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MATEHTHO BEAOMCTBO HA PENMYBJIMKA BbJITAPUA

CTAHOBWUWE

OTHOCHO: npegsapvtenHo npoyusaHe 3a HOBOCT Ha
n3obpeTeHne ¢ HauMeHoBaHe

,YHUBepcanHa aBTOHOMHa eNeKTpPo-rpaBuTaLMoHHa cuctema 3a npeBaHTUBHO
MexaHO-ANHaMUYHO NPOTUBOAENCTBUE Ha LieHTpobeXxHaTa curna Ha pemapkeTa B 3aBou”

BX. Ne CnAC-382/17.04.2025 r.

MNpoyyBaHeTo e HanpaBeHO Bb3 OCHOBa Ha npeacTaBeHWTe 31 MaTEHTHU MpeTeHUMK
onucaHue 1 NPUNoXeHUTe KbM HEro ourypu.

OGekT Ha HacTosIWOTO MpoyyYBaHe € YyHMBepcarHa aBTOHOMHa  EneKkTpo-
rpaBUTaLUMOHHA CUCTEMa 3a MPEBAHTMBHO MEXaHO-AMHAMUYHO NPOTUBOAENCTBME Ha
LeHTpobexHaTa cuna Ha pemMapkeTa B 3aBOW.

CbrnacHo HesaBuCMMa naTeHTHa npeTteHuus 1, yHMBepcanHata aBTOHOMHa
eneKkTpo-rpaBMTaUnoHHa cuctema 3a NpPeBaHTMBHO MEeXaHO-AMHaAMWYHO NPOTMBOAENCTBUE
Ha ueHTpobexHaTa cuna Ha pemapkeTa B 3aBOM, BKMIOYBA: TErnewio NpeBO3HO CPEACTBO,
npuTexasallo: 3agHa 6poHs (1), MexaHnM3bM 3a Ternuy Ha pemapke (2) ¢ Tornka 3a Ternmy Ha
pemapke (3); pemapke (4), Ternud Ha pemapke (5), nana Ha Ternuya (6), cuctema ot
aatunum, 6e3KnYHO CBBbP3aHU C MHTENUIEeHTEH YnpaBrieHCKM KOMMIOTbpeH 65ok (7), kaTo
uma GanacteH akymynaTtop (8), mbp3andw, ce, Bb3BpaTHO MOCTbMATESNHO, HAMPEeYHO Ha
HaanbXHaTa OC Ha peMapkeTo Ha ponkoBw konenua (9), ABMXKewm ce MO ABYCTPaHHO
HaknaHawwm ce ycnopegHun pencu (10), eqHOCTPaHHO KUHEMATUYHO CBbP3aHN C HaKNaHsLW, r
enekTpmyeckn mexaHmsbM (11), YUNTO eneKkTpuYeckn 3axpaHBall, BXogeH kaben e cBbp3aH,
npes3 MbpBO U3MbIHUTENHO YCTPOUCTBO (12), C MbpBY U3BOA OT BanacTtHua akymynatop (8),
BTOpPU enekTpuyeckn m3sog OT BanactHua akymynatop (8), npe3 BTOPO M3NBbIAHUTENHO
yCcTponcTBO (13), € CBbp3aH KbM ENEKTPUYECKM BXOA Ha KOPOOB PEBEPCUBEH EMNEKTPUYECKM
moTop (14), nbpBy BpoHEBM MexaHnyeH 3axBaT (15) e KnHemaTM4HO CBbpP3aH C MbpBa kopaa
(16), koaTo npe3 nbpeBa obpaTHa kopgoBa porika (17) € KMHeMaTU4yHO CBbp3aHa KbM
nbpBaTta cTpaHa Ha 6anactHusa akymynatop (8), BTopn GpoHeBU mMexaHu4veH 3axsaT (18) e
KMHEMaTM4HO CBbp3aH ¢ BTOpa kopaa (19), koaTto npes BTopa obpaTHa kKopaosa porika (20),
€ KMHeMaTM4HO CBbp3aHa KbM BTOpaTta cTpaHa Ha 6anactHus akymynatop (8), nbpeu 15
KOMaHOEeH M3BOA OT MHTENUIeHTHUSA ynpaBrneHCcKn KOMNIoTbpeH 6nok (7) e kabenHo cebp3aH
C MbpPBOTO M3MbIIHUTENHO YCTPOUCTBO (12), BTOpM KOMaHAEH W3BOL4 OT WHTENUreHTHUS
yrpaBneHCcKn KomnwTbpeH O6nok (7) e kabernHo cBbp3aH C BTOPOTO W3MbLIHUTENHO
yctponctBo (13), npu KoOeTo NbpBM Oe3KMYeH CurHaneH BXO4 Ha WHTENUreHTHUS
yrnpaBneHCcKNn KOMMITbpeH 6ok (7) e cBbp3aH CbC CUrHaneH M3Bo4 OT AudbepeHumnaneH



OuctaHumoHeH partumk (21), BTOopM ©Oe3KmyeH curHamneH BXO4 Ha WHTENUrEeHTHUS
yrnpaBfeHCKN KOMMTbPEH 6nok (7) e cBbp3aH CbC CUrHaNeH M3BO4 OT CKOPOCTEH AaTyuuK
(22), TpeTn 6e3KMYEH CUrHaneH BXoA Ha MHTENUreHTHUS ynpaBneHCKN KOMMTbpeH 6nok (7)
€ CBbp3aH CbC CUrHarieH u3Bo4 OT MHEepUMOHeH gatuuk (23), a 3apexgaw, BXxo4 Ha
GanactHusa akymynaTop (8), npes 3apexpgaly, KoHTponep (24), e kabenHo cBbp3aH € oOLy
n3soa OT doToBONTaUYHU naHenu (25,26), MOHTMpPaHW Ha MOKPMBUTE, CLOTBETHO Ha
pemMapkeTo (4) n Ha Ternewo NPeBO3HO CPEeACTBO, KAaTO KbM HaaTbXHMUTE pbboBE Ha BCEKU
doToBONTANK, YCNOpPEeaHN, CbOTBETHO Ha HaAMBXHUTE OCY Ha peMapkeTo (4) n Ha Ternewo
NPeBO3HO CPEACTBO, Ca LWIApHMPHO CBbp3aHM orneganHu  pednektopn  (27), a
WHTENUIEHTHUAT YNpaBfeHCKM KOMNIOTbPEH 6ok (7) e KoHdUrypmpaH 3a nporpaMmmpaHe cbC
camoobyyaBally Ce M3KYCTBEH MHTENeKT WU € MHTerpupaH c xapayepeH 6nok 3a apxuBHa
namer.

CbrnacHo 3aBucuma npeteHuusa 2, 6anacTtHuaT akymynatop (8) e MOHTupaH B
nbp3ansdwia ce konudka (28) Ha ponkosu konenua (9) no HaknoHeHn pencu (10).

CbrnacHo 3aBucuMma npeteHumst 3, 6anacTHMAT akymynaTtop (8) e CbC CTpaHW4HM
MexaHu4yHM 3axBaTtu (29), 3a KOMTO LUApPHUPHO Ca CBbP3aHW Kpauwiata Ha CbOTBETHUTE
nbpBa kopaa (16) n sTopa kopaa (19).

CobrnacHo 3aBucuma npeTeHuMs 4, BCAKO pornkoBo konesnue (9) e ¢ BbTpelleH
cTpaHn4eH 6opa (30).

CobrnacHo 3aBucMma NMpeTeHUMs 5, xapakTepuaupalla ce ¢ ToBa, Ye pemapkeTo (4) e
C noseye oT eadHa oc (31).

CovrnacHo 3aBucuma npeteHuuns 6, ocute (31) ca cbC 3aBMCUMO OKa4yBaHe KbM Mnoga
Ha (4).

CovrnacHo 3aBucuma npeteHuuns 7, ocute (31) ca ¢ He3aBMCUMO OKa4yBaHe KbM Mnoga
Ha pemMapkeTo (4).

CovrnacHo 3aBucuma npeTeHumss 8, kabenHuTe Bpb3kM (32) Mexay 3apexgalums
KoHTponep (24) n 6anactHua akymynatop (8) ca roBkasu.

CobrnacHo 3aBucuma npeTteHuus 9, enekTpuyeckuaT MmexaHusbm (11) n kopaoBuAT
peBepcuBeH enekTpudeckn motop (14), ca 6e34eTKOBM €NEKTPOCUITOBU MALLUHW.

CwrnacHo 3aBucuma npeteHumsa 10, poTtoBonTanyHutTe naHenu (25,26), MOHTUpaHM
Ha MOKPMBMTE, CbOTBETHO Ha peMapkeTo (4) M Ha Ternewio NpPeBO3HO CPEACTBO, Ca Ha
aHTUBMOPALMOHHN TaMMOHW.

CvbrnacHo 3aBucuma npeTeHumst 11, LWapHUPHO CBbpP3aHUTe ornefanHu pednekTopu
(27) xbM poToBONTAMHMHUTE nNaHenu (25,26) ca C perynvpyeMyu HakroHKW, CrpsMo
NAOCKOCTUTE Ha LWApPHUPHO CBbp3aHuTe orneganHun pedrnekropu (27), KOMTO ca CrbBaeMu.

CbrnacHo 3aBucrMMa npeTeHumns 12, WapHMpHO CBbp3aHuTe orneganHu pednekropu
(27) kbMm poTOBONTANYHUTE NaHenu (25,26) ca peumknupyemmn NoNMMeEpHU orneaana.

CbrnacHo 3aBucuma npeteHuma 13, HaknoHeHute pencu (10) ca noOOBWKHO
MOHTMpPaHW BbPXY Ternn4ya Ha pemapkeTo (5).

CwrnacHo 3aBucuma npeteHums 14, nbpeata kopaa (16) n BTopaTta kopga (19) ca ot
HeenacTU4eH rbBkaB MaTepuan.

CobrnacHo 3aBucuma npeteHuus 15, konenata Ha pemapkeTo (4) ca C LUMPOKM
NPOTEKTOPMW.

CovrnacHo 3aBucuma npeteHums 16, konenata Ha pemapketo (4) ca
camMoHanomnBalim ce HagyBaemu.

CovrnacHo 3aBucuma npeteHums 17, kornenaTta Ha pemapkeTo (4) ca OT NbTHU
enactomepu.



CobrnacHo 3aBvcuma npeteHuuns 18, mexaHnambT 3a Ternuya Ha pemapkeTo 18 (2) e
NOABWKHO MOHTUPAH KbM 3aHaTa 4acT Ha LacuTo Ha TerneLlo NpeBo3HO CpeacTso.

CwbrnacHo 3aBucuma npeteHums 19, 3agHata 6poHsa (1) € MOHTMpaHa KbM 3agHaTta
4acT Ha WacuTOo Ha TernewoTo NPEBO3HO CPEACTBO, YPE3 XOPM3OHTANHM amopTucbopu (34).

CwornacHo 3aBucuma npeteHuma 20, HaKNaHAWMAT enekTpudeckn mexaHusbm (11)
BKIMOYBA KWHEMATUYHO HEOOpaTUM peayKkTop.

CovrnacHo 3aBucumMa npeTteHums 21, KOpPAOBMSAT PEBEPCUBEH EMEKTPUYECKM MOTOP
(14) BknoyBa KMHEMATMYHO 06paTUM peayKTop.

CobrnacHo 3aBvcuMa NpeTeHuuns 22, Ha Ternnya Ha pemapkeTo (4) € MOHTUpaH NnoHe
eavH wapHup (35), KbM KOUTO € hUKCUpaH ropHUAT Kpa Ha eauH egHopaMeHeH noct (36),
Ha YNATO CpeLLynoNOXKeH Kpan narepysa eaHo koneno (37) Ha XOpuU3oHTarneH Barn.

CobrnacHo 3aBucumMa npeTteHums 23, mMexagy eqHo paMmeHHus NocT (36) n Ternmya Ha
pemapkeTo (4) e MOHTMpaH MOHe eAVH MHEBMAaTU4YEeH aMOPTUCLOP C BrpadeH enacTtuyeH
enemeHT (38).

CobrnacHo 3aBucuma npeTeHums 24, mexagy egHopamMeHHus noct (36) Ternvya Ha

pemMapkeTo (4) € MOHTUpaH NoHe eAnH TOPCUOHEH ryMeH amopTuceop (38).

CovrnacHo 3aBucuMma npeteHumsa 25, pasamepute Ha konena (37, 39, 40, 41 n 42) ca
e[ HaKBMW.

CovrnacHo 3aBucuMma npeteHumst 26, Bceku wapHup (35) narepyeBa OKono eguH
HaknoHeH Ban (43).

CobrnacHo 3aBucuMa npeteHumst 27, Koneute Ha BCUYKM OCKU Ha pemapkeTo (4) ca
paBHU Nomexay Cu.

CobrnacHo 3aBucrma npeteHuna 28, koneata Ha npegHaTa oc Ha pemapkeTo (4) e no-
LUMpOKa OT OCTaHanuTe Konew.

CovrnacHo 3aBucuma npeteHumst 29, konenata Ha 3agHata oc (39 u 42) Ha
pemapkeTo (4) ca gBuraTesnHu.

CwrnacHo 3aBucuma npeteHuusa 30, konenaTta Ha npegHaTta oc Ha pemapkeTo (4) ca
3aBMBaLLN.

CwrnacHo 3aBucuma npeteHums 31, konenaTta Ha BCUMYKM OCUM Ha pemapkeTto (4) ca
3aBMBaLLW.

OOGeKT Ha HacToALLOTO Npoy4YBaHe e fa ce obesneyn yHmBepcasniHa aBTOHOMHa enNeKkTpo-
rpaBUTALMOHHA CUCTEMA 3a MPEBAHTUBHO MEXaHO-AWHAMUYHO MNPOTUBOAENCTBME Ha
ueHTpobOexHaTa cuna Ha pemMapkeTa B 3aBOW, KOSITO pagukanHo J[a npeopgonee
HegocTaTbUUTE Ha pasrnegaHuTe cuctemnm M edekTMBHO ga crtabunusmpa 6e3onacHoTo
OBWXEHMEe Ha pemapkeTaTta, Npu KOeTo e 3aAbIMKUTENTHO PeMapKeTO Aa MOXEe HaOeXOHo U
edekTMBHO Aa 6anaHcmnpa B 3aBOM MO YNCTO KMHEMATUYEH HA4YMH, KaTo Non3Ba CTaH4apTHUS
KOpMWIeH ycunearten Ha TernewoTo NpeBo3HO CPeACTBO.

B nateHTeH pokymeHT US2024010036 (Al) e paskpuTa cuctemarta 3a KOHTpOn Ha
rpaBuMTauuATa Ha pemapkeTo 3a MPeBO3HO CPeACTBO BKIIOYBALLA: 3a4BWXKBaLL, MeXaHW3bM
3a NpefHO NABO aKTMBHO OKayBaHe, CBbp3aH C MpegHo fsiBO KOSerio Ha MNpeBO3HOTO
CPeACTBO; NpefeH AeceH 3a4BMXKBaLL, MEXaHU3bM 33 akTMBHO OKayBaHe, CBbp3aH C NpeaHo
[ASICHO KONeno Ha MNpeBO3HOTO CPefCTBO; aKTMBATOp Ha 3a4HO IAIBO aKTMBHO OKayBaHe,
CBbp3aH CbC 3afHO INSABO KOMEeno Ha NPeBO3HOTO CPeACTBO; akTMBATOP Ha 3afHO ASCHO
aKTMBHO OKa4yBaHe, CBbP3aH CbC 3a[HO ASCHO KOMerno Ha NpeBO3HOTO CPeACTBO; MOAYN 3a
yrnpaBneHne Ha 3aABWXBaLLUS MEXaHU3BbM, KOUTO € KOH(UrypupaH: Bb3 OCHOBA Ha cunuTe



Ha Ternu4a npu Ternuya Ha pemMmapkeTo Ha NPeBO3HOTO CPeACTBO B HAAMbXHA, CTPaHUYHA U
BepTMKanHa nocoka, Aa onpeaens Luenesute BepTUKariHK CUNK 3a akTuBaTopa Ha NpPeaHoTo
NABO aKTUBHO OKayBaHe, MPEAHOTO ASCHO aKTMBHO OKayBaHe 3a[BWXKBaLl, MeXaHWU3bM,
3a4BWKBALUMSAT MeXaHM3bM Ha 3agHOTO fiSIBO  aKTMBHO OKayBaHe W CbOTBETHO
3a4BWKBALUMSAT MeXaHM3bM Ha 3aQHOTO [OSICHO aKTUBHO OKayBaHe;, M CEeNeKkTUBHO [Aa
perynupa Ha npegHust NsIB M [OeCeH 3aABWKBall, MEXaHU3bM Ha aKTMBHOTO OKayBaHe,
3adHMSA NSB WM AeceH 3a4BWXKBall, MexaHW3bM Ha akTMBHOTO OKayBaHe Bb3 OCHOBA
CbOTBETHO Ha LEeNneBUTe BepTMKaNHW CWUMK; MoAyrn 3a YyrnpaBneHue Ha 3adBuXKBalus
MEeXaHU3bM, KOH(UrypupaH Aa onpefens uUeneBuMTe BepTUKanHuM cunu Ha 6asata Ha
MUHUMWU3MPAHE Ha PasnUKNTE MEXAY cunaTta Ha Ternuya u pedepeHTHaTa cuna Ha Ternuya;
MOZyn 3a eTarnoHHW CUMK Ha Ternu4a, KoHUrypmpaH aa 3agaea peepeHTHUTE CTOMHOCTM
Ha cunaTta Ha Ternv4ya; moayn 3a ynpasneHvue Ha 3aJBWKBaLLUS MexaHU3bM, KOHpUrypmpaH
[Aa onpenensi uenesuTe BepTUKANHW CUMM AOMbIHUTENHO Bb3 OCHOBa Ha CKOPOCTTA Ha
OTKIIOHEHME Ha MNPEeBO3HOTO CPEeACTBO U € KOHdUrypupaH pfa onpegens Lenesute
BEPTMKaNHM cunuM Ha GasaTa Ha MUHMMM3MPaAHE Ha pasnukata Mexay CKOpocTTa Ha
OTKIIOHEHME U pedepeHTHaTa CKOPOCT Ha OTKINOHEHWE; MOAyN 3a eTanoHHa CKOPOCT Ha
3aBbpTaHe, KoHUrypypaH Aa 3afgaBa eTanioHHaTa CKOPOCT Ha 3aBbpTaHe Ha GasaTa Ha
BT Ha 3aBMBaHE Ha MPEBO3HOTO CPEACTBO WM Aa 3adaBa eTarioHHaTa CKOpPOCT Ha
3aBbpTaHe JOMbIHUTENHO Bb3 OCHOBA Ha CKOPOCTTA Ha NPEBO3HOTO CPEACTBO; NpeaeH nsiB
enekTpUYeckM MOTOp, KOH(UrypupaH ga u3Bexaa BbpTSAl, MOMEHT KbM MPeaHOTO JsiBO
KOneno Ha NpPeBO3HOTO CPeACTBO; NpeaeH AeCeH eneKkTPUYeckn MOoTop, KOHdUrypupaH ga
n3BeXxaa BbpTAL, MOMEHT KbM MPEAHOTO ASICHO KOMerio Ha NpeBO3HOTO CpeacTBO; 3adeH
NAB eNEeKTPUYECcKM MOTOP, KOHUrypupaH Aa usBexaa BbpTsll MOMEHT KbM 3aQHOTO sIBO
KONerno Ha NPeBO3HOTO CPEACTBO; 3afeH JEeCeH eneKkTpUYeckn MoTop, KOHuUrypupaH Aa
n3BeXaa BbPTSLL, MOMEHT KbM 3aHOTO ASCHO KOMeno Ha NPeBO3HOTO CpeacTBO; U Moayn 3a
ynpaBreHne Ha Komnerno, KoOH(UrypupaH Aa: Bb3 OCHOBa Ha MbpBaTa Ccuna Ha 3axBalllaHe,
BTOpaTa cuna Ha 3axBallaHe M TpeTaTa cura Ha 3axBallaHe, onpenens LeneBute U3Xo4HU
CTOMHOCTM Ha BbPTAWMSA MOMEHT CbOTBETHO Ha MNpedHust NSIB eNekTPUYecku MoTop,
npeaHus AeceH enekTpUYeckn MOTOp, 3afHUS NSIB eNeKTPUYECKU MOTOP UM 3adHUS OEeCeH
enekTpoaBuraTen; U CenekTUBHO perynupaHe Ha npeaHust NsB enekTpoasurarten, npeaHus
[leCeH €eneKkTPOMOTOp, 3adHMSA NSB eNeKTPOMOTOpP U 3adHWUA OeCeH eNeKkTpoMOTOp Bb3
OCHOBa CbOTBETHO Ha LIeNeBUSI BbPTSLL MOMEHT; MOAyNbT 3a ynpaBlieHne Ha KonenoTo e
KOHUrypupaH aa onpeaens LeneBuTe U3XOAsWM BbPTALM MOMEHTU AOMbMHUTENHO Bb3
OCHOBa Ha UEeneBMTe BEepTUKanHW CUnu; MOAynbT 3a YynpaBneHWe Ha 3adBWXKBaLLUS
MEXaHU3bM € KOHpUrypvpaH Aa onpeaens uenesute BepTUKaNHM CUMM AOMbIHUTENHO Bb3
OCHOBa Ha LieneBns N3xoaeH MOMEHT Ha BbPTSALLMSA MOMEHT.

B nateHTeH gokymeHT US2023356707 (Al) ca paskputu MeTog U cucTema, KaTo
cucTemara BKoYBa: NMPeBO3HO CPEACTBO, KOETO UMa eNeKTPUYECKO 3a[BUXKBAHO pemMapke,
TErneHo KbM HEro; KOHTporep, nporpamupaH Aa 3agBwkBa NPEBO3HOTO CPeAcTBO C
pemMapKeTo, TerneHO KbM HEero, KOMTo ynpaensiBa 3a4BWXBAHETO Ha NPEBO3HOTO CPEACTBO U
Ha pemapkeTo. KoHTponepbT € AOMbIHUTENHO NporpamMupaH Aa ynpaensiBa KOMMOHEHTUTE
Ha CMMOBOTO NpedaBaHe Ha NPEeBO3HOTO CPEACTBO M HA peMapKkeTo, Aa NonyyaBa AaHHW 3a
3aryba Ha KOMMOHEHTM Ha 3a[ABMXBAHETO Ha MPEeBO3HOTO CPEeACTBO M Ha peMapKeTo;
KapTaTa Ha egeKTMBHOCTTa, CBbp3aHa C (QaKTOpUTe Ha 3aABWMKBAHETO Ha MNPEBO3HOTO
CPeACTBO B AaHHUTE 3a 3arybute Ha KOMMOHEHTUTE Ha 3a4BWXKBaHETO Ha MNPEBO3HOTO
CPeACTBO M kapTaTa Ha egeKTMBHOCTTA, CBbp3aHa C (hakTopuTe Ha 3adBWKBAHETO Ha
pemMapkeTo, B AaHHUTE 3a 3arybuTe Ha KOMMOHEHTUTE Ha 3a4BWXKBaAHETO Ha pPeMapKeTo;



KOMOMHMpaHaTa kKapTa Ha edeKkTMBHOCTTa ocurypsiea paboTa Ha 3aaBWKBAHETO Ha
NMPEBO3HOTO CPEACTBO U 3aABWXKBAHETO Ha PEMAapKETO Aa MMmaT Hal-BUCOKa KOMOWHMpaHa
ePeKTUBHOCT 3a AageHa KOMOMHAUMsi OT MOLUHOCT M CKOPOCT Ha MPEBO3HOTO CPencTBo,
M3nCKBaHa OT BoOJauya;, CMIIOBOTO MNpedaBaHe Ha MPEBO3HOTO CPeACTBO BKMOYBA MbpBa
TAroBa 0OaTepusi;  3adBWXKBAHETO Ha pemapkeTo BKM4YBa BTOpa THAroBa Oartepus;
3aBWKBAHETO Ha NPEBO3HOTO CPEACTBO AOMbIHUTENHO BKIOYBA ABUraTen; KOHTPONepbLT €
AOMbIHUTENHO MporpamMupaH ga NpeausBUKBa MPEXBbPIisiHE Ha eneKkTpuyecka eHeprus
MeXay nbpeaTta Tarosa 6aTtepusi u BTopaTta TaroBa 6aTepusi, 3a Aa noaabpxa paboTtarta Ha
3a[BKBAHETO Ha MPEBO3HOTO CPEACTBO W 3a[BWKBAHETO Ha pPEemMapKeTo CbrnacHo
KOMOWHMpaHaTa kapTa Ha e(EKTUBHOCT; KOHTPONEpbT € AOMbIHUTENHO nporpamMupaH ga
peanusupa paboTtaTta Ha 3aABWXBAHETO Ha MPEBO3HOTO CPEACTBO M 3aABMXKBAHETO Ha
pemMapKeTo 4pe3 BEKTOPM3MPaHE Ha BbPTALWLMS MOMEHT MeXAy 3a[BWKBaLUTE OCU U
N3TOYHULUTE Ha 3a[BWKBaHE Ha 3a[BWXBAHETO Ha NPEBO3HOTO CPEACTBO W 3aABUXKBAHETO
Ha peMapkeTo W Oda reHepupa KOMOWHMpaHa KapTa Ha edEeKTMBHOCT NMpU CBbp3BaHe Ha
PEMapKETO KbM MPEBO3HOTO CPEACTBO; PEMapKeTo € eneKkTpupUuMpaHo, Tbi KaTo
3aBWKBAHETO Ha pemapKeTo BKM4YBa TAroBa Gatepus 3a ocurypsiBaHe Ha MOLLHOCT 3a
3a[BIKBaHE HA PEMapKeTO.

B eaHO OT NpumepHUTE U3MBbIHEHUS, 3a pasnuka OT 3aABWKBAHETO HA NMPEBO3HOTO
CPEACTBO, 3aABMKBAHETO Ha pPeMapkeTo He Bknwo4Ba Asuraten. CMNoBoTO npegaBaHe Ha
pemapKeTo OOMbITHUTENHO BKIOYBA EMeKTPUYECKN MOTOP, KOWTO € MEXaHUYHO CBbP3aH KbM
3a4BWXKBALLA OC, KOSITO € MEXaHW4YHO CBbp3aHa C korenaTta Ha pemapkeTo. TsroBaTa
GaTepua 3a CbXpaHsiBa enekTpuyecka eHeprusi, Moxe [a Ce M3Mon3Ba OT enekTPUYecKust
MOTOp 3a 3a[BWKBaHe Ha PeMapKeTo. TAroBUAT akymynaTop € eneKTpUYeckn CBbp3aH KbM
enNeKTPUYECKMs MOTOP Ype3 MHBEPTOP Ha CUMOBOTO NpeaasaHe Ha pemapkeTo. MHBepTopa
npeobpa3syBa NOCTOSIHEH TOK OT TAroBaTta 6aTepusi B NPOMEHIIMBOTOKOBO 3axpaHBaHe, 3a Aa
ynpaBrnsiBa enekTpU4Yeckn MOTOp 3a 3a[BWKBaHe Ha pemapke.

B nateHTeH pokymeHT US6424907 ca paskputM CUCTEMM 3a U3MEpPBaHEe Ha
cTabunHocTTa Ha NPEBO3HOTO CPEACTBO U MO-CrneumanHo MeTo 1 CBbP3aHO YCTPOMCTBO 3a
OTKPUBaAHE Ha MPOMEHN B LIEHTbpa Ha TEXECTTa Ha MacaTta Ha NpPeBO3HO CPeaCTBO.

YCTpOWCTBO 3a OTKpMBAHE Ha OMACHOCT OT MpeobpbliaHe Ha MPEeBO3HO CPEeAcTBO,
BKMIOYBA HaW-Manko OBe OCU W Hail-manko Tpu Komena, CpeAcTBO 3a OTyuTaHe Ha
CbCTOsIHME Ha LoduMpaHe Npu MaHeBpa B 3aBOW; CPEACTBO 3a ONpeernsiHe Ha Bapvauuun B
LleHTbpa Ha TeXxecTTa Ha macaTa; CPedCTBO 3a OTKpMBaHe Ha MbPBW MPOMEHNVNBU Ha
CbCTOSIHMETO, KOMTO CbOTBETCTBAT HAa CbOTBETHOTO HaTOBapBaHEe Ha Konemnata BbpXy Hai-
Marnko [ABe Korena; CpeacTBO 3a CpaBHSIBaHE Ha OTKPUTUTE MPOMEHNIMBU Ha MbpBO
CbCTOSIHME C pedepeHTHM CTOMHOCTW, NPEeAcTaBUTENHM 3a CbOTBETHaTa MaHeBpa Ha
3aBMBaHe; CPeACTBO 3a M3YMCISIBAHE Ha MPOMSIHATa B LEHTbpa Ha TEXecTTa OT pasfnunkute
MexXay OTKPUTUTE MbpBM MNPOMEHNMBM HA YCIOBUETO M pPedEPEHTHUTE CTOMHOCTU U
CpedcTBO 3a ofpedensHe Ha BTopa MNPOMEHNMBa Ha YCMoBWETO, NpeacTaBUTENnHa 3a
ornacHocTTa OT npeobpbliaHe, OT M3YMCNEHOTO M3MEHEHWe Ha LieHTbpa Ha TEeXecTTa;
cpefcTBa 3a M3MepBaHe Ha MoHe eauH XOA4 Ha MpYXWHaTa Ha OkayBaHeTo Ha KOernoTo,
HansAraHeTo Ha MNpyXuHaTa Ha OKayBaHEeTO Ha KONeroTo, HansAraHeTo Ha amopTMCbopa Ha
amMopTUCbOpa, HansAraHeTo Ha Bb3dyxa BbTpPe B rymaTa, cTpaHu4yHaTa Aedopmaums Ha
rymata U u3nonsBaHe Ha TakoBa M3MepBaHe KaTo OCHOBa 3a MbpBaTa MPOMEHNMBA Ha
YCIOBMETO, KOATO CbOTBETCTBA HA HaTOBapBaHETO Ha KONernoTo; CPeACcTBO 3a M3MepBaHe
Ha MoHe eHOo OT HanpPe4yHOTO YCKOPeHUe, KOeTo AeicTBa



BbPXY LEHTbpa Ha TEXEeCTTa Ha NPEBO3HOTO CPEACTBO, bIbfla Ha HAKNaHsAHe Ha NPEBO3HOTO
CpeacTBO, brbfla Ha HakKMOHA Ha MNPEeBO3HOTO CPeacTBO, CKOPOCTTA Ha MPEeBO3HOTO
CPEACTBO, brbfla Ha 3aBMBaHe, CKOPOCTTA Ha OTKMOHEHME W W3MNON3BaHe Ha TakoBa
n3MepBaHe kaTo OCHOBa 3a BTOpaTa MNPOMEHNMBa Ha YCMOBWMETO, NPeAcTaBuUTEnHa 3a
onacHocTTa OT npeobpbluaHe; MpeBKYBaTEN 3a KparWHa no3vuus, OCUrypeH Ha
aMOPTUCLOP WUNN BbPXY MPYXMHEH €feMEHT Ha OKayBaHETO Ha KOMenoTo, Toykata Ha
NMPEeBKIMIOYBAHE Ha MNPEBKMOYBATENsS 3a KpaHa Mo3vuMs € CBbp3aHa 4pe3 BpemeBa
Kopenauua € BTOpaTa MPOMEHSIMBA Ha YCNOBMETO, NpeacTaBuUTENHa 3a onacHocTTa oT
npeobpbLUaHe.

AHanuabT Ha o6eKkTa Ha NPOy4YBaHETO N N3BECTHUTE PELLIEHMSI NOKa3Ba CNegHOoTO:
HoBocTt

Mpy M3BLPLUEH CpaBHWUTENEH aHanM3 mexay obekTa, npegMeT Ha HacTOSILWETO
npoyyBaHe M HaMepeHWUTe MpU NPoyYBaHETO OOKYMEHTWU, CE€ YCTaHOBW, Ye B HUTO eauH OT
HaMepeHUTe JOKYMEHTUN He € pasKkpuTa yHUBepcanHata aBTOHOMHA eNeKkTpo-rpaBUTaLoHHa
cucTeMa 3a NpPeBaHTMBHO MeXaHO-AMHAMUYHO MPOTMBOAENCTBME Ha LeHTpobexHaTa cuna
Ha pemapkeTa B 3aBOW, KOSITO Aa BKMOYBA BCUYKM TEXHUYECKM NpPU3HaAUM Ha obekTa Ha
npoy4YBaHeTo.

CnepoBatenHo, O06GEKTbT Ha HaCTOAWETO NpoyyBaHe, CbrNacHo Taka
dopMynupaHnTe nNpeTeHuMM € HOB MO CMUCBbRa Ha 4Yn. 8 oT 3akoHa 3a naTeHTuTe U
perncrpaumsTa Ha nonesnute mogenwu (3rPrm).

U. Crecanosa
I'maBen excriept JE3UIIMIT/]
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METHOD AND DEVICE FOR
DETERMINING AND DETECTING THE
OVERTURNING HAZARD OF A VEHICLE

CROSS-REFERENCES TO RELATED
APPLICATIONS

The present application is a U.S. national phase applica-
tion of International Application PCT/EP99/05079
(International Publication W000103900), filed Jul. 16,
1999.

TECHNICAL FIELD

The present invention generally relates to systems for
measuring vehicle stability, and more particularly relates to
a method and a related device for detecting variations of the
center of gravity of the mass of a vehicle.

BACKGROUND OF THE INVENTION

Various models for rollover accidents are described on
pages 309 to 333, chapter 9, in “Fundamentals of Vehicle
Dynamics”, by T. D. Gillespie, Society of Automotive
Engineers, Inc., Warrendale 1992. Starting with a quasi-
stationary model for a rigid vehicle, via a quasi-stationary
model for a sprung vehicle up to dynamic models in con-
sideration of inherent roll frequencies, conditions for exist-
ing rollover hazards are indicated.

While it was known at the time the above-mentioned book
was published that in trucks, truck trailer units, buses, small
buses, and off-road vehicles having a high center of gravity
and/or a small tread width, there is a rollover risk during
cornering in the event of a major roll motion, it has been
found only recently that lateral motions of passenger
vehicles are also likely to build up until the vehicle rolls
over. Such a risk of rollover is considerably increased by
improper loading, e.g. extremely toward one side or on the
vehicle roof, because the center of gravity of the mass of the
vehicle is shifted upwards or to one side.

As is shown in FIGS. 14 and 15, the analysis of the forces
and moments is decisive in the static case for the stable
equilibrium of a vehicle.

FIG. 1a shows the distribution of the vehicle weight force
F to the wheel tread forces F, ... The lateral offset y, of the
center of gravity S from the vehicle center is shown in FIG.
1b. The offset of moments with respect to a wheel shows the
influence of the shift of the center of gravity in the static and
dynamic case.

If, during driving operations, a disturbing force occurs,
such as the centrifugal force during cornering or a wheel
load variation due to a rough road section, the vehicle will
move into the labile or unstable condition depending on the
magnitude of the disturbing force.

With an Electronic Stability Program (ESP), for example,
the system developed and sold by the applicant, a system is
on hand which is apt to detect critical driving conditions by
comparing the course of driving predefined by a driver with
the actual track of the vehicle, and to prevent these condi-
tions by a well-defined brake intervention. Wheel rotational
speeds, the transverse acceleration, the steering angle, and
the yaw rate are provided as data for this purpose. In case the
driving condition defined by these data reaches a critical
range, the proper steering behavior of the vehicle defined by
the vehicle model of the ESP controller will be maintained
by a wheel-selective brake intervention. Thus, this control
action can only influence all two-dimensional processes and
condition variables, that means processes which can be
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2

described by transverse acceleration and rotation about the
vertical vehicle axis (yaw).

Once the position of the center of gravity in a longitudinal
and/or transverse direction of the vehicle changes, e.g., due
to loading, the changed cornering limit speeds are automati-
cally taken into account in the ESP system because the
proper steering behavior determined in the vehicle model
shall be maintained. When the center of gravity shifts, e.g.
in a rearward direction, the augmented oversteering ten-
dency during cornering is counteracted by reducing the
allowed cornering speed, in the event that the basic setting
is established as understeering.

A change in the height of the center of gravity will now
cause a changed side-tilt behavior of the vehicle in longi-
tudinal and transverse directions. When a transverse accel-
eration acts on the vehicle, according to FIG. 1b, the analysis
of moments

F xh+F, xb=Fgx(b/2+y,) @B

applies, wherein F_ designates the centrifugal force due to
the transverse acceleration a, .., F; is the center of
gravity, m is the vehicle mass, F, ., designates the vertical
wheel force (wheel load) for the right and the left wheel, h,
y. the height of the center of gravity, y, the lateral distance
of the center of gravity from the vehicle center, and b
designates the tread width. From this follows directly the

correlation for the transverse acceleration a

transv*

Trransy. =11 X[g(D124y)~F,_ xb/m] @

Rollover of the vehicle will thus be reached when a
critical transverse acceleration is exceeded for which the
following correlation applies:

@)

Thus, the critical transverse acceleration depends directly
on the center of gravity.

Besides, in prior art vehicle motion control systems,
wherein the objective is to increase driving stability, espe-
cially during cornering, that means to avoid lateral rollover
in particular, it is generally the transverse vehicle accelera-
tion or the roll angle of the vehicle which is taken as a basis
for critical condition variables that describe the rollover
hazard.

Thus, DE-A 197 46 889 describes a system to increase the
lateral stability during cornering which is equipped with a
side-tilt detection device. This side-tilt detection device
measures either the difference in height between the right
and the left vehicle side, or the transverse acceleration of the
vehicle in order to detect the roll angle between the vehicle
horizontal and the roadway horizontal. When the side-tilt
detection device detects a rollover hazard, a countersteering
yaw torque will be produced by decelerating the curve-
outward front wheel.

However, as described hereinabove, the allowed trans-
verse acceleration and the allowed roll angle are greatly
responsive to the position of the center of gravity of the
vehicle, especially the height of the center of gravity. In the
generic methods and devices known from the state of the art,
the center of gravity of the vehicle, especially variations in
the center of gravity, is not taken into consideration to a
sufficient degree as far as a preventive rollover prediction is
concerned.

BRIEF SUMMARY OF THE INVENTION

Please delete the abstract on page 13 and replace it with
the abstract set forth immediately below in clean form.

L ransv. critica =b12+y )/hxg
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Additionally, in accordance with 37 CFR 1.121(b)(iii), all
paragraphs amended herein are set forth in a marked up
version on the sheets attached to this amendment.

Therefore, an object of the present invention is to provide
a method and a device which render it possible to counteract
a rollover hazard as early as possible. The primary objective
of the present invention is a prediction of an imminent
rollover condition of a vehicle to permit a best possible
prevention.

According to the present invention, this object is achieved
in that first condition variables which correspond to the
respective wheel load are detected on at least two wheels
during cornering, in that the detected first condition vari-
ables are compared with reference values representative of
the respective cornering maneuver, and in that a related
variation of the center of gravity is calculated from the
differences between the detected first condition variables
and the reference values.

The present invention is based on the recognition that the
most appropriate coefficient of influence in a best possible
preventive detection of the rollover hazard of a vehicle is the
position of the center of gravity of the vehicle. Thus, the
current center of gravity as an output quantity is made the
important basis of the method and the device disclosed in the
present invention.

The coefficient of influence directly indicates the exist-
ence of a critical rollover condition. Either active control
interventions, e.g. by means of ESP, or a passive warning to
the driver will be considered as a countermeasure to prevent
rollover.

In contrast to the state of the art, the preventive procedure
disclosed by the present invention includes the advantage
that the vehicle remains steerable during a correcting inter-
vention required and the driving comfort is also preserved
during an active control intervention. Another advantage of
the present invention over the state of the art can be seen in
that the possible intervention strategies in response to detec-
tion of a critical driving situation are almost optional, not
least due to the detection which offers extreme prediction.
Therefore, the present invention can be realized without
special effort and cost as an extension or an improvement of
an existing driving stability control system, for example, the
Electronic Stability Program (ESP) of the applicant.

The spring travel that can be measured at the wheel
suspension, the spring pressure, the damper pressure that can
be measured at the shock absorber, the inside tire pressure,
or the lateral deformation of the tire can be made the basis
of a first condition variable that is correlated to the wheel
load.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is a schematic side view of a four-wheel vehicle
in a cornering maneuver.

FIG. 1b is a schematic rear view of a four-wheel vehicle
also 1n a right-curve cornering maneuver.

FIG. 2 is a rear view of a vehicle in a left curve,
corresponding to FIG. 1, to represent the physical condition
variables related to driving for the description of a rollover
condition.

FIG. 3 is a flow chart showing a preferred sequence of
operation of the method according to the present invention
and the corresponding device.

FIG. 4 is a schematic view of a preferred embodiment of
the device of the present invention including a spring travel
switch at one wheel and a characteristic curve that illustrates
the point of time of switching of the spring travel switch.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The embodiment described hereinbelow relates to modi-
fications in an Electronic Stability Control system (ESP). In
contrast to the two-dimensional model used in the state of
the art, the present invention is based on a three-dimensional
vehicle model wherein beside the transverse acceleration
and the yaw, also pitching and rolling of the vehicle can be
taken into account, with the result that the rollover tendency
is also considered a value of the critical condition variable.
A principal adaption of the vehicle model in consideration of
the current static center of gravity will considerably support
the control success. But also a reaction only to the side-tilt
behavior of the vehicle will achieve already a major
improvement of stability control.

The information required for determining the center of
gravity and the vehicle side-tilt may preferably be obtained
from the spring travel variations. The center of gravity can
be determined by a measurement of the static compression
travel with respect to axles without level control device or by
a measurement of the pressure in the level control device.
With a known spring rigidity C of the chassis support spring,
the wheel normal force F___. (FIG. 1a) can be determined
from the known force F in the construction position

with spring travel S , as follows:

—XX.

F, =F +K.AS

n_xx  n_xx_o

wherein AS represents the measured spring travel variation
with a direction-responsive sign (positive for compression
travel, negative for rebound travel).

A level control device compensates a compression travel,
thus, AS becomes 0. The system pressure variation Ap
necessary for this compensation is proportional to the
change in force, and consequently

F

n_xx

=F

n_xx_o

+K.Ap

applies, wherein k is the proportionality factor.

The roll angle is determined by way of the different spring
travels on the left and the right vehicle side, and the pitch
angle is determined accordingly by way of the spring travels
on the front and the rear end.

The height of the center of gravity can be calculated from
the side-tilt angle and the associated acceleration. The center
of gravity in a longitudinal and transverse direction (I, I,
y,) is known from the static analysis. The height of the center
of gravity may hence be derived from the correlation
described hereinabove, with the transverse acceleration
known, according to

W=ty ansy. (& 249)-F,, ]

or, with the longitudinal acceleration known, according to

s =

1 Frn— VA ! Fn— HA J
along. | m v m "

A center of gravity shifted from the vehicle center can be
determined by the roll angle which is different responsive to
the direction, with a transverse acceleration existing. Thus,
e.g. for a vehicle with a level control device at the rear axle,
four sensors for determining the spring travel are required
and, in the event of an axle control on each individual wheel,
one or two sensors for determining the pressure in the level
control device of the rear axle are required.

The flow chart shown in FIG. 3 illustrates an exemplary
sequence of operation of a modified ESP control, wherein an
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end position switch is used corresponding to the mentioned
simplified embodiment of this invention. The end position
switch responds when a predetermined spring travel thresh-
old value in one or more of the vehicle wheels is exceeded,
that means, when a predetermined wheel load is exceeded
with respect to the prevailing forces. Because the mode of
operation of the end position switch hence depends on the
direction of cornering, it is first of all necessary to find out
which wheel (the wheel on the front axle is preferred) or
which wheels are disposed on the curve-outward side of the
vehicle. This is because only the curve-outward wheels are
able to respond in the mentioned manner corresponding to
the vehicle tilt during cornering. The selection of the curve-
outward wheels can be effected by means of sensors related
to driving dynamics, e.g., a steering angle sensor and/or a
yaw rate sensor, which are already provided in an ESP
system. In general, other sensors may also be used which
permit determining the direction of a cornering maneuver.

In the event that one or more of the end position switches
arranged on the curve-outward side of the vehicle respond,
the variation of the ESP vehicle model which has already
been described in detail hereinabove will be performed. It is
initially necessary, however, to check or filter the switch
signals received to the end that those signals are “filtered
out” which induced one or more end position switches to
respond due to road conditions, e.g. due to bumps, although
there was no cornering maneuver and, consequently, there
was no rollover hazard.

In consideration of further quantities related to driving
dynamics, for example, the steering angle and the vehicle
speed, a corresponding change of the center of gravity of the
vehicle is calculated, and from the change center of gravity
a changed or corrected limit transverse acceleration is cal-
culated by way of the mathematical correlations mentioned
hereinabove. By way of the corrected limit transverse
acceleration, the ESP vehicle model will then be changed in
a manner such that the vehicle temporarily becomes “under-
steering” and is, hence, better adapted to the changed
center-of-gravity conditions.

In the normal case, the end position switch will no longer
respond after termination of the cornering maneuver. The
correspondingly filtered signal cancels the temporary
change of the ESP vehicle model and, thus, reestablishes the
condition of the ESP prior to the cornering maneuver.

In the embodiment referred to above, the ESP vehicle
model is modified only temporarily, i.e., during cornering
maneuvers. It may, however, also be provided that on
command of the mentioned signals of the end position
switch, there is a reaction to changed center-of-gravity
conditions that is followed by permanent variations of the
ESP vehicle model. The above-mentioned statements will
apply accordingly in this case.

Due to the knowledge about a changed center of gravity,
the wvehicle model prevailing in an Electronic Stability
Program (ESP), for example, the program of the applicant,
can be adapted to the changed center-of-gravity conditions.
It is initially necessary in the adaptation of the ESP control,
to predefine a critical condition variable, for example, a limit
transverse acceleration aqy,,;,, In consideration of the current
quantity and position of the vehicle center of gravity. This
limit acceleration, in the capacity of a parameter variation,
can be taken into consideration within the vehicle model in
the form of a variation=basic variation+kxf (... simi) (4
in the ESP control, and a,,,,,., designates the current value
of the transverse vehicle acceleration and a,, .5, 7im;r desig-
nates the corresponding critical limit value. Besides, ‘F’is a
proportional factor and f(x) is a function with a predeter-
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6

mined top and bottom limit, wherein it applies for the
bottom limit that the change must not become less than zero.
The above-mentioned functional correlation can preferably
be implemented as a P-controller or PI-controller, with the
addend on the right side of the equation (4) being configured
to either act proportionally as a P-controller, i.e., according
to the relation

kx[ubS(atnzn.sv.)_abs(utnznxv.,limit)]> (5)

or proportional-integrally as a Pl-controller, i.e., according
to the following equation:

kex[abs(,gng )-abs(a

transv. limit/ 1>

J+kxintegral[abs(a abs(a-
(6).
A change to ‘understeering’ can be defined by way of
lateral rigidities.

In the vehicle model of ESP (single-track model)

mV(lp—B) Flateral force front+Flut€ral force rear
®w=FSV'1V_FSh'1n

tmnsv.,limit) transv.)_

. vy
with Fg, = Csv-(t5+ﬁ— —]

v

. -y
with  Fy =CSh'(,B —)
v

the lateral tire rigidities Cg,, C,,,, front and rear, are com-
prised.

C,, .» may now be understood as C,, C, for the normal
operation and C, ,, C,, may be added as variable compo-
nent.

CSV=COSV+C15V

Csh=C05h+C15h

These Cy,,, C,,, may now be changed in dependence on
the transverse acceleration, as described on page 10 (P,
PI-controller), namely

C,,, smaller

C,,, greater
so that an ESP brake intervention on the curve-outward
wheel stabilizes the vehicle.

When the curve limit acceleration or speed which is
predetermined by the possibly changed center of gravity or
center of gravity mass is exceeded, an intervention which
prevents rollover, such as a brake intervention, may be
carried out. Corresponding intervention strategies are €.g.
disclosed in applications 198 21 593.2 and 198 16 430.0, to
which reference is made herein in full extent. Thus, values
may again drop below the critical condition variable, e.g. the
transverse acceleration, by a defined understeering of the
vehicle, especially by a corresponding re-tuning or readjust-
ment of the vehicle model on which the ESP control actions
are based, whereby rollover is prevented.

Only the roll behavior of the vehicle is taken into con-
sideration in a simplified embodiment. When it is further
assumed that the center of gravity is shifted only insignifi-
cantly from the longitudinal vehicle axis, one spring travel
information per axle is sufficient. A critical situation may
also be recognized by only one single spring travel when the
height of the center of gravity remains virtually the same. In
this arrangement, the vehicle model is conformed to the roll
behavior, and the allowed transverse acceleration is reduced
while the defined inherent steering behavior is maintained.
This adaptation can be effected analogously, e.g., by means
of information given by sensor signal(s), and digitally, e.g.,
by means of information given by switches. In view of the
above, the most simple embodiment is a spring travel switch
on one wheel which will be described hereinbelow by way
of FIG. 4.
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One preferred embodiment of an end position switch
relating to a simplified way of control is represented in FIG.
4a. This way of control can be realized advantageously as an
ESP that is extended by an end position switch arranged at
the shock absorber or at the spring of the wheel suspension.
The following procedure is advisable corresponding to the
time variation shown in FIG. 4b with respect to an end
position switch configured as a spring travel switch. When
the switch on at least one curve-outward wheel, which is
preferably the outward front wheel, responds, the critical
transverse acceleration a,,,,;, 7,;, Will be exceeded corre-
sponding to the assumed course of characteristic curve, and
a defined counteraction is initiated to prevent further buildup
of the transverse acceleration or to reduce it.

Understeering of the vehicle is preferred, for example, by
means of a corresponding ‘re-tuning’ of the ESP vehicle
model to become ‘understeering’, that means by a change in
the travel trajectory, for example, by a way of control
corresponding to equations (4) to (6).

The wvariation may be defined by way of the lateral
rigidities of the tires, and ‘understeering” means that the
lateral rigidity at the front axle of the vehicle diminishes.

The intervention into the vehicle model causes braking
and, thus, reduction of the cornering force at the curve-
outward wheel. With respect to the physical correlation
between cornering force and brake slip (longitudinal force),
reference is made in the present context in full extent to
German published patent application DE-A 196 32 943
‘Method for operating an automotive vehicle with brake
interventions that stabilize driving’, by Daimler-Benz AG.

When the switch closes again, this variation will be
cancelled with time, i.e., forgotten. This control action will
be terminated herewith.

Monitoring of the switch is possible also by way of a
plausibility analysis. It may be provided, for example, that
during straight travel the switch is only allowed to close for
a minimum duration of e.g. 200 msec before countermea-
sures to reduce the transverse acceleration are activated.
Alternatively, it may be provided that the triggering of
countermeasures, beside the switch position, is linked to
further conditions, for example, a threshold value for the
transverse acceleration, such as >0.5-0.7 g.

What is claimed is:

1. A method for detecting the rollover hazard of a vehicle
that includes at least two axles and at least three wheels,
wherein variations in the vehicle’s center of gravity are
determined in the operation of the vehicle during cornering,
comprising the steps of:

detecting first condition variables which respectively cor-

respond to each respective wheel load during cornering
on at least two wheels,

comparing each detected first condition variable to refer-

ence values representative of the respective cornering
maneuver,

calculating a corresponding change in the center of grav-
ity from the differences between the detected first
condition variables and the reference values, and

determining a correspondingly changed, critical second
condition variable representative-of the rollover hazard
from the calculated center of gravity variation.
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2. The method as claimed in claim 1, further including the
step of using at least one of a spring travel that can be
measured at the wheel suspension, a spring pressure, a
damper pressure that can be measured at a shock absorber,
an inside tire pressure, and a lateral deformation of the
vehicle tire as a basis for a first condition variable that
corresponds to the wheel load.

3. The method as claimed in claim 1, further including the
step of using at least one of a transverse acceleration which
acts on the center of gravity of the vehicle, a roll angle of the
vehicle, a pitch angle of the vehicle, a vehicle speed, a
steering angle, and a yaw rate as a basis for the second
condition variable representative of the rollover hazard.

4. A device for detecting the rollover hazard of a vehicle
that includes at least two axles and at least three wheels,
comprising:

a means for sensing a driving condition in a cornering

maneuver,

a means for determining variations in the center of gravity
of mass,

a means to detect first condition variables which corre-
spond to the respective wheel load on at least two
wheels,

a means to compare the detected first condition variables
with reference values representative of the respective
cornering maneuver,

a means to calculate the change in the center of gravity
from the differences between the detected first condi-
tion variables and the reference values, and

a means to determine a second condition variable repre-
sentative of the rollover hazard from the calculated
center of gravity variation.

5. The device as claimed in claim 4, further including
means for measuring at least one of the wheel suspension
spring travel, the wheel suspension spring pressure, the
shock absorber damper pressure, the pressure of the air
inside of the tire, the lateral deformation of the tire, and
using such measurement as a basis for the first condition
variable that corresponds to the wheel load.

6. The device as claimed in claim 4, further including
means for measuring at least one of the transverse accelera-
tion which acts on the center of gravity of the vehicle, the
roll angle of the vehicle, the pitch angle of the vehicle, the
vehicle speed, the steering angle, the yaw rate, and using
such measurement as a basis for the second condition
variable representative of the rollover hazard.

7. The device as claimed in claim 4, further including an
end position switch provided on a shock absorber or on a
spring element of the wheel suspension, the switching point
of the end position switch is linked by a time correlation to
the second condition variable representative of the rollover
hazard.

8. The device as claimed in claim 7, wherein the switching
point of the end position switch is linked to further driving
state conditions.
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A system includes a vehicle having an electrically powered
trailer towed thereto. The vehicle has a vehicle powertrain,
and the trailer has a trailer powertrain. A controller, in order
to propel the vehicle with the trailer towed thereto, operates
the vehicle powertrain and the trailer powertrain according
to a combined efficiency map based on (i) an efficiency map
associated with the vehicle powertrain and (ii) an efficiency
map associated with the trailer powertrain.
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ENERGY OPTIMIZATION FOR
INTEGRATED POWERTRAIN OF
COMBINED VEHICLE SYSTEM HAVING
VEHICLE AND ELECTRICALLY POWERED
TRAILER TOWED BY THE VEHICLE

TECHNICAL FIELD

[0001] This disclosure relates to a combined vehicle sys-
tem having a vehicle and an electrically powered trailer
towed by the vehicle.

BACKGROUND

[0002] A combined vehicle system having a vehicle and an
electrically powered trailer towed by the vehicle includes
two powertrains. One of the powertrains belongs to the
vehicle and the other one of the powertrains belongs to the
trailer. An issue is how these two powertrains are to be
operated due to the presence of one another.

SUMMARY

[0003] A system including a vehicle having an electrically
powered trailer towed thereto is provided. The vehicle has a
vehicle powertrain, and the trailer has a trailer powertrain. A
controller is programmed to, in order to propel the vehicle
with the trailer towed thereto, operate the vehicle powertrain
and the trailer powertrain according to a combined efficiency
map based on (i) an efficiency map associated with the
vehicle powertrain and (ii) an efficiency map associated with
the trailer powertrain.

[0004] The controller may be further programmed to con-
trol components of the vehicle powertrain and components
of the trailer powertrain for efliciency or torque split based
on operational status of the vehicle in realizing operation of
the vehicle powertrain and the trailer powertrain according
to the combined efficiency map.

[0005] The controller may be further programmed to
obtain loss data of components of the vehicle powertrain and
to obtain loss data of components of the trailer powertrain.
In this case, the efficiency map associated with the vehicle
powertrain may factor in the loss data of components of the
vehicle powertrain and the efficiency map associated with
the trailer powertrain may factor in loss data of components
of the trailer powertrain. The loss data can be estimated from
component models as well.

[0006] The combined efficiency map may provide for
operation of the vehicle powertrain and the trailer pow-
ertrain to have a highest combined efficiency for a given
driver demanded power and vehicle speed combination.
[0007] The combined efliciency map may provide for
operation of the vehicle powertrain to be in a most efficient
region of the efficiency map associated with the vehicle
powertrain.

[0008] The vehicle powertrain may include a first traction
battery, and the trailer powertrain may include a second
traction battery. The vehicle powertrain may further include
an engine. The controller may be further programmed to
cause electrical power to be transferred between the first
traction battery and the second traction battery in order to
maintain operation of the vehicle powertrain and the trailer
powertrain according to the combined efliciency map.
[0009] The controller may be further programmed to real-
ize operation of the vehicle powertrain and the trailer
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powertrain via torque vectoring between drive axles and
propulsion sources on the vehicle powertrain and the trailer
powertrain.

[0010] The controller may be further programmed to gen-
erate the combined efficiency map upon the trailer being
connected to the vehicle.

[0011] The controller may be further programmed to share
the efficiency map associated with the vehicle powertrain
and/or the efficiency map associated with the trailer pow-
ertrain with a third party.

[0012] A control system for a combined vehicle system
having a vehicle and an electrically powered trailer towed by
the vehicle with the vehicle including a vehicle powertrain
and the trailer including a trailer powertrain is also provided.
The control system includes a controller programmed to, in
order to propel the combined vehicle system, operate the
vehicle powertrain and the trailer powertrain according to a
combined efficiency map based on (i) an efficiency map
associated with the vehicle powertrain and (i) an efficiency
map associated with the trailer powertrain.

[0013] A method is also provided. The method includes,
upon an electrically powered trailer having a trailer pow-
ertrain being connected to a vehicle having a vehicle pow-
ertrain for the trailer to be towed by the vehicle, generating,
by a controller of the vehicle, a combined efficiency map
based on (i) an efliciency map associated with the vehicle
powertrain and (ii) an efficiency map associated with the
trailer powertrain. The method further includes operating, by
the controller of the vehicle, in order to propel the vehicle
with the trailer towed thereto, the vehicle powertrain and the
trailer powertrain according to the combined efficiency map.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1illustrates a perspective view of a combined
vehicle system having an electrified vehicle (EV) and an
electrically powered trailer towed by the EV;

[0015] FIG. 2A illustrates a block diagram of a vehicle
powertrain of the EV and a trailer powertrain of the trailer;

[0016] FIG. 2B illustrates a block diagram of an integrated
powertrain of the combined vehicle system, the integrated
powertrain being comprised of the vehicle powertrain and
the trailer powertrain;

[0017] FIG. 3 illustrates a flowchart depicting operation of
an energy management optimization strategy for the inte-
grated powertrain of the combined vehicle system;

[0018] FIGS. 4A and 4B illustrate a more detailed flow-
chart depicting operation of the energy management opti-
mization strategy;

[0019] FIG. 5A illustrates an exemplary efficiency contour
map for the vehicle powertrain;

[0020] FIG. 5B illustrates an exemplary efficiency contour
map for the trailer powertrain; and

[0021] FIG. 5C illustrates an exemplary combined effi-
ciency contour map for the integrated powertrain, the com-
bined efficiency contour map being a function of the effi-
ciency contour map for the vehicle powertrain and the
efficiency contour map for the trailer powertrain, and the
combined efficiency contour map being generated from an
exemplary three-dimensional efficiency contour table for the
integrated powertrain.
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DETAILED DESCRIPTION

[0022] Embodiments are disclosed herein. It is to be
understood, however, that the disclosed embodiments are
merely examples and other embodiments may take various
and alternative forms. The figures are not necessarily to
scale. Some features may be exaggerated or minimized to
show details of particular components. Therefore, specific
structural and functional details disclosed herein are not to
be interpreted as limiting, but merely as a representative
basis for teaching one skilled in the art.

[0023] Referring now to FIGS. 1, 2A, and 2B, a combined
vehicle system 10 will be described. FIG. 1 illustrates a
perspective view of combined vehicle system 10. As shown
in FIG. 1, combined vehicle system 10 includes an electri-
fied vehicle (EV) 12 and an electrically powered trailer 14
towed by the EV. As shown in the block diagrams of FIGS.
2A and 2B, EV 12 includes a powertrain 16 and trailer 14
includes a powertrain 18. Thus, as shown in FIG. 2B,
combined vehicle system 10 includes an integrated pow-
ertrain 52 (or “combined powertrain”) comprised of vehicle
powertrain 16 and trailer powertrain 18.

[0024] Vehicle powertrain 16 includes a traction battery 20
for providing power to propel EV 12. In this example,
vehicle powertrain 16 further includes an engine 22. As
such, in this example, for instance, vehicle powertrain 16 is
a “hybrid electric vehicle” (HEV) powertrain. In other
embodiments, vehicle powertrain 16 does not include an
engine. As such, in these other embodiments, for instance,
vehicle powertrain 16 is a “battery-only electric vehicle”
(BEV) powertrain.

[0025] Vehicle powertrain 16 further includes an electric
motor 24 mechanically connected via a mechanical com-
puting device 26 to a transmission 28. Transmission 28 is
mechanically connected to a drive axle 30 that is mechani-
cally connected to wheels 32 of EV 12. Engine 22 is also
mechanically connected via mechanical computing device
26 to transmission 28. Electric motor 24 can provide pro-
pulsion capability for EV 12 while engine 22 is turned on or
off.

[0026] Traction battery 20 stores electrical energy that can
be used by electric motor 24 for propelling EV 12. Traction
battery 20 typically provides a high-voltage (HV) direct
current (DC) output. Traction battery 20 is electrically
connected to electric motor 24 via an inverter 34 of vehicle
powertrain 16. Inverter 34 provides the ability to transfer
energy from traction battery 20 to electric motor 24. For
example, traction battery 20 provides a DC voltage while
electric motor 24 requires an alternating current (AC) input
to function. Inverter 34 converts DC power from traction
battery 20 into AC power to operate electric motor 24 for
propelling EV 12.

[0027] Vehicle powertrain 16 further includes a controller
(“vehicle controller”) 36. Vehicle controller 36 is operable to
control and monitor the operation of the components of
vehicle powertrain 16. Vehicle controller 36 includes elec-
tronics, software, or both, to perform control functions for
operating vehicle powertrain 16. In embodiments, vehicle
controller 36 is a combination vehicle system controller and
powertrain control module (VSC/PCM). Although vehicle
controller 36 is shown as a single device, vehicle controller
36 may include one or more controllers in the form of one
or more hardware devices, or one or more software control-
lers with one or more hardware devices.

Nov. 9, 2023

[0028] Trailer 14 is an electrified trailer in that trailer
powertrain 18 includes a traction battery 40 for providing
power to propel the trailer. In this example, unlike vehicle
powertrain 16, trailer powertrain 18 does not include an
engine. Trailer powertrain 18 further includes an electric
motor 42. Electric motor 42 is mechanically connected to a
drive axle 44 that is mechanically connected to wheels 46 of
trailer 14. Traction battery 40 stores electrical energy that
can be used by electric motor 42 for propelling trailer 14.
Traction battery 40 is electrically connected to electric motor
42 via an inverter 48 of trailer powertrain 18. Inverter 48
converts DC power from traction battery 40 into AC power
to operate electric motor 42 for propelling trailer 14.
[0029] Trailer powertrain 18 further includes a controller
(“trailer controller”) 50. Trailer controller 50 is operable to
control and monitor the operation of the components of
trailer powertrain 18. Trailer controller 50 includes electron-
ics, software, or both, to perform control functions for
operating trailer powertrain 18. In embodiments, trailer
controller 50 is a combination trailer system controller and
powertrain control module (TSC/PCM). Although trailer
controller 50 is shown as a single device, trailer controller 50
may include one or more controllers in the form of one or
more hardware devices, or one or more software controllers
with one or more hardware devices.

[0030] As indicated, trailer 14 is connected to EV 12 to
form combined vehicle system 10. As EV 12 includes
vehicle powertrain 16 and as trailer 14 includes trailer
powertrain 18, combined vehicle system 10 includes inte-
grated powertrain 52 comprised of vehicle powertrain 16
and trailer powertrain 18. This integration of trailer pow-
ertrain 18 with vehicle powertrain 16 into a combined
powertrain can assist with increasing the range of EV 12 and
enabling the EV to tow heavier loads.

[0031] Power and/or control hardwire connection lines
may extend between vehicle powertrain 16 and trailer pow-
ertrain 18 via the connection between EV 12 and trailer 14.
As such, for instance, vehicle controller 36 and trailer
controller 50 may communicate control signals with one
another whereby the controllers may coordinate the opera-
tion of vehicle powertrain 16 and trailer powertrain 18, a
controller of one of the powertrains may control the con-
troller of the other powertrain to thereby control components
of the other powertrain whereby the one controller is effec-
tively the sole controller for integrated powertrain 52, and
the like; traction battery 20 and traction battery 40 may
transfer power between one another such as for recharging;
etc. Of course, such control communications may be done
wirelessly.

[0032] For EV 12, regardless of the type of its powertrain
architecture, there is a set of operational conditions of
vehicle powertrain 16 for each torque demand, vehicle
speed, vehicle mass, etc., in which the overall vehicle, after
accounting for aerodynamics, weight, desired maneuver,
etc., will have the highest system level energy efficiency.
[0033] Inthe exemplary example, vehicle powertrain 16 is
a hybrid electric vehicle powertrain having electric motor 24
and engine 22 coupled with transmission 28 to propel EV 12.
Due to the relatively sophisticated nature of how the com-
ponents of vehicle powertrain 16 work together, an energy
management strategy optimization and traction battery
energy management calibration tool is used to define when
and how much to charge and discharge traction battery 20,
when and how much to use engine 22, etc. This tool takes
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in inputs like fuel maps, electrical and mechanical losses,
hardware configuration, gear ratio, vehicle road loads, state-
of-charge (SOC) windows, drivability constraints, and the
like to determine the optimal system efficiency of vehicle
powertrain 16.

[0034] In further detail, HEV powertrains control the
engine (e.g., engine on time including when to start and stop
the engine, the engine power, etc.) and the traction battery
(e.g., when the battery charges and discharges, the traction
battery power, etc.) according to energy management cali-
bration tables to change the operation conditions of the
vehicle. Such energy management tables can be calibrated to
operate the vehicle powertrains in desired regions to achieve
an optimal system level fuel economny.

[0035] AWD (all-wheel drive) BEV powertrains have the
ability to independently control torque distribution between
the front and rear sets of wheels through independent motors
on each axle. Due to various factors including electric motor
efficiency and system losses varying based on speed and
torque output, determining the optimal torque distribution
for each axle with respect to a system energy management
perspective is desired in order to optimize energy usage
during vehicle operation. For an eAWD vehicle, optimal
efficiency torque split can differ significantly from an equal
proportion, especially in applications where the axle capac-
ity varies. Operating in an efficiency split allows for a best
possible energy efficiency. Switching to tables to define
amount of torque to send to the different axles is employed
to optimize vehicle overall performance.

[0036] Trailer powertrain 18 has the same type of archi-
tecture as an AWD BEV powertrain in that torque distribu-
tion to drive axle 44 is accomplished through electric motor
42 on the drive axle. Due to many factors including effi-
ciency of electric motor 42 and system losses varying based
on speed and torque output, determining the optimal torque
distribution for drive axle 44 with respect to a system energy
management perspective is desired to optimize energy usage
during operation of trailer powertrain 18.

[0037] With a purpose of incorporating trailer 14 with EV
12 being to increase range and capability to the EV, an issue
is how vehicle powertrain 16 and trailer powertrain 18 are to
operate together. That is, an issue is how integrated pow-
ertrain 52, comprised of vehicle powertrain 16 and trailer
powertrain 18, is to be operated.

[0038] Combined vehicle system 10 in accordance with
this disclosure employs an energy management optimization
strategy for integrated powertrain 52. The energy manage-
ment optimization strategy factors in system level electrical
and mechanical losses across various operation conditions
for both vehicle powertrain 16 and trailer powertrain 18 to
determine a most efficient (i.e., optimized) operation for
integrated powertrain 52. This optimized operation for inte-
grated powertrain 52 may be realized via energy manage-
ment calibration for vehicle powertrain 16 (which is a HEV
powertrain) and torque vectoring for trailer powertrain 18
(which is a BEV powertrain) (and for vehicle BEV pow-
ertrains) between each powered axle and propulsion source
on BV 12 and trailer 14. A controller such as vehicle
controller 36, in coordination with trailer controller 50, is
configured to control vehicle powertrain 16 and trailer
powertrain 18, and thereby control integrated powertrain 52,
pursuant to the energy management optimization strategy.
[0039] Three general aspects are involved in developing
and deploying the energy management optimization strat-
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egy. The first aspect includes obtaining component level
operation data (for efficiency) for each component in the
architecture of integrated powertrain 52 and developing
system level efficiency contour maps for vehicle powertrain
16 and trailer powertrain 18. The efficiency contour maps for
vehicle powertrain 16 and trailer powertrain 18 are devel-
oped to map efliciencies across speed, torque, traction bat-
tery state-of-charge (SOC), and other relevant inputs. Much
of this loss map and road load determination is typically
completed during vehicle and trailer development.

[0040] The second aspect involves communicating infor-
mation regarding system optimal efficiencies between
vehicle controller 36 and trailer controller 50 upon trailer 14
being connected to EV 12. Using an in-vehicle or cloud-
based optimization algorithm, such as used during vehicle
development for HEV or BEV type vehicles, coupling
between vehicle powertrain 16 and trailer powertrain 18 for
optimal efficiency operation occurs to create a new com-
bined system level efficiency contour map for integrated
powertrain 52. Using this combined efficiency map for
integrated powertrain 52, a new set of calibration tables may
be created corresponding to the architecture of integrated
powertrain 52. These calibrations are uploaded to vehicle
controller 36. Vehicle controller 36 can thereby control
vehicle powertrain 16 in a desired region of the combined
efficiency map for integrated powertrain 52 and/or maintain
optimal torque split between powered axles of EV 12 and
trailer 14 based on the current operational status of EV 12.
[0041] The optimization algorithm initially focuses on
optimizing for most commonly encountered conditions to
minimize wait/down time after coupling of trailer 14 to EV
12. A base calibration providing a generic vehicle to trailer
operation can be employed until a more refined optimized
calibration can be finished. Once a calibration is created
based on a vehicle and a trailer, the calibrations can be used
for other users by identifying similar vehicle and trailer
characteristics. Essentially pre-built energy optimized cali-
brations can be accessed via the cloud by users of different
vehicles. These pre-built combined vehicle energy manage-
ment optimized calibrations can be uploaded to vehicles via
over-the-air updates.

[0042] The communicating of information regarding sys-
tem optimal efficiencies between vehicle controller 36 and
trailer controller 50 upon trailer 14 being connected to EV
12 may occur using wireless (e.g., Bluetooth, vehicle
modem, etc.) or wired (e.g., controller area network (CAN)/
local area network (LAN)) communications. Information
indicative of EV 12 of the communicated information may
include information such as powertrain architecture and
capability (power split, BEV, etc.) of vehicle powertrain 16,
loss maps associated with the vehicle powertrain, road loads
(F terms), size/capacity of traction battery 20, existing
optimal vehicle powertrain operation, and weight and tow-
ing capacity of the EV. Information indicative of trailer 14
of the communicated information may include information
such as information of trailer powertrain 16 including num-
ber of motors, number of wheels, road loads, loss maps,
size/capacity of traction battery 40, capability of the trailer
powertrain, and weight of the trailer. The loss maps can be
estimated from component models as well.

[0043] The energy management-based optimization
occurs based on powertrain architecture and control strategy
used on the vehicle. Main inputs from driving the vehicle
include traction battery SOC, driver demanded wheel
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torque, vehicle speed, combined vehicle weight, and relative
powertrain capability. Optimization outputs can include for
all powertrain types, torque split between vehicle and trailer
and powered axles on trailer during regenerative braking and
propulsion; for BEV powertrains, torque split between
axles; for modular hybrid transmission (MHT) powertrains,
when to shift, engine on time including when to start and
stop the engine, traction battery charging, etc.; and for
power-split powertrains, engine speed, traction battery
charging, when to start and stop the engine, etc.

[0044] Further, calibration ranges can also be predeter-
mined such that the calibration that is created for optimal
energy management does not violate predetermined noise,
vehicle, harshness (NVH)/drivability rules. Some of these
rules could be embedded to algorithms/rules which create
the calibration tables from the system efficiency maps.

[0045] The third aspect involves applying optimal torque
vectoring calibration to EV 12 and trailer 14 during steady
state and varying operating conditions. Adjustments from
optimal operating conditions during driving of combined
vehicle system 10 based on encountered operational condi-
tions are made. For example, in the case of excessive
thermal status of components such as traction battery 20
and/or electric motor 24 of vehicle powertrain 16 becoming
very hot, an adjustment is to switch to more propulsion from
trailer powertrain 18; in the case of excessive wheel torque
being demanded, an adjustment is to apply full torque
capability from both vehicle powertrain 16 and trailer pow-
ertrain 18; in the case of excessive slip being detected, an
adjustment is to request equally distributed torque split, up
to capacity, across all axles; and in the case of instability of
trailer 14, an adjustment is requesting trailer powertrain 18
based instability arresting torque as needed.

[0046] Further, during the optimization, rules can be
applied to account for drivability/NVH concerns such as
leveraging existing drivability/efficiency optimized calibra-
tions within EV 12 and trailer 14. For example, in AWD
BEVs, generally, it is advantageous to command at least
some torque on the secondary drive unit (SDU) (even
though entirely primary drive unit (PDU) based torque is
more efficient) for drivability, lash, efficiency, and other
vehicle performance/drivability concerns.

[0047] Referring now to FIG. 3, with continual reference
to FIGS. 1, 2A, and 2B, a flowchart 60 depicting operation
of an energy management optimization strategy for inte-
grated powertrain 52 of combined vehicle system 10 is
shown. The operation begins with developing efliciency
contour maps for vehicle powertrain 16 and trailer pow-
ertrain 18 using component data system level information of
the vehicle and trailer powertrains, as indicated by process
block 62. The efficiency contour maps are stored in onboard
data storage of EV 12 and/or trailer 14 or in the cloud, as
indicated by process block 64. Trailer 14 is then connected
to EV 12 to form combined vehicle system 10 which
includes integrated (combined) powertrain 52 comprised of
vehicle powertrain 16 and trailer powertrain 18, as indicated
by process block 66. A user of combined vehicle system 10
then selects the model or type of trailer 14 such as via a
human-machine interface (HMI) of EV 12, as further indi-
cated by process block 66. This selection is for identifying
trailer 14 whereby the efficiency contour map for the par-
ticular model or type of trailer powertrain 18, as opposed to
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the efliciency contour map for some other model or type of
trailer powertrain, will be used for the energy management
optimization strategy.

[0048] The operation further includes creating a combined
efficiency contour map for integrated powertrain 52 from the
individual efficiency contour maps for vehicle powertrain 16
and trailer powertrain 18, as indicated by process block 68.
The individual efficiency contour maps for vehicle pow-
ertrain 16 and trailer powertrain 18 are selected from
onboard data storage or downloaded from the cloud, as
further indicated by process block 68. Integrated powertrain
52 is then operated according to the combined efficiency
contour map to propel EV 12, with trailer 14 connected
thereto, as indicated by process block 70. The operation of
integrated powertrain 52 is handled by vehicle controller 36
alone or in conjunction with trailer controller 50 as
described above. The operation of integrated powertrain 52
is adapted based on encountered conditions, as further
indicated by process block 70.

[0049] Referring now to FIGS. 4A and 4B, with continual
reference to FIGS. 1, 2A, 2B, and 3, a more detailed
flowchart 80 depicting operation of the energy management
optimization strategy is shown. For simplicity, it is assumed
that vehicle controller 36 alone and without trailer controller
50 handles aspects of the operation.

[0050] The operation begins with vehicle controller 36
detecting whether an electrically powered trailer has been
connected to EV 12, as indicated by decision block 82. The
operation continues once an electrically powered trailer,
such as trailer 14, is connected to EV 12. Upon continuation
of the operation, vehicle controller 36 sources loss data for
each torque producing device (e.g., electric motor 24),
traction battery (e.g., traction battery 20), and gearbox
system (e.g., transmission 28) of vehicle powertrain 16 and
sources loss data for each torque producing device (e.g.,
electric motor 42) and traction battery (e.g., traction battery
40) of trailer powertrain 18, as indicated by process block
84. As described, the loss map creation occurs during
development of the vehicle powertrain/vehicle and during
development of the trailer powertrain/trailer. Optimal torque
vectoring between each electric motor is predetermined
based on wheel torque and vehicle (trailer) speed.

[0051] Vehicle controller 36 then determines how many
and which types of motor/torque producing devices are on
vehicle powertrain 16 (and on trailer powertrain 18), as
indicated by process block 86.

[0052] A maximum system efficiency algorithm is then
used to calculate a most efficient operating point for every
torque demand/vehicle speed combination within the com-
bined vehicle capability for the individual vehicle pow-
ertrain 16 and trailer powertrain 18, as indicated by process
block 88. The algorithm iterates through each potential
speed/torque combination/option to meet a desired torque/
power request by changing the torque/power produced by
each torque producing device on vehicle powertrain 16 and
trailer powertrain 18 (trailer powertrain 18 produces “X”
Nm, vehicle powertrain 16 produces “Y” Nm, loss is “Z”
Nm, and repeat). Once the algorithm iterates through each
operating point, the algorithm determines the torque split/
operating conditions for each point with the lowest energy
consumption/lowest loss. These are the ideal operating
points for integrated powertrain 52 and are programmed into
the contour map and combined vehicle calibration. In con-
junction with process block 88, a combined powertrain
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efficiency plot for integrated powertrain 52 is generated
using an iterative-perturbation algorithm, as indicated by
process block 90.

[0053] The operation of process blocks 88 and 90 will be
described in further detail with reference to FIGS. 5A, 5B,
and 5C. FIG. 5A illustrates an exemplary efliciency contour
map 110 for vehicle powertrain 16; FIG. 5B illustrates an
exemplary efficiency contour map 120 for trailer powertrain
18; and FIG. 5C illustrates an exemplary combined effi-
ciency contour map 130 for integrated powertrain 52 that is
generated from an exemplary three-dimensional (3D) effi-
ciency contour table 140 for the integrated powertrain. As
described, the operation of process blocks 88 and 90 entails
creating a combined efliciency contour map (i.e., combined
efficiency contour map 130) for integrated powertrain 52
from the individual efficiency contour maps (i.e., efficiency
contour map 110 for vehicle powertrain 16 and efficiency
contour map 120 for trailer powertrain 18). In this way,
combined efliciency contour map 130 for integrated pow-
ertrain 52 is a function of (i) efficiency contour map 110 for
vehicle powertrain 16 and (ii) efficiency contour map 120 for
trailer powertrain 18.

[0054] More particularly, as noted, the maximum system
efficiency algorithm determines the torque split/operating
conditions for each point with the lowest energy consump-
tion/lowest loss. These are the ideal operating points for
integrated powertrain 52. The operating conditions are a
function of driver demanded power and vehicle speed; and
the driver demanded power is the demanded power of
combined vehicle system 10 (i.e., the driver demanded
power is the sum of (i) the power of vehicle powertrain 16
and (ii) the power of trailer powertrain 18). Initially, the
maximum system efliciency algorithm uses efficiency con-
tour map 110 for vehicle powertrain 16 and determines
power to be drawn from vehicle powertrain 16 that is in the
most efficient region of efficiency contour map 110. Next,
the maximum system efliciency algorithm uses efliciency
contour map 120 for trailer powertrain 18 and determines
efficiency for the remaining power to be drawn from trailer
powertrain 18 (vehicle speed is a constant). (The remaining
power is the power from vehicle powertrain 16 subtracted
from the driver demanded power.) The maximum system
efficiency algorithm then runs an iterative algorithm, which
is based on perturbation, to determine whether the combined
efficiency could be increased with different torque splits.
This information is stored as three-dimensional efficiency
contour table 140, which converts into combined efficiency
contour map 130 for integrated powertrain 52. Combined
efficiency contour map 130 is a contour map for integrated
powertrain 52 that is generated for each driver demanded
power and vehicle speed combination of combined vehicle
system 10.

[0055] Turning back to FIG. 4, the operation may further
continue with creating additional contour maps using the
same algorithm based on different powertrain component
operating temperatures when the loss data is available, as
indicated by process block 92. Alternative contour maps for
situations in which power/torque is limited from motor/
battery up to X % derate may be created, as indicated by
process block 94.

[0056] The operation further includes EV 12 uploading
combined efliciency contour map 130 for integrated pow-
ertrain 52 to the associated powertrain controllers that
determine torque/power requests, as indicated by process
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block 96. In this example, combined efficiency contour map
130 is uploaded to vehicle controller 36.

[0057] Operation of combined vehicle system 10 by a
driver of EV 12 then begins, as indicated by process block
98. During operation of combined vehicle system 10,
vehicle controller 36 determines vehicle operation inputs
such as driver demanded torque/power, vehicle speed, motor
speeds, and the like, as indicated by process block 100. In
turn, vehicle controller 36 uses operational parameters as
inputs in combined efficiency contour map 130 for inte-
grated powertrain 52 and determines therefrom the optimal
torque distribution amongst torque producing devices in the
powertrains (i.e., vehicle powertrain 16 and trailer pow-
ertrain 18) comprising the integrated powertrain, as indi-
cated by process block 102.

[0058] The operation may further include obtaining torque
limiting factors such as SOC, component temperatures for
individual components, and NVH/drivability limits, and
limiting the torque, and accordingly creating or referencing
new contour maps, as indicated by process block 104.
[0059] The description of the operation of flowchart 80 is
exemplary. Other considerations that could be accounted for
by creating new contour maps can include: NVH con-
straints; thermal derate of traction battery/engine/electric
motors/inverter/gearbox/etc. on the vehicle and/or the trailer
(separate contour maps can be created for either scenario
based on detecting a thermal derate event); stability con-
straints during braking; and supply energy constraints and
trip metrics.

[0060] Regarding supply energy constraints and trip met-
rics, based on the estimated length of the trip and the energy
available for use on the vehicle/trailer, certain powertrains
could be leveraged more to ensure both powertrains can
provide propulsion assistant throughout the duration of the
trip. When the vehicle powertrain is gas based and the trailer
powertrain is electrified, the trailer might have a more
limited energy supply than the vehicle and as a result the
output torque should be rationed or regen braking should
occur as frequently as possible to recharge the traction
battery of the trailer. When the vehicle powertrain is of a
hybrid variant, the engine can run to charge the traction
batteries of the vehicle and the trailer and separate contour
maps should be created. When both powertrains are electri-
fied and the energy storage system on the trailer is separate
from the vehicle, biasing the torque of the units may be
needed. When both powertrains are electrified and a shared
energy system is used (the situation that is assumed in
flowchart 80), the true most efficient operating conditions
can be realized throughout the trip due to the vehicle/trailer
having the ability to pull energy from the same energy
storage device or transfer energy between storage devices.
[0061] As described, this disclosure relates to an electri-
cally powered vehicle and an electrically powered trailer
towed by the vehicle. The trailer includes its own powertrain
having a traction battery and an electric motor for propelling
the trailer. A combined vehicle-trailer integrated powertrain
energy management method is provided that factors in
system level electrical and mechanical losses across all
operation conditions to determine a most efficient pow-
ertrain operation for the combined vehicle powertrain sys-
tem. The method uses torque vectoring between each pow-
ered axle and propulsion source on the vehicle and the
trailer. The method maps efficiency contour maps for the
vehicle and the trailer for various inputs such as speed,
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torque, SOC, and others. The method develops a new
combined efliciency contour map when the trailer is con-
nected to the vehicle, updates the calibration tables for the
various vehicle and trailer components, and controls the
components for efficiency or torque split based on the
operational status of the vehicle. The unique calibrations or
contour maps for a vehicle and trailer pair may be shared
with other vehicles such as via V2X.

[0062] As described, advantages of the integrated pow-
ertrain energy management optimization strategy include
being implementable for various types of vehicle and trailer
powertrain architectures, allowing for electrified vehicles to
tow heavier trailer loads, reducing need for tow specific
capable vehicles, increasing vehicle range, and leveraging
existing vehicle and trailer data to optimize usage of the
integrated vehicle/trailer powertrain.

[0063] The algorithms, methods, or processes disclosed
herein can be deliverable to or implemented by a computer,
controller, or processing device, which can include any
dedicated electronic control unit or programmable electronic
control unit. Similarly, the algorithms, methods, or processes
can be stored as data and instructions executable by a
computer or controller in many forms including, but not
limited to, information permanently stored on non-writable
storage media such as read only memory devices and
information alterably stored on writeable storage media such
as compact discs, random access memory devices, or other
magnetic and optical media. The algorithms, methods, or
processes can also be implemented in software executable
objects. Alternatively, the algorithms, methods, or processes
can be embodied in whole or in part using suitable hardware
components, such as application specific integrated circuits,
field-programmable gate arrays, state machines, or other
hardware components or devices, or a combination of firm-
ware, hardware, and software components. The words pro-
cessor and processors may be interchanged herein, as may
the words controller and controllers.

[0064] While exemplary embodiments are described
above, it is not intended that these embodiments describe all
possible forms encompassed by the claims. The words used
in the specification are words of description rather than
limitation, and it is understood that various changes may be
made without departing from the spirit and scope of the
disclosure. Additionally, the features of various implement-
ing embodiments may be combined to form further embodi-
ments.

What is claimed is:

1. A system comprising:

a vehicle having an electrically powered trailer towed
thereto, the vehicle having a vehicle powertrain and the
trailer having a trailer powertrain; and

a controller programmed to, in order to propel the vehicle
with the trailer towed thereto, operate the vehicle
powertrain and the trailer powertrain according to a
combined efficiency map based on (i) an efficiency map
associated with the vehicle powertrain and (ii) an
efficiency map associated with the trailer powertrain.

2. The system of claim 1 wherein:

the controller is further programmed to control compo-
nents of the vehicle powertrain and components of the
trailer powertrain for efficiency or torque split based on
operational status of the vehicle in realizing operation
of the vehicle powertrain and the trailer powertrain
according to the combined efficiency map.
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3. The system of claim 1 wherein:

the controller is further programmed to obtain loss data of
components of the vehicle powertrain and to obtain loss
data of components of the trailer powertrain; and

the efliciency map associated with the vehicle powertrain
factors in the loss data of components of the vehicle
powertrain and the efficiency map associated with the
trailer powertrain factors in loss data of components of
the trailer powertrain.

4. The system of claim 1 wherein:

the combined efficiency map provides for operation of the
vehicle powertrain and the trailer powertrain to have a
highest combined efficiency for a given driver
demanded power and vehicle speed combination.

5. The system of claim 1 wherein:

the combined efficiency map provides for operation of the
vehicle powertrain to be in a most efficient region of the
efficiency map associated with the vehicle powertrain.

6. The system of claim 1 wherein:

the vehicle powertrain includes a first traction battery; and

the trailer powertrain includes a second traction battery.

7. The system of claim 6 wherein:

the vehicle powertrain further includes an engine.

8. The system of claim 6 wherein:

the controller is further programmed to cause electrical
power to be transferred between the first traction bat-
tery and the second traction battery in order to maintain
operation of the vehicle powertrain and the trailer
powertrain according to the combined efficiency map.

9. The system of claim 1 wherein:

the controller is further programmed to realize operation
of the vehicle powertrain and the trailer powertrain via
torque vectoring between drive axles and propulsion
sources on the vehicle powertrain and the trailer pow-
ertrain.

10. The system of claim 1 wherein:

the controller is further programmed to generate the
combined efliciency map upon the trailer being con-
nected to the vehicle.

11. The system of claim 1 wherein:

the controller is further programmed to share the effi-
ciency map associated with the vehicle powertrain
and/or the efliciency map associated with the trailer
powertrain with a third party.

12. A control system for a combined vehicle system
having a vehicle and an electrically powered trailer towed by
the vehicle, the vehicle having a vehicle powertrain and the
trailer having a trailer powertrain, the control system com-
prising:

a controller programmed to, in order to propel the com-
bined vehicle system, operate the vehicle powertrain
and the trailer powertrain according to a combined
efficiency map based on (i) an efliciency map associ-
ated with the vehicle powertrain and (ii) an efficiency
map associated with the trailer powertrain.

13. The control system of claim 12 wherein:

the controller is further programmed to obtain loss data of
components of the vehicle powertrain and to obtain loss
data of components of the trailer powertrain; and

the efficiency map associated with the vehicle powertrain
factors in the loss data of components of the vehicle
powertrain and the efficiency map associated with the
trailer powertrain factors in loss data of components of
the trailer powertrain.
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14. The control system of claim 12 wherein:

the combined efliciency map provides for operation of the
vehicle powertrain to be in a most efficient region of the
efficiency map associated with the vehicle powertrain.

15. The control system of claim 12 wherein:

the controller is further programmed to cause electrical
power to be transferred between a traction battery of
the vehicle powertrain and a traction battery of the
trailer powertrain in order to maintain operation of the
vehicle powertrain and the trailer powertrain according
to the combined efficiency map.

16. The control system of claim 12 wherein:

the controller is further programmed to realize operation
of the vehicle powertrain and the trailer powertrain via
torque vectoring between drive axles and propulsion
sources on the vehicle powertrain and the trailer pow-
ertrain.

17. A method comprising:

upon an electrically powered trailer having a trailer pow-
ertrain being connected to a vehicle having a vehicle
powertrain for the trailer to be towed by the vehicle,

Nov. 9, 2023

generating, by a controller of the vehicle, a combined
efficiency map based on (i) an efliciency map associ-
ated with the vehicle powertrain and (i) an efficiency
map associated with the trailer powertrain; and

operating, by the controller of the vehicle, in order to
propel the vehicle with the trailer towed thereto, the
vehicle powertrain and the trailer powertrain according
to the combined efficiency map.

18. The method of claim 17 further comprising:

controlling, by the controller of the vehicle, components
of the vehicle powertrain and components of the trailer
powertrain for efficiency or torque split based on opera-
tional status of the vehicle in realizing operation of the
vehicle powertrain and the trailer powertrain according
to the combined efliciency map.

19. The method of claim 17 wherein:

the vehicle powertrain includes a first traction battery; and

the trailer powertrain includes a second traction battery.

20. The method of claim 19 wherein:

the vehicle powertrain further includes an engine.

#* % * #* *
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Publication Classification frorlzt left active suspension act?lator, the front ighg active
(51) Imt.CL suspension actuator, the rear left active suspension actuator,
B60OD 1/30 (2006.01) and the rear right active suspension actuator based on the

B60D 1/62 (2006.01)

target vertical forces, respectively.
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VEHICLE CONTROL SYSTEMS AND
METHODS BASED ON TRAILER HITCH
JOINT FORCES

FIELD

[0001] The present disclosure relates to control systems
and methods of vehicles and more particularly to vehicle
control based on forces at a hitch where a trailer is hitched
to the vehicle.

BACKGROUND

[0002] The background description provided here is for
the purpose of generally presenting the context of the
disclosure. Work of the presently named inventors, to the
extent it is described in this background section, as well as
aspects of the description that may not otherwise qualify as
prior art at the time of filing, are neither expressly nor
impliedly admitted as prior art against the present disclo-
sure.

[0003] Various different types of vehicles are available.
For example, coupes, sedans, convertibles, trucks, station
wagons, and utility vehicles are available. There are multiple
different types of utility vehicles, such as sport utility
vehicles (SUVs), crossover utility vehicles, etc.

[0004] Some types of vehicles are designed to tow trailers.
For example, trucks and utility vehicles may be used to tow
trailers. Various different types of trailers are available.
Examples of trailers include cargo trailers, trailers for
vehicles (e.g., land based vehicles, watercraft, etc.), travel
trailers, and other types of trailers.

SUMMARY

[0005] In a feature, a trailer sway control system for a
vehicle includes: a front left active suspension actuator
associated with a front left wheel of the vehicle; a front right
active suspension actuator associated with a front right
wheel of the vehicle; a rear left active suspension actuator
associated with a rear left wheel of the vehicle; a rear right
active suspension actuator associated with a rear right wheel
of the vehicle; and an actuator control module configured to:
based on (a) a first hitch force at a trailer hitch of the vehicle
in a longitudinal direction, (b) a second hitch force at the
trailer hitch of the vehicle in a lateral direction, and (c) a
third hitch force at the trailer hitch of the vehicle in a vertical
direction, determine target vertical forces for the front left
active suspension actuator, the front right active suspension
actuator, the rear left active suspension actuator, and the rear
right active suspension actuator, respectively; and selec-
tively adjust the front left active suspension actuator, the
front right active suspension actuator, the rear left active
suspension actuator, and the rear right active suspension
actuator based on the target vertical forces, respectively.
[0006] In further features, the actuator control module is
configured to determine the target vertical forces based on
minimizing (a) a first difference between the first hitch force
and a first reference hitch force, (b) a second difference
between the second hitch force and a second reference hitch
force, and (c) a third difference between the third hitch force
and a third reference hitch force.

[0007] In further features, a reference hitch forces module
is configured to set the first reference hitch force, the second
reference hitch force, and the third reference hitch force
based on a steering angle of the vehicle.
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[0008] In further features, the actuator control module is
configured to determine the target vertical forces further
based on a yaw rate of the vehicle.

[0009] In further features, the actuator control module is
configured to determine the target vertical forces based on
minimizing a difference between the yaw rate and a refer-
ence yaw rate.

[0010] In further features, a reference yaw rate module is
configured to set the reference yaw rate based on a steering
angle of the vehicle.

[0011] In further features, the reference yaw rate module
is configured to set the reference yaw rate further based on
a vehicle speed.

[0012] In further features: a front left electric motor is
configured to output torque to the front left wheel of the
vehicle; a front right electric motor is configured to output
torque to the front right wheel of the vehicle; a rear left
electric motor is configured to output torque to the rear left
wheel of the vehicle; a rear right electric motor is configured
to output torque to the rear right wheel of the vehicle; and
a wheel control module is configured to: based on the first
hitch force, the second hitch force, and the third hitch force,
determine target torque outputs of the front left electric
motor, the front right electric motor, the rear left electric
motor, and the rear right electric motor, respectively; and
selectively adjust the front left electric motor, the front right
electric motor, the rear left electric motor, and the rear right
electric motor based on the target torque outputs, respec-
tively.

[0013] In further features, the wheel control module is
configured to determine the target torque outputs further
based on the target vertical forces.

[0014] In further features, the actuator control module is
configured to determine the target vertical forces further
based on the target torque outputs.

[0015] In further features: a front electric motor is con-
figured to output torque to front wheels of the vehicle; a rear
electric motor is configured to output torque to front wheels
of the vehicle; and a wheel control module is configured to:
based on the hitch angle, determine target torque outputs of
the front and rear electric motors, respectively; and selec-
tively adjust the front and rear electric motors based on the
target torque outputs, respectively.

[0016] In further features: an electric motor is configured
to output torque two or more wheels of the vehicle; and a
wheel control module is configured to: based on the hitch
angle, determine a target torque of the electric motor; and
selectively adjust the electric motor based on the target
torque.

[0017] In a feature, a trailer sway control method for a
vehicle includes: based on (a) a first hitch force at a trailer
hitch of the vehicle in a longitudinal direction, (b) a second
hitch force at the trailer hitch of the vehicle in a lateral
direction, and (c) a third hitch force at the trailer hitch of the
vehicle in a vertical direction, determining target vertical
forces for a front left active suspension actuator, a front right
active suspension actuator, a rear left active suspension
actuator, and a rear right active suspension actuator, respec-
tively, the front right active suspension actuator associated
with a front right wheel of the vehicle, the front left active
suspension actuator associated with a front left wheel of the
vehicle, the rear left active suspension actuator associated
with a rear left wheel of the vehicle, and the rear right active
suspension actuator associated with a rear right wheel of the
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vehicle; and selectively adjusting the front left active sus-
pension actuator, the front right active suspension actuator,
the rear left active suspension actuator, and the rear right
active suspension actuator based on the target vertical
forces, respectively.

[0018] In further features, determining the target vertical
forces includes determining the target vertical forces based
on minimizing (a) a first difference between the first hitch
force and a first reference hitch force, (b) a second difference
between the second hitch force and a second reference hitch
force, and (c) a third difference between the third hitch force
and a third reference hitch force.

[0019] In further features, the method further includes
setting the first reference hitch force, the second reference
hitch force, and the third reference hitch force based on a
steering angle of the vehicle.

[0020] In further features, determining the target vertical
forces includes determining the target vertical forces further
based on a yaw rate of the vehicle.

[0021] In further features, determining the target vertical
forces includes determining the target vertical forces based
on minimizing a difference between the yaw rate and a
reference yaw rate.

[0022] In further features, the method further includes
setting the reference yaw rate based on a steering angle of
the vehicle.

[0023] In further features, setting the reference yaw rate
includes setting the reference yaw rate further based on a
vehicle speed.

[0024] 1In further features, the method further includes:
based on the hitch angle, determining a target torque of an
electric motor configured to output torque two or more
wheels of the vehicle; and selectively adjust the electric
motor based on the target torque.

[0025] Further areas of applicability of the present disclo-
sure will become apparent from the detailed description, the
claims and the drawings. The detailed description and spe-
cific examples are intended for purposes of illustration only
and are not intended to limit the scope of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The present disclosure will become more fully
understood from the detailed description and the accompa-
nying drawings, wherein:

[0027] FIG. 1 is top view of a model including a vehicle
and a trailer;
[0028] FIG. 2 is a side view of an example model of the

trailer including various parameters;

[0029] FIG. 3 is a functional block diagram of example
components of the vehicle;

[0030] FIGS. 4-9 are functional block diagrams of
example implementations of a trailer sway control system;
and

[0031] FIG. 10 is a flowchart depicting an example
method of controlling one or more vehicle actuators based
on hitch forces of the trailer.

[0032] In the drawings, reference numbers may be reused
to identify similar and/or identical elements.

DETAILED DESCRIPTION

[0033] Vehicles may be used to tow trailers. A vehicle may
include one or more trailer sway mitigation modules that

Jan. 11,2024

selectively adjust one or more operating parameters of the
vehicle to decrease sway of a trailer when swaying occurs.
[0034] The present application involves control of at least
one of suspension actuators of the vehicle and wheel torques
of the vehicle based on a one or more hitch forces at the hitch
where the trailer is hitched to the vehicle. The hitch forces
include a force in a longitudinal direction of the trailer, a
lateral direction of the trailer, and a vertical direction. The
control enhances cornering stability of a vehicle towing a
trailer and minimizes sway of the trailer.

[0035] FIG. 1 is top view of a model including a vehicle
100 and a trailer 104. CoG represents the center of gravity
of a body. Longitudinal axes of the vehicle 100 and the
trailer 104 are illustrated by 108 and 112, respectively. The
trailer 104 is hitched to the vehicle 100 at trailer hitch 116.
Ahitch angle 0 represents the angle between the longitudinal
axes of the vehicle 100 and the trailer 104 (between 108 and
112). A hitch force in a longitudinal direction of the trailer
104 is expressed as I, . A hitch force in a lateral direction
of the trailer 104 is expressed as I, .

[0036] Thevehicle 100 includes front right and left wheels
120 and 124, respectively. The vehicle 100 also includes rear
right and left wheels 128 and 132, respectively. The front
wheels 120 and 124 are turnable left and right to enable
vehicle turning. In various vehicles, the rear wheels 128 and
132 may also be turnable left and right or may be fixed
parallel to the longitudinal axis 108 of the vehicle 100. The
trailer 104 includes two or more wheels, such as illustrated.
Parameters of the trailer 104 are denoted with a subscript t.
FIG. 2 is a side view of an example model of the trailer 104
including various parameters. A hitch force in a vertical
direction of the trailer 104 is expressed as F, ..

[0037] FIG. 3 is a functional block diagram of example
components of the vehicle 100. As discussed above, the
vehicle 100 includes the front right and left wheels 120 and
124 and the rear right and left wheels 128 and 132. The
vehicle 100 may include additional wheels, such as in the
example of dual rear wheel vehicles.

[0038] A front right (FR) suspension actuator 304 is an
active suspension actuator and damps vertical motion near a
FR corner of the vehicle 100, such as at the front right wheel
120. A front left (FL) suspension actuator 308 is an active
suspension actuator and damps vertical motion near a FL
corner of the vehicle 100, such as at the front left wheel 124.
A rear right (RR) suspension actuator 312 is an active
suspension actuator and damps vertical motion near a RR
corner of the vehicle 100, such as at the rear right wheel 128.
A rear left (RL) suspension actuator 316 is an active sus-
pension actuator and damps vertical motion near a RL corner
of the vehicle 100, such as at the rear left wheel 132. An
actuator control module 320 controls damping forces (F, z,
F, rr, F; g, Fs z) of the suspension actuators 304, 308, 312,
and 316, respectively, based on at least one of the hitch
forces (F, F,, F.,). as discussed further below. The
actuator control module 320 may control, for example, a
pressure of a hydraulic fluid within one or more portions of
a suspension actuator, control electric power (e.g., voltage,
current) applied to a suspension actuator, or control the
damping force of the suspension actuator in another suitable
manner.

[0039] The vehicle 100 includes one or more torque
producing devices that output torque to two or more of the
wheels 120-132. For example, the vehicle 100 may include
a FR electric motor 324 that outputs torque to the FR wheel
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120 and a FL electric motor 328 that outputs torque to the
FL wheel 124. The vehicle 100 may also include a RR
electric motor 332 that outputs torque to the RR wheel 128
and a RL electric motor 336 that outputs torque to the RL
wheel 132. Other motor configurations are also possible,
such as one electric motor that outputs torque to the front
wheels 120 and 124 and/or one electric motor that outputs
torque to the rear wheels 128 and 132. Electric motors can
also apply negative torque to slow/brake the vehicle 100.
The vehicle 100 also includes friction brakes at each wheel
that can be applied to slow that wheel. A wheel control
module 340 controls the torque at each wheel. For example,
the wheel control module 340 may control the torque at a
wheel via controlling an electric motor and/or controlling
application of the friction brake at that wheel. Additionally
or alternatively to the actuator control module 320 control-
ling the damping forces based on the hitch force(s), the
wheel control module 340 may control the torques (T, z,
T, 7L Tm.rrs Trarr) at the wheels, respectively, based on the
hitch force(s).

[0040] The vehicle 100 includes various sensors and other
input devices collectively illustrated by 344. Examples of
sensors include but are not limited to an accelerator pedal
position (APP) sensor, a brake pedal position (BPP) sensor,
and other types of sensors. Examples of other types of input
devices include, for example, cameras, radar sensors, ultra-
sonic sensors, and other types of sensors. As an example of
a camera, a rear backup camera may be included. Images
from the rear backup camera may be used to determine the
hitch angle of the trailer 104. In various implementations,
the hitch angle may be determined, measured, or estimated
in another suitable manner.

[0041] FIG. 4 is a functional block diagram of an example
implementation of a trailer sway control system. A target
torque module 404 determines a target torque (t,, . ;) based
on one or more driver inputs and the hitch forces of the
trailer 104. The target torque module 404 may determine the
target wheel torque, for example, using one or more equa-
tions and/or lookup tables that relate the driver inputs and
the hitch forces to target torques. The driver inputs may
include, for example, the APP measured using the APP
sensor and the BPP measured using the BPP sensor.

[0042] A reference yaw rate module 408 determines a
reference (target) yaw rate of the vehicle based on one or
more inputs, such as steering angle 8, vehicle speed V, and
tire-road coeflicient of friction pt. The reference yaw rate
module 408 may determine the reference yaw rate using one
or more equations and/or lookup tables that relate steering
angles, vehicle speeds, and coefficients to reference yaw
rates. The steering angle may be determined, for example,
based on measurements from a steering wheel angle (SWA)
sensor, such as using one or more lookup tables or equations
that relate SWASs to steering angles. The vehicle speed may
be measured or estimated using one or more sensors. For
example, the vehicle speed may be set based on one or more
wheel speeds measured using one or more wheel speed
sensors, respectively. The tire-road coeflicient of friction
may be determined, for example, based on wheel slip. The
reference yaw rate module 408 may filter the reference yaw
rate before use, such as using a first order transfer function
or another suitable filter. In various implementations, the
vehicle speed and tire-road coefficient of friction may not be
used, and the reference yaw rate module 408 may determine
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the reference yaw rate based on the steering angle. Further
example detail is provided below.

[0043] A reference hitch forces module 412 determines
reference (target) hitch forces. The reference hitch forces
module 412 may determine the reference hitch forces based
on the steering angle and one or more other parameters. The
reference hitch forces module 412 may determine the ref-
erence hitch forces using one or more equations and/or
lookup tables that relate the steering angle and the other
parameter(s) to reference hitch forces. Further example
detail is provided below.

[0044] A constraints module 416 determines one or more
constraints (or limits). The constraints may be fixed prede-
termined values or may be variable. In the example of
variables, the constraints module 416 may set one or more
of the constraints based on one or more operating parameters
of the vehicle 100 and/or the trailer 104.

[0045] The actuator control module 320 determines the
damping forces for the suspension actuators 304-316,
respectively, based on the target torque, (present) hitch
forces, the reference yaw rate, the reference hitch forces, and
the constraints. The actuator control module 320 may deter-
mine the damping forces further based on a present yaw rate
of the vehicle 100. The present yaw rate of the vehicle 100
may be, for example, measured using a yaw rate sensor (of
the sensors 344). The actuator control module 320 may
determine the damping forces using one or more equations
and/or lookup tables that relate target torques, reference yaw
rates, yaw rates, reference hitch forces, hitch forces, and
constraints to damping forces. The actuator control module
320 may determine the damping forces to minimize the
difference (error) between the yaw rate and the reference
yaw rate and to minimize the difference (error) between the
hitch forces and the reference hitch forces. In other words,
the actuator control module 320 may determine the damping
forces to adjust the yaw rate toward or to the reference yaw
rate and adjust the hitch forces toward or to the reference
hitch forces.

[0046] The actuator control module 320 controls the sus-
pension actuators 304-316 to achieve the damping forces,
respectively. The actuator control module 320 may control,
for example, hydraulic pressure and/or power applied to the
suspension actuators 304-416.

[0047] In various implementations, the actuator control
module 320 may initiate controlling the damping forces
based on the hitch forces when the yaw rate is different than
the target yaw rate by at least a predetermined amount. In
various implementations, the actuator control module 320
may continuously control the damping forces based on the
hitch forces, even when the yaw rate is within the predeter-
mined amount of the target yaw rate.

[0048] In various implementations, the actuator control
module 320 may set the damping forces using model pre-
dictive control (MPC), such as a nonlinear model predictive
control (NMPC).

[0049] FIG. 5is a functional block diagram of an example
control system. As illustrated in FIG. 5, the wheel control
module 340 may determine the torques (T, sz: T s Trrs
T,,.zz) at the wheels, respectively, based on the target torque,
(present) hitch forces, the reference yaw rate, the reference
hitch forces, and the constraints. The wheel control module
340 may determine the torques further based on the present
yaw rate of the vehicle 100. The wheel control module 340
may determine the torques using one or more equations
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and/or lookup tables that relate target torques, reference yaw
rates, yaw rates, reference hitch forces, hitch forces, and
constraints to wheel torques. The wheel control module 340
may determine the torques to minimize the difference (error)
between the yaw rate and the reference yaw rate and to
minimize the difference (error) between the hitch forces and
the reference hitch forces. In other words, the wheel control
module 340 may determine the torques to adjust the yaw rate
toward or to the reference yaw rate and adjust the hitch
forces toward or to the reference hitch forces.

[0050] The wheel control module 340 controls the motors
324-336 to achieve the torques, respectively. The wheel
control module 340 may for example control the power
applied to the electric motors 324-336 based on the torques,
respectively. The wheel control module 340 may addition-
ally control application of the friction brakes of the wheels
based on the torques, respectively. While the example of one
motor per wheel is provided, the present application is also
applicable to one electric motor for the front axle and one
electric motor for the rear axle and to only one electric motor
for the front or rear axle. In various implementations, an
internal combustion engine may be included, and the wheel
control module 340 may additionally or alternatively control
torque output of the internal combustion engine based on the
torques. In various implementations, the wheel control mod-
ule 340 may additionally or alternatively control one or
more differentials based on the torques.

[0051] In various implementations, the wheel control
module 340 may initiate controlling the torques based on the
hitch forces when the yaw rate is different than the target
yaw rate by at least a predetermined amount. In various
implementations, the wheel control module 340 may con-
tinuously control the torques based on the hitch forces, even
when the yaw rate is within the predetermined amount of the
target yaw rate.

[0052] In various implementations, the actuator control
module 320 and the wheel control module 340 may share
parameters. For example, the actuator control module 320
may set the damping forces at the wheels based on the
torques, respectively, at the wheels. As another example, the
wheel control module 340 may set the torques at the wheels
based on the damping forces, respectively, at the wheels.
[0053] In various implementations, the wheel control
module 340 may set the torques using MPC control, such as
NMPC control. An example implementation of NMPC
control of the wheel torques is discussed further below. An
example implementation of NMPC control of the damping
forces and the wheel torques is also discussed further below.
In various implementations, the wheel control module 340
and the actuator control module 320 may be implemented
together within a control module, such as illustrated in FIG.
5.

[0054] The driver inputs may be assumed to be constant
along the NMPC prediction horizon. The driver inputs may
include the steering angle 0,,, the accelerator pedal position
APP, and the brake pedal position or force BPP. Other inputs
that may be fixed along the prediction horizon are: 1) the
towing vehicle 100 longitudinal and lateral accelerations, a,
and a y that may be used to determine the load transfers (e.g.,
by the actuator control module); ii) a baseline front-to-total
anti-roll moment distribution for; control parameters, e.g.,
constraints, weights, flags, etc.; iv) the trailer 104 longitu-
dinal and lateral accelerations (which may be estimated) c., ,
and o, Control of the vehicle yaw rate and hitch force
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dynamics adopts the reference variables that define the
steady-state cornering condition of the vehicle, for the given
driver inputs.

[0055] The steady-state reference yaw rate of the vehicle-
trailer system 1., is configured to match a steady-state
cornering response of the passive rigid vehicle. ,, may be
stored as nonlinear map (e.g., lookup table), and the refer-
ence yaw rate may be determined as function of steering
angle d, vehicle speed V, and tire-road friction coefficient pt.
The output of the map (lookup table) may be filtered by the
reference yaw rate module 408, such as using a first order
transfer function. The dynamic instability of the vehicle-
trailer system may be detected by the control module when
the actual yaw rate differs from the reference yaw rate by at
least a predetermined amount. The map may be based on, for
example, a nonlinear quasi-static or dynamic vehicle models
and minimize additional key performance criteria such as
tire slip power losses or total power losses. In various
implementations, the reference yaw rate may be determined
by the reference yaw rate module 408 based only on the
steering angle.

[0056] The reference yaw rate may target the control of the
vehicle comering behavior, but may also account for the
trailer presence. In various implementations example, the
reference yaw rate module 408 may apply a band pass filter
that outputs signals within a predetermined frequency band
that are indicative of actual trailer sway. The predetermined
frequency band may be, for example, 0.5 Hertz (Hz) to 1.5
Hz or another suitable frequency band. In various imple-
mentations, the control module may blend the yaw rate and
hitch forces reference contributions when the trailer dynam-
ics when one or more differences between ones of the hitch
forces and respective reference hitch forces is/are greater
than a predetermined value. The hitch forces may be mea-
sured using a sensor or estimated. In various implementa-
tions, the hitch forces may be determined by a hitch forces
module 420 based on one or more measured operating
parameters of the vehicle 100 and parameters of the trailer
104, for example, using one or more lookup tables and/or
equations.

[0057] Vehicle roll stability may be preserved by the
control module during steering maneuvers by controlling the
actuators 304-316 and/or the motors 316-336 to adjust a roll
angle toward or to a target roll angle of the sprung masses.
The target roll angle may be a predetermined value, such as
1 degree for a lateral acceleration of 5 m/s 2 or another
suitable value. In various implementations, the control mod-
ule may control the actuators 304-316 and/or the motors
316-336 to adjust a rollover prevention index RI which
depends on roll dynamics and lateral acceleration to less
than a predetermined value, such as 0.8 or another suitable
value.

[0058] Despite being an additional reference state for the
vehicle-semitrailer stability, roll angle may not be consid-
ered among the target variables in various implementations.
Details of various parameters are illustrated in FIGS. 1 and
2.

[0059] FIGS. 6-9 include functional block diagrams of
example implementations of the system of FIG. 4. FIG. 6
includes an example active suspension (AS) configuration.
FIGS. 7-9 include example AS plus dynamic yaw control
(DYC) configurations. The control inputs for the AS con-
figuration (FIG. 6) are a front-to-total anti-roll moment
distribution variation, Af, of the active suspension system,
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with respect to a predetermined nominal value. In the
example of FIG. 7, in addition to the inputs of FIG. 6, the
four torques on each wheel are used as control inputs. The
control inputs in this example are Af, T, ;. T,,, rg> Ty.rz- a0d
T...zz- 10 the example of FIG. 8, the standalone AS and DYC
for the articulated vehicle run in parallel sharing or not
sharing the output control actions with each other. The
control inputs for this example are Af, T, p7, Torr Tris
and T, p. In the example of FIG. 9, the standalone AS for
articulated vehicle and the standalone DYC for the isolated
vehicle run in parallel sharing or not sharing the output
control actions with each other. The control inputs for this
example are Af, T, 7. T,, po Torrs A0 T, pp.

[0060] In the formulations herein, the subscript i, with
i=ER indicates the axle, whereas the subscript j, with j=L,
R, indicates the vehicle side. The notation ‘(")’ indicates a
time derivative, while ‘(")’ indicates a second order time
derivative. The subscript ‘t’ indicates forces applied to the
vehicle according to the directions of the trailer reference
frame. Other variables are the sideslip angle at the CoG, J3;
the vehicle speed, V; and the hitch angle 6, namely the angle
between the longitudinal axes of the trailer and the towing
vehicle.

[0061] The proposed controller internal model, namely the
model used by NMPC model of the control module for
predicting the system response along the prediction horizon
may be based on the following assumptions: motion is
planar, and thus the road bank and inclination angles are
negligible; heave, roll and pitch dynamics are disregarded;
powertrain and braking torque on each corner is known in a
first approximation; lateral and longitudinal displacements
of the center of gravity caused by the roll and pitch motions
are neglected,;

[0062] The vehicle model used to determine the target
forces for the suspension actuators may have 7 degrees of
freedom, such as described by equations (1)-(4). FIGS. 1and
2 illustrate states and parameters in accordance with their
positive sign conventions.

[0063] Longitudinal force balance may be described by
the equation:

Z [For cos (6) = Fyp sin (8] + Z Foy—Fagg
J=L.R J=LR
R

m[r'/x - l/'/vy

[0064] Lateral force balance may be described by the
equation:

= Z [Fo sin (8) + Fygy cos (3] + Z w t @
J=LR J=LR

mvy, + v,

[0065] Yaw moment balance may be described by the
equation:

®

J =g [F, WL S (0)+ Fy pp cos (0) + Fypg sin (6) + Fypgp cos (0)] -

R
= [Forr + Foprl -

[RIFyp — Fyprl - 2

£
T (e cos -
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-continued

Fyp sin )] +cF2+ ) My
F=LR
i=F R

1,
r [FyFL sin (6) —

Fyrr cos (9)]+

[0066] Moment balance for a wheel ij may be described by
the equation

Tl I T ReF My &

wyi = Umif it x4

[0067] In equations (1)-(4), m is the towing vehicle mass,
v, 1s the component of the velocity vector at the center of
gravity along the longitudinal axis of the vehicle reference
system, v y is the component of the velocity vector at the
center of gravity along the lateral axis of the vehicle refer-
ence system;  is the vehicle yaw rate, F, ; is the longitu-
dinal force of the ij-th tire/wheel, F, ;. is the lateral force of
the ij-th wheel, F/*, FJ*, F/* are the hitch joint force
components along the longltudlnal lateral and vertical axes
of the reference system of the vehicle, respectively, 8 is an
(e.g., average) steering angle of the front wheels. F, . is an
aerodynamic drag force, J, is the yaw mass moment of
inertia of the car, M_ ;is a self alignment moment of the ij-th
wheel, 1 and 1, are the front and rear wheelbases of the
vehicle, t, and t, are the front and rear track widths, c is the
distance of the hitch joint to the CoG of the car. J,, 7 is the
equivalent mass moment of inertia of the front wheels,
which may be approximated as equal to the polar inertia,
T,,,.;7 are the wheel motor/powertrain torques, and T, ; are the
wheel braking torques. In this example, the Magic Formula
(e.g., version 2002 or another nonlinear tire model) may be
used to determine the rolling radius, laden radius, rolling
resistance, longitudinal force, lateral force, and self-aligning
moment of the tires, namely R, ;. R, ;, M, ... F, .. F, ; and

Mz,ij’ as functions of the tire sli[;]angle o, 1i)ngit1]1dinal slip
ratio ©, ; ;, vertical load F_; which is expressed as a function
of F7%¢, F 7%, F*, F/*, the longitudinal load transfer and
the lateral load transfer including the anti-roll moment
contribution due to the active suspension actuation. Alter-
native formulations can be used in the example of a semi-
active suspension system. The vertical loads may be
expressed as:

1 1 5
Fzij: EFZ?;’+—AF2F +k1AF§.F ©

2 B {—1 if j=L
11 YTl if =R
Fy= 5 F + 50F R +hoF,
F;rgr - mglp +Fé'lc,smr c—lp
> ! !
P = milr _Fé?c,srarc +ir
H, H, c—1
AF = —ma,—= 4 =2 ’;”“ AR, zR
H o Hpg c-1
AF;R = ma, CoG —F/{‘C Hitch —AF;, F
? ! ! "]
H H; c—1
AFSy = ma, =% - =T - AP, —
Ui ~ I Hee  Mige
AFy — n +F]Zc ]
af T M T 4 T ar

Fﬂcc + ZF:IE N M;ﬁ’;,R
¥ li dy dg



US 2024/0010036 Al

where H., is the height of the CoG, Hy. is the roll axis
height at the longitudinal coordinate of the CoG, F/2¢# is
a static contribution of the vertical component of the hitch
joint force, and AF_ * is the longitudinal load transfer con-
tribution of the Vertlcal component of the hitch joint force
due to the trailer longitudinal acceleration. In this example,
the total active suspension anti-roll moment on the front and
rear axles, M, p " and M, 2", may be determined using
the equations:

tot_ passive AS
Magr=Myr ¢ M yr 7

M AR,Rmt:MAR,Rpamw"'MAR,RAS 6)

where the passive vehicle anti-roll moment on the i-th axle,
M, 77", and the active suspension anti-roll moments
MA F include the hitch joint force components contribu-
tions, and may be determined using the equations:

W Kr )
Migr” = m{[l = Keomplmay[Heog = Hrc) = F* [Hpen - Hrcl)
@, @,
yrse o _Kar gy Heog — Hye) = FI% Hegen - H,
TR LK R{[ = Keomplmay[Heoe — Hrel = )7 [Hpien = RC]}
@, P

M3 5 = Keomp | maty[Heoe = Hpel

M3 p = Keompll = flmay[Heog = Hrcl

where K, ; is the roll stiffness of the considered axle, K.,,,.,
is a factor expressing the level of roll angle compensation of
the active suspension actuation, and f=f, +Af is the con-
trollable front-to-total anti-roll moment distribution. The
total active suspension anti-roll moment may have different
formulations, depending on the control implementation.

[0068] Suspension stiffness and damping characteristic
may be known predetermined values. The total passive
anti-roll moment may depend on the roll dynamics of the
rigid vehicle and may be determined by the control module
using the equations:

My =K 0
Maro /=Ko 0 ®

where ¢ is the roll angle, ¢ is the roll rate, K, is a roll
damping coefficient, M ARQ'M”“S”VE is the anti- roll moment
due to the passive suspension roll stiffness, and M,z , assive
is the anti-roll moment due to passive suspensmn roll
damping properties.

[0069] This example may involve extension of the internal
model to the equations of motion by an additional degree of
freedom, namely a roll dynamics contribution:

. . ®
L¢ = may[Heoc — Hrel cos (@) + mglHeoc — Hecl sin (@) -

passive passive passive passive s A8
Mapor ~Migor ~Mupor —~Mupon —Migr —Mygp +

mighr [Henon - Hrcl si FI [ Hyon — H
; nen — Hre sin (©) + Fy“ [Hpuen — Hrc cos (9)

where m, is the mass of the trailer, 1, is the hitch joint to
trailer COG distance, o, and o, , are the acceleration com-
ponents of the traller and F; e depends on the trailer
acceleration components, traller parameters, and trailer hitch
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angle. The roll dynamics may be disregarded, so sensing
devices on the trailer may not be included, such as to
measure 0, ¢, and ¢, ,.

[0070] 'The longitudinal and lateral slips 0, , ;, and o; may

be determined by the control module using the equatlons.

10

e
@ = tan 4 k6 ky=0 if i=R
Ve F 2 13
wi'Re,i' — Vi an
gy =
VX,,)—'
where v, ; is the longitudinal component of the peripheral

wheel speed.

[0071] The prediction model could have different formu-
lations. For example, the prediction model may not involve
wheel dynamics.

[0072] In various implementations, the hitch force module
420 may determine hitch joint force components (or hitch
forces) based on the following assumptions: the yaw and
pitch acceleration of the trailer 104 are disregarded; and the
longltudlnal and lateral accelerations of the trailer ¢, , and

, are approximated by the hitch force module 420 based
on the acceleration components of the vehicle 100.

[0073] FIGS. 1 and 2 show the orientation of the hitch
joint force components together with the sign conventions
for the trailer variables. The longitudinal component F, /*
is determined by the hitch force module 420 based on the
longitudinal forces balance, such as using the equation:

72 ~
F = =—mg, m—m0l, 12

where m, is the mass of the trailer 104. Considering the
example of FIG. 1, the rotation balance with respect to the
CoG of the trailer axle may be used by the hitch force
module 420 to determine the latitudinal force, such as using
the equation:

Jle my ay; by m; ay lp 13)
F¥=- g2

I I

where I , is the trailer CoG to the railer axle distance, and/t
is the hitch joint to trailer axle distance. F, /2 and F, /2 may
be transposed by the hitch force module 420 into the towing
vehicle coordinate system and defined as:

F = -ma, cos (fm) - Sin B

mraylrk . (14
I’

(3

myaylg 19
]

FJ = may sin (B) = ¢08 (B1an)

3

where 0, is the kinematic hitch angle, the hitch angle in
absence of slip angles. An example equation describing the
evolution of the kinematic hitch angle for a given vehicle
speed is:
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Oin = (16

fn (5){121, +[e-lplytan PP lc=Ilp]* — tan (6127~ 1* J

l[—tan 0 1c —Ig] + van ©[c I —tan @ PR + 14]

tan

[0074] Alternative formulations for computing hitch angle
may be based on its value in quasi-steady-state cornering
conditions, such as mapped in look-up tables as functions of
steering angle, vehicle speed, and tire-road friction coeffi-
cient. Alternatively, a state observer including the trailer
dynamics may be used to determine the hitch angle.
[0075] Considering the example in FIG. 2. the rotation
balance with respect to the CoG of the trailer axle can be
used to determine the vertical hitch force by the hitch force
module 420, such as using the equation:

, , an
Fg’%c - Fgﬁc,smr +AF21 —

gl Mex [HeoGy = Hfich]
h h S h

mra;,r[HCcG,r = Hgien] - mrf]lk,r

F, /*¢ assumes the same value when transposed to the towing
car coordinate system.

[0076] The NMPC model may be expressed by the fol-
lowing continuous formulation

XM= x(0.u(0)) (18)

where the state vector for the articulated vehicle model and
the state vector for the rigid vehicle model x is:

X= [, YO O, ORR] (19
and the control vector u of the control module is:
U= [Afrm, L, FRTm,RLTm‘RR] (20

[0077] In example of the roll dynamics being included in
the NMPC model formulation, the following state vector
may be considered:

%= [V, W, O, ORR) @n
[0078] The NMPC control law may minimizes a cost
function J, subject to equality and inequality constraints. The

nonlinear optimal control problem may be defined in dis-
crete time as:

N-1 (22)
min J|x(0), u(- ) := £y (x(N)) + Z/(x(k), u(k)
“ =0
s.t.
x(0) = x
x(k+1) = falxlk), utk)

x=xtk)=x

where £, (x(N)) is a terminal cost, N is the number of steps
of the prediction horizon H, (e.g.. equal to the control
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horizon H,, i.e. H=H =NT, with T, being the sampling
time, but could be a different value), k indicates the dis-
cretization step, X and X are the lower and upper limits for
X, 1 and u are the lower and upper limits for u, x(k+1)=f,
(x(k),u(k)) is a discretized model defined in equation (18).
The stage cost functions may be defined as a least-squares
functions and are given by equation (23) for configurations
with the articulated and the isolated vehicle model, respec-
tively.

Frl), () = Wy A + W p phg? + 24

2 2 2 2
W0 tmgot ATmon + Wiiry ZTM T RArAST + WrigySag

whpre W WQ.) Ao Wo, Aty and WQ@ are the. cost function
weights, respectively, tracking of the rigid vehicle reference
yaw rate of the rigid vehicle roll angle, of the torque demand
(target) or of the articulation hitch angle,

WR,SQ r

is a weighting coefficient referred to as a rear tire slip angle
slack variable, WR)TMJ_ and Wy .- are the cost function
weights referred to as available actuators. The contributions
in equation (23) are based on:

A\|'/:\|'/,ef—\|'/, the yaw rate tracking error;

Ap=0,.0,

[0079] A@=RL,~RI, roll angle tracking error and rollover
index (RI) minimization, respectively.

Alternatively, rollover prevention may be accounted for by
adding a soft constraint on the rollover index through a slack
variable, RISRI™™(1+6,,). where 5,20 is the slack vari-
able. In the following application, the contribution of track-
ing the roll angle error may be disregarded.

[0080] Az, ., is a torque demand tracking error at the
vehicle level between the driver demands and a reference
total torque. Slack variables may be used to set the soft
constraints.

[0081] The following state and control action bounds have
been implemented in equation 22 as constraints (lower and
upper limits):

[0082] Wheel torque constraints, i.e. LS.
where T,, and 7, are the predetermined minimum and
maximum values of the wheel torques, used to generate
the direct yaw moment control action, in addition to the
total traction or braking torques;

[0083] The front-to-total anti-roll moment distribution
deviation constraint, AfSAf<AT, where Af and Af are
predetermined minimum and maximum anti-roll front-
to- total moment distribution deviations from a nominal
value;

[0084] Rear tire slip angle constraint to account for
vehicle lateral stability, logl<oe™(1+s,, ), where
$a, 20 1s the slack variable; and o™ is the maximum
admissible tire slip angle, for example, o;""=3
degrees or another suitable value.

[0085] Further constraints are possible, such as to prevent
the activation of a stability controller. Constraints on the
front slip angle of the vehicle, on the vehicle sideslip angle,
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and on the tire slip ratios of the vehicle may additionally or
alternatively be implemented.

[0086] FIG. 6 shows the schematics of a standalone AS
implementation. Here, the driver inputs are APP, BPP and
9, © represents the vehicle operational parameters mea-
sured by sensors and received via a network bus of the
vehicle. The driver inputs are converted into the reference
yaw rate and torque demand, which together with the
reference hitch forces and the actuator physical constraints,
are conveyed to the control module as constant inputs in the
prediction horizon. In various implementations, NMPC
(nonlinear model predictive control) may be used by the
control module. The NMPC includes a nonlinear optimal
control problem, where the inputs undergo a nonlinear
internal model to define the optimal control actions along the
prediction horizon. The control actions are defined by mini-
mizing the constrained objective function. The final outputs
are the forces of the acators 304-316 on each corner of the
vehicle.

[0087] FIG. 7 is an example of an NMPC AS-DYC
implementation, where DYC is a torque-vectoring actuation
strategy involving control of the electric motors 324-336.
Here, physical constraints of the motors are an additional
input with respect to the standalone AS implementation of
FIG. 6. Moreover, the final outputs of the nonlinear optimal
control problem of the example of FIG. 7 are the vertical
forces for the actuators 304-316 and the wheel torques for
the electric motors 324-336.

[0088] Parallel or independent control of the actuators
304-316 and the wheel torques for the electric motors
324-336 may be performed. For example, an NMPC AS//
DYC implementation with and without communication
between the actuator and wheel control modules is illus-
trated in FIG. 8. In this example, a standalone AS NMPC
implementation (e.g., FIG. 6) with an articulated vehicle
internal model runs in parallel to a NMPC DYC implemen-
tation with an internal model formulation resembling NMPC
AS, namely with the hitch angle dynamics to account for the
trailer, represented by equations 19-21 and 23. The two
subsystems (actuator and motor controls) run independently
either sharing the information of their respective control
actions which are taken into account as additional inputs by
the other (with communication) or without sharing the
information of their respective control actions with each
other.

[0089] FIG. 9 includes an example NMPC AS//Standard
DYC implementation with and without communication
between the actuator and motor controls, where a standalone
AS NMPC implementation (e.g., FIG. 6) with an articulated
vehicle internal model in parallel to a standard NMPC DYC
implementation with a rigid vehicle internal model, cali-
brated for an isolated vehicle. Here, the same communica-
tion options may be enabled or disabled. In FIGS. 8 and 9,
where the switches A and B enable or disable the commu-
nication between the two controls running in parallel.

[0090] The NMPC can be implemented on a software
environment for automatic control and dynamic optimiza-
tion. The following may be used: Gauss Newton Hessian
approximation, multiple shooting discretization, a qpOA-
SES solver, a number of optimization steps may be set equal
to 2, a discretization time of the internal models may be set
to 5 ms (this may ensures their numerical stability without
significantly affecting the computational time), for the inte-
grator types and orders 2" order Implicit Runge Kutta
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(IRK-GL2) for the controls based on the articulated vehicle
and 4th order Implicit Runge Kutta (IRK-GL4) for DYC
based on the rigid vehicle model, sampling time for each
articulated vehicle model may be 35 ms (milliseconds),
while the sampling time for DYC implementation may be 15
ms. Example implementation settings are summarized in the
following table with measured variables coming from the
vehicle.

TABLE I

Example of Implemented Control Module Settings

Actuation Integrator tg (ms) t,, (ms)
AS IRK-GL4 5 15
AS-DYC IRK-GL4 5 15
AS//IDYC IRK-GL4 5 15
AS//Standard DYC IRK-GL4 5 15

[0091] Testing proved that these parametrizations are a
good compromise between performance and computational
efficiency. The present application involves use of active
suspension system on the towing vehicle to limit the trailer
sway with, for example, a nonlinear model predictive con-
trol (NMPC) on an articulated vehicle model that includes
the trailer parameters and dynamics. Additionally, the pres-
ent application involves use of the active suspension and
direct yaw control on the towing vehicle to preserve the
articulated vehicle stability and to limit the trailer sway with
nonlinear model predictive control coordination based on an
articulated vehicle model which includes the trailer param-
eters and dynamics. Additionally, the present application
involves use of active suspension and direct yaw moment
control coordination with two parallel NMPC configuration
based on an articulated vehicle model (or isolated vehicle
model for the case of the Standard DYC) as an alternative in
preserving the articulated vehicle stability and to limit the
trailer sway.

[0092] The control described herein stabilizes the vehicle-
trailer system as opposed to the passive vehicle. The active
suspension control NMPC AS effectively tracks the towing
vehicle reference yaw rate and tracks and limits the hitch
force errors (differences between the hitch forces and ref-
erence hitch forces, respectively) and the trailer roll angle.
AS plus DYC implementation can further improve the yaw
and hitch damping capability relative to only AS control.
Moreover, the trailer roll angle is further limited.

[0093] FIG. 10 is a flowchart depicting an example
method of controlling one or more vehicle actuators based
on hitch forces. Control begins with 1004 where the driver
inputs, the hitch forces, and other vehicle operating param-
eters are received.

[0094] At 1008, the reference yaw rate module 408 deter-
mines the reference yaw rate based on the steering angle, the
vehicle speed, and the tire-road coeflicient of friction. The
reference hitch forces module 412 also determines the
reference hitch forces at 1012. At 1012, the target torque
module 404 determines the target torque based on the driver
inputs and the hitch forces.

[0095] At 1016, the actuator control module 320 deter-
mines target forces for the suspension actuators 304-316,
respectively, based on the hitch forces, the reference hitch
forces, the target torque, the reference yaw rate, and the yaw
rate, such as using NMPC control. The actuator control
module 320 may set the target forces, for example, to
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minimize the difference (error) between the hitch forces and
the reference hitch forces and to minimize the difference
(error) between the yaw rate and the reference yaw rate.
[0096] Also at 1016, the wheel control module 340 may
determines target torques for the motors 324-336, respec-
tively, based on the hitch forces, the reference hitch forces,
the target torque, the reference yaw rate, and the yaw rate,
such as using NMPC control. The wheel control module 340
may set the target torques, for example, to minimize the
difference (error) between the hitch forces and the reference
hitch forces and to minimize the difference (error) between
the yaw rate and the reference yaw rate. In various imple-
mentations, the wheel control module 340 may determine
the target torques based on the target forces and/or determine
the target forces based on the target torques.

[0097] At 1020, the actuator control module 320 controls
the suspension actuators 304-316 to achieve the target
(vertical) forces, respectively. The actuator control module
320 may, for example, apply power or hydraulic fluid to the
suspension actuators 304-326 based on the target forces,
respectively. The wheel control module 340 may also apply
power to the electric motors 328-336 to achieve the target
torques, respectively. Control returns to 1004 for a next
control loop.

[0098] The foregoing description is merely illustrative in
nature and is in no way intended to limit the disclosure, its
application, or uses. The broad teachings of the disclosure
can be implemented in a variety of forms. Therefore, while
this disclosure includes particular examples, the true scope
of the disclosure should not be so limited since other
modifications will become apparent upon a study of the
drawings, the specification, and the following claims. It
should be understood that one or more steps within a method
may be executed in different order (or concurrently) without
altering the principles of the present disclosure. Further,
although each of the embodiments is described above as
having certain features, any one or more of those features
described with respect to any embodiment of the disclosure
can be implemented in and/or combined with features of any
of the other embodiments, even if that combination is not
explicitly described. In other words, the described embodi-
ments are not mutually exclusive, and permutations of one
or more embodiments with one another remain within the
scope of this disclosure.

[0099] Spatial and functional relationships between ele-
ments (for example, between modules, circuit elements,
semiconductor layers, etc.) are described using various
terms, including “connected,” “engaged,” “coupled,” “adja-
cent,” “next to,” “on top of,” “above,” “below,” and “dis-
posed.” Unless explicitly described as being “direct,” when
a relationship between first and second elements is described
in the above disclosure, that relationship can be a direct
relationship where no other intervening elements are present
between the first and second elements, but can also be an
indirect relationship where one or more intervening ele-
ments are present (either spatially or functionally) between
the first and second elements. As used herein, the phrase at
least one of A, B, and C should be construed to mean a
logical (A OR B OR C), using a non-exclusive logical OR,
and should not be construed to mean “at least one of A, at
least one of B, and at least one of C.”

[0100] In the figures, the direction of an arrow, as indi-
cated by the arrowhead, generally demonstrates the flow of
information (such as data or instructions) that is of interest
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to the illustration. For example, when element A and element
B exchange a variety of information but information trans-
mitted from element A to element B is relevant to the
illustration, the arrow may point from element A to element
B. This unidirectional arrow does not imply that no other
information is transmitted from element B to element A.
Further, for information sent from element A to element B,
element B may send requests for, or receipt acknowledge-
ments of, the information to element A.

[0101] In this application, including the definitions below,
the term “module” or the term “controller” may be replaced
with the term “circuit.” The term “module” may refer to, be
part of, or include: an Application Specific Integrated Circuit
(ASIC); a digital, analog, or mixed analog/digital discrete
circuit; a digital, analog, or mixed analog/digital integrated
circuit; a combinational logic circuit; a field programmable
gate array (FPGA); a processor circuit (shared, dedicated, or
group) that executes code; a memory circuit (shared, dedi-
cated, or group) that stores code executed by the processor
circuit; other suitable hardware components that provide the
described functionality; or a combination of some or all of
the above, such as in a system-on-chip.

[0102] The module may include one or more interface
circuits. In some examples, the interface circuits may
include wired or wireless interfaces that are connected to a
local area network (LAN), the Internet, a wide area network
(WAN), or combinations thereof. The functionality of any
given module of the present disclosure may be distributed
among multiple modules that are connected via interface
circuits. For example, multiple modules may allow load
balancing. In a further example, a server (also known as
remote, or cloud) module may accomplish some function-
ality on behalf of a client module.

[0103] The term code, as used above, may include soft-
ware, firmware, and/or microcode, and may refer to pro-
grams, routines, functions, classes, data structures, and/or
objects. The term shared processor circuit encompasses a
single processor circuit that executes some or all code from
multiple modules. The term group processor circuit encom-
passes a processor circuit that, in combination with addi-
tional processor circuits, executes some or all code from one
or more modules. References to multiple processor circuits
encompass multiple processor circuits on discrete dies,
multiple processor circuits on a single die, multiple cores of
a single processor circuit, multiple threads of a single
processor circuit, or a combination of the above. The term
shared memory circuit encompasses a single memory circuit
that stores some or all code from multiple modules. The term
group memory circuit encompasses a memory circuit that, in
combination with additional memories, stores some or all
code from one or more modules.

[0104] The term memory circuit is a subset of the term
computer-readable medium. The term computer-readable
medium, as used herein, does not encompass transitory
electrical or electromagnetic signals propagating through a
medium (such as on a carrier wave); the term computer-
readable medium may therefore be considered tangible and
non-transitory. Non-limiting examples of a non-transitory,
tangible computer-readable medium are nonvolatile
memory circuits (such as a flash memory circuit, an erasable
programmable read-only memory circuit, or a mask read-
only memory circuit), volatile memory circuits (such as a
static random access memory circuit or a dynamic random
access memory circuit), magnetic storage media (such as an
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analog or digital magnetic tape or a hard disk drive), and
optical storage media (such as a CD, a DVD, or a Blu-ray
Disc).

[0105] The apparatuses and methods described in this
application may be partially or fully implemented by a
special purpose computer created by configuring a general
purpose computer to execute one or more particular func-
tions embodied in computer programs. The functional
blocks, flowchart components, and other elements described
above serve as software specifications, which can be trans-
lated into the computer programs by the routine work of a
skilled technician or programmer.

[0106] The computer programs include processor-execut-
able instructions that are stored on at least one non-transi-
tory, tangible computer-readable medium. The computer
programs may also include or rely on stored data. The
computer programs may encompass a basic input/output
system (BIOS) that interacts with hardware of the special
purpose computer, device drivers that interact with particu-
lar devices of the special purpose computer, one or more
operating systems, user applications, background services,
background applications, etc.

[0107] The computer programs may include: (i) descrip-
tive text to be parsed, such as HITML (hypertext markup
language), XML (extensible markup language), or JSON
(JavaScript Object Notation) (ii) assembly code, (iii) object
code generated from source code by a compiler, (iv) source
code for execution by an interpreter, (v) source code for
compilation and execution by a just-in-time compiler, etc.
As examples only, source code may be written using syntax
from languages including C, C++, C #, Objective-C, Swift,
Haskell, Go, SQL, R, Lisp, Java®, Fortran, Perl, Pascal,
Curl, OCaml, Javascript®, HTML3 (Hypertext Markup
Language 5th revision), Ada, ASP (Active Server Pages),
PHP (PHP: Hypertext Preprocessor), Scala, Fiffel, Small-
talk, Erlang, Ruby, Flash®, Visual Basic®, Lua, MATLAB,
SIMULINK, and Python®.

What is claimed is:
1. A trailer sway control system for a vehicle, comprising:
a front left active suspension actuator associated with a
front left wheel of the vehicle;
a front right active suspension actuator associated with a
front right wheel of the vehicle;
a rear left active suspension actuator associated with a
rear left wheel of the vehicle;
a rear right active suspension actuator associated with a
rear right wheel of the vehicle; and
an actuator control module configured to:
based on (a) a first hitch force at a trailer hitch of the
vehicle in a longitudinal direction, (b) a second hitch
force at the trailer hitch of the vehicle in a lateral
direction, and (c) a third hitch force at the trailer
hitch of the vehicle in a vertical direction, determine
target vertical forces for the front left active suspen-
sion actuator, the front right active suspension actua-
tor, the rear left active suspension actuator, and the
rear right active suspension actuator, respectively;
and
selectively adjust the front left active suspension actua-
tor, the front right active suspension actuator, the rear
left active suspension actuator, and the rear right
active suspension actuator based on the target verti-
cal forces, respectively.
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2. The trailer sway control system of claim 1 wherein the
actuator control module is configured to determine the target
vertical forces based on minimizing (a) a first difference
between the first hitch force and a first reference hitch force,
(b) a second difference between the second hitch force and
a second reference hitch force, and (c) a third difference
between the third hitch force and a third reference hitch
force.

3. The trailer sway control system of claim 2 further
comprising a reference hitch forces module configured to set
the first reference hitch force, the second reference hitch
force, and the third reference hitch force based on a steering
angle of the vehicle.

4. The trailer sway control system of claim 1 wherein the
actuator control module is configured to determine the target
vertical forces further based on a yaw rate of the vehicle.

5. The trailer sway control system of claim 4 wherein the
actuator control module is configured to determine the target
vertical forces based on minimizing a difference between the
yaw rate and a reference yaw rate.

6. The trailer sway control system of claim 5 further
comprising a reference yaw rate module configured to set
the reference yaw rate based on a steering angle of the
vehicle.

7. The trailer sway control system of claim 6 wherein the
reference yaw rate module is configured to set the reference
yaw rate further based on a vehicle speed.

8. The trailer sway control system of claim 1 further
comptrising:

a front left electric motor configured to output torque to

the front left wheel of the vehicle;

a front right electric motor configured to output torque to

the front right wheel of the vehicle;

arear left electric motor configured to output torque to the

rear left wheel of the vehicle;

a rear right electric motor configured to output torque to

the rear right wheel of the vehicle; and

a wheel control module configured to:

based on the first hitch force, the second hitch force,
and the third hitch force, determine target torque
outputs of the front left electric motor, the front right
electric motor, the rear left electric motor, and the
rear right electric motor, respectively; and

selectively adjust the front left electric motor, the front
right electric motor, the rear left electric motor, and
the rear right electric motor based on the target
torque outputs, respectively.

9. The trailer sway control system of claim 8 wherein the
wheel control module is configured to determine the target
torque outputs further based on the target vertical forces.

10. The trailer sway control system of claim 8 wherein the
actuator control module is configured to determine the target
vertical forces further based on the target torque outputs.

11. The trailer sway control system of claim 1 further
comprising:

a front electric motor configured to output torque to front

wheels of the vehicle;

a rear electric motor configured to output torque to front

wheels of the vehicle; and

a wheel control module configured to:

based on the hitch angle, determine target torque out-
puts of the front and rear electric motors, respec-
tively; and
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selectively adjust the front and rear electric motors
based on the target torque outputs, respectively.
12. The trailer sway control system of claim 1 further
comprising:
an electric motor configured to output torque two or more
wheels of the vehicle; and
a wheel control module configured to:
based on the hitch angle, determine a target torque of
the electric motor; and
selectively adjust the electric motor based on the target
torque.
13. A trailer sway control method for a vehicle, compris-
ing:
based on (a) a first hitch force at a trailer hitch of the
vehicle in a longitudinal direction, (b) a second hitch
force at the trailer hitch of the vehicle in a lateral
direction, and (c) a third hitch force at the trailer hitch
of the vehicle in a vertical direction, determining target
vertical forces for a front left active suspension actua-
tor, a front right active suspension actuator, a rear left
active suspension actuator, and a rear right active
suspension actuator, respectively,
the front right active suspension actuator associated with
a front right wheel of the vehicle, the front left active
suspension actuator associated with a front left wheel
of the vehicle, the rear left active suspension actuator
associated with a rear left wheel of the vehicle, and the
rear right active suspension actuator associated with a
rear right wheel of the vehicle; and
selectively adjusting the front left active suspension
actuator, the front right active suspension actuator, the
rear left active suspension actuator, and the rear right
active suspension actuator based on the target vertical
forces, respectively.

11
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14. The trailer sway control method of claim 13 wherein
determining the target vertical forces includes determining
the target vertical forces based on minimizing (a) a first
difference between the first hitch force and a first reference
hitch force, (b) a second difference between the second hitch
force and a second reference hitch force, and (¢) a third
difference between the third hitch force and a third reference
hitch force.

15. The trailer sway control method of claim 14 further
comprising setting the first reference hitch force, the second
reference hitch force, and the third reference hitch force
based on a steering angle of the vehicle.

16. The trailer sway control method of claim 13 wherein
determining the target vertical forces includes determining
the target vertical forces further based on a yaw rate of the
vehicle.

17. The trailer sway control method of claim 16 wherein
determining the target vertical forces includes determining
the target vertical forces based on minimizing a difference
between the yaw rate and a reference yaw rate.

18. The trailer sway control method of claim 17 further
comprising setting the reference yaw rate based on a steering
angle of the vehicle.

19. The trailer sway control method of claim 18 wherein
setting the reference yaw rate includes setting the reference
yaw rate further based on a vehicle speed.

20. The trailer sway control method of claim 13 further
comprising:

based on the hitch angle, determining a target torque of an

electric motor configured to output torque two or more
wheels of the vehicle; and

selectively adjust the electric motor based on the target

torque.
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1
MINIMAL LIFT BIKE CARRIER

The present application claims priority to and/or the
benefit of U.S. Provisional Patent Application No. 63/290,
896, filed Dec. 17, 2021, which is incorporated herein by
reference in its entirety.

Embodiments of the present disclosure are directed to
carriers designed for heavy and/or awkward bikes, trikes,
quadricycles, and trailers (e.g., transporting people behind
recreational vehicles) including electric types, and a trans-
port trailer for transporting the carriers.

BACKGROUND

Bike carriers are typically designed to carry bicycles by
having a user pick up and position the bicycle on the carrier.
For example, the bicycle may be lifted to place the frame on
extending hooks (e.g., such that the bicycle may be hanging
from the hooks) or the wheels on a surface. Often bicycles
are lightweight and simple which makes them easy to move,
carry, and manipulate. Also, the lightweight characteristics
of the bicycle may make the riding aspect more efficient.

On the other hand, some bikes are larger and heavier, and
tricycles, quadracycles, etc. are heavier and a more awkward
form to lift. And particularly, electric bicycles (e.g., bicycles,
tricycles, quadracycles, etc.) include one or more electrical
components that assist with the pedaling effort and are not
found in conventional pedal bicycles. For example, the one
or more electrical components may include a power source
(e.g., a battery), an electric motor, wiring, switches, fuses,
displays, controllers, etc. These electrical components often
present additional considerations when supporting and
transporting the electric bicycle. For example, these electri-
cal components may increase the overall weight of the
electric bicycle and may alter the general structure of a
conventional bicycle.

For these heavier and more difficult to handle forms, it
may be desirable for the user to be able to position the
bicycle on a carrier in a way that minimizes lifting and
carrying. Further, other limitations of the user may make it
desirable to include a more accessible carrier. As such, the
present disclosure describes a carrier for supporting and
transporting these heavier and more difficult to lift forms
with minimal lifting.

SUMMARY

Embodiments of the present disclosure may provide a
carrier for supporting and transporting a bicycle. The carrier
may include a support extending between a first end region
and a second end region along a longitudinal axis. The
support may define a top surface adapted to receive and
contact tires of the bicycle. The support may include one or
more slots extending along the longitudinal axis. The carrier
may also include a ramp adapted to move relative to the
support along the longitudinal axis. The ramp may slide
within the one or more slots of the support. Further, the
carrier may include a roller located proximate the first end
region and adapted to rotate about an axis perpendicular to
the longitudinal axis. The carrier may also include one or
more ground engaging members located proximate an end of
the ramp and extending beyond either side of the ramp. The
one or more ground engaging members may be adapted to
contact a ground surface.

Another embodiment of the present disclosure may pro-
vide a carrier for supporting and transporting a bicycle. The
carrier may include a support extending between a first end
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region and a second end region along a longitudinal axis.
The support may define a top surface adapted to receive and
contact tires of the bicycle. The carrier may also include a
pivot mount assembly pivotably coupled to the support and
may include a retention housing. The retention housing may
define one or more slots extending along the longitudinal
axis. The support may pivot about a pivot axis at an angle to
the longitudinal axis. Further, the carrier may include a ramp
adapted to move relative to the support along the longitu-
dinal axis. The ramp may be adapted to slide within the one
or more slots of the retention housing. The support may be
restricted from pivoting about the pivot axis when the ramp
is within the one or more slots and the support may be
pivotable about the pivot axis when the ramp is not within
the one or more slots.

Yet another embodiment of the present disclosure may
provide a carrier for supporting and transporting a recre-
ational vehicle (e.g., a tricycle, a quadracycle, a passenger
trailer, etc.). The carrier may include at least two supports
positioned apart from one another and extending parallel to
one another. Fach support may extend between a first end
region and a second end region along a longitudinal axis.
Each support may include a front portion and a rear portion
extending at an angle to the front portion such that a front
end of the rear portion is spaced a gap distance from a top
surface of the front portion. Each support may be adapted to
receive and contact tires of the recreational vehicle. Each
support may include one or more slots extending along the
longitudinal axis. The carrier may also include at least two
ramps corresponding to each of the at least two supports and
adapted to move relative to the corresponding support along
the longitudinal axis. Each of the at least two ramps may
slide within the one or more slots of the corresponding
support.

Another embodiment of the present disclosure may pro-
vide a carrier for use with a transport trailer for supporting
and transporting a bicycle. The carrier may include a support
extending between a first end region and a second end region
along a longitudinal axis. The support may define a top
surface adapted to receive and contact tires of the bicycle.
The support may be adapted to pivot relative to the trailer
about a pivot axis. The carrier may also include a ramp
adapted to move relative to the support along the longitu-
dinal axis. The ramp may be adapted to slide within one or
more slots of a retention housing coupled to the trailer. The
support may be restricted from pivoting about the pivot axis
when the ramp is within the one or more slots and the
support may be pivotable about the pivot axis when the ramp
is not within the one or more slots.

The above summary is not intended to describe each
embodiment or every implementation. Rather, a more com-
plete understanding of illustrative embodiments will become
apparent and appreciated by reference to the following
Detailed Description of Exemplary Embodiments and
claims in view of the accompanying figures of the drawing.

BRIEF DESCRIPTION OF THE VIEWS OF THE
DRAWING

Exemplary embodiments will be further described with
reference to the figures of the drawing, wherein:

FIG. 1 is a perspective view of two cartiers on a hitch
shank for supporting and transporting a bicycle, including
one in a storage position and one in an extended position, in
accordance with embodiments of the present disclosure;

FIG. 2 is an exploded view of a carrier of FIG. 1;
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FIG. 3 is an expanded view of a portion of a carrier of
FIG. 1;

FIG. 4 is an expanded view of another portion of a carrier
of FIG. 1,

FIG. 5 is an isolated view of a retention housing of a
carrier of FIG. 1;

FIG. 6 is an expanded view of yet another portion of a
carrier of FIG. 1;

FIG. 7 is a perspective view of two carriers positioned
relative to an elevated bed in accordance with embodiments
of the present disclosure;

FIG. 8 is a perspective view of a carrier for supporting and
transporting a tricycle, quad, or trailer in accordance with
embodiments of the present disclosure;

FIG. 9 is a perspective view of the carrier of FIG. 8 in an
expanded and pivoted position;

FIG. 10 is a perspective view of the carrier of FIG. 9
positioned relative to an elevated bed;

FIG. 11 is a perspective view of the carrier of FIG. 10 in
a storage position,

FIG. 12 is a perspective view of a transport trailer
including components of a carrier in accordance with
embodiments of the present disclosure;

FIG. 13A is a perspective view of the transport trailer of
FIG. 12 having multiple carriers;

FIG. 13B is a top perspective view of the transport trailer
of FIG. 13A having different carriers;

FIG. 14 is a perspective view of another transport trailer
in accordance with embodiments of the present disclosure;

FIG. 15A is top perspective view of another embodiment
of the carrier of FIG. 1;

FIG. 15B is a bottom perspective view of the carrier of
FIG. 15A;

FIG. 16A is perspective view of another embodiment of
the carrier of FIG. 8;

FIG. 168 is a perspective view of the carrier of FIG. 16A
in an expanded position;

FIG. 17 is a perspective view of another embodiment of
the two carriers of FIG. 7 including a bicycle positioned on
the extended carrier;

FIG. 18 is a perspective view of another embodiment of
the carrier of FIG. 10 including a tricycle positioned thereon;

FIG. 19 is a perspective view of another embodiment of
the carrier of FIG. 11 including a tricycle positioned thereon;

FIG. 20 is a perspective view of another embodiment of
the transport trailer of FIG. 13A including a bicycle on a
carrier supported by the transport trailer;

FIG. 21 is a perspective view of yet another embodiment
of the transport trailer of FIG. 12;

FIG. 22 is a perspective view of a carrier in an extended
position and positioned relative to a table in accordance with
embodiments of the present disclosure; and

FIG. 23 is a perspective view of the carrier of FIG. 22 in
a stowed position on the table and including a bicycle
positioned thereon.

The figures are rendered primarily for clarity and, as a
result, are not necessarily drawn to scale. Moreover, various
structure/components may be shown diagrammatically or
removed from some or all of the views to better illustrate
aspects of the depicted embodiments, or where inclusion of
such structure/components is not necessary to an under-
standing of the various exemplary embodiments described
herein. The lack of illustration/description of such structure/
components in a particular figure is, however, not to be
interpreted as limiting the scope of the various embodiments
in any way.
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DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

In the following detailed description of illustrative
embodiments, reference is made to the accompanying fig-
ures of the drawing which form a part hereof. It is to be
understood that other embodiments, which may not be
described and/or illustrated herein, are certainly contem-
plated.

All headings provided herein are for the convenience of
the reader and should not be used to limit the meaning of any
text that follows the heading, unless so specified. Moreover,
unless otherwise indicated, all numbers expressing quanti-
ties, and all terms expressing direction/orientation (e.g.,
vertical, horizontal, parallel, perpendicular, etc.) in the
specification and claims are to be understood as being
modified in all instances by the term “about.” Furthermore,
the terms “having.” “including,” “comprises” and variations
thereof do not have a limiting meaning where these terms
appear in this description and claims, and the terms “a,”
“an,” “the,” “at least one,” and “one or more” are used
interchangeably herein. The term “and/or” (if used) means
one or all of the listed elements or a combination of any two
or more of the listed elements. “Le.” is used as an abbre-
viation for the Latin phrase id est, and means “that is.”
“E.g.,” 13 used as an abbreviation for Latin phrase exempli
gratia, and means “for example.”

Still further, relative terms such as “left,” “right,” “front,”
“fore,” “forward,” “rear,” “aft,” “rearward,” “top,” “bot-
tom,” “side,” “upper,” “lower,” “above,” “below,” “horizon-
tal,” “vertical,” and the like may be used herein and, if so,
are from the perspective of one sitting on a bicycle, tricycle,
or quadracycle positioned on the carrier 100. These terms
are used only to simplify the description, however, and not
to limit the interpretation of any embodiment described.

Also, as it pertains to the description of the present
disclosure, electric bicycle may include any electrically
assisted or powered vehicle having wheels on a frame such
as for example, a bicycle having two wheels in a single
track, a tricycle having three wheels, a quadracycle having
four wheels, etc. In other words, any electrically assisted or
powered vehicle contemplated herein may be described as a
recreational vehicle, an electric bicycle or, more generically,
abicycle. It is further noted, that while the present disclosure
pertains to a carrier used with an electric bicycle, any
conventional bicycle may similarly be used with the
described carrier. Additionally, the present disclosure
includes description of a passenger/cargo trailer supported
and transported by the carrier described herein. Such carrier
may include any suitable passenger/cargo trailer used in
conjunction with a bicycle.

Embodiments described and illustrated herein are directed
to a carrier for supporting and transporting a bicycle (e.g., an
electric bicycle, a conventional bicycle, etc.), a tricycle, a
quadracycle, a passenger/cargo trailer, etc. The carrier may
be extendable such that the carrier may extend into a ramp
for loading a bicycle and retract into a shorter length for
storage. As such, the bicycle may roll onto the ramp into a
loading position for transporting. Further, in one or more
embodiments, the carrier may be adapted to pivot about an
axis such that the carrier may be pivoted between a loading
position (e.g., with the ramp extended) oriented at an angle
to a ground surface and a storage position (e.g., with the
ramp retracted) oriented horizontally. In other embodiments,
the carrier may be adapted to be slid into and out of an
elevated surface (e.g., a truck bed, trailer deck, workstation,
etc.) to, for example, form a ramp onto the elevated surface
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and to support the bicycle when on the elevated surface. As
such, the ramp extension may contact the ground surface
creating a ramp for the bicycle to load onto the carrier. Also,
in some embodiments, the carrier, or components thereof,
may be included on a transport or lightweight trailer (e.g.,
one that is towed by a vehicle).

Additionally, the carrier may include one or more com-
ponents that may lock the carrier into position. For example,
the carrier may be locked to position the carrier in the
storage position and prevent the carrier from pivoting.
Specifically, the ramp extension may be adapted to act as the
lock depending on whether the ramp is extended or
retracted. As such, when the ramp extension is extended, the
carrier may be allowed to pivot into a position for a bicycle
to be loaded on the carrier (e.g., without needing to 1ift the
bicycle). And after the carrier is pivoted back to a generally
horizontal position, the carrier may be locked (e.g., by
retracting the ramp extension) from pivoting.

The carrier may also include a roller located at an end of
the carrier to assist in rolling the carrier into a desired
position. For example, when the carrier is positioned on an
elevated surface (e.g., a truck bed, trailer deck, workstation,
etc.), the roller may assist in moving the carrier along the
elevated surface. Specifically, the carrier may be lifted by the
end opposite the roller and moved along a surface using the
roller (e.g., to position the carrier between a horizontal
position and a position extending between the elevated
surface and the ground surface). Further, the carrier may
include ground engaging members positioned on one or both
ends of the carrier that elevate the carrier above the surface
the ground engaging members are contacting (e.g., disen-
gaging the roller from contacting the surface). These ground
engaging members provide additional stability and traction
for the carrier.

In one or more embodiments, the carrier may be config-
ured to receive multiple tires (e.g., positioned on different
tracks/paths) from a single recreational vehicle (e.g., a
tricycle, a quadracycle, a passenger/cargo trailer, etc.). For
example, the carrier may include two or more portions to
support the multiple tires of the vehicle. Each of the two or
more portions may include two sections spaced apart from
one another by a gap such that the tires drop onto one of the
sections and are restricted from moving backwards by the
other of the sections (e.g., without lifting the tire over the
gap). Additionally, each of the two or more portions may
include a ramp that extends from and retracts into the
corresponding portion such that the ramp may contact the
ground and the vehicle can be loaded onto the carrier.

With reference to the figures of the drawing, wherein like
reference numerals designate like parts and assemblies
throughout the several views, FIG. 1 illustrates two carriers
100 for supporting and transporting a bicycle. Each carrier
100 may include a support 110 extending along a longitu-
dinal axis 101 (e.g., as shown in FIG. 2) and a ramp 130
adapted to move relative to the support 110 along the
longitudinal axis 101. The support 110 is adapted to support
a bicycle on a top surface 111 (e.g., as shown in FIG. 2)
thereof and the ramp 130 is adapted to slide relative to the
support 110 to lengthen the carrier 100 and assist in loading
the bicycle onto the support 110. For example, the ramp 130
is configurable between an extended position and a storage
position. The ramp 130 is extended from the support 110
when in the extended position and the ramp 130 is stowed
to coincide with the support 110 when in the storage
position.

Specifically, as shown in FIG. 1, a first carrier 100a is
configured into the extended position and a second carrier
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1005 1s configured into the storage position. It is noted that
either carrier 100 can move between the extended position
and the storage position, but FIG. 1 depicts a carrier 100 in
each of the positions. The carrier 100 may be pivoted when
in the extended position to contact the ramp 130 with a
ground surface to provide a continuous path for the bicycle
to be loaded onto the carrier 100. In other words, the user
may push the bicycle onto the support 110 (e.g., via the ramp
130) along an angled surface formed by the carrier 100 to
load the bicycle onto the support 110 without having to lift
the bicycle. Thereafter, the user may pivot the carrier 100
into a horizontal orientation and retract the ramp 130 for
storing and/or transporting. As such, the process of loading
the bicycle onto the carrier 100 may be easier than lifting the
bicycle to an elevated support.

In one or more embodiments, the carrier 100 may be
locked into position when in the extended position and/or
the storage position. For example, when the ramp 130 is
retracted into the support 110, the ramp 130 may engage a
lock that prevents the carrier 100 from pivoting. Further, in
one or more embodiments, the ramp 130 may be locked into
position when in the extended position (e.g., using latches)
to prevent inadvertent retraction of the ramp 130. As such,
the support 110 and ramp 130 may include specific features
(e.g., as discussed further herein) that interact to restrict
movement of the carrier 100 (e.g., pivoting or extending)
when in the storage position and/or the extended position.

FIG. 2 illustrates a single carrier 100 having some of the
features of the carrier 100 spaced away from their normal
position for better visualization. The carrier 100 may include
a support 110 extending between a first end region 112 and
a second end region 114 along a longitudinal axis 101. The
support 110 may define a top surface 111 adapted to receive
and contact tires of the bicycle. In other words, the support
110 may extend along a straight line such that a bicycle tire
may travel along the top surface 111 of the support 110 from
the second end region 114 towards the first end region 112.

Further, the length of the support 110 may be suflicient to
position the multiple tires of the bicycle (e.g., two in-line
tires of an electric bicycle) on the top surface 111 of the
support 110 (e.g., with any needed extra surface of the
support in front of the front tire and rearward of the rear tire).
For example, the support 110 may define a length of about
65 inches to about 72 inches measured between the first end
region 112 and the second end region 114 along the longi-
tudinal axis 101. The length of the support 110 may also
align with the amount of space provided within the bed of a
pickup truck (e.g., when the carrier 100 is loaded into the
bed) or such that the carrier 100 does not stick out beyond
the sides of a vehicle (e.g., when the support 110 is posi-
tioned on the vehicle transverse to the direction of motion of
the vehicle) such as, e.g., when the carrier 100 is attached to
a hitch. Additionally, the support 110 may define a width of
about 6 inches to about 12 inches measured perpendicular to
the longitudinal axis 101 (e.g., to accommodate any width of
bicycle tire).

The support 110 (and components that make up the
support) may include (e.g., be formed of) any suitable
materials. For example, the support 110 may include metal,
plastic, rubber, anodizing, powder coating, natural or syn-
thetic strap, case hardening, weld filler, etc.

In one or more embodiments, the carrier 100 may also
include a strap (or multiple straps) adapted to extend through
or over a tire of the bicycle positioned on the top surface 111
of the support 110. Specifically, the strap may assist in
securing the bicycle tire to the support 110 after the bicycle
tire is positioned on the support 110 (e.g., by applying a
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downward force on the tire). The strap may include a chain,
a cable, mesh, rubber, nylon, etc. and may be routed through
a slot located proximate a pivot mount assembly. In one or
more embodiments, the strap may be adapted to extend
through or over a front tire of the bicycle proximate the first
end region 112 of the support 110. Further, for example, the
strap may extend from one side of the support 110, through
the bicycle tire (e.g., through the spokes of the tire) or over
the bicycle tire, and to the other side of the support 110. In
one or more embodiments, the strap may be adjustable (e.g.,
at one of the sides of the support 110) to easily attach and
detach, and to fit a variety of different sized tires. Addition-
ally, in one or more embodiments, the strap may be used to
pass over or through the frame of the bicycle to help hold
onto the bicycle. In some embodiments, other suitable
components may be used to secure the tires to the support
110 including, for example, clamps, etc. Specifically, in one
or more embodiments, the carrier 100 may include clamps
140 on either side of the support 110 as shown in FIG. 3 and
described further herein.

The carrier 100 may also include a ramp 130 adapted to
move relative to the support 110 along the longitudinal axis
101. For example, the ramp 130 may move relative to the
support 110 to extend the length of the carrier 100 such that
the carrier 100 may create an incline access for a bicycle to
be loaded on the carrier 100. In other words, the ramp 130
may be configurable into an extended position (e.g., as
shown in FIG. 2) to assist in loading a bicycle on the carrier
100. Additionally, the ramp 130 may be stowed to coincide
with the support 110 to minimize the overall length of the
carrier 100 when the ramp 130 is not in use. In other words,
the ramp 130 may also be configurable into a storage
position (e.g., as shown in FIG. 1), e.g., after the bicycle is
loaded on the carrier 100 and/or the carrier 100 is in
transport.

The ramp 130 may be spaced apart from the support 110
by any suitable distance (e.g., gap distance). For example,
the one or more slots 120 (e.g., described further herein)
may be defined by the support 110 to guide the ramp 130 at
a set distance from the support 110. In other words, the
support 110 and the ramp 130 may each extend along a
planar surface and the planar surfaces may be generally
parallel 1o one another and spaced a distance apart. Specifi-
cally, the ramp 130 may be spaced apart from the support
110 by about 0.1 inches to about 0.5 inches (e.g., about 0.275
inches). In one or more embodiments, the ramp 130 may be
positioned closer to the support 110 to minimize the bump
therebetween when the bicycle transitions between the ramp
130 and the support 110.

The ramp 130 may define any suitable length to extend the
overall length of the carrier 100. Further, the length of the
ramp 130, and thereby the carrier 100, may change the angle
at which the carrier 100 extends (e.g., making loading and
unloading easier) and may provide differing mechanical
advantages for pivoting the carrier 100 with a bicycle loaded
thereon. In one or more embodiments, the ramp 130 may
define a length that is less than or equal to the length of the
support 110, e.g., such that that ramp 130 may be stowed to
coincide with the support 110. For example, the ramp 130
may define a length that is substantially the same as the
length of the support 110. In other embodiments, the length
of the ramp 130 may be greater than the length of the support
110 such that the ramp 130 protrudes from an end of the
support 110 when in the storage position. Specifically, the
ramp 130 may define a length of about 70 inches to about 75
inches measured along the longitudinal axis. Further, the
carrier 100 may define an overall length of about 130 inches
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to about 135 inches when the ramp 130 is in the extended
position (e.g., a fully extended position). It is noted that the
ramp 130 may be extended from the support 110 by an
amount that is less than fully extended (e.g., partially
extended) as suitable for a specific application (e.g., if the
ramp 130 is extended down to an elevated surface such as a
curb or platform).

The ramp 130 (and components that make up the ramp
130) may include (e.g., be formed of) any suitable materials.
For example, the ramp 130 may include metal (e.g., alumi-
num), plastic, rubber, anodizing, powder coating, natural or
synthetic strap, case hardening, etc. In one or more embodi-
ments, the ramp 130 (and/or, e.g., other components of the
carrier 100) may include one or more support or stiffener
rods/tubes extending through (e.g., within) and/or adjacent
to (e.g., along the surface) the material of the ramp 130 to,
e.g., provide more rigidity. For example, the one or more
support or stiffener rods/tubes may be welded to the ramp
130 and/or the support 110. For example, as shown in FIGS.
15A and 15B, the support 110 may include stiffener rods 118
on either side of the support and the ramp 130 may include
a stiffener rod 119 along the bottom of the ramp 130.
Additionally, the ramp 130 may define any suitable thick-
ness such as, e.g., about 0.25 inches, about 0.5 inches, about
0.75 inches, about 1 inch, etc.

The support 110 may define one or more slots 120
extending along the longitudinal axis 101. In one or more
embodiments, the one or more slots 120 may be defined in
structures or housing coupled to the sides of the support 110.
The ramp 130 may be adapted to slide within the one or
more slots 120 of the support 110 to maintain positioning
when the ramp 130 moves relative to the support 110. In
other words, the ramp 130 may be described as movably
coupled to the support 110 because the ramp 130 may move
relative to the support 110 without disengaging from the
support 110. For example, the side edges of the ramp 130
may slide into opposing slots 120 on an under side of the
support 110 to guide the ramp 130 to move relative to the
support 110. The one or more slots 120 may be positioned
proximate one or both of the first end region 112 of the
support 110 and the second end region 114 of the support
110. For example, in one or more embodiments, the one or
more slots 120 may include a first set of slots 121 located
proximate the first end region 112 of the support 110 and a
second set of slots 122 located proximate the second end
region 114 of the support 110. In such embodiments having
slots at both the first and second end regions 112, 114 of the
support 110, the ramp 130 may be evenly supported within
the slots 120 of the support 110. In one embodiment, the
slots 120 may extend within the support 110 along the entire
length of the support 110 (or a majority thereof) between the
first and second end regions 112, 114.

In one or more embodiments, the support 110 may also
include a stopper adapted to restrict movement of the ramp
130 relative to the support 110 such that the ramp 130 may
be prevented from extending beyond the support 110 (e.g.,
such that the ramp 130 disconnects from the support 110). In
other words, the stopper may limit the length of the ramp
130 that can extend from the support 110. The stopper may
be located proximate the second end region 114 of the
support 110. The stopper may include any suitable compo-
nents to restrict movement of the ramp 130 relative to the
support 110 once the ramp 130 reaches a specific position
relative to the support 110. For example, in one or more
embodiments, the support 110 may include a protrusion
(e.g., a bolt head) that interacts with a protrusion (e.g., a bolt
head) located on the ramp 130 to act as a mechanical stop.
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In other embodiments, the stopper may be located on the
ramp 130 and interact with a feature at the second end region
114 of the support 110.

Similarly, in one or more embodiments, the carrier 100
may include a latch 116 adapted to fix the position of the
ramp 130 relative to the support 110 (e.g., as shown in FIG.
2). In other words, while the stopper described herein may
prevent the ramp 130 from becoming disconnected from the
support 110, the latch 116 may lock the position of the ramp
130 relative to the support 110. As such, the ramp 130 may
be prevented from inadvertently extending or retracting
relative to the support 110 due to the latch 116. The latch 116
may be positioned at the second end region 114 of the
support 110 and interact with the ramp 130 to restrict
movement thereof. Further, the latch 116 may fix the posi-
tion of the ramp 130 relative to the support 110 in various
different positions including, e.g., at the farthest extended
position of the ramp 130, at the farthest retracted position
(e.g., the storage position), or somewhere in between. The
amount that the ramp 130 extends from the support 110 may
alter the angle that is created by the carrier 100 when pivoted
to the ground (e.g., also depending on the height of one end
or the middle of the carrier 100 off the ground).

The carrier 100 may also include one or more ground
engaging members 126 located proximate an end 131 of the
ramp 130 (e.g., extending beyond either side of the ramp
130). For example, the ground engaging members 126 may
contact the ground surface when the ramp 130 is in the
extended position (e.g., to provide a softer contact with the
ground surface). As such, the ramp 130 may more easily
traverse the ground and protect the surfaces of the ramp 130
(e.g., from scraping along the ground surface). Additionally,
the ground engaging members 126 may maintain the end
131 of the ramp 130 above the ground surface such that it is
easier for the user to grasp the end 131 of the ramp 130 to
lift and pivot the carrier 100. While the ground engaging
members 126 illustrated in FIGS. 2 and 3 extend beyond
either side of the ramp 130, the ground engaging members
126 may be positioned relative to the ramp 130 at any
suitable position including, e.g., below or underneath the
ramp 130, extending beyond the end of the ramp 130,
adjacent to the sides of the ramp 130, etc.

The ground engaging members 126 may include any
suitable components to space the ramp 130 from the ground
surface. For example, the ground engaging members 126
may include wheels, pads, blocks, suction cups, etc. As
shown in FIG. 3, each of the ground engaging members 126
include a spindle 127 extending outward from the side of the
ramp 130 and a wheel 128 (e.g., a circular rubber bumper)
that is adapted to have an anti-skid effect along the ground
surface. For example, the wheel 128 may assist in prevent-
ing the ramp 130 from sliding when the bicycle is rolled onto
the ramp 130. Further, the ramp 130 includes tabs 132
extending upward from each side of the end 131 of the ramp
130 and coupled to the spindles 127. In one or more
embodiments, the tabs 132 may act as a guide for the bicycle
tire entering the ramp 130 to load onto the carrier 100.

In one or more embodiments, the carrier 100 may include
bumper feet 150 located at one or both ends of the support
110. The bumper feet 150 may be adapted to raise the
support 110 and ramp 130 above a horizontal surface when
placed parallel to the horizontal surface. Therefore, when the
support 110 is lifted only on the bumper feet 150, the ramp
130 may move relative to the support 110 (e.g., extending
away from and to coincide with) without any hinderance
from the horizontal surface (e.g., to move freely). In other
words, the bumper feet 150 may be used to provide stability

10

15

20

25

30

35

40

45

50

55

60

65

10

to the carrier 100 by supporting the support 110 only on the
bumper feet 150. For example, in some embodiments, the
carrier 100 may include various wheels and/or rollers to
assist in moving the carrier 100, but the bumper feet 150
space the wheels and rollers above the ground surface when
in a resting position (e.g., a storage position) such that the
carrier 100 may not slide along the wheels and rollers.
Specifically, as described further herein, the carrier 100 may
be rolled from an angled position between an elevated
surface and the ground surface (e.g., when in the extended
position) to the storage position on the elevated surface. The
user may be assisted by wheels or rollers to position the
carrier 100 onto the elevated surface but, thereafter, the
carrier 100 may be rested on the elevated surface and
supported by the bumper feet 150 (e.g., and raising the
wheels or rollers above the elevated surface). Further, as the
ramp 130 is then retracted or stowed to coincide with the
support 110, the support 110 may not move along the
elevated surface because the support 110 is supported by the
bumper feet 150.

As shown in FIG. 2, the carrier 100 includes a pair of
bumper feet 150 proximate the first end region 112 of the
support 110 and the second end region 114 of the support
110. Specifically, each of the bumper feet 150 may include
an arm 151 (as shown in FIG. 3) coupled to the support 110
and extending to a side of the support 110. Further, each of
the bumper feet 150 may include a foot 152 coupled to an
end of the arm 151 and having a flat surface 153 facing a
downward direction (e.g., to contact the surface upon which
the carrier 100 is positioned). The bumper feet 150 are sized
such that the support 110 may be elevated from a surface
upon which the carrier 100 is positioned by about 0.5 inches.
Further, the bumper feet 150 may be sized such that the
roller 190 (as will be discussed further herein) may be
spaced away from the surface by about 0.375 inches (e.g., to
prevent the carrier 100 from rolling at an undesired time).
Further, the distance from the roller 190 to the surface may
be such that the carrier need not be lifted excessively high
to engage the roller 190 with the surface. Further, in one or
more embodiments, the bumper feet 150 (e.g., the foot or
feet 152) may be positioned below or underneath the support
110.

The carrier 100 may also include side rails 160 positioned
away from the top surface 111 of the support 110 and
extending generally along the longitudinal axis 101. The
side rails 160 may be adapted to guide tires of the bicycle
onto the support 110 and maintain the tires on the support
110. For example, the side rails 160 may be positioned on
each side of the support 110 such that the tires pass between
the side rails 160 when loading onto the support 110.
Further, the rear tire of the bicycle may be positioned
between the side rails when the bicycle is loaded on the
carrier 100 (e.g., creating a slot for the tire to be clamped
into and vertically supported). Further yet, as will be
described further herein, the side rails 160 may be coupled
to clamps 140 such that the clamp 140 may move the side
rails 160 to contact and hold the rear tire into place.

In one or more embodiments, the side rails 160 may
include more than one side rail on either side of the support
110. For example, as shown in F1G. 2, the side rails 160 may
include a pair of side rails on each side of the support.
Specifically, the side rails 160 may include a lower side rail
162 that is positioned closer to the top surface 111 of the
support 110 (e.g., but still spaced apart therefrom) and an
upper side rail 164 that is spaced apart from the lower side
rail 162. In FIG. 2, the side rails 160 both extend along the
longitudinal axis. In FIG. 3, the lower side rail 162 defines
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aplate (e.g., located at the clamp 140). Having multiple side
rails 160 at different elevations may assist in containing the
tires of the bicycle and provides more points of contact upon
which the side rails 160 may compress on the tire (e.g., when
moved by the clamps 140 as described herein). Also, the two
level side rails 160 may help to keep the bicycle in an upright
position. In one or more embodiments, the side rails 160
may extend generally along the longitudinal axis 101 but
may widen or taper at the ends of the side rails 160 to guide
a tire of the bicycle through or between the side rails 160.

As shown in FIG. 3, the carrier 100 may include clamps
140 (e.g., a pair of clamps) on either side of the support 110.
Specifically, the clamps 140 may be located proximate the
second end region 114 of the support 110 and adapted to
contact a rear tire of the bicycle. The clamps 140 may be
adapted to be moved inward and outward (e.g., through a set
clamping motion) relative to the sides of the support 110 to
contact the rear tire of the bicycle when the bicycle is loaded
on the carrier 100 (e.g., to physically restrict motion of the
rear tire). In other words, the pair of clamps 140 may be
positioned on either side of the support 110 such that a gap
is defined between the pair of clamps 140. As the clamps 140
are engaged (e.g., by engaging one or both of the clamps to
move a set distance inward), the gap therebetween may
decrease and a tire of the bicycle may be restricted by
contact from the clamps 140 on both sides of the tire. As the
clamps 140 are disengaged (e.g., by disengaging one or both
of the clamps 140 to move a set distance outward), the gap
therebetween may increase and the tire of the bicycle may be
free to move between the clamps 140. In other words, when
the gap distance is less than the width of the tire, the clamps
140 may apply pressure to the tire to restrict it from moving
and when the gap distance is greater than the width of the
tire, the clamps 140 do not impede motion of the tire. In one
or more embodiments (e.g., as described further herein in
connection with FIGS. 15A and 15B), the carrier 100 may
only include a single clamp 140 on one side of the support
110 and positioned between the first and second end regions
112, 114 (e.g., between the front and rear wheels when the
bicycle is positioned on the carrier 100). A single clamp 140
may move relative to a rail positioned on the other side of
the support 110 to apply pressure therebetween.

As noted herein, in one or more embodiments, each clamp
140 may be coupled to the side rails 160 (e.g., one or both
of the lower and upper side rails 162, 164). Therefore, the
side rails 160 may move inward and outward with the clamp
140 to contact the rear tire of the bicycle (e.g., when the
clamps 140 are engaged or disengaged). By having the side
rails 160 attached to the clamps 140, the rear tire may be
contacted by the side rails 160 at multiple locations and may
provide more reliable compression on the rear tire (e.g., due
to multiple contact points).

Also, the clamps 140 may be adjustable in a variety of
different ways. For example, the clamps 140 may be
adjusted to move along the longitudinal axis 101 to position
the clamps 140 at a desired location along the length of the
bicycle. Further, for example, the clamps 140 may be
adjusted inward and/or outward (e.g.. separate from the
clamping motion associated with engaging and disengaging)
to set the clamps 140 at an initial position. After the clamps
140 are set into place, the clamps 140 can be engaged or
disengaged to move a set distance to clamp or release the
tire. Specifically, each of the clamps 140 may be adapted to
slide along a plate 142 (e.g.,, as shown in FIG. 3) in a
direction transverse to the longitudinal axis 101. Further,
each of the clamps 140 may include a locking lever 144 to
fix the clamp 140 to the plate 142, thereby setting the
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transverse position of the clamp 140 relative to the support
110 (and, e.g., the distance between the clamps 140). In one
or more embodiments, the plate 142 may include a scale
(e.g., an engraving) to assist in pre-positioning the clamps
140 relative to one another (e.g., the scale may be configured
to include increments of known tire widths). Further, in one
or more embodiments, the plate 142 may extend above the
support 110 to reduce the potential for interference with the
ramp 130 that is positioned below the support 110. In
embodiments in which the side rails 160 are connected to the
clamps 140, the side rails 160 may also move along the
longitudinal axis 101 and/or transverse to the longitudinal
axis 101.

In one or more embodiments, the support 110 may define
a first opening 115 located proximate the second end region
114. Similarly, the ramp 130 may also define a second
opening 135 located proximate an end 131 of the ramp 130
that is adapted to correspond with the first opening 115.
When the ramp 130 is in the storage position (e.g., when the
ramp 130 is stowed relative to the support 110), the first and
second openings 115, 135 may align at least partially such
that there is an opening that passes through both of the
support 110 and the ramp 130. When the first and second
openings 115, 135 are at least partially aligned, a locking
device (e.g., a rope, a cable, a chain, etc. having a lock
attached thereto) may extend through both of the openings
115, 135 to lock the ramp 130 in position relative to the
support 110. This locking device may act as a security
system to prevent the ramp 130 from being extended by
someone other than the intended user. Further, the locking
device may prevent the carrier 100 from being separated
from the vehicle, trailer, etc. As shown in FIGS. 2 and 3, the
first and second openings 115, 135 define an oval shape, but
may define any suitable shape (e.g., square, circle, rectangle,
etc.).

Also, in one or more embodiments, the second opening
135 of the ramp 130 may also act as a handle (e.g,
proximate the end 131 of the ramp 130) to, e.g., provide the
user with a handle to assist in moving the ramp 130 relative
to the support 110. For example, the user may use the second
opening 135 of the ramp 130 to grasp the ramp 130 and
extend/retract the ramp 130 relative to the support 110.
Further, the wheels 128 or the end 131 of the ramp 130 may
be used as a handle to manipulate the ramp 130.

FIG. 4 illustrates a pivot mount assembly 170 of the
carrier 100 that pivots relative (e.g., pivotally coupled) to the
support 110 such that the support 110 may pivot into a
desired position. In other words, the support 110 may pivot
to move between a loading position (e.g., when the carrier
100 is positioned at an angle to the ground surface) and a
storage position (e.g., when the carrier 100 is positioned in
a generally horizontal position). The pivot mount assembly
170 may include (e.g., be formed of) any suitable materials
such as, e.g., plastic, metal, etc. In such embodiments in
which the pivot mount assembly 170 includes plastic, metal
on metal interactions may be avoided and may assist in
positioning the ramp 130 closer to the support 110. Further,
the pivot mount assembly 170 may include a support plate
172 fixedly coupled to the support 110 and a mount plate 174
pivotably coupled to the support plate 172. For example,
each of the support plate 172 and the mount plate 174 may
include features (e.g., knuckles) that intertwine with one
another and include a pull pin 176 (e.g., a spring pin)
extending through each of the knuckles. Therefore, the
mount plate 174 may pivot relative to the support plate 172
about a pivot axis 175 defined by the pull pin 176 of the
pivot mount assembly 170. In one or more embodiments, the
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pull pin 176 may be removable from the mount plate 174
and the support plate 172 (e.g., to easily disassemble com-
ponents, as described herein). In one or more embodiments,
the pull pin 176 may be a fixed pin that is not adapted to be
removed.

The pivot axis 175 may be positioned relative to the
support 110 perpendicular to the longitudinal axis 101
between the first and second end regions 112, 114. Specifi-
cally, in some embodiments, the pivot axis 175 may be
positioned just forward of the center of gravity of a bicycle
supported on the support 110. As such, the bicycle may not
automatically pivot the support 110 to a horizontal position
when the bicycle is fully loaded on the support 110, but
would only pivot due to the user manually pivoting the
support 110. Therefore, due to the position of the pivot axis
175 relative to the center of gravity of the bicycle, the
bicycle can be fully loaded on an angled carrier 100 and then
the carrier 100 can be pivoted to a generally horizontal
position. Although, in other embodiments, the pivot axis 175
may be positioned at or behind the center of gravity of a
bicycle supported on the support 110.

When the pull pin 176 is positioned in the knuckles of the
mount plate 174 and the support plate 172, the support 110
may pivot about the pivot axis 175, which is at an angle (e.g.,
perpendicular) to the longitudinal axis 101. When the pull
pin 176 is removed from the knuckles of the mount plate 174
and the support plate 172, the support 110 and ramp 130 may
be removed from the mount plate 174 for storage purposes
(e.g., when the mount plate 174 is attached to a car hitch or
trailer as described herein). In other words, the support 110
and ramp 130 may be easily stored without detaching other
components that are attached to a vehicle or trailer. It is
noted that while the pull pin 176 may be removable to easily
attach and detach the support 110 and ramp 130 to and from
the pivot components, in one or more embodiments, the pull
pin 176 may be fixed (e.g., not removable).

The mount plate 174 may be fixedly coupled to any
structure upon which the carrier 100 may be mounted or
positioned. For example, the pivot mount assembly 170 may
further include a mounting member 178 (e.g., a shank)
fixedly coupled to the mount plate 174 and adapted to be
inserted into a hitch receiver of a vehicle. As such, the carrier
100 may be inserted into and removed from the hitch
receiver of the vehicle as desired. The hitch receiver may be
on the front or back of a vehicle such as, e.g., a passenger
vehicle, a public transportation vehicle (e.g., mass transit, a
bus, train, etc.), a taxi, a self-driving vehicle, a trailer, a
camper, a recreational vehicle, etc. The mounting member
178 may include an anti-rattle collar (e.g., two-piece) that
may butt-up against the hitch receiver through a rubber
anti-rattle rubber gasket that may fit between the collar and
the hitch receiver tube. The mounting member 178 may also
include a welded on loop to route a security chain or cable
through (e.g., this weldment may be case hardened to help
restrict cutting off). In one or more embodiments, the
mounting member 178 may include an end stop so that if the
fastener (e.g., U-bolt) mounting the pivot mount assembly
170 to the mounting member 178 were to unintentionally
loosen, the pivot mount assembly 170 may not slide off the
mounting member 178.

Further, the carrier 100 may pivot while attached to the
vehicle so that the user may load the bicycle onto the carrier
100 (e.g., when the carrier 100 is extended through the ramp
130 and contacting the ground surface) for support and
transportation (e.g., when the carrier 100 is in the storage
position and the bicycle may be restricted thereon). Also, in
one or more embodiments, the mount plate 174 may be
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fixedly coupled to a transport trailer (e.g., the retention
housing 380 as shown in FIG. 12) such that the carrier 100
may pivot relative to the transport trailer and load a bicycle
onto the carrier 100 to be transported by the transport trailer.

Additionally, the pivot mount assembly 170 may also
include a retention housing 180 that defines one or more
slots 182 extending along the longitudinal axis 101 (e.g., as
shown in FIG. 5). The retention housing 180 may be fixedly
coupled to the mount plate 174, as shown in FIG. 4, so that
the support 110 and ramp 130 may be able to pivot relative
to the retention housing 180. However, the retention housing
180 may also act as a lock for the pivoting motion of the
support 110 and ramp 130. For example, the ramp 130 may
be adapted to slide within the one or more slots 182 of the
retention housing 180. Specifically, the one or more slots
182 of the retention housing 180 may be similar to the one
or more slots 120 of the support 110 as described herein. The
one or more slots 182 of the retention housing 180 may open
inwardly and the retention housing 180 may extend on either
side of the ramp 130 (e.g., the slots 182 may be positioned
on either side of the ramp 130).

When the ramp 130 is positioned within the one or more
slots 182 of the retention housing 180 (e.g., in the storage
position), the support 110 may be restricted from pivoting
relative to the retention housing 180 (e.g., about the pivot
axis 175) because the ramp 130 is constrained by the one or
more slots 182. In other words, because the ramp 130 pivots
with the support 110, if the ramp 130 is prevented from
pivoting due to being positioned in the one or more slots 182
of the retention housing 180, the support 110 (and the carrier
100) cannot pivot. When the ramp 130 is not positioned
within the one or more slots 182 of the retention housing 180
(e.g., in the extended position), the support 110 is able to
pivot relative to the retention housing 180 (e.g.. about the
pivot axis 175) to a position in which the ramp 130 contacts
the ground surface to load a bicycle. In other words, because
the ramp 130 is not restricted by being within the one or
more slots 182 of the retention housing 180, the support 110
1s free to pivot. Therefore, in one or more embodiments, the
ramp 130 may act as a lock to the pivoting of the carrier 100,
whether it is in the storage position (e.g., locked) or the
extended position (e.g., unlocked). As a result, the pivot
lock/unlock may be controlled by movement of the ramp
130, which is easily accessible to the user at the rear of the
carrier 100 and does not interfere with a bicycle positioned
on the carrier 100.

Further, as shown in FIG. 5, the retention housing 180
may define a top surface edges 184 on both sides (e.g., along
the housing that defines the one or more slots 182) that are
adapted to restrict the support 110 from pivoting in a
direction through the retention housing 180. For example,
because the support 110 pivots about the pivot axis 175, the
support 110 can freely pivot in one direction, but may be
restricted from pivoting in the other direction. Further, the
top surface edges 184 of the retention housing 180 may act
as a guide for retracting the ramp 130 into the one or more
slots 182 of the retention housing 180 because the ramp 130
may be aligned with the one or more slots 182 when the
support 110 is in contact therewith. The retention housing
180 may include (e.g., be formed of) any suitable material
including, e.g., plastic, metal, efc.

As discussed herein, in one or more embodiments, the
carrier 100 may include a roller 190 (e.g., as shown in FIG.
6). The roller 190 may be located proximate the first end
region 112, under the support 110 and may be adapted to
rotate about an axis perpendicular to the longitudinal axis
101. The roller 190 may be used to move and transport the
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carrier 100 across a surface. For example, the carrier 100
may be lifted at an angle such that only the roller 190 is in
contact with the surface and the carrier 100 can be moved or
transported using the roller 190. In one or more embodi-
ments, the roller 190 may extend at least partially beyond the
first end region 112 of the support 110.

Further, in one or more embodiments, the support 110
may also include a front tire portion 192 located proximate
the first end region 112. The front tire portion 192 may be
adapted to contact a front tire of the bicycle loaded on the
support 110. The front tire portion 192 may define a plurality
of channels 194 (e.g., front wheel slots) to assist in retaining
the front tire of the bicycle on the top surface 111 of the
support 110 (e.g., by providing traction and grip) when the
bicycle is positioned on the carrier 100. In one or more
embodiments, the plurality of channels 194 may extend at an
angle to the longitudinal axis 101. For example, the plurality
of channels 194 may extend at an angle of about 45 degrees
to the longitudinal axis 101.

As shown in FIG. 6, the plurality of channels 194 may be
concave or V-shaped (e.g., so that the middle is lower than
the sides) so that the front wheel may be easier to hold in
place. Specifically, in one or more embodiments, the con-
cave or V-shaped portion (e.g., inclined towards the center
and the ends of the channels 194 more pronounced) form a
surface on which the front wheel may be easier to turn and
sit up on the ends of the channels 194 for increased leverage
for holding the front wheel in place when the bicycle is
strapped down. More specifically, the front fork rake angle
may help with the wheel turn retention so the bicycle may
not need to be highly forcibly strapped down.

Also, in one or more embodiments, the plurality of
channels 194 may help to rotate the front tire into an angled
position that helps retain the bicycle on the support 110.
Further, by turning the front tire of the bicycle, the overall
width of multiple nested bicycles may decrease and the
length of the stored bicycle may be reduced.

FIG. 7 illustrates two carriers 100 in different positions
relative to an elevated surface 10. For example, a first carrier
100g is configured in the extended position and located
between the elevated surface 10 and a ground surface 12,
and a second carrier 1005 is configured in the storage
position and located on the elevated surface 10. The first
carrier 100a configured in the extended position (e.g., hav-
ing the ramp 130 extended from the support 110 to create a
longer carrier) is ready for a bicycle to be loaded onto the
support 110 of the first carrier 100a. The second carrier 1005
configured in the storage position (e.g., having the ramp 130
retracted to coincide with the support 110) represents a
location when the carrier 100 is loaded onto the elevated
surface 10. As such, the carrier 100 provides a dual function
of a ramp 130 (e.g., due to the retractable component of the
ramp 130) up to an elevated surface 10 and a structure for
storing a bicycle (e.g., as compared to two separate com-
ponents-a ramp to an elevated surface and a bike holder). As
shown in FIG. 7, the elevated surface 10 is represented by
a truck bed, but any elevated surface 10 is contemplated
herein (e.g., including a trailer, a workbench, etc.).

The process of moving the carrier 100 from the extended
position (e.g., as shown with the first carrier 100a) to the
storage position (e.g., as shown with the second carrier
100%) may include loading the bicycle onto the carrier 100,
securing the bicycle to the carrier 100 (e.g., using the straps
and/or clamps 140), lifting the end of the ramp 130 until the
roller 190 contacts the elevated surface 10, rolling the carrier
100 onto the elevated surface 10, lowering the carrier 100
until supported by the elevated surface 10 (e.g., using the
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bumper feet 150), and retracting the ramp 130 into the
support 110 (e.g., as shown with the second carrier 1005).
The process of moving the carrier 100 from the storage
position (e.g., as shown with the second carrier 1005) to the
extended position (e.g., as shown with the first carrier 100a)
may include pulling the ramp 130 from the support 110 to
the extended position, lifting the carrier 100 (e.g., via the end
131 of the ramp 130) until the roller 190 contacts the
elevated surface 10, rolling the carrier 100 until the first end
region 112 of the support 110 is near an edge of the elevated
surface 10, lowering the end 131 of the ramp 130 until the
end 131 of the ramp 130 is proximate the ground surface 12
(e.g., as shown with the first carrier 100a). These processes
may be fully completed by the user while standing on the
ground surface 12 (e.g., without climbing onto the elevated
surface 10) because the carrier 100 is moved relative to the
elevated surface 10 with the bicycle loaded thereon.

Also illustrated in FIG. 7 is a bike facing fairing 196
positioned forward and elevated relative to the second
carrier 1005. For example, as shown in FIG. 7, the bike
facing fairing 196 may be mounted to a truck rack cross bar.
The bike facing fairing 196 may be adapted to break the
wind or weather (e.g., flowing over the cab of the truck) to
protect the electronics and mechanisms often located on
handlebars of electronic bicycles.

FIGS. 8-11 illustrate another embodiment of a carrier 200
for supporting and transporting a multiple track recreational
vehicle (e.g., a tricycle, a quadracycle, a trailer, etc.). It is
noted that the carrier 200 illustrated in FIGS. 8-11 shares
many features that are described in connection with the
carrier 100 illustrated in FIGS. 1-7.

The carrier 200 may include at least two supports 210
positioned apart from one another and extending parallel to
one another. As shown in FIG. 8, the carrier 200 may include
three supports 210 to carry tires (e.g., three tires) positioned
along three separate tracks (e.g., each tire arranged on its
own track). In some embodiments, there may be only two
separate tracks (e.g., two or more tires arranged on two
separate tracks) positioned on two of the three supports 210
(e.g., the two outside supports, the left and middle supports,
or the right and middle supports). In other embodiments, the
carrier 200 may only include two supports, four supports,
five supports, etc. to carry any number of tires arranged
along any number of tracks. In one or more embodiments,
the supports 210 of the carrier 200 may be separable from
each other.

Also, in one or more embodiments, the supports 210 may
be adjusted relative to one another (e.g., closer to one
another or farther away from one another) to specifically fit
any tire spacing. In other words, the user may adjust the
carrier 200 to the appropriate support width for a given
recreational vehicle.

Each of the supports 210 may extend between a first end
region 212 and a second end region 214 along a longitudinal
axis 201 (e.g., parallel to the longitudinal axis 201). Each of
the supports 210 may be adapted to receive and contact tires
of the multiple track recreational vehicle (e.g., tricycle,
quadracycle, trailer, etc.). For example, in some embodi-
ments, the supports 210 may interact with a single tire or
multiple tires (e.g., front and back tires along a single track).

Further, each of the supports 210 may include a front
portion 202 and a rear portion 204 extending at an angle to
horizontal such that a front end 205 of the rear portion 204
is spaced a gap distance from the front portion 202. As such,
a front tire traveling along the support 210 from the rear
portion 204 to the front portion 202 may drop down the gap
when transitioning from the rear portion 204 to the front
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portion 202. The angled rear portion 204 and gap between
rear portion 204 and the front portion 202 may help secure
the front tire on the front portion 202. For example, the front
tire may easily drop down from the rear portion 204 to the
front portion 202 when loading the front tire on the support
210, but when removing the front tire from the support 210,
the front tire may have to overcome the gap (e.g., by lifting
or applying increased force) to move the front tire back-
wards for unloading. Further, in one or more embodiments
(e.g., as shown in FIGS. 8 and 9), the front portion 202 may
include a ramp angled upwards (e.g., towards the first end
region 112) and supported on the top surface 211. The ramp
may help support the front wheel of the bicycle by forcing
the wheel back towards the front end 205 of the rear portion
204. Further, in one or more embodiments, the ramp on the
front portion 202 may define channels that extend parallel to
the longitudinal axis to assist in maintaining the front wheel
in place.

In one or more embodiments, the carrier 200 may include
stepped inclining centering bars located proximate the front
portion 202 of the support 210. The stepped inclining
centering bars may assist in restricting the recreational
vehicle from moving side to side when the vehicle is
strapped down. Also, the stepped inclining centering bars
may be inclined to form a slope such that the vehicle may be
prevented from moving forward (e.g., similar to the incline
of the rear portion 204).

Similar to the other carrier 100 (e.g., described in con-
nection with FIGS. 1-7)), each support 210 of the carrier 200
may include one or more slots 220 extending along the
longitudinal axis 201. Also, the carrier 200 may include at
least two ramps 230 corresponding to each of the at least two
supports 210 and adapted to move relative to the corre-
sponding support 210 along the longitudinal axis 201. Spe-
cifically, each of the at least two ramps 230 may slide within
the one or more slots 220 of the corresponding support 210.

The at least two ramps 230 may be configurable between
an extended position (e.g., as shown in FIG. 9) and a storage
position (e.g., as shown in FIG. 8). For example, the ramps
230 are extended from the supports 210 so that a recreational
vehicle (e.g., tricycle, quadracycle, trailer, etc.) may be
loaded on the carrier 200 and the ramps 230 are stowed to
coincide with the supports 210 when in the storage position
to store and/or transport the recreational vehicle.

Further, the length of the at least two supports 210 may be
sufficient to position the tires of the recreational vehicle on
the top surface 211 of the support 210 (e.g., with any needed
extra surface of the support 210 in front of the front tire and
rearward of the rear tire). For example, the at least two
supports 210 may define a length of about 72 inches mea-
sured between the first end region 212 and the second end
region 214 along the longitudinal axis 201. The length of the
at least two supports 210 may also align with the amount of
space provided within the bed of a pickup truck (e.g., when
the carrier 200 is loaded into the bed) or such that the carrier
200 does not stick out beyond the sides of a vehicle (e.g.,
when the at least two supports 210 are positioned on the
vehicle transverse to the direction of motion of the vehicle)
such as, e.g., when the carrier 200 is attached to a hitch.
Additionally, each of the supports 210 may define a width of
about 6 inches to about 12 inches measured perpendicular to
the longitudinal axis 201 (e.g., to accommodate any width of
bicycle tire) and the overall width of a carrier 200 including
three supports 210 may be about 32 inches. It is noted that
portions of the recreational vehicle may be wider than the
carrier 200 and those portions may overhang the carrier 200.
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The at least two ramps 230 may define any suitable length
to extend the overall length of the carrier 200. Further, the
length may change the angle at which the carrier 200 extends
(e.g., making loading and unloading easier) and may provide
differing mechanical advantages for pivoting the carrier 200
with a recreational vehicle loaded thereon. In one or more
embodiments, the at least two ramps 230 may define a length
that is less than or equal to the length of the at least two
supports 210, e.g., such that that ramp 230 may be stowed
to coincide with the support 210. For example, the at least
two ramps 230 may define a length that is substantially the
same as the length of the at least two supports 210. In other
embodiments, the length of the at least two ramps 230 may
be greater than the length of the at least two supports 210
such that the at least two ramps 230 protrude from an end of
the at least two supports 210 when in the storage position.
Specifically, the at least two ramps 230 may define a length
of about 65 inches to about 72 inches measured along the
longitudinal axis. Further, the carrier 200 may define an
overall length of about 132 inches to about 135 inches when
the at least two ramps 230 are in the extended position.

As shown in FIGS. 8 and 9, the carrier 200 may include
a cross bar 206 coupled to an end 231 of each of the at least
two ramps 230 to maintain spacing between the at least two
ramps 230 and synchronize movement of each of the at least
two ramps 230. In other words, the ramps 230 move together
when extended and retracted such that, e.g., when one ramp
is moved, the other ramp(s) move the same. Further, the
cross bar 206 maintains the spacing between the ramps 230
such that the tires of the recreational vehicle can move along
the ramps 230 and maintain contact with the ramps 230. It
is noted that the cross bar 206 may also be used as a handle
to extend and retract the ramps 230.

Further, in one or more embodiments, the carrier 200 may
include rollers 290 located proximate the first end region
212 of each of the at least two supports 210. The roller 290
may be adapted to rotate about an axis perpendicular to the
longitudinal axis 201 to roll the carrier 200 along a surface
for transportation or positioning (e.g., similar to as described
in connection with carrier 100). Additionally, in one or more
embodiments, the front portion 202 of each of the at least
two supports 210 may define an opening 219 proximate the
first end region 212. The openings 219 may help reduce the
overall weight of the carrier 200.

Similar to the carrier 100 described in FIGS. 1-7, the
carrier 200 may include a feature that allows the carrier 200
to pivot about a pivot axis in such embodiments when the
carrier 200 is positioned on a hitch mount or bar (e.g., for use
with a pull-behind trailer). For example, the carrier 200 may
include a pivot mount assembly 270 pivotably coupled to
one support of the at least two supports. Also, the pivot
mount assembly 270 may include a retention housing and an
axis. The retention housing may define one or more slots
extending along the longitudinal axis 201. The support 210
may pivot about an axis transverse to the longitudinal axis
201. The ramp 230 corresponding to the one support 210
may be adapted to slide within the one or more slots of the
retention housing. The one support 210 may be restricted
from pivoting about the axis when the ramp 230 is within the
one or more slots and the one support 210 may be pivotable
about the axis when the ramp 230 is not within the one or
more slots.

In one or more embodiments, the carrier 200 may include
more than one pivot mount assembly (e.g., one correspond-
ing to each of the at least two supports) such that each
support 210 may include a pivot point. It is noted that only
one of the pivot mount assemblies may lock and unlock the
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carrier from pivoting (e.g., so that the carrier may not
include multiple locks on the same carrier). Although, in
some embodiments, the carrier may include multiple pivot
mount assemblies that lock and unlock the carrier from
pivoting.

Also, similar to the carrier 100 illustrated in FIGS. 1-7,
the carrier 200 may be positioned relative to an elevated
surface 10. For example, as shown in FIG. 10, the carrier
200 may be positioned between an elevated surface 10 (e.g.,
a truck bed, a trailer deck, a workstation, etc.) and a ground
surface 12 when the carrier 200 is in an extended position
(e.g., having the ramps 230 extended from the supports 210)
such that a vehicle can be loaded onto the elevated surface
via the carrier 200. As shown in FIG. 11, the carrier 200 may
be positioned on the elevated surface 10 in a storage position
(e.g., having the ramps 230 retracted to coincide with the
supports 210). Further, the rollers 290 of the carrier 200 may
assist in rolling the carrier 200 along the elevated surface 10
to transition between the storage position and the extended
position. Further yet, similar to the carrier 100, the carrier
200 may include bumper feet 250 to support the carrier 200
on the elevated surface 10.

In one or more embodiments, the carrier 200 may include
one or more straps to secure the recreational vehicle thereon.
For example, the carrier 200 may include dual straps origi-
nating from about the center of the carrier 200. The first strap
may be wrapped around the center of the recreational
vehicle in a vertical plane, and together with the front
stepped profiles, may prevent the recreational vehicle from
moving side to side. Further, in combination with the rear
inclined floors and the increasing heights of the front step
profiles, the recreational vehicle may be prevented from
moving forward. The second strap may extend from the
center of the carrier 200 and angled back around the rear of
the recreational vehicle to hold the vehicle forward against
the inclines so the vehicle cannot move backwards.

FIG. 12 illustrates a transport trailer 300 that may be
hauled behind a passenger vehicle and may include a carrier
(e.g., the carrier 100 of FIGS. 1-7 and/or the carrier 200 of
FIGS. 8-11) coupled thereto. For example, the trailer 300
may include a frame 302 that is attached to the passenger
vehicle using a hitch mount/coupler and also supported
above a ground surface by wheels 304. Further, the trailer
300 may have at least one crossmember 310 extending
transversely and adapted to support the carrier 100, 200
(and/or, for example, a conventional bicycle carrier). In
other words, the trailer 300 may act as a bike rack on wheels
(e.g., by detaching the trailer 300 from the towing vehicle
and positioned somewhere to be used as a bike rack) due to
the carrier 100, 200 positioned on the trailer 300. For
example, in one or more embodiments, the trailer 300 may
be attached to a hitch ball attached to a wall (e.g., a wall in
a garage) or on a post to be used as a bike rack when not
connected to a towing vehicle. In one or more embodiments,
the carrier 100 and/or carrier 200 may be not include a ramp
or pivotability and may be used similar to a conventional
bicycle carrier (e.g., the bicycle is lifted into place onto the
carrier). These non-pivotable and no ramp carriers may be
used in any configurations as described herein (e.g., in a
truck bed, on a trailer 300, on an elevated surface, etc.).

Specifically, as shown in FIG. 12, a retention housing 380
of apivot mount assembly (e.g., as described herein) may be
fixedly coupled to the crossmember 310 of the trailer 300
(e.g., using any suitable fastener such as a U-bolt). Further,
the remaining components of the carrier 100, 200 may be
pivotably coupled to the retention housing 380. Therefore,
the carrier 100, 200 may be pivotable relative to the reten-
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tion housing 380 (e.g., and the crossmember 310 of the
trailer 300) and also pivotably lockable relative to the
retention housing 380 (e.g., by extending or retracting the
ramp as described herein). The carrier 100, 200 may be
adapted to pivot such that an end of the ramp is touching the
ground surface such that the vehicle can be loaded onto the
carrier 100, 200, and the carrier 100, 200 may be pivoted to
a generally horizontal position for transporting the vehicle.

As such, the trailer 300 may be adapted to receive and
transport one or more recreational vehicles (e.g., bicycles,
tricycles, quadracycles, trailers, etc.) using one or more
carriers 100, 200. For example, any combination of carriers
100 and carriers 200 may be supported by the trailer 300 to
transport the various types of recreational vehicles. Specifi-
cally, as shown in FIGS. 13A and 13B, the trailer 300
includes four carriers 100 to support and transport a vehicle
having a single lane track (e.g., a bicycle). It is noted that the
plurality of channels angled at 45 degrees proximate the first
end region of the carriers may help to position the carriers
closer to one another on the trailer (e.g., narrowing the
overall width and reducing the length) due to, e.g., a nesting
effect (e.g., of the handlebars). Although, in one or more
embodiments, adjacent carriers may be offset along the
longitudinal axis such that the bicycles carried thereon may
be nested (e.g., by offsetting the handlebars of adjacent
bicycles). In FIGS. 13A and 13B, one of the four carriers 100
is configured in the extended position (e.g., the ramp
extended and pivoted such that an end of the ramp contacts
the ground surface) and the other three carriers 100 are
configured in the storage position. As shown in FIG. 14, the
trailer includes two carriers 100 to support and transport a
vehicle having a single lane track (e.g., a bicycle) and one
carrier 200 to support and transport a vehicle having a
multiple lane track (e.g., a tricycle, a quadracycle, a trailer).

Further, as shown in FIGS. 12-14, the trailer 300 may
include a front fairing 320 and a floor area 322 located under
the front fairing 320. The floor area 322 may include a solid
floor or remain generally open (e.g., such that a solid floor
surface may be optionally added later). A cover 324 may be
positioned over the front fairing 320 to block wind, rain or
anything kicked up by a vehicle when transporting the trailer
300. This may be particularly beneficial when carrying
electronic bicycles due to the more expensive electronic
components (e.g., by protecting them from potential harm
when transporting). Further, the front slope and diagonal
sides of the front fairing 320 may help to accelerate water,
debris, etc. upward and outward such that the water, debris,
etc. may be projected beyond the cargo and carriers 100, 200
of the trailer 300. In one or more embodiments, the cover
324 may include openings 325 near the floor area 322 and
on the sides to provide access for loading and unloading
cargo onto the floor area 322. In one or more embodiments,
the cover 324 may be transparent or translucent such that a
user may be able to see through the cover 324 (e.g., for better
rearward visibility while driving and towing the trailer 300).
The floor area 322 may be sized to fit a variety of different
types of cargo including, e.g., batteries, chargers, generators,
solar panels, tents or cabanas (e.g., to be used to further
cover the trailer), backpacks, etc. In some embodiments, the
floor area 322 may not be included or could be optionally
installed at the need of the user. Further, optional specific
purpose mounts may be provided for a more cost-effective
method for securing and carrying specific devices such as,
e.g., a generator and an enclosure for battery chargers for
charging a battery enroute to destinations. For example, FIG.
21 illustrates a trailer 300 including various accessories that
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may be used with the trailer 300. For example, a generator
and a charger/battery box may be included in the front
accessory mounting area.

The trailer 300 may define a height (measured from the
ground surface) of less than or equal to seven feet (e.g., the
typical garage door opening height). Also, the trailer 300
may not include a platform or surface (e.g., in addition to the
frame) such that the carriers 100, 200 may pivot in place to
contact the ground surface (e.g., instead of a platform or
surface) for loading and unloading. Therefore, a user access-
ing the trailer 300 may stand on the ground surface due to
the lower height of the carriers 100, 200. Further, the trailer
300 may have a reduced weight due to the lack of a platform
or surface (e.g., to offset the potential increased weight of the
electronic bicycles).

Additionally, as shown in FIG. 14, the trailer 300 may
include a lift frame 350 located near the back of the trailer
300. For example, the trailer 300 may include two rear
extending members 352 (e.g., one on each side) projected
from the back of the trailer 300 to provide clearance for the
lift frame 350 (e.g., to provide room under the lift frame 350
that is away from the carriers 100, 200). The lift frame 350
may be movably coupled to the rear extending members 352
at vertical members 354 and have a top beam 356 spanning
between the vertical members 354. The top beam 356 may
provide a sturdy structure from which devices and transport
vehicles (e.g., cot, wheelchair, etc.) may be supported and
lifted for increased accessibility for the user. For example,
the lift frame 350 (e.g., the top beam 356, specifically) may
help in assisting transfer of a disabled person from a
wheelchair to recreational vehicles like an electronic tri-
cycle, an electronic quadracycle, a beach wheelchair, etc.
(e.g., providing a lift point or trolley for use with a portable
patient lifter). Further, the trailer 300 may include trailer
tongue jacks 358 for raising the lift frame 350 from a travel
position and a use position. Also, the trailer tongue jacks 358
may help support the lifted weight and level the lift frame
350.

FIGS. 15A and 15B illustrate another embodiment of the
carrier 100 described herein. For example, the side rails 160
(e.g., on either side of the support 110) may extend for a
substantial portion of the support 110 (e.g., extending
between the first and second end regions 112, 114). Specifi-
cally, the side rails 160 may be spaced apart from the support
110 by about 2 inches to about 6 inches (e.g., about 4.25
inches). In one or more embodiments (e.g., as shown in FIG.
15A), one of the side rails 160 may be fixed relative to the
support 110 while the other side rail 160 may move relative
thereto. For example, one of the side rails 160 may be
movable inward and outward using the clamp 140. In other
words, the gap between the side rails 160 may be altered by
only moving one of the side rails 160 through the clamp 140

Further, as shown in FIG. 15A, the carrier 100 may
include vertical supports 166 proximate the first end region
112 of the support 110 on either side of the support 110. The
vertical supports 166 may assist with stabilizing and sup-
porting the bicycle in an upright position (e.g., by maintain-
ing the front wheel in a straight configuration). Additionally,
the carrier 100 may also include a roller 190 proximate the
first end region 112 and offset below the support 110 (e.g.,
as shown in FIG. 15B). For example, the roller 190 may
assist with rolling the carrier 100 into a storage location
(e.g., a garage, etc.) without dragging or carrying the carrier
100. Further, the carrier 100 may rest on the roller 190 and
the ground engaging member 126 (e.g., on a ground surface)
to position the carrier 100 in a horizontal orientation to, e.g.,
operate as a bike rack.
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FIGS. 16A and 16B illustrate another embodiment of the
carrier 200 described herein, e.g., to support a multiple track
recreational vehicle (e.g., a tricycle, a quadracycle, a trailer,
etc.) with at least two supports 210 positioned apart from
one another and extending parallel to one another. As shown
in FIGS. 16A and 16B, the rear portion 204 of the support
210 is similar to as described herein and the front portion
202 may include a crossbar extending across the at least two
supports 210. Further the crossbar of the front portion 202
may be angled relative to horizontal to help support the front
wheel of the bicycle (e.g., between the front and rear
portions 202, 204). Additionally, the carrier 200 may include
sidewalls 218 extending for a length of the carrier proximate
the front portion 202. The sidewalls 218 may be positioned
on one or both sides of each support 210 to, e.g., assist in
maintaining a lateral position of the front wheel(s) of the
bicycle. As shown in FIGS. 16A and 16B, the middle
support 210 includes sidewalls on both sides proximate the
front portion 202 and the outer supports 210 include side-
walls only on the inner side proximate the front portion 202.

Furthermore, the carrier 200 illustrated in FIGS. 16A and
16B only includes a roller 290 located at the front end region
212 of the middle support 210. Also, the pivot mount
assembly 270 is only positioned on the middle support 210
and pivoting of the middle support 210 is transferred to the
outer supports 210.

FIG. 17 illustrates the carrier 100 extended and positioned
between an elevated surface 10 (e.g., a truck bed) and a
ground surface 12 with a bicycle in the loading process. For
example, the rear wheel of the bicycle is clamped in to
stabilize the bicycle relative to the carrier 100. Further, the
front wheel of the bicycle is not yet rotated to 45 degrees and
the bicycle is not yet strapped down. The next steps of
loading the bicycle may include lifting the carrier 100 to a
generally horizontal position, rolling the carrier 100 into the
truck bed, and storing the ramp 130 to coincide with the
support 110.

FIG. 18 illustrates the carrier 200 of FIG. 8 in the
extended position between an elevated surface 10 and a
ground surface 12 including a tricycle positioned on the
carrier 200. FIG. 19 illustrates the carrier 200 loaded into the
truck bed, in a stowed position, having the tricycle posi-
tioned on the carrier 200.

FIG. 20 illustrates the trailer 300 including a bicycle
coupled to the carrier 100 before turning the front wheel 45
degrees, strapping down the bicycle, pivoting the carrier 100
to a generally horizontal position, and retracting the ramp
130. Additionally, carrier 306 positioned on the left side of
the trailer 300 represents a simplified carrier that does not
include a ramp, rollers, pivot mount, or bumper feet. The
carrier 306 may be a more conventional bike carrier in which
the bicycle may be lifted into position on the carrier 306 and
secured to the carrier 308 using the features described
herein. Also, carrier 308 is positioned in the middle two
positions of the trailer 300 and includes an extension ramp
and pivot mount, but does not include rolling features and
the pivot mount includes a fixed pin (e.g., instead of a spring
pin). In other words, the carrier 308 may be simplified and
more permanently mounted to the trailer 300.

FIG. 22 illustrates a carrier 100 in an extended position
between a service table 14 and the ground surface 12. The
carrier 100 may be used to secure a bicycle (e.g., hold
upright in a secure position) and move the bicycle from the
ground surface 12 to the service table 14 so that the bicycle
can be serviced at a more practical height (e.g., as shown in
FIG. 23).
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Illustrative embodiments are described and reference has
been made to possible variations of the same. These and
other variations, combinations, and modifications will be
apparent to those skilled in the art, and it should be under-
stood that the claims are not limited to the illustrative
embodiments set forth herein.

What is claimed is:

1. A carrier for supporting and transporting a bicycle, the
carrier comprising:

a support extending between a first end region and a
second end region along a longitudinal axis, the support
defining a top surface configured to receive and contact
tires of the bicycle;

a pivot mount assembly pivotably coupled to the support
and comprising a retention housing, wherein the reten-
tion housing defines one or more slots extending along
the longitudinal axis, wherein the support pivots about
a pivot axis extending transverse to the longitudinal
axis; and

a ramp configured to move relative to the support along
the longitudinal axis, wherein the ramp is configured to
slide within the one or more slots of the retention
housing, wherein the support is restricted from pivoting
about the pivot axis when the ramp is within the one or
more slots and the support is pivotable about the pivot
axis when the ramp is not within the one or more slots.

2. The carrier of claim 1, wherein the pivot mount
assembly further comprises a mounting member configured
to be inserted into a hitch receiver.

3. The carrier of claim 1, wherein the retention housing
extends on either side of the ramp and the one or more slots
comprises a slot on either side of the ramp.

4. The carrier of claim 1, wherein the pivot axis is
positioned relative to the support along the longitudinal axis
between the first and second end regions at a position
forward of a center of gravity of the carrier with the ramp
extended and the bicycle supported on the support.

5. The carrier of claim 1, wherein the ramp is configurable
between an extended position and a storage position,
wherein the ramp is extended from the support when in the
extended position and the ramp is stowed to coincide with
the support when in the storage position.

6. The carrier of claim 1, further comprising at least one
clamp located on one side of the support and configured to
contact the bicycle.

7. The carrier of claim 6, wherein the at least one clamp
is configured to move inward and outward between an
engaged position and a disengaged position with the bicycle.

8. The carrier of claim 1, further comprising side rails
positioned away from the top surface of the support and
extending along the longitudinal axis, wherein the side rails
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are configured to guide tires of the bicycle and located such
that a rear tire of the bicycle is positioned between the side
rails when the bicycle is loaded on the carrier.

9. A carrier for supporting and transporting a recreational
vehicle, the carrier comprising:

at least two supports positioned apart from one another

and extending substantially parallel to one another,
each support extending between a first end region and
a second end region along a longitudinal axis, each
support comprising a front portion and a rear portion
extending at an angle to horizontal such that a front end
of the rear portion is spaced a gap distance from the
front portion, wherein each support is configured to
receive and contact tires of the recreational vehicle,
wherein each support comprises one or more slots
extending along the longitudinal axis;

at least two ramps corresponding to each of the at least

two supports and configured to move relative to the
corresponding support along the longitudinal axis,
wherein each of the at least two ramps slides within the
one or more slots of the corresponding support; and

a pivot mount assembly pivotably coupled to one support

of the at least two supports and comprising a retention
housing and an axis, wherein the retention housing
defines one or more slots extending along the longitu-
dinal axis, wherein the support pivots about the axis
transverse to the longitudinal axis, wherein the ramp
corresponding to the one support is configured to slide
within the one or more slots of the retention housing,
wherein the one support is restricted from pivoting
about the axis when the ramp is within the one or more
slots and the one support is pivotable about the axis
when the ramp is not within the one or more slots.

10. The carrier of claim 9, further comprising one or more
rollers located proximate the first end region of each of the
at least two supports, wherein the one or more rollers are
configured to rotate about an axis perpendicular to the
longitudinal axis.

11. The carrier of claim 10, further comprising bumper
feet located proximate the first end region of the at least two
supports, wherein the bumper feet are configured to contact
a surface, wherein the one or more rollers is spaced apart
from the surface when bumper feet are contacting the
surface.

12. The carrier of claim 9, wherein the at least two ramps
are configurable between an extended position and a storage
position, wherein the at least two ramps are extended from
the at least two supports when in the extended position and
the at least two ramps are stowed to coincide with the at least
two supports when in the storage position.

* ok % ok &
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(54) PKW-KIPPANHANGER

(57) Die Erfindung betrifit einen PKW-Kippanhan-
ger, derlibereinen Kabelanschluss mitdem Spannungs-
bordnetz eines PKW verbindbar ist, mit einem Anhén-
gerrahmen und einer schwenkbar angeordneten Lade-
briicke, die mittels eines Hydraulikaggregates heb- und
senkbarist, das eine Pumpe und einen Hydraulikzylinder
aufweist, die von einem Elektromotor antreibbarsind, der

liber eine drahtlose Fernsteuerung steuer- und/oder re-
gelbarist. Um ein versehentliches Auslésen des Hydrau-
likaggregates sicher zu vermeiden, wird zwischen dem
Elektromotor (7) und dem Spannungsbordnetz (10, 11)
des PKW ein Schalter angeordnet, der die Spannungs-
zufuhrdes Elektromotors (7) unterbricht, sobald und so-
lange die Ziindung des PKW aktiviert ist.
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Beschreibung

[0001] Die Erfindung betrifft einen PKW-Kippanhan-
ger, derlibereinen Kabelanschluss mitdem Spannungs-
bordnetz eines PKW verbindbar ist, mit einem Anhén-
gerrahmen und einer schwenkbar angeordneten Lade-
briicke, die mittels eines Hydraulikaggregates heb- und
senkbarist, das eine Pumpe und einen Hydraulikzylinder
aufweist, die von einem Elektromotor antreibbarsind, der
liber eine drahtlose Fernsteuerung steuer- und/oder re-
gelbar ist.

[0002] Kippanhanger, die tempordr an einen mit einer
Anhéangerkupplung ausgestatteten PKW gehangt wer-
den kdnnen, eignen sich zum Transport schwerer Lasten
wie z.B. Bau-, Abriss- und Gartenabfall, Sand, Steinen
und sonstigen Schiittgiitern. Die Kippanh&nger kdnnen
als Riickwartskipper oder auch als Dreiseitenkipper aus-
gebildet sein. Das Hydraulikaggregat besitzt einen Hy-
draulikzylinder, wenigstens ein elektrisch ansteuerbares
Kippventil zur Steuerung des Hubbetriebes und des
Senkbetriebes des Hydraulikzylinders sowie ein Hydrau-
likreservoir, aus dem mittels der bereits erwdhnten Pum-
pe das Hydraulikdl geférdert werden kann. Die Hydrau-
likaggregate kénnen groRe Krafte erzeugen. Der Elek-
tromotor, der zum Antrieb der Hydraulikpumpe verwen-
det wird, erhalt seine Spannung aus einer Anhangerbat-
terie.

[0003] Gesteuert oder geregelt wird der Elektromotor
vorzugsweise lber eine drahtlose Fernsteuerung, wel-
che nicht nur eine bequeme Bedienung erméglicht, son-
dern auch den Vorteil hat, dass die Ladebriicke auch aus
der Entfernung gehoben und gesenkt werden kann. Eine
drahtlose Fernsteuerung kann aus einer Funkfernsteu-
erung oder einer Anwendungssoftware (APP) mittels
Bluetooth-Verbindungen realisiert werden. Die betref-
fenden Bediengerite besitzen Tasten oder Bedienfelder
fir das Heben der Ladebriicke, das Senken der Lade-
briicke, ggf. einen Notausschalter und einen Regler, mit
dem die Hub- und Senkgeschwindigkeit eingestellt wer-
den kann.

[0004] Die betreffenden Handgerate werden im PKW
mitgeflihrt. Dies kann dazu fiihren, dass sich der Fahrer
oderBeifahrerversehentlich aufdas Handgerat setzt und
ungewollt einen Hubimpuls auslést. Solche Hubausl6-
sungen kénnen auch von mitfahrenden Personen (z.B.
Kindern) verursacht werden. Das ungewollte Hochklap-
pen einer Ladebriicke stellt jedenfalls eine hohe Gefah-
renquelle dar, die vermieden werden soll.

[0005] EssindKippanhangerbekannt, deren Ladebri-
cken fixiert werden kénnen. Zwar vermeidet eine solche
Fixierung das ungewollte Aufklappen der Ladebriicke,
aber nicht aufgrund der hohen durch die Hydraulik er-
zeugten Krafte drohende Verformungen der Briicke bzw.
des Hilfsrahmens, die zur Beseitigung der Schiden auf-
wendigere Reparaturen notwendig machen.

[0006] Es ist daher Aufgabe der vorliegenden Erfin-
dung, einen PKW-Kippanhanger zu schaffen, bei dem
ein versehentliches Auslésen des Hydraulikaggregates
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sicher vermieden werden kann.

[0007] Diese Aufgabe wird bei dem PKW-Kippanh&n-
gernach Anspruch 1 dadurch geldst, dass zwischen dem
Elektromotor und dem Spannungsbordnetz des PKWein
Schalter angeordnet ist, der die Spannungszufuhr des
Elektromotors unterbricht., sobald und solange die Ziin-
dung des PKW aktiviert ist.

[0008] Diese Zwangsabschaltung des Elektromotors
durch Unterbrechung der Spannung ist relativ einfach
und sicher, da ohne den Elektromotor die Hydraulikpum-
pe nicht arbeiten kann. Es sind auch keine zusétzlichen
Arbeiten wie etwa eine Verriegelung mittels Bolzen oder
sonstige Abschaltungen erforderlich, die aus Fahrlassig-
keit oder Unachtsamkeit vergessen werden kénnen. Un-
gewollte Betdtigungen der Bedienschalter oder Bedien-
felder bleiben jedenfalls wirkungslos, so lange die Ziin-
dung des PKW aktiviert ist.

[0009] Dies gilt auch fiir PKW mit einer Start-Stopp-
Automatik, da das elektrische System auch bei abge-
schaltetem Motor weiter arbeitet.

[0010] Vorzugsweise besteht der Schalter aus einem
Relais. Diese Bauteile sind kostengiinstig und arbeiten
zuverlassig.

[0011] Weitere Details werden im folgenden anhand
der Figuren beschrieben. Es zeigen:

Fig. 1 eine schematische Darstellung eines PKW-
Kippanhangers und

Fig.2 eine Schaltskizze.

[0012] Der PKW-Kippanh&nger nach Fig. 1 besitzt ei-

nen Anhangerrahmen 1, dessen vorderer Teil als Zug-
deichsel 2 ausgebildet ist. Das Fahrgestell besteht im
vorliegenden Fall aus zwei Achsen 3, kann jedoch auch
ein- oder dreiachsig ausgefiihrt sein.

[0013] An dem Anh&ngerrahmen 1 angelenkt ist eine
schwenkbar angeordnete Ladebriicke 4, die im vorlie-
genden Fall als Rickwartskipper ausgebildet ist. We-
sentliche Teile des Hydraulikaggregates sind der (Tele-
skop-)Hydraulikzylinder 5 sowie die Pumpe 6, die von
einem Elektromotor betrieben wird, und womit das Hy-
draulikdl aus einem Hydraulikreservoirin die Hubzylinder
gepumpt werden kann. Der Elektromotor bezieht seine
Spannung aus einer am Kippanhanger angeordneten
Batterie. Die Anhdngerbatterie hat den Vorteil, dass die
Ladebriicke des Kippanhangers auch unabh&ngig von
dem PKW, also nach dem Entkuppeln, betriebenwerden
kann.

[0014] Wie aus der schematischen Zeichnung in Fig.
2 ersichtlich, ist der Elektromotor 7 in einem Stromkreis
integriert, der lber einen Schalter 8 gedffnet oder ge-
schlossen werden kann. Dies geschieht liber ein Relais
14, das Funkfernsignale 12 von einem Handgerét erhalt.
Zusatzlich ist ein weiteres Relais 15 vorgeschaltet, das
als Offner derart ausgebildet ist, dass bei aktivierter
PKW-Ziindung die Spannungszufuhr des Elektromotors
unterbrochen wird. Dies geschieht liber die Pole 10 und
11 zum Kraftfahrzeug, die auch zur elektrischen Versor-
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gungderLeuchtanzeigen (Bremslicht, Blinker, Riicklicht)
am Anhanger verwendet werden. Bei aktivierter Ziin-
dung oder im Falle einer Start-Stopp-Automatik bei lau-
fendem Motor ist die Stromversorgung des Elektromo-
tors abgeschaltet, so dass eine Fehlbedienung wahrend
der Fahrt ausgeschlossen werden kann.

Bezugszeichenliste

[0015]

1 Anhangerrahmen
2 Zugdeichsel

3 Achse

4 Ladebriicke

5 Hydraulikzylinder
6 Pumpe

7 Elektromotor

8 Schalter

9 Schalter

10 Pol

11 Pol

12 Signal FB

13 Batterie

14,15 Relais
Patentanspriiche

1. PKW-Kippanhdnger, der {ber einen Kabelan-
schluss mit dem Spannungsbordnetz eines PKW
verbindbar ist, mit einem Anh&ngerrahmen (1) und
einerschwenkbarangeordneten Ladebriicke (4), die
mittels eines Hydraulikaggregates heb- und senkbar
ist, das eine Pumpe (6) und einen Hydraulikzylinder
(5) aufweist, die von einem Elektromotor (7) antreib-
barsind, der liber eine drahtlose Fernsteuerung (12)
steuer- und/oder regelbar ist,
dadurch gekennzeichnet, dass
zwischen dem Elektromotor (7) und dem Span-
nungsbordnetz (10, 11) des PKW ein Schalter an-
geordnet ist, der die Spannungszufuhr des Elektro-
motors (7) unterbricht, sobald und solange die Ziin-
dung des PKW aktiviert ist.

2. PKW-Kippanh&nger nach Anspruch 1, dadurch ge-
kennzeichnet, dass der Schalter aus einem Relais
(14, 15) besteht.

3. PKW-Kippanh&nger nach Anspruch 1 oder 2, da-
durch gekennzeichnet, dass die drahtlose Fern-
steuerung eine Funkfernsteuerung oder eine An-
wendungssoftware oder eine Bluetooth-Verbindung
ist.
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