temperature Difference Alpha-Type Stirling Engine for the
Experimental Determination of Optimal Parameters to maximize Shaft Power”, University of Alberta, 2020.

e Mario Alberto Soriano Morales, MSc thesis entitled “Multi-Sensor Data Fusion and Reconfigurable
Measurement System: A Machine Learning Approach”, University of Alberta, 2019.

e Muralidhar Nischal, MSc thesis entitled “Application of Sensor Fusion for SI Engine Diagnostics and
Combustion Feedback”, Michigan Tech University, 2019.
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e Anurag Kamal, MSc thesis entitled “Physical Modeling of Lithium-Ion Aging for Automotive Applications”,
Michigan Tech University, 2018.

o Gaurav Bagwe, MSc technical report entitled ““ Video Frame Reduction in Autonomous Vehicles ”, Michigan
Tech University, 2018.

¢ Huanging Wang, MSc thesis entitled “ Development of Dynamic Programming and Receding Horizon Control
Strategies for GM Volt 1| Multi-mode Hybrid Electric Vehicle ”, Michigan Tech University, 2018.

e Kovid_Sachdeva, MSc technical report entitled “ Development of Optimal Operating Point maps and Mode
Shift Strategy for Chevrolet VVolt Gen Il Plug-in Hybrid Electric Vehicle ”, Michigan Tech University, 2018.

o Kaushik Prabhu, MSc thesis entitled “ Sensor Fusion for Spark Ignited Engines , Michigan Tech University,
2018.

e Yash Borghate, MSc thesis entitled “ Cold Start Analysis and Modeling of a Direct-Injection Gasoline
Engine ”, Michigan Tech University, 2018.

o Abhishek Jadav, MSc thesis entitled “Experimental and Modeling Study of Particulate Matter Oxidation under
Loading Conditions for a SCR Catalyst on a Diesel Particulate Filter ”, Michigan Tech University, 2017.

e Sandesh S. Rao, MSc thesis entitled “An Experimental Investigation on the Effect of Dual Coil Ignition
Discharges on Dilute Combustion in a Spark Ignition Engine ”, Michigan Tech University, 2017.

o Omkar Dilip Rane, MSc thesis entitled “Multi Resonant Feedback Control of Wave Energy Converters using
Recursive Least Squares”, Michigan Tech University, 2017.

¢ Biswajit Barik, MSc thesis entitled “Designing a Real-time Velocity Predictor for Powertrain Optimization of
Connected and Automated Vehicles”, Michigan Tech University, 2017.

¢ Reem Merchant, MSc thesis entitled “New Model to Predict Heat Transfer Coefficient for Flow Boiling in
Microfin Tubes”, Michigan Tech University, 2016.

¢ Arya Yazdani, MSc thesis entitled ““Air Charge Estimation for an SI Engine using In-cylinder Pressure Sensor”,
Michigan Tech University, 2016.

e Rui Hu, MSc thesis entitled “State of Charge Balancing Droop Control”, Michigan Tech University, 2015.

¢ Prathamesh Chendvankar, MSc technical report entitled “1D Simulation of Direct Water Injection in a Spark
Ignited Engine”, Michigan Tech University, 2015.

¢ Jiongxun Zhang, MSc technical report entitled “Optical Access Engine Setup and Validation”, Michigan Tech
University, 2015.

e Ritam Misra, MSc thesis entitled “Impact of Plug-in Electric Vehicles and Wind Generators on Harmonic
Distortion of Electric Distribution Systems”, Michigan Tech University, 2014,

e Zhe Huang, MSc technical report entitled “SVPWM Switching Pattern for Z-Source Inverter, Simulation and
Application in HEV/EV Motor Drive”, Michigan Tech University, 2014.

e Dustin Loveland, MSc thesis entitled “Development of a Predictive Combustion Model of a Spark Ignited
Engine with Gasoline Direct Injection, Variable Valve Timing, Duration and Lift Technologies”, Michigan
Tech University, 2012.

University Service

e Member of University of Alberta's Institutional Advisory and Oversight Committee on Equity, Diversity and
Inclusion (EDI), 2024 — present

o Member of the Association of Academic Staff of the University of Alberta (AASUA) Finance Committee,
University of Alberta, 2020 — present
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e Member of Review and Adjudication Committee for Killam/Notley Postdoctoral Fellowships, University of
Alberta, 2025

o Member of AASUA Equity & Diversity Committee, University of Alberta, 2020 — present

o Member of Faculty Hiring Committee for Mechatronics position, Department of Mechanical Engineering,
University of Alberta, 2023

o Member of University of Alberta District Energy System - Master Energy Plan Advisory Committee, 2022 —
2024

¢ Judge for Faculty of Engineering Graduate Research Symposium, University of Alberta, 2022, 2023
e Volunteer for the Engineering Booth at U of A Open House 2022, University of Alberta, 2022
o Co-adviser of Alternative Energy Enterprise (AEE), Michigan Tech. University, 2018 - 2019

e MTU Review Committee to Assess Participation into National APLU (Association of Public and Land-grant
Universities) Program to Increase the Diversity of STEM Faculty, Michigan Tech. University, Fall 2017.

e Member of MEEM Department Seminar Committee, Michigan Tech. University, 2012 — 2016.
e Judge for MEEM Senior Capstone Design Critical Design Review, Michigan Tech. University, Spring 2017.
e Facilitator at the MEEM and Graduate School Orientation, Michigan Tech. University, 2016.
o Member of MEEM Department Faculty Development Committee, Michigan Tech. University, 2014.
¢ Judge for Undergraduate Research Expo, Michigan Tech. University, 2015.
¢ Review panel for Research Excellence Fund - Mentoring Grant Proposals, Michigan Tech. University, 2014.
¢ Judge in Graduate Research Colloquium (GRC), Michigan Tech. University, 2013, 2015.
e Faculty host for two of the MTU’s Leading Scholar Award Finalists, Michigan Tech. University, 2012,
2013.
Community Service

e Led and co-organized a half-day workshop on “Controls and Robotics” in Michigan Tech’s Summer Youth
Program -- ME: Design the Future, high school students in grades 9-12, Jul. 27, 2016.

e Mentoring FIRST® Robotics Competition Team on motor controller design, Houghton High School, 2016
¢ Judge in Western UP Science Fair, Houghton, MI, March 23, 2015.

¢ Judge in Canada-Wide Youth Science Fair, Ottawa, May 10-18, 2008.

o Member of University of Alberta Student Life Advisory Committee for graduate students, 2008-2009.

o Student representative of the University of Alberta graduate students in the Council of Faculty of Graduate
Studies and Research (FGSR), 2007-2009.

e Member of University of Alberta Grant Selection Committee for graduate students, 2007-2008.

o Elected Vice-President Events of Mechanical Engineering Graduate Students Association (MEGSA),
University of Alberta, 2007-2008.

¢ One of the main coordinators for 2008 GSA (Graduate Students Association) Universal Orientation for over
400 new graduate students recruited to the University of Alberta in September 2008.

¢ Judge in Edmonton Regional Science Fair, Northern Alberta Institute of Technology (NAIT), Edmonton,
April 9, 2007.
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DESCRIPTION
1. TITLE OF THE INVENTION
GASOLINE-LPG COMBINED ENGINE

3. DETAILED DESCRIPTION OF THE INVENTION

(Industrially Applicable Field)

[0001] The present invention relates to a gasoline-LPG combined engine

configured to selectively use gasoline or LPG as a fuel.

(Known Technology)

[0002] There have been known that a gasoline-LPG combined engine which is
configured to be able to selectively supply gasoline or LPG to an engine so
that the engine is operated as a gasoline engine by supplying gasoline when
an output of the engine is required, whereas the engine is operated as an LPG
engine by supplying LPG when economy is required (see, for example,
Japanese Patent Application Laid-Open No. S57-102547).

(Problems to be Solved by the Invention)

[0003] Meanwhile, in the case when gasoline is supplied by a carburetor
including a float chamber in the above-mentioned known gasoline-LPG
combined engine, the operation of the gasoline engine and the operation of
the LPG engine are switched by selectively supplying gasoline to the float

chamber and supplying LPG to the engine.

[0004] However, in this case, even if the supply of gasoline to the float chamber
is interrupted in order to switch from the gasoline engine operation state to the
LPG engine operation, a predetermined amount of gasoline still remains in the

float chamber, so that this residual gasoline is sucked into an intake passage

Petitioner MWE Investments, LLC, et al.
Exhibit 1003, Page 556



10

15

20

25

30

and mixed with LPG, and as a result, the air-fuel mixture has an over-rich air-
fuel ratio. Furthermore, since the level of the gasoline in the float chamber
decreases due to this suction of the residual gasoline, even if the supply of
gasoline to the float chamber is started in order to reversely switch the LPG
engine operating state to the gasoline engine operation state, the suction of
the gasoline from the float chamber to the intake passage is delayed until the
level of the gasoline recovers to a predetermined value, and as a result, the

air-fuel ratio of the air-fuel mixture becomes over-lean.

[0005] The present invention has been made in view of such points, and an
object of the present invention is, in a gasoline-LPG combined engine
comprising a carburetor equipped with a float chamber, to enable switching
between a gasoline engine operation and an LPG engine operation during the
operation of the engine without causing becoming over-rich of an air-fuel
mixture when switching to the LPG engine operation and becoming over-lean
when switching to the gasoline engine operation by blocking suction of
gasoline from the float chamber to an intake passage during operation of the

LPG engine.

(Means for Solving Problems)

[0006] In order to achieve the above-mentioned object, the solution means of
the present invention is based on the premise that it includes a carburetor
comprising a float chamber and being disposed in an intake passage of the
engine; an LPG mixer disposed in series with the carburetor in the intake
passage; a gasoline supplying means configured to supply gasoline to the
carburetor; an LPG supplying means configured to supply LPG to the LPG

mixer; and

[0007] a switching means configured to selectively operate the gasoline
supplying means and the LPG supplying means. Furthermore, the solution

means includes a control valve configured to allow or block suctioning of
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gasoline from the float chamber to the intake passage, wherein the control
valve is configured to operate to block the suctioning of gasoline when the

operation of the LPG supplying means is selected by the switching means.

(Action)

[0008] According to the above-mentioned configuration, in the present
invention, during the operation of the engine, at the time of switching the LPG
engine operation in which the operation of the LPG supplying means is
selected by the switching means, the control valve blocks the suction of
gasoline from the float chamber to the intake passage, so that the gasoline
remaining in the float chamber is not sucked out to the intake passage, which
blocks the air-fuel mixture from being over-rich. On the other hand, at the time
of switching to the gasoline engine operation, the residual gasoline at the
above-mentioned predetermined level is rapidly sucked out to the intake

passage, which blocks the air-fuel mixture from being over-lean.

(Examples)

[0009] Examples of the present invention will be described below based on the

drawings.

[0010] FIG. 1 shows First Example of the present invention. In this drawing, E
denotes an engine with a specification of an existing carburetor, | denotes an
intake passage connected to the engine E, and a two-barrel type carburetor 1
is disposed in the intake passage |. Venturi portions 2a and 2b are formed in
a primary side intake passage |1 and a secondary side intake passage |2 of the
carburetor 1, respectively, and throttle valves 3a and 3b are disposed
downstream of the Venturi portions 2a and 2b. Furthermore, a choke valve 4
for choking the primary side intake passage |1 when the engine is cold is
disposed on the upstream side of the Venturi portion 2a of the primary side

intake passage l1. Furthermore, 5 denotes a float chamber in which gasoline
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is stored, and the float chamber 5 is communicated with the Venturi portions
2a and 2b of the carburetor 1 via a fuel outflow passage 6 having a small
diameter, so that the gasoline in the float chamber 5 is sucked into the Venturi
portions 2a and 2b and atomized and supplied during the operation of the

engine E.

[0011] Furthermore, an LPG mixer 7 for vaporizing LPG and supplying the
vaporized LPG to the intake passage | is mounted on the upper portion of the

carburetor 1 in the intake passage |.

[0012] The float chamber 5 is communicated with a gasoline tank 11 by a
gasoline supplying passage 8 via a pump 9 and a filter 10, thereby constituting
a gasoline supplying means 12 configured to supply the gasoline in the
gasoline tank 11 to the carburetor 1 via the float chamber 5. Furthermore, the
LPG mixer 7 is communicated with an LPG bomb 16 as an LPG supplying
means by an LPG supplying passage 13 via a vaporizer 14 for vaporizing LPG
and a filter 15.

[0013] Furthermore, a gasoline cut valve 17 configured to close the gasoline
supplying passage 8 in response to a cut signal (described later) is provided
in the gasoline supplying passage 8 so as to intervene between the float
chamber 5 and the pump 9. On the other hand, an LPG cut valve 18 configured
to close the LPG supplying passage 13 in response to a cut signal (described
later) is provided in the LPG supplying passage 13 so as to intervene between
the vaporizer 14 and the filter 15. Both of the cut valves 17 and 18 are
connected to a gasoline-side contact point 19a and an LPG side contact point
19b of a two-pole fuel switching switch 19, respectively, and a switching means
22 in which a common contact point 19a of the fuel switching switch 19 is
connected to a battery 21 via an ignition switch 20. When the ignition switch
20 is turned ON, when the engine E is operated as a gasoline engine, the fuel
switching switch 19 is switched to the gasoline-side contact point 19a and a

cut signal is input to the LPG cut valve 18 to block the supply of LPG to the
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LPG mixer 7 and operate the gasoline supplying means 12 to supply gasoline
to the carburetor 1, whereas when the engine E is operated as an LPG engine,
the fuel switching switch 19 is switched to the LPG side contact point 19b and
a cut signal is input to the gasoline cut valve 17, whereby the gasoline supply
to the carburetor 1 is blocked, and an LPG supplying means (LPG bomb) 16
is operated to switch so as to supply LPG to the LPG mixer 10, is provided.

[0014] Furthermore, a control valve 23 configured to open and close the fuel
outflow passage 6 is disposed so as to intervene in the fuel outflow passage
6. the control valve 23 is connected to the gasoline contact point 19a of the
fuel switching switch 19, and is configured so that when the fuel switching
switch 19 is switched to the gasoline contact point 19a side, that is, when the
operation of the gasoline supplying means 12 is selected, the control valve 23
is turned ON upon receiving a cut signal to open the fuel outflow passage 6,
thereby allowing the gasoline to be sucked from the float chamber 5 to the
Venturi portions 2a and 2b, whereas when the fuel switching switch 19 is
switched to the LPG contact point 19b side, that is, when the operation of the
LPG bomb 16 is selected, the control valve 23 is turned OFF by not receiving
a cut signal to close the fuel outflow passage 6, thereby blocking the suction

of the gasoline from the float chamber 5 to the Venturi portions 2a and 2b.

[0015] Incidentally, 24 refers to an air cleaner mounted on the upper portion of
the LPG mixer 7.

[0016] Therefore, in the above-described Example, during the operation of the
engine, when the operation is switched to the LPG engine operation, the
control valve 23 is turned OFF to close the fuel supplying passage 6 so that
the gasoline remaining in the float chamber 5 is not sucked into the Venturi
portions 2a and 2b. Therefore, becoming over-rich of the air-fuel mixture due
to the suction of the gasoline can be prevented, and the level of the gasoline
in the float chamber 5 can be maintained at a predetermined value.

Furthermore, during the engine operation, when the operation is switched to
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the gasoline engine operation, the control valve 23 is turned ON by a cut signal
from the gasoline-side contact point 19a of the fuel switching switch 19 to open
the fuel supplying passage 6, whereby the gasoline remaining in the float
chamber 5 at a predetermined level is quickly sucked into the Venturi portions
2a and 2b, thereby preventing the air-fuel mixture from becoming over-lean.
Therefore, it is possible to appropriately switch between the gasoline engine
operation and the LPG engine operation during the engine operation while
securing a good combustion state by preventing the air-fuel mixture from
becoming over-rich when switching to the LPG engine operation and from

becoming over-lean when switching to the gasoline engine operation.

[0017] Furthermore, since it is only necessary to mount the LPG mixer 7 on
the upper portion of the carburetor 1 in the intake passage | in the engine E
having an existing carburetor specification, it is possible to provide a gasoline-
LPG combined engine more easily than that in the case of newly designing it,

and the cost therefor can be reduced.

[0018] Furthermore, FIG. 2 shows Second Example of the present invention,
in which a control valve 23’ configured to open an air bleed passage 25, of
which the upstream side is open to the upstream side of a primary side intake
passage |1 and the downstream side is communicating with a fuel outflow
passage 6, is disposed so as to intervene in the air bleed passage 25, and the
control valve 23’ is connected to a gasoline contact point 19a of a fuel switching
switch 19 so that when the fuel switching switch 19 is switched to the gasoline
contact point 19a side, the control valve 23’ is turned ON by outputting a cut
signal to open the air bleed passage 25 to supply air to a fuel outflow passage
6 to allow gasoline to be sucked from a float chamber 5 to Venturi portions 2a
and 2b, whereas when the fuel switching switch 19 is switched to the LPG
contact point 19b side, the control valve 23’ is turned OFF to close the air bleed
passage 25 by stopping the output of the cut signal to block the supply of the
air to the fuel outflow passage 6 to block the gasoline from being sucked out

of the float chamber 5 to the Venturi portions 2a and 2b. Second Example

Petitioner MWE Investments, LLC, et al.
Exhibit 1003, Page 561



10

15

20

25

exerts similar action and effect to those exerted by the above-mentioned First

Example.

(Effects of the Invention)

[0019] As described above, according to the gasoline-LPG combined engine
of the present invention, since the engine is configured so that the suction of
gasoline from the float chamber of the carburetor to the intake passage is
blocked during the operation as an LPG engine, the air-fuel mixture due to the
suction of the gasoline remaining in the float chamber to the intake passage
during the switching from the engine operation state to the LPG engine
operation state can be prevented from being over-rich, whereas during
switching to the gasoline engine operation state, the air-fuel mixture can be
prevented from being over-lean by suction of the residual gasoline to the intake
passage at the above-mentioned predetermined amount. Therefore, gasoline
engine operation and LPG engine operation can be appropriately switched

during the operation of the engine while keeping a fine combustion state.

4. BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIGs. 1 and 2 show Examples of the present invention, wherein FIG. 1
is an overall schematic diagram showing First Example, and FIG. 2 is a

diagram corresponding to FIG. 1 showing Second Example.

[0021] E ... Engine, | ... Intake passage, 1 ... Carburetor, 5 ... Float chamber,
6 ... Fuel outflow passage, 7 ... LPG mixer, 12 ... Gasoline supplying means,
16 ... LPG bomb, 19 ... Fuel switching switch, 22 ... Switching means, 23, 23’ ...

Control valve.
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2. Claims

1. A gasoline-LPG combined engine, comprising:

a carburetor comprising a float chamber and being disposed in an
intake passage of the engine;

an LPG mixer disposed in series with the carburetor in the intake
passage;

a gasoline supplying means configured to supply gasoline to the
carburetor;

an LPG supplying means configured to supply LPG to the LPG mixer;
and

a switching means configured to selectively operate the gasoline
supplying means and the LPG supplying means; and

further comprising a control valve configured to allow or block suctioning
of gasoline from the float chamber to the intake passage,

wherein the control valve is configured to operate to block the suctioning
of the gasoline when the operation of the LPG supplying means is selected by

the switching means.
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Carburet?

he carburetor measures the correct quan-

tity of fuel to be supplied to the engine,

breaking it down into small droplets

called atomization and mixing the fuel
with air. The carburetor must correctly proportion
the amounts of fuel and air, regardless of the speed
and load at which the engine is operating. Due to the
differences in weight between fuel and air and the
changing pressures to which they are subjected, the
problem of maintaining correct mixture proportions
is very difficult. For this reason, good carburetors
have complicated construction.

The carburetor breaks the fuel into various sizes
of drops suspended in an air stream so that the
droplets vaporize easily before they reach the com-
bustion chamber. The completeness of the vaporiza-
tion depends on the following factors:

1. Volatility of the fuel. The more volatile fuels
vaporize more rapidly.

2. Temperature of the air. Higher temperatures
increase the rate of vaporization.

3. Degree of atomization. A greater degree of fuel
atomization presents the maximum amount of
surface, and the fuel is more readily vaporized.

In the time allowed for mixing the vapors of fuel
with air, it is not possible to obtain a thorough mix-
ing so that all the fuel particles will react with all of
the oxygen particles. In order to consume all of the
fuel or oxygen, there must be an excess of one or the
other, Maximum power will occur when all the oxy-
gen is consumed, which necessitates extra fuel par-
ticles, Maximum power fuel will be a rich mixture,
The most economical mixture will have all the fuel
particles consumed by supplying a lean fuel mixture
with excessive air.

108 Schuster / Small Engine Technology
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A carburetor must be able to provide differep
fuel ratios between 11:1 and 16:1 to Provide ﬁ.lr
maximum power and greatest economy, '

CARBURETOR

CONSTRUCTION

A carburetor is a metering device for mixingfyy
and air, as shown in Figure 4-1. The correct
ture in the combustion chamber is essential for
engine to run properly. Two conditions must b
met for proper carburetion. The fuel must be inf
duced to the incoming air stream and it must b
vaporized.

16
7 /
Fig. 4-1 Carburetor construction.
(Courtesy of William A. Schuster)
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VENTURI

The venturi, marked with #1 in Figure 4-1, ig the
o owed part of the carbl.lretor tube where 5 suction
is created and the velocity of the incoming ajr i
ncreased (see Figure 4-2). If you open the choke anq
hrottle plate of the carburgtor and look through the
channel or air horn, you will notice that the venturi
is the constricted section, as showp in Figure 4-3,

VAIN DISCHARGE TUBE

The main discharge tube, marked with #2 in Fig-
ure 4-1, is the part through which the fye) travels
fom the fuel container to the air stream in the ven-
wri during high-speed operation,

The main discharge tube of the carburetor is a tube,
one end of which is connected to the venturi ang the
other in the fuel container found below, While air is
flowing through the venturi, the effect wil] be the

Effects of venturi\’

1. Air speed increased.

2. Vacuum created.

fig.4-2 Effects of venturi. (Courtesy of William A. Schuster)

Venturi

same as putting a straw in one's mouth and su'ck1‘ng
on it. If one end of the straw is placed into a liquid,
the fluid will be drawn up the straw. The fuel con-
tainer can be the float bowl, part of the fuel tank, or
the entire fuel tank. The fuel is actually pushed
through the main jet tube by the difference in pres-
sure between the atmosphere and the venturi throat,
as shown in Figure 4-4. Normal atmospheric pressure
Pushes on the fuel in the reservoir and moves the fuel
to the low pressure area in the venturi.

The greater the volume of air passing through the
venturi, the higher the vacuum and the larger the
amount of fuel that will be sprayed into the air
stream at the main discharge tube.

Alr
cleaner

Venturi

Fig. 4-3 Venturi is the constricted section in the air horn.
(Courtesy of William A, Schuster)

Engine side

Low
pressure

Vacuum

Atmospheric

pressure j

fi o
44 Fyg is pushed through the main jet tube. (Courtesy of William A. Schuster)

Engine
cylinder
Intake
valve
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FUEL CONTAINER

The fuel container, marked with #3 in Figure 4-1,

hollds.the fuel for use by the different metering cir-
Cuits in the carburetor.

FUEL SUPPLY INLET

. The fuel supply inlet, marked with #4 in Figure 4-1,
is where fuel enters the fuel container from the
engine’s fuel tank.

FLOAT

The float, marked with #5 in Figure 4-1, is used to
control the level of fuel in the fuel container. An
essentially unchanging level of fuel must be main-
tained. Proper metering of fuel-to-air ratios is depen-
dent on a constant distance from the venturi to the
surface of the fuel in the container.

When the engine speed or load increases, fuel is
rapidly pulled out of the fuel bowl and into the ven-
turi. This makes the fuel level and float drop in the
bowl. Fuel enters the bowl and the float rises.

INLET NEEDLE

The inlet needle, marked #16 in Figure 4-1, opens
as the float level drops and fuel is allowed to enter
the bowl area. As the fuel level rises, the float push-
es the inlet needle back and shuts off the incoming
fuel. When the engine is operating, the float and
inlet needle regulate the incoming fuel flow to main-
tain the proper fuel level in the fuel container.

BOWL VENT

The bowl vent, marked with #6 in Figure 4-1,
allows atmospheric air pressure to enter the carbu-
retor system. The difference in atmospheric pressure
(relatively high) and the venturi pressure (relatively
low) pushes the fuel from the fuel container into the
venturi while the engine is operating. The vent tends
to maintain the air pressure above the surface of the
fuel in the bowl at atmospheric levels.

The bowl vent may be an external or internal
type. An external vent can be found on the outside
of the carburetor body, as shown in Figure 4-5. An
internal vent is commonly found in the carburetor

110 Schuster / Small Engine Technology

Fig. 4-5 External bowl vent.
(Courtesy of William A. Schuster)

Fig. 4-6 Internal bowl vent.
(Courtesy of William A. Schuster)

air horn near the choke side of the carburetor. ®
shown in Figure 4-6. An advantage of an inf®

vent is that a larger venturi can be used in order”
maximize the horsepower of the engine becaus® Z
pressure supplied to the surface of the fuel mms.
fuel container is higher than the atmospheri¢ P™
sure since air moving through the carbure!

forced into the vent opening.
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HIGH-SPEED MIXTURE
ADJUSTMENT NEEDLE

The high-speed mixture adjustment neeqje
marked with #7 in Figure 4-1, ig used to contrg] thé
amount of fuel entering the air streap, at high speed,
It can be turned in to decrease the amount of fuel
which makes the air-fuel mixture lean (in fuel), 01:
turned out for a rich (in fuel) air-fye) mixture.

HIGH-SPEED AIR BLEED

The high-speed air bleed, markeq with #8 in Fig-
ure 4-1, allows air to break up the fye] before enter-
ing the air stream in the venturi. When the ajp enters
the carburetor, it forms a slight pressure near the
venturi as the molecules are backed up while wait-
ing to enter the venturi. This backup of air mole-
cules increases the pressure slightly on the choke
side of the venturi. With the high-speed air bleed
located in this high-pressure area, some of the air
moves through this channel to mix with the fuel in
the main discharge tube.

THROTTLE PLATE

The throttle plate, marked with #9 in Figure 4-1,
controls the air flow through the venturi, thereby
controlling the fuel flow to the engine. When the
throttle plate is closed, all the air flow to the engine
would cease; therefore, the throttle plate must be
held open slightly by the idle speed screw, marked
with #15 in Figure 4-1. When the throttle plate is
opened fully, the air flow into the engine is limited
by the size of the venturi.

CHOKE PLATE
The choke plate, marked with #10 in Figure 4-1,
Partially blocks off ajr flow, creating low pressure
‘oughout the carburetor to provide a rich in-fuel
mixture for go)g starting. The fuel is drawn into the
wited air flow from the main discharge tube and
¢idle Passages,

DLE pAss A GE

&% The idle Passage, marked with #11 in Figur'e 4-1,
Nects the carburetor’s bowl to the engine side of

the throttle plate. Fuel is forced through 'this
Passage when the throttle plate moves to the idle
position.

LOW-SPEED MIXTURE
ADJUSTMENT SCREW

The low-speed mixture adjustment screw, marked
with #12 in Figure 4-1, is used to meter the precise
amount of fuel for engine operation at idle.

IDLE AIR BLEED

The idle air bleed, marked with #13 in Figure 4-1,
allows air to atomize the fuel before entering the air
stream while the engine is idling. This premixing of
the fuel and air increases the efficiency of engine
combustion. When the throttle plate is in the idle
position, the transitional fuel passage, marked with
#14 in Figure 4-1, also allows air to bubble into the
idle passages.

TRANSITIONAL FUEL PASSAGES

The transitional fuel Passage, marked with #14 in
Figure 4-1, provides a temporary fuel supply to the
engine during the transition from idle to high-speed
operation. As the throttle plate begins to open, both
the transitional fuel Passages and the idle passage
provide the air-fuel mixture.

CARBURETOR FuncTtions

EVAPORATION OF GASOLINE

Liquid gasoline will not support rapid combus-
tion without being changed to a mist or broken
down or atomized into tiny drops. When liquid
gasoline is introduced to the venturi, it is gasified by
its collision with the rapidly moving air mass. The
atomized fuel then flows to the intake manifold
where the pressure is low, and any remaining liquid
gasoline evaporates further. Vaporization is finally
completed with the heat generated by the compres-
sion of the air-fuel mixture in the cylinder.

Chapter effianr/Ejpyesty
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FUEL CONTROL

The size of the venturi is matched with the power
of the engine. If the engine is operated constantly in
a full-load condition, a relatively large venturi can
be used for maximum efficiency and power, but
since most engines are designed to run from no-load
to full-load (idle to high speed), the air-to-gasoline
rfltio must be changed for different operating condi-
tions. Heavy loads and fast acceleration necessitate a
richer mixture. The venturi is narrowed enough to
allow good suction at midrange speeds, and an idle
circuit is added so that the engine will still draw fuel
at low speeds. Either a fuel adjustment screw regu-
lates the amount of fuel going up the main nozzle or
a nonadjustable metering jet is used.

The venturi size directly affects the volumetric
efficiency of the engine, which determines the
horsepower rating of the engine.

EFFICIENT COMBUSTION

If the engine is warm, the air-fuel mixture enters
the combustion chamber in a vaporized state. In an
engine that has not yet reached operating tempera-
ture, some of the gasoline condenses before it goes
into the cylinder. The ratio of air-fuel for proper
combustion is dependent upon engine and intake air
temperatures as well as many other factors.

During combustion 'the .ail'-fuel mi"‘tureb
very rapidly. Combustion is not ap “ncontr“"‘l
explosion, but rather a regule}ted burn With 5 Ol
release of heat energy, causing the aj; g Tay
in the cylinder to expand and force the m:

downward.

STARTING THE ENGINE

When the air-fuel mixture is drawn ing, the ot
der on the intake stroke of the piston anq the e“ﬂm
is cold, the gasoline vapors tend to condeng :
large drops on their way to the cylinder. Becays,
the gasoline supplied to the cylinders does |
vaporize, it becomes necessary to supply 5 Tich g
ture in order to have enough vapor for combusﬁoug,;
occur. This is accomplished by a choke, eNrichne
system, or primer.

Choke system

When the choke is tilted in the carburetor
restrict the amount of air entering the air ho
greater suction is created and a larger amount of fié
is drawn into the combustion chamber from the d:
passages and the main discharge tube, as showi
Figure 4-7.

= > Throttle
Air cleaner side ] Venturi Engine side
Choke F_’ o/ Vacuum
Atmospheric

pressure =

Fig. 4-7 Choke system. (Courtesy of William A. Schuster)

112 Schuster / Small Engine Technology
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Enr ichment system pressure difference in the venturi, which causes a

An enrichment system is an air-fue] metering cir- discharge of fuel from the nozzlg. as Sh(:lWlIll_m -l:; ‘8;’3
cuit separate from other carburetor circuits. Fuel for 4-4. Throughout the {ntermedlatg anth 13}1 nfe of
the circuit is drawn from the float by through an | Tanges, this discharge increases with the volu

enrichment jet. The enrichment jet is activated by air passing through it fio that a uniform air-fuel mix-
i : io i intained.
¢ user through a special lever. Whep, the plunger is ture ratio is main o
Ell:an. the enrichment circuit is blockeq I:mc:igdoes An adjusting needle or preset main jet controls

the amount of fuel that enters the air stream. Maxi-
mum power is obtained with a mixture of from 12 to
14 parts of air to 1 part fuel. An excessively le‘zan or
rich fuel mixture will not burn properly and will not
produce maximum power. If an engine is operating

not operate. thzn the plunger is raised, a rich air-
fuel mixture is discharged from the enrichment port,
which is located directly behind the venturi,

Primer system on too lean a mixture for maximum power and C;llr-

i i i i justments are made to increase the

The primer system provides a rich mixture by buretor adjus : _ )

increasing the pressure in the top of the fue] bowl to amount of fuf_zl in the mixture, the horsepower out
force extra fuel into the venturi. Another way is by put will also increase.

i i At partially open throttle plate position, it is pos-
ushing down on the float to force a higher than nor- . : ? .
gml float bowl level and create a rich condition, sible to obtain maximum power at a leaner fuel mix

In a diaphragm carburetor, the diaphragm may be ture wherein the best air fuel ratio is 16:1.
lifted mechanically or pneumatically, as shown in

By IDLE SPEED OPERATION
When the throttle plate is closed or slightly
HIGH-SPEED OPERATION open, E::lly ; sma?l afnolimteof Sair ca; pass through

The high-speed circuit is provided by the main the air horn and flow around the thlrottle plate, as
discharge tube, marked with #2 in Figure 4-1, which shown in Figure 4-9. The air speed is so low, and
is centered in the venturi. When the throttle plate is there is such a small amount of air passing through,

opened sufficiently, the air passing through creates a that hardly any vacuum develops in the venturi;
thus, the main discharge tube in the venturi will

not feed any fuel. For this reason, the carburetor
must have an idle circuit.

When the throttle plate is in the idle position, the
amount of air and fuel is greatly reduced as com-
pared with wide-open throttle plate conditions. The
mixture tends to burn more slowly and a richer fuel
mixture is necessary.

Idling speed of the engine is controlled by the air
flow past the throttle plate, and the volume of the air
flow is controlled by the setting of the idle speed
adjusting screw,

INTERMEDIATE SPEED
OPERATION

When the throttle plate is placed at a position that

is less than the high-speed position but greater than

Fig. 4.8 Pn ic pri the idle position, not only does the vacuum formed
' €umat tem. . y . "

(Courtegy of m”,-:;npz_m;;hs::t:,) in the main venturi draw fuel into the air stream, but
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Venturi

Choke —~
S @

Atmospheric

pressure j

Fig. 4-9 Idle speed operation. ( Courtesy of William A. Schuster)

the idle circuit also delivers fuel at the secondary
low-pressure area around the idle fuel inlets. Both
the high-speed and the low-speed mixture adjust-
ments affect the air-fuel ratio.

MAINTENANCE AND

TROUBLESHOOTING

Many engine performance problems are mistaken
for carburetor malfunctions.

PRELIMINARY CHECKLIST

Good carburetor adjustments require reasonable
integrity of all other engine systems.

Fuel tank

The interior of the tank must be free of corrosion
or other contaminants that may settle in the bottom
and block the flow of fuel,

Fuel lines

The fuel line must not be bent so that the flow of
fuel is obstructed in any way. Some fuel lines may
disintegrate and collapse, causing the flow to the
carburetor to stop.

114 Schuster / Small Engine Technology

Throttle closed

Engine side

Vacuum

R R e

Intake
valve

Clean fuel

Check the fuel to determine if it is stale or dity
White scale in the carburetor is evidence of wate:i};
the fuel. Once this type of oxidation has developet
there is no stopping it. The carburetor must b
replaced.

Filter

The filter must be clean and installed in the co
rect direction. Arrows are stamped on the filters
cover showing the direction of the flow. The filz
should be changed often.

Ignition

The symptoms of poor-running carburetor a**i“‘f'
ment may stem from a faulty ignition. A faulty ¢
tion will cause an intermittent symptom of carb®
tor misadjustment. The proper spark plug % 's

used, with the gap adjusted to the manufd
specifications.

Compression

) il
_Without proper compression, the engin® vg,lll;'ﬁ
difficult to adjust. Ensure that the compress
adequate.
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Exhaust
B restricte(li exhaust port i) Cause a loss of
ower and difficulty in adjusting e carbureto(;
Make SUre t}.lal the exhaust port jg clear of any car-
pon obstructions.

Manifold gasket

The manifold gasket must be jp good condition
and not leak. An air leak will cause the engine to
operate in a lean condition. An intake manifold leak
can be detected by putting oil in the area while the
engine is idling and then listening for a change in
engine speed. The oil will temporarily block the
leaking gasket, and the mixture and engine sound
will be affected.

Vapor lock

Vapor lock is a term used to describe the action of
liquid fuel transforming into a gaseous “vapor” state,
typically caused by heat. During this transformation,
air bubbles are formed. Always use clean, fresh fuel
that has been blended for the appropriate season.

Air bubbles from a vapor lock condition can
become trapped at a high point in the fuel line or at
a fuel filter, stopping the flow of fuel. Vapor lock
may occur when the equipment is being operated or
when restarting a warm engine.

Vapor lock during operation can be caused from
insufficient cooling air. The exhaust gases may be
trapped by the equipment design and recirculated to
the cooling system. The warm cooling air may be
misdirected near or at fuel lines, carburetor, and fuel
supply.

Vapor lock occurs when a hot engine is shut
down. Since the engine is hottest at about 1 minute
after it has been turned off, it is best to cool the
engine by letting it run at a speed just above idle for
tout 30 seconds before stopping it.

AIR CLEANER

Observe how the unit has been maintained. Check
0 see if the air cleaner is plugged or missing. The
pOIY_‘anm element may have been oiled incorrectly.
dirty element can cause cylinder bore wear that
“Wlaffect performance. Dirt may be brought into the

engine with air that is sucked aroupd a worn ch'ok.e
or throttle plate shaft, and the engine may be diffi-
cult to adjust properly. Tecumseh f.umxshes dust
seals on chrome-plated shafts on their current car-
buretors to prevent this type of wear.

INITIAL SETTINGS

Make certain the governor linkage is connected
correctly and adjust the mechanical governor. Make
the initial settings on the carburetor and let the

engine warm up for 3 to 5 minutes.

PROPER ADJUSTMENT

The home technician may have fine-tuned his or
her machine, and the repair job may be as simple as
correcting the work by adjusting the carburetor. Find
the lean and rich points of the main adjustment
screws and put the setting at halfway between the
two points. It is best to find the lean point first, then
the rich point, to make a proper adjustment.

Bring the engine to idle and adjust the idle screw
in the same manner as the main mixture adjustment.
Although the idle mixture screw may be adjusting
either air or fuel flow, the procedure will apply to
both systems.

Take the engine back to high speed and reset the
main mixture adjustment. Return the engine to idle
again and reset the idle mixture adjustment. It is
important to make the adjustment between the main
and idle at least twice in order to ensure proper
operation.

AIR LEAKS

Air leaks at the carburetor gaskets can cause a
hunting condition. Anytime a gasket is disturbed, a
new one should be used in its place. Make sure the
float is adjusted properly.

FUEL SYSTEM FAILURES

Although the fuel system is very simple, pin-
pointing the difficulty can be frustrating. Fuel sys-
tem problems can be separated into five categories:

1. Incorrect fuel
2. Bad fuel
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3. Too little fyel
4. Too much fye)

5. No fuel supplied to the engine

Incorrect fuel

Some possible ways incorrect fuel may make its
way into the system are:

* Fuel with an excessive amount of alcohol
* Diesel fuel put into the tank by mistake
* Fuel blended for one season, but used in another

Bad fuel

Some possible ways bad fuel may make its way
into the system are:

* Fuel deteriorated
* Fuel with sand, dirt, grass, etc. in it
¢ Fuel left out in the rain without a cap

Too little fuel

The following may prevent the engine from
receiving enough fuel:

* A partially plugged fuel filter

* A restricted fuel tank vent

* A pinched fuel line

* A collapsed fuel line that has separated internally
* A fuel pump with damaged, worn, or dirty parts

* An engine with a poor crankcase vacuum
caused by leaking gaskets, loose oil-fil] caps,
loose oil filters, leaking piston rings, or bad
seals

* A sticking or misadjusted carburetor inlet needle

¢ Damaged, dirty, or misadjusted carburetor mix-
ture jets

The wrong mixture jets in the carburetor
* The wrong carburetor
* An incorrect or missing air filter

* An excess amount of air being forced through
the carburetor by the air intake system

* An incorrectly oiled air filter precleaner

116 Schuster / Small Engine Technology

« A loose air cleaner housing
« A worn throttle plate shaft or Carbyy,,

damaged oy,

e Loose, warped, or lamaged conp,,.,

ix;)take manifold, which allows 4, t:tﬁzm
»

Too much fuel
Check for these prol?lems which cgp, Tes .
much fuel being supplied to the engine. Sulty

e Misadjusted or leaking carburetg, el
needle L

Misadjusted or damaged carburet,

ture jets

Leaking internal welch plugs

¢ Leaking, missing, or incorrectly insta]l, g,

The wrong mixture jets instaljeq in -
carburetor ’

A fuel pump that has a high output pregg,.
The wrong carburetor

T ﬁlEl{

No fuel supplied to the engine
Look for the following possible problems:
* A plugged fuel cap vent
* A plugged fuel filter

* An incorrectly positioned or missing fueltz
pickup hose

* A pinched-off fuel line

* An internally collapsed fuel line

* A disconnected fuel line

* A failed fuel pump

* A sticking or plugged carburetor inlet nex

* Misadjusted or plugged carburetor fuel m¥-
jets

MISCELLANEOUS PROBLEMS
If the engine dies in-between idle al}d hltﬁl: sff
tl}e idle circuit must be cleaned with
Plugs removed. st
If the carburetor floods, it is generally be:auS"
inlet seat is leaking. The new inlet se& -
installed in the carburetor body in prop&
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A plugged atmospheric vent hole wi]] ¢

setting in the carburetor, The externg]
i be kept free of debris.

ause g
vents

](\an
mus

BRIGGS & STRATTON

CARBURETORS
INTRODUCTION

The basic purpose.of a carburetor is to produce a
ixture of fu'el and_ air in the correct proportions so
hat the engine will operate properly at different
cpeeds and loads._Bnggs & Stratton manufactures
hree different basic types, designated ag Vacu-Jet,
pulsa-Jet, and Flo-Jet.-Because environmental safety
jemands stricter emission and performance cop-
rols, many manufacturers realize that it is more
cost-effective to contract another company (that spe-
cializes in carburetors) to design and build them.
Briggs & Stratton has entered into a business rela-
tionship with Walbro carburetors, and together they
are producing a Flo-Jet type of carburetor with both
of their names on it.

Carburetor identification

Typical model number

Cubic inch

Prior to removing any carburetors for repair, note
and record the position of governor springs, gover-
nor link, remote control, or other attachments in

order to facilitate reassembly.

VACU-JET CARBURETOR

Vacu-Jet construction

The Vacu-Jet is a simple carburetor that is use.d in
many small displacement Briggs & Stratton engines
and functions adequately. The manufacturing cost of
this carburetor has helped the corporation stay com-
petitive. It is adjusted differently than are other car-
buretors because of its unique features, as described
below.

Vacu-Jet identification

The easiest way to identify the Vacu-Jet design is
to check the engine’s model number, as shown in
Figure 4-10. Another method is by recognizing its
appearance. This is sometimes difficult to do
because of changes in outward features from time to

9250 2
o)

| displacement

Bearings, reduction
gears and auxiliary drives

Basic design
series

( 0—Horizontal diaphragm\
1—Horizontal vacu-jet
2—Horizontal pulsa-jet
3—Horizontal flo-jet

pneumatic governor
4—Horizontal flo-jet
mechanical governor

| 5—Vertical vacu-jet

k9——Vertical pulsa-jet

#5 on model number
vertical crankshaft
vacu-jet carburetor

Fig. 4-10 Briggs & Stratton
Vacu-Jet identification,
(Courtesy of

William A. Schuster)
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FUEL SHUT-OFF MECHANISM FOR INTERNAL
COMBUSTION ENGINES

BACKGROUND OF THE INVENTION

The present invention relates to internal combustion
engines and more particularly to mechanisms for stop-
ping the flow of fuel when such engines are to stop.

Small internal combustion engines, such as those used
to power lawn and garden equipment, have carburetors
that receive fuel from a tank. The fuel is mixed that air
in the carburetor and the mixture is supplied to the
engine cylinder where it is ignited. During the exhaust
stroke of the engine the combustion gases are forced
from the cylinder through and through a muffler. The
muffler becomes very hot due to the combustion gases.

When an operator desires to stop the engine a switch
is closed that shorts the electrical ignition system to
ground. This action prevents the spark plug from con-
tinuing to fire. However, the engine does not stop re-
volving immediately, but continues to revolve for sev-
eral cycles. During this continued movement, the fuel
mixture is drawn from the carburetor into the cylinder.
Because the spark plug is not being fired, the unburnt
fuel mixture is forced from the cylinder into the muffler.
The muffler still is very hot causing ignition of the
unburnt fuel mixture. This phenomenon is commonly
called a backfire. Aside from producing a very loud
noise, repeated backfires can destroy the muffler.

SUMMARY OF THE INVENTION

A general object of the present invention is to pro-
vide a mechanism for cutting off the supply of fuel to an
internal combustion engine when the engine is being
stopped. Such a mechanism prevents unburnt fuel from
being expelled from the engine into the exhaust system.

This object is accomplished by placing a solenoid
operated valve in the fuel line between the fuel supply
and the engine cylinder. Preferably this valve is located
in the bowl of the carburetor to decrease the flow of
fuel to the venturi where the fuel mixes with air. The
valve is normally in the open position due to a spring.
When electricity is applied to the electromagnet coil of
the solenoid, the valve moves into a closed position at
which the fuel supply is shut-off entirely of significantly
reduced so that a combustible air-fuel mixture is not
formed in the venturi.

During normally operation of the engine, electric
current from the ignition system flows through a pri-
mary winding of a transformer and a current is induced
in a secondary winding. A capacitor is connected to the
secondary winding and is charged by the current from
that winding.

When an operator desires to shut off the engine the
kill switch is closed. While this switch may short the
ignition system to prevent the spark plug from firing,
the kill switch also applies the voltage across the capaci-
tor to the electromagnet coil of the solenoid. This action
produces a magnetic field which closes the valve reduc-
ing the flow of gas through the carburetor and to the
engine cylinder. This system has the advantage of re-
ducing the air-fuel mixture from the carburetor to a
noncombustible level. Thus as the stopping engine con-
tinues to rotate and the air-fuel mixture is expelled by
the cylinder into a hot exhaust system, the mixture does
not burn. As a consequence a back-fire does not occur
in the stopping engine.
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Another object is to provide such a fuel shut-off
mechanism that does not require a battery for power.

A further object of the present invention is to provide
a fuel cut-off mechanism that will fail in a position
which will not disable operation of the engine.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of an single cylinder
gasoline engine that incorporates a novel fuel shut-off
mechanism;

FIG. 2 is a cross sectional view of the carburetor in
the engine; and

FIG. 3 is a schematic diagram of the electric circuit
for controlling the solenoid valve in the carburetor.

DESCRIPTION OF THE PRESENT INVENTION

FIG. 1 illustrates a single cylinder gasoline engine 10,
such as the type commonly found on lawn mowers.
Combustion air enters an inlet tube 14 and flows
through an air cleaner 16 into the air inlet of a side-draft
carburetor 18. Although the present invention is being
described in the context of a side-draft carburetor, the
novel concept can be applied to down-draft and up-
draft carburetors, as well. The carburetor 18 receives
gasoline from a tank 20 and mixes the fuel with the air
flowing from the air cleaner 16. The air-fuel mixture
passes from the carburetor 18 to the engine cylinder
located behind spark plug 22. Combustion gases from
the cylinder pass through a muffler 24.

With additional reference to FIG. 2, the carburetor
18 has a bowl 30 into which gasoline 31 flows from a
hose 26 connected to the fuel tank 20. Across the upper
end of the bowl 30°is a tube 32 having an inlet 34 at-
tached to the air cleaner 16 and outlet 36 coupled to the
engine cylinder. The carburetor tube 32 includes a con-
ventional venturi 38 in which the inner diameter of the
tube 32 is reduced significantly. A gasoline feed tube 40
extends vertically from the venturi 38 downward into
the gasoline 31 within bow!l 30. This fuel tube 40 has a
solenoid valve 42 located above the level of the gasoline
31 in the bowl 30 and so that fuel residue will not build
up on the valve.

The solenoid valve 42 includes a cross tube 44 in
which a spool valve plunger 45 is located. The spool
valve plunger 45 fabricated from a cylindrical rod of
ferromagnetic material and has a smaller diameter por-
tion 48. A compression spring 46 at one end 47 of the
cross tube 44 biases the spool valve plunger 45 into a
position at which the smaller diameter portion 48 is
aligned with the gas feed tube 40, when the solenoid
valve 42 is deenergized. Because portion 48 is smaller in
diameter than the internal diameter of the cross tube 44,
a passage exists at the intersection of tubes 40 and 44
enabling gasoline within the bowl 30 to be drawn up-
ward through the gas feed tube 40 and into the venturi
38 due to the Bernoulli effect.

An electromagnet coil 50 is located around the other
end 51 of the cross tube 44 that is remote from the
spring 46. When energized, this electromagnet coil 50
produces a magnetic field which pushes the spool valve
plunger 45 in the direction of arrow 49 compressing the
spring 46. The spool valve plunger 45 slides a sufficient
distance that the smaller diameter portion 48 lies outside
of the gas feed tube 40. Instead, a full diameter section
of the spool valve plunger 45 now is located within the
gas feed tube 40 preventing any significant quantity of
gas from being drawn through the feed tube into the
venturi 38.
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FIG. 3 illustrates the control circuit 52 for energizing
the solenoid valve 42. Circuit 52 receives power from
the ignition system 54 for the engine 10. The ignition
system 54 may be a capacitor discharge type similar to
that described in U.S. Pat. No. Re. 31,837, which de-
scription is incorporated herein by reference. This type
of ignition system has a primary coil 56 and a secondary
coil 58 mounted on a ferromagnetic core 57 which is
adjacent to a flywheel 60 of the engine 10. Also
mounted on the core 57 is a charging coil 59. The pri-
mary coil 56 and the charging coil 59 are connected to
an ignition control circuit 64.

A permanent magnet 62 is attached to the flywheel 60
so as to move past the three coils 56, 58 and 59 as the
flywheel rotates. As the permanent magnet approaches
the coils, an electric current is induced in the charging
coil 59 which charges a capacitor within the ignition
control circuit 64. As the permanent magnet 62 contin-
ues to move past the coil assembly, a voltage is induced
across the primary coil 56 and triggers a switch within
the ignition control circuit 64 which dumps the charge
stored in the capacitor across the primary coil 56. This
action produces a current pulse through the primary
coil 56 inducing a high voltage across the secondary
coil 58 and producing a spark in spark plug 66.

Part of the current, which in a conventional ignition
system would flow through the primary coil 56, flows
through a primary winding 72 of a transformer 70 in the
solenoid valve control circuit 52. This current induces a
current in a secondary winding 74 of the transformer 70
and produces approximately five volts across the sec-
ondary winding 72. The secondary current is rectified
by diode 76 to charge a 0.47 Farad storage capacitor 78
connected in series with the diode between the termi-
nals of the secondary winding 74 of transformer 70. A
smaller 0.33 microfarad filter capacitor 80 is connected
in parallel with the larger capacitor 78.

With reference to FIGS. 2 and 3, when the engine 10
is started, the spring 46 within the solenoid valve assem-
bly 42 pushes the spool valve plunger 45 into a position
in which gas can flow past the smaller diameter portion
48 into the venturi air stream through the carburetor 18.
Electricity is not required to hold the valve in this posi-
tion during engine starting and normal running. This is
a key feature since many small gasoline engines do not
utilize a battery or other source of power for starting.
Thus upon commencement of engine operation, a
source of electricity is not required as solenoid valve is
in the normally open position. In addition, should the
valve control circuit fail, the spool valve plunger 45 will
fail in the normally open position allowing continued
operation of the engine. Furthermore, the spool valve
plunger 48 does not require a seat, against which the
valve can stick in the closed position when the engine
stands idle for a prolonged period.

Once the engine 10 reaches a normal running speed,
pulses from the ignition system 54 applied to the trans-
former 70 gradually charge capacitor 78. The trans-
former must not load down the primary winding 56 of
the ignition control circuit 54 to a degree that the spark
plug 66 does not fire. This is accomplished by designing
the valve control circuit 52 so that, depending upon the
speed of the engine, it takes two to seven minutes before
the charge on the storage capacitor 78 reaches three
volts. The length of this charging period is acceptable as
the solenoid valve 42 is energized only while the engine
10 is stopping, which typically does not occur for many
more minutes after the engine has started. A three volt
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charge on the capacitor can energize the solenoid coil
50 for approximately twenty seconds which is longer
than the typical stopping interval of the engine 10. Con-
tinued operation of the engine eventually fully charges
the storage capacitor 78 to about five volts. At that level
the solenoid valve 42 will remain energized for a longer
period of time. As will be apparent, the charge on stor-
age capacitor 78 optimally should be sufficient to ener-
gize the solenoid valve 42 from when engine shut-off
commences until the engine stops rotating.

When it is desired to shut off the engine 10, the opera-
tor closes a kill switch 82. Switch 82 is a double-pole,
single-throw type having a first set of contacts 84 which
connect the ignition circuit output to ground as is con-
ventionally done to stop small gasoline engines. A sec-
ond set of contacts 86 of the kill switch 82 connect the
electromagnet coil 50 of the solenoid valve 42 across
the storage capacitor 78. This action causes current to
flow from the storage capacitor 78 through the coil 50
producing a magnetic field which pushes the spool
valve plunger 45 against spring 46 a sufficient distance
so that the spool valve plunger blocks gas from flowing
through the feed tube 40 in the venturi 38. This action
either cuts off the flow of gas to the venturi or signifi-
cantly leans the air-fuel mixture. For example, an air-
fuel mixture of 150 to 1 or greater is sufficient to prevent
backfiring while the engine is stopping.

Immediately after the closure of the kill switch 82,
the engine 10 continues to turn due to inertia. Thus, the
cylinder continues drawing air through the carburetor
18 and expelling the air through the muffier 24. Since
the air-fuel mixture drawn from the carburetor 18 into
the cylinder and forced out into the muffler is extremely
lean because of the closure of the solenoid valve 42, that
mixture will not burn upon contact with the hot muffler
24. Thus, the action of the solenoid valve 42 prevents a
backfire from occurring.

The charge on the storage capacitor 78 is sufficient to
maintain the solenoid valve 42 energized in the closed
state for a sufficient period of time so that the engine
will come to rest before the valve reopens. By the time
that the charge on capacitor 78 drops to a point where
the solenoid coil 50 is no longer energized and the
spring 48 returns the spool valve plunger 45 into the
open position illustrated in FIG. 2, the engine will have
stopped rotating and will no longer draw an air-fuel
mixture from the carburetor. Thus, the quiescent state
of the solenoid valve will be in the open position en-
abling the engine to be restarted without the application
of any electricity to the solenoid valve.

The present system offers several advantages over
other types of fuel shut-off mechanisms. First of all, the
spool valve plunger 45 does not have a seat against
which a valve surface rests wherein it can become stuck
during a long period of non-use. In addition, the valve is
biased by the spring 46 into a normally open position,
thereby not requiring electricity to open the valve
which would not be generated significantly during en-
gine cranking. Thus should a failure of the shut-off
system occur, it is most likely that the valve 42 will fail
in the open position. As a consequence, failure of the
valve will not render the engine inoperable.

The invention being claimed is:

1. In an internal combustion engine having an ignition
system for igniting fuel in a cylinder, the improvement
comprising:

a valve through which the fuel flows between a fuel

source and the cylinder;
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an electromagnetic coil which when energized closes
said valve; an electricity generating mechanism
driven by the engine;

a capacitor coupled to said electricity generating
mechanism to store electricity while the engine is

. running; and

a kill switch that is closed to shut off the engine and
when closed coupling said capacitor to said elec-
tromagnetic coil which thereby activates said
valve to block fuel from flowing to the engine.

2. The fuel control system as recited in claim 1
wherein said kill switch has a first set of contacts which
when closed provide a conductive path between said
capacitor and said electromagnetic coil, and a second
set of contacts mechanically coupled to the first set of
contacts and electrically connected to prevent the igni-
tion system from igniting fuel in the cylinder when the
second set of contacts is closed.

3. In an internal combustion engine having an ignition
system for igniting fuel in a cylinder, a fuel control
system comprising:

a transformer having a primary winding connected to
an ignition coil of the ignition system, and having a
secondary winding;

a storage capacitor coupled to the secondary winding
of said transformer;

a normally open solenoid valve connected in a fuel
path through which the fuel flows to the cylinder;

a switch coupling said solenoid valve to said storage
capacitor, said switch being closed when the en-
gine is to stop thereby causing said solenoid valve
to reduce an amount of fuel flowing to the cylin-
der.

4. The fuel control system as recited in claim 3 further
comprising a diode coupling the secondary winding of
said transformer to said storage capacitor.

§. The fuel control system as recited in claim 3 further
comprising a filter capacitor connected in parallel with
said storage capacitor.

6. The fuel control system as recited in claim 3
wherein said solenoid valve comprises:

a feed tube through which fuel can flow;

a cross tube communicating transversely with said

feed tube;
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a spool valve plunger of ferromagnetic material slide-
ably located within said valve tube, and having a
first position in which fuel can flow through said
feed tube and a second position in which less fuel
can flow through said feed tube than when the
spool valve plunger is in the first position;

a spring which biases said spoo! valve plunger into
the first position; and

an coil which when energized by an electric current
produces an electromagnetic field that drives said
spool valve plunger into the second position.

7. In an internal combustion engine, the apparatus

comprising:

a magnet attached to a member driven by the engine;

a coil assembly for generating electricity as the mag-
net passes near to said coil assembly;

a carburetor having a bowl for fuel, a venturi and a
tube for carrying fuel from the bowl to the venturi,
and further having a normally open solenoid valve
connected to the tube to control a flow of fuel
through the tube;

a transformer having a primary winding connected to
the coil assembly, and having a secondary winding;

a diode;

a storage capacitor coupled in series with said diode
across the secondary winding of said transformer;
and

. a switch coupling the solenoid valve to said storage
capacitor, sa‘d switch being closed to apply elec-
tricity to said solenoid valve which causes said
solenoid valve to reduce an amount of fuel flowing
through the tube.

8. The fuel control system as recited in claim 7

wherein the solenoid valve comprises:

a spoo! valve plunger of ferromagnetic material slide-
ably located transverse to the tube, and having a
first position in which fuel can flow through the
tube and a second position in which less fuel can
flow through the tube than when the spool valve
plunger is in the first position;

a spring which biases the spool valve plunger into the
first position; and

an coil which when energized by an electric current
produces an electromagnetic field that drives the

spool valve plunger into the second position.
* * * * *
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4 Claims,

My invention relates to fuel systems for in-
ternal combustion engines, and has particular
reference to a fuel system embodying the sup-
plying of liquid fuel and gaseous fuel fo an en-

B gine in alternation ‘at will.

In the copending joint application of David E.

Day and myself, Serial No. 494,328, filed Novem-

ber 8, 1930, a system of employing gaseous fuel -

for an internal combustion engine was disclosed
10 in which a relatively cheap low grade gaseous
fuel stored under pressure was passed through
a pressure reducing valve to be introduced into
a carbureter connected with an internal com-
bustion engine so that gaseous fuel could be sup-~
15 plied to the engine at the desired pressure and
mixed with air in the carbureter in the desired
quantities to produce a proper combustible mix-
ture for forming a fuel for the engine.
However, it frequently occurs that it is un-
20 desirable to rely upon the gaseous fuel as the
sole source of supply for an internal combus-
tion engine, particularly when such engine is em-
ployed for the purpose of driving a motor vehicle.
It is, therefore, an object of this invention to
26 provide a fuel system in which a gaseous fuel
supply shall be auxiliary to the liquid fuel sup-
ply now commonly employed in connection with
automobiles and similar vehicles.
Another object of the invention is to provide a
30 fuel system in which the normal liquid fuel sup-
ply and carbureter therefor is combined with a
gaseous fuel supply and a mixer therefor, the two
fuel supplies being used in alternation to each
other.

Another object of the invention is to provide
a fuel system as set forth in the preceding para-
graph in which the liquid fuel supply may be
cut off and the gaseous fuel supply turned on, or
vice versa so that when the liquid fuel is em-
40 ployed the gaseous fuel is disconnected and while

the gaseous fuel is employed the liquid fuel is
disconnected. ,
Another object of the invention is to provide
a fuel system for supplying the gaseous fuel to
b6 an internal combustion engine in alternation
with the normal liquid fuel supply and in which
the gaseous fuel system may be readily connected
to the existing liquid fuel carbureters now used
on automobiles and similar vehicles.

Other objects and advantages will be apparent
from a study of the following specification, read
in connection with the accompanying drawing,
wherein

Figure 1 is a diagrammatic view indicating the
65 vyarious elements of both the liquid and gaseous

36

50

(CL. 261—18)

fuel supplies in proper relation to an automobile
engine; )

Figure 2 is a detailed view of a carbureter such
as generally employed for supplying liquid fuel
to an engine, this view being partly in section
to illustrate the attachment of my gaseous fuel
mixing device thereto; and

Figure 3 is a detailed, sectional view taken
along line III—III of Fig. 2, illustrating the in-
terior mechanism of the gaseous fuel mixer em-
ployed in practicing my invention. :

Referring to the drawing, I have illustrated a
portion of an automobile chassis 1, constituting
the mounting for an internal combustion engine
2, such as is commonly employed in automobiles
and the like, The engine 2 is illustrated as being
provided with an intake manifgld 3 communicat-
ing with the intake ports of the various cylin-
ders comprising the engine 2. An exhaust mani-
fold 4 is illustrated as being connected to the
inside ports of the cylinders constituting the
engine.

Connected to the intake manifold 3 is a car-
bureter 5 of any suitable construction, such as
those constructions now employed for the mix-
ing of liquid fuel with air prior to injection of
such mixture into the intake manifold of the .
engine.

The carbureter 5 is illustrated as comprising
a bent tube 6, one end 7 of which is connected
to the intake manifold 3 and the other end of
which constitutes an inlet opening through which
air may be sucked for mixing with the fuel in-
jected into the carbureter. The carbureter is
equipped with a float chamber or fuel reservoir
8 which may be of any suitable construction to
provide a supply of fuel at atmospheric pressure
ready for injection into the tube 6 of the car-
bureter 5, the float chamber being provided with
a float operated needle valve 9 which obstructs
the entrance of fuel into the chamber 8 by clos-
ing off the passage 10 communicating with an
inlet connection 11 to which the fuel supply
line 12 may be connected. )

The float chamber 8 is -illustrated as com-
municating with the bent tube portion of the
carbureter as by means of a passage 13 com-~
municating with both the float chamber 8 and
the tube 6. A rotary valve 14 is preferably in--
terposed in the passage 13 for the purpose of per-
mitting this passage to be cut off, as will here-
inafter be described.

A main liquid supply tank is illustrated at 15
having attached to the lower end thereof the fuel
supply line 12 through which fuel from the tank 110
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15 may be passed to the flcat chamber 8 of the
carburetor.

The foregoing description of the hqmd fuel
system is in all essential respects identical with
the fuel supply systems now in common use in
connection with -automobiles, and similar ve-
hicles.

I propose to add an additional fuel supply
system employing & normally gaseous fuel, this
system comprising 2 fuel supply tank 18 in which
normally gaseous fuel is compressed and thereby
maintained in liquefied condition. From tank 16
there extends a suitable gaseous fuel supply tube
17 extending to the bottom of the tank 16, so as

to draw off the liquid and not gas. The gaseous

fuel supply tube 17 is preferably threaded
through the exhaust manifold 4 of the engine 2,
as is indicated at 18, so that the fuel passing
therethrough will be heated by contact of the
tube 17 with the hot exhaust gases coming from
the eng'ne. The tube 17 continues from the ex-
haust manifold 4 as by way of the short section
of tubing 19 info & combined filter and heat ex-
changer 20 which further assists in heating the
gaseous fuel. From the filter 20 the fuel inlet
tube continues, as is indicated at 21, to the in-
let connection 23 to a pressure reducing valve 24.

The pressure reducing valve 24 is illustrated
and described in detail in my copending appli-
cation Serial No. 491,468, filed October 27, 1930
which has since matured into Patent 1,912,479
dated June 6, 1933 and comprises a valve con-
structed to receive a gas under relatively high
pressure and to permit gases to flow therefrom
at a pressure equal to that of the air supply. In
order to equalize these pressures, 2 pipe 52 con-
nects the air cleaner 29 with the atmosphere side
of the pressure equalizing valve 24.

.The gaseous fuel supply through outlet tube

25 may be mixed with air and passed into the

tube 6 of the carbureter 5 so that such air and
gas mixture may pass into the intake manifold
3 of the engine 2 and thus constitute the com-
bustible fuel for operating the engine 2.

The mixing device is illustrated as compris-
-ing an attachment which may be connected to

the inlet end of the carbureter tube 6, this mix-
ing device comprising 2 tubular member 26, one

‘end 27 of which is provided with an internal
- diameter of such size as to telescopically engage

the air inlet end of the carbureter tube 6 and
may be clamped thereon as by means of clamp-
ing screw 27e. 'The opposite end 28 of the mixer
26 is illustrated as being of slightly reduced

diameter so . that  its' outside diameter corre-
- sponds substantially with the outside diameter

of the inlet end of the tubular carbureter 6. By
reason of this reduced diameter the air cleaner
29, which normally is, telescopically engaged upon

‘the inlet end of the carbureter 6, may be inserted-
-in place upon the end 28 of my mixer.

Within the tubular mixer:26 is a pair of radlal
fianges 30 and 31 which extend inwardly to form
a seat for a venturi 32." The filange 30: is prefer-

ably formed with a shoulder 33 thereon to act-
‘as a limit stop for the venturi 32 when the same

is inserted into engagement with the ‘flanges
30 and 31,

has one or more slots 34 extending radially there-
through. . Between the flanges 30 and 31 .is an
annular space 35 surrounding the’ ventun 32,

- supply:in tank 15 turned on, although the opera-

1,981;608

through the slots 34 to the interior of the venturi
32. The annular space 35 between the flanges
30 and 31 may be bridged at a plurality of points
by means of cross members 37 to assist in guiding.
the venturi 32 into its proper seating relation rela-
tive to the flanges when the same is to be inserfed
within the tubular mixer 26. The venturi 32 may
be held in place when inserted as by means of
one or more set screws 38 threaded radially mto
the mixer 286. 8¢
The gas inlet stem 36 is prefera.bly provided
with a cut off valve 39 which may be operated to -
either open the inlef passage 36 to the passage
of gas therethrough, or to close the same so that -
gas cannot pass therethrough. 90
The upper end of the stem 36 is promded with
external threads 40 for engagement with a suita-
ble union nut 41 to secure the gas inlet pipe 25
thereto while the stem 36 may be additionally pro-
vided with internal threads 42 to permit a meter-
ing jet 43 to be threaded thereinto to provide the

80

95

.Adesired size orifice 44 for metering or limiting the

quantity of gas permltted to ﬁow into. t;he mixer
26.

Referring, particularly, to Figure 1, it will be
observed that the operating levers 45 and 46 for
the valves 14 and 39, respectively, are connected
to 2 rod or wire 47 which extends to .a point of
convenient, access fo the operator of the vehicle
such as, for example, the dashboard 48 so that 105
the rod or wire 47 may be manipulated to simul-
taneously control both valves 14 and 39.

The operation of my device is as follows: When -
the engine 2 is to be started the valves 14 and 39
may be operated by the rod or wire 47 to the posi- 110
tion opposite to that illustrated in Fig. 2. That
is, the valve 14 is closed and the valve 32 is open
so that under these condifions gaseous fuel will
be supplied to the carburetor 5 and thus the
engine may be started upon the gaseous fuel.. 1i5
For small Joads, or low speeds, the engine may be
operated continuously upon such gaseous fuel
though as soon as the engine is started it may be
switched over to the liguid fuel by manipulating
the rod or wire 47. Operating the rod or wire
47 will reverse the valves 14 and-39 so that the
gaseous fuel supply is cut off and. the liquid fuel
supply connected to feed the carburetor. C

Either the liquid fuel contained in tank 16
which changes to-gas on release of pressure or
the higher boiling point gasoline fuel in tank 15
may be used for starting the motor, the object of - -
applicant’s invention being to obtain flexibility.
in the use of either type of fuel as conditions or.

190

12¢

supply may warrant. For example, on & cold 1303,

morning, or with a cold motor, it would be pref-
erable to use the low boiling point fuel in tank 16 .
to start the mofor and thereafter when the motor
is ' warmed up the fuel supply coming from tank . -
16 may, if desired, be shut off and the gasoline 13§ -

tion of the motor can be maintained on the fuel

from tank 16'if desired. There is an advantage =

in starting a cold motor on the low boiling point- = -
fuel from tank 16 in that liquid fuel is not de- 140"
posited on the. cylinder walls to wash away the

lubricating. oil. Furthermore, the low -boiling
" ‘point fuel from. tank 16 has higher anti-knock
The venturi 32 comprises an a.nnular ring which._

value than ordinary gasoline so that where 2 long . -

~run on full.throttle is to be made, the motor ‘may 148
" be supplied with fuel from the tank 16 a.nd deta

. onation or knocking prevented..

" This annular space. 35 communicates w1th a gas -
_inlet stem 36 through' which’ gaseous fuel: may bé
: passed mto the a.nnular space 35 and thence'

- Upon opening the valve 39 gaseous fuel passing °
through the metering jet 43 will pass to'the annu- - -
lar chamber 35 surroundmg the venturi 32 and 150 L
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will thence pass inwardly through the leads 34.

to be mixed with the incoming air stream drawn
into the inlet end of the carbureter 5 through the
air cleaner 29. i

By properly selecting the orifice 44 of the

- metering jet 43 and the slotted orifices 34 of the

venturi 32, the desired quantity of gaseous fuel
to be supplied relative to the quantity of air
drawn into the carburetor may be adjusted to
provide a properly combustible mixture.

It will be observed that as the air is drawn
through the venturi into the carbureter 5, the
quantity of air so drawn will act on the venturi 32
to increase or decrease the quantity of gaseous
fuel supplied in proportion to the quantity of air
drawn through so that the proper combustible
mixture will be maintained at various speeds of
operation of the engine.

For idling purposes, when operating on the gas-
eous fuel, an idler connection 49 may be con-
nected into the intake manifold 3 of the engine 2,
this connection being made as by means of a tube

- or pipe 50 to the low pressure side of the pressure

reducing valve 24. Thus at idling speeds a de-
sirable quantity of fuel for idling may be fur-

‘nished to the engine. The amount of fuel by-

passed to the engine is regulated by the valve 53.

It will be observed that I have disclosed herein
& system in which lquid fuel or gaseous fuel may
be used in alternation with each other for sup-
plying the required fuel to the engine. Hence the
engine 2 may be supplied with high grade gaseous
Tuel for the greater portion of its operation and
the liquid fuel may be used only when a supply
of gaseous fuel is undesirable.

If desired, the valves 14 and 39 may be oper-
ated so as-to cut off partly both the liquid and
the gaseous fuel, so that a progressive propor-
tioning can be utilized whereby more or less liquid
or gaseous fuel can be utilized without disturbing
the air fuel ratio of the mixture delivered to the
engine, ’

While I have illustrated and described the pre-
ferred embodiment of my invention, I do not de-
sire to be limited to any of the details shown or
described herein, except as defined in the ap-
pended claims, .

I claim:

1. In a fuel system for internal combustion
engines, a liquid fuel supply, a gaseous fuel sup-
ply, a carbureter comprising an air
through which air may be passed Into the intake

3

of the engine, a lquid fuel inlet communicating
with the air passage of said carbureter for sup-
plying liquid fuel to the air stream drawn through
the carbureter, a cut off valve for cutting off the
supply of liquid fuel to said carbureter, a gaseous
fuel inlet connected to and communicating with
the air passage of said carbureter, said gaseous
fuel inlet including a venturi through which said
air stream may pass and having openings therein
through which gaseous fuel may be drawn
through the venturi into the air stream, a valve
interposed between said gaseous fuel inlet and
said venturi, and means for simultaneously oper-
ating said valves to open one of said valves and
close the other, and vice versa, to supply either
liquid or gaseous fuel to said carbureter. -

2. In a fuel system for internal combustion en-
gines having a.carbureter, a source of gaseous
fuel, means for introducing said gaseous fuel into
sald carbureter comprising a tube connectible to 9
the air inlet. passage of said carbureter, a venturi
in said tube having openings therein through
which gaseous fuel may be passed into said tube,

a gaseous fuel inlet communicating with the
openings in said venturi, and a metering jet in 13¢
said gaseous fuel inlet for metering the quantity

of fuel supplied therethrough.

3. An attachment for a standard liquid fuel
carbureter having an air supply opening, which
attachment comprises a tube connectible to the 105
alr inlet passage of said carbureter, said tube hav-
ing & Venturi passage therein for air drawn
through said tube into the carbureter, with open-
ings in the throat of the venturi through which
gaseous fuel may flow into said tube and a gas- 112
eous fuel inlet passage communicating with the

- openings in the throat of the venturi.

4. An attachment for a lquid fuel carbureter
having an air inlet nipple with an air cleaner
slidably engageable therewith, which attachment 113
comprises a tube dimensioned at one end to en- -

‘gage with the air inlet of the carbureter nor-

mally engaging with the air cleaner, and dimen-
sioned at the opposite end to engage with the
end of the air cleaner normally engaging with 12:
the carbureter inlet, whereby said tube may be
inserted as a unit between the air inlet passage

of the carbureter and the air cleaner, said tube
being provided with gaseous fuel inlet openings
and an inlet port connected thereto for connec- 1%
tion to a supply of gaseous fuel. .

GEORGE L. HOLZAPFEL.
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