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ABTOMOOUITI 3 NAJMBHUMH KOMipKaMH HA BOJHi 3 MIPOTOHOOOMiHHOI0 MeMOPaHOI0

3mina knimamy smicmuna OKyC 3 BUKONHO20 NAIUBA HA YUCTI MA 8iOHOGI08AHI OJicepena eHepeail,
a B00Hesa eHepzemuxa cmana 2n00anbHuM pilenHsmM Ons  6azamvox eanysell, 8paxosylouu
aemomobinbHull mpancnopm. Boowesi nanusni enemenmu (Komipku), 30Kpema npomMoOHOOOMIHHI
membpanni nanusHi xomipku (PEMFC), € kmowosumu 01s 3eneHoi pegonioyii 3a60Ku  GUCOKIl
epekmugHOCmi nepemeopenHs eHepeli ma HYyIbosuM pieHem euxkuodie. IlanusHi enemenmu 3
NPOMOHOOOMIHHOIO MeMOPAHOIO BUKOPUCINOBYIOMb AK NAIUEO 2A30N00IOHUL 800eHb, AK OKUCTIO8AY —
KUCeHb 3 Nosimpsl, meepoutl eneKmponim i RAAMUHOBUL Kamanizamop.

Tpancnopmmui 3acobu na nanuenux komipkax (Fuel-cell electric vehicles FCEVs) 3 aukopucmaHHam
B00HIO HaNexcamv 00 MPAHCNOPMHUX 3aco0ie 3 Hynvosumu euxkuoamu. B 2007 p. komnania «Toyotay
sunycmula ceiti nepuiuii agmomo6ine 3 nanushumu komipkamu « Toyota Miraiy 3 enekmpuunum osucynom
nomyoicnicmio 113 kBm. 3amicme 0sucyna 6HympiuiHb020 320psiHts Yetl Agmomodiib Mae cmek NATUGHUX
KOMIpoK, wo eupobnse enexmpuunuii cmpym. Cmyoenmu [lenghmcorozo mexuiynoeo yuigepcumemy
(TU Delft) (Hioepranou) cmeopunu 2onounuii asmomobine «Forze 1X», sxuti € naiusuowum 20HOYHUM
aemomooinem 3 NALUSHUMU KOMIPKAMU HA 800HI Y ceimi. Aemomobinbhi komnanii’ « Toyotay ma «Hyundai»
naanyiomo eupoousimu 3,7 MiIH mpancnopmHux 3aco6ie 3 NANUSHUMU KOMIPKamu Ha 600Hi 00 2030 p.

Y pobomi onucano aemomobine Ha 600He8UX NANUSHUX KOMIPKAX, AKUL CHPOEKMOBAHO 8
npoepamuomy cepedosuwyi ADVISOR MATLAB. ITiopaxosaro maxooic nokasHuKu UKOPUCMAKHS eHepil
8 CUNOBUX dazpeeamax AgmMoOMo0iNa 01 PI3HUX A8MOMOOLIbHUX yukiie. Haibinewi empamu enepeii
00epIAHCAHO 8 MICbKOMY YUKTI HA NATUSHUX KOMIpKax aemomodina. Byno docriodceno, wo 3a paxyHok
YACTUX 3YNUHOK eeKMUBHICMb BUKOPUCMANHA eHepeii naiusHumu Komipkamu nadae do 18 %, ane
nokpawyyemocs egpekmusnicme bamapei 0o 74 %. Mooenmosanna 6 ADVISOR noka3sye, wo aemomodine
Ha BOOHEBUX NATUBHUX KOMIPKAX BUKUOAE uuie 800).

THanuena xomipxa 3 npomMOHOOOMIHHOW MEMOPAHOIO (NOTIMEPHOIO eNeKMPOIIMHOI0 MEMOPAHOI0)
CKIA0AEMbCS 3 eNeKMpONIMHOI MemMOpanu, 3amMuUCHymoi Midc ano0oM (He2amueHUuM eneKkmpooom) i
Kamooom (nosumusHum eiexmpooom). Ilpomouni niacmunu (flow plates) suxonyomo Kinoka 6axciusux
@yukyii: 1) nanpaeisiome 600eHb [ Kucehb 00 e1ekmpodis; 2) 6i0800smb 600y i menjio 6i0 NATUEHO20
enemenma; 3) npoeoosamov eieKmporU 8i0 aH00a 00 eLeKMPUUHO20 KOA i HA3A0 00 KAmood.

byno Oocniosxceno i npoananizosano Oexinoka mucsau 306padicensy nanuguux xomipox PEMFC 3
HU3bKOI0 | HAOBUCOKOK PO30LIbHOIO0 30AMHICMI0, WO 0Al0 3M02y Oinbut OemanbHO O3HAUOMUMUCA 3
npoyecamul, Wo npoxooams cepeOuri KOMIpKU i 6UAGUMU 3MIHU, AKI 8100Y8aA0OMbCs 3 MEMOPAHOIO.

Knrwuosi cnosa: agmomobinbHuii mpancnopm,; asmomoOiie HA BOOHeSUX NANUBHUX KOMIDKAX,
600enb, nanusHi komipku, Advisor Matlab, npomonoobminua membpaua.

IMocranoBka npo6aemu. 3MiHa KiimMaTy 3MicTHiIa (OKYC 3 BUKOIIHOTO T1ajMBa Ha YMCTi Ta BiJHOBIIIOBAHI
Jokepena eHeprii. BogHeBi nanuBHI KOMipkH (€J€MEHTH), 30KpeMa MPOTOHOOOMIHHI MeMOpaHHI MaJMBHI KOMIpKU
(PEMFC), € ximouoBuMH JUIsi 3eJIeHOT PEeBOJIIONIT 3aBAsSKHM BUCOKii e(eKTHBHOCTI NMEepeTBOpPEHHs eHeprii Ta
HYJILOBUM piBHEM BUKUIB. [lepiinm aBTomMo0ineM Ha BOJHEBHX MAJIMBHUX KOMipkax BBaxatoTh «Honda FCX»,
skuii B 2002 p. OyB cepTudikoBaHuUil areHIi€r0 3 0XOpPOHU HaBKoJMIIHBOTO cepenonuiia (EPA), CILIA. B 2007 p.
KoMmImaHiss «Toyota» BumycTHIa CBiii mepumimii aBTOMOOLNs 3 MaJMBHUMH KoMipkamu «Toyota Mirai» 3
SJIEKTPUYHHUM JIBUT'YHOM TOTYXHicTio 113 kBT. 3amicTe ABHT'YHa BHYTPIIIHBOTO 3TOPSHHS L€l aBTOMOO1Ib Mae
CTEK MaJMBHUX KOMIpPOK, LI0 BHPOOJsie enekTpuuHuid ctpym [1]. IlanuBHa komipka — 1€ HOpUCTpiil, SKuit
MIEepEeTBOPIOE XIMIYHY €HEprilo B EJIEKTPUYHY 3a JOIOMOTOI0 OKHCIEeHHS NanuBa. llanuBHI eneMeHTH 3
MPOTOHOOOMIHHOI0O MEMOPaHOI0 BUKOPUCTOBYIOTD SIK HaJMBO ra3ono/i0HUH BOJICHD, SIK OKUCIIIOBaY — KUCEHB 3
TIOBITPSI, TBEPANH EIEKTPOJIIT i ITIATHHOBUH KaTaizaTop.

Onuu i3 aBTomoOimiB «Toyota Mirai», mo OyB Hamanuii B JKHTOMHPCHKiM MOJITEXHII[I KOMMIAHIIMH
«YKpaiHcbKa BoJHEBa paga» Ta «BoaeHp YkpaiHw», 3HaXOANUTHCS 3apa3 B JabopaTopii kadenpu «ABTOMOOIMI i
TPAHCHOPTHI TEXHOJIOTi1». ABTOMOO1JIb BUKOPHUCTOBYETHCS ISl HAYKOBHX JOCHTIHKEHB, a TAKOK B HABYAJILHOMY
MpOIIeci 31 CTyIeHTaMH, 110 HABYAIOTHCA 33 OCBITHIMU IpOTpamMaMu «ABTOMOOUTEHUH TpaHCIIOPT» 1 «Po3ymHMH
TpaHcnopT». Kommanis «Boaenp YkpaiHm» € Takox iHiIiaTopoMm OyIiBHHIITBA 3aBOTY 3 BUPOOHHMIITBA BOJHIO B
VYkpaini, noommsy M. Peni Onecbkoi obmacri.

TpancnoptHi 3acobu (T3) na nmanuBrux komipkax (Fuel-cell electric vehicles, FCEVs) 3 BukopuctanHsIM
BOJIHIO HAJIS)KaTh JI0 TPAHCIIOPTHUX 3ac00iB 3 HYJIHOBHUMH BHKHIaMHU. €BpoIeiicbka KOMICIsl IUTaHyBaJsa, IO B
2050 p. BonmeHb MOxe cTaHOBUTH 32 % mnanuBa B €Bponi. [lo 2030 p. B €Bpori miaHyeTbcs BIAKPUTH 10
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4500 BomHEBMX 3ampaBHUX CTaHLii. ABTOMOOLTBHI KommaHii «Toyota» ta «Hyundai» miaHyoTs BUPOOISTH
3,7 muta T3 3 manuBHuMHE KoMipkamu Ha BogHi (FCEV) no 2030 p. Kommanis «Hyundai (HMG)» mianye Bunyckatu
700 THC. CHCTEM TATMBHUX KOMipok mopiuso g0 2030 p., BpaxoBytoun 500 tuc. oguauis st FCEV [1].

Ha sucrasmi «Hydrogen Technology Expro Europe», sika mpoxommna B 2023 p. B micti Messe Bremen,
Himeuunna, Oyino mpencTaBieHO ToHOYHHMHA aBToMOOims «Forze VIIIy». Lleit aBTOMOOLIE € MPOTOTHIIOM
HAWITBUAIIOTO BOJHEBOTO aBTOMOOIMIO y cBiTi «Forze 1X». Illo HaifOuIeImI Bpaxkae, Mo I aBTOMOOLIb, K i
norrepeTHi Bepceii «Forzey, creopuim cTyaeHTH [enTchKoro TeXHigHOTO yHiBepcuTeTy. OCHOBHA BiIMiHHICTH
«Forze IX» Bim momepemHMKa — Ii¢ HOTO YOTHPH Oakd Ui BOAHIO, SKHH MONAE€Tbes mif TrckoM 700 Oap.
Kom6inoBana notyxHicth aBToMo011s1 240 KBT. Takox aBTOMOOLIE MICTUTH TTOABIHHHUHN CTEK MAIMBHUX KOMIPOK,
KOMITPECOpH, (QUIBTPH TOILIO, sIKi € OLIbII ePEeKTUBHUMH, HIX Yy MONIEpeHUKA. ABTOMOOUIb Ma€ OUTBIIY JOBXHUHY,
OCKIJIBKH JIBUTYH PO3TAIIOBAHU B TIEPEHIM YacTHHI aBTOMOG1IA [2].

AHaJi3 ocranHix xociimkenb. Y [1] ommcaHo aBTOMOOiIP HAa BOJHEBHX MATMBHUX KOMIpKax, SIKHH
CIIPOEKTOBAHO B TporpamHoMy 3abesmedenni Matlab ADVISOR. MogentoBanns 8 ADVISOR mokasye, 1o
aBTOMOOLIb Ha BOJHEBUX ITaJMBHUX KOMIpKax BHKHIA€ JIMIIE BOAYy. B po0OoTi Takox MOKa3aHO mNepeBaru
aBTOMOOLTIB Ha BOJHEBHX NANUBHUX KoMipkax. Ha BiaMiHy Bix moBiTps, sSike Mae IMPUPOAHY IOAady, mojada
BOJIHIO B aBTOMOOUISX Ha MAJMBHUX KOMipKax MOYMHAETHCA 3 TEXHOJIOTiYHOTO Oaka. BoneHnp 30epiraerscs 3a
BUCOKOTO TUCKY (700 6ap) mpoTSIroM ychoro TEPMiHY CITy>KOH TpaHCHIOPTHOTO 3aco0y [3].

V [4] mocnimxeHO MpoOiieMU 3aTOILICHHS BOAHEBUX MAIMBHUX KOMIpOK BoJO0. IIIIIXoM KOMIT FOTEpHOTO
MOJICTIOBAaHHS, III0 BUKOHAHO Ha CYNIEPKOMII FoTepax, Oyiio oJlepKaHo JECATKH THCAY Bie0300paKeHb MAIMBHUX
komipok triry PEMFC. [ManuBHI KOMipkH Ha BOAHI HAJ3BHYAHO YyTJIMBI IO 3a0pyTHEHHS, TOMY OIO SIK i
YACTHHKH, TaK 1 XIMI4HI €JIEMEHTH MOXKYTh CIPUUMHHUTH OTPY€EHHS KaTaliTHYHOTO APy MaIUBHOI KOMIPKH, KU
€ CKJIaJIOBOIO YaCTHHOI MeMOpaHH. AJie 3a0pyTHEHHs MalOTh OyTH YCYHEHI, OCKUIbKHM KaTaIITHYHUH [Iap ITyxKe
YYTIMBUHN 10 3a0pyJHEHHsS] KOMIIOHEHTaMH CipKH, BYTJICBOJHAMH Ta OKCUIOM a30Ty. SIkiio He Oyzne edexTuBHOT
cucTeMH GinbTpaitii, To 1e Oy/e BILTMBATH Ha MPOAYKTHBHICTh MATMBHOI KOMIPKH 1 CKOPOYyBaTH Yac 11 )utTs [2].

MopentoBaHHIO aBTOMOOLUTIB 3 MAJIMBHUMHM KOMipkamu Ha BomHi y cepepoBuii ADVISOR mpucesiueno
pobotu [1, 5-9]. V [10] Oyno BUKOHAHO €KCHIEPUMEHTAIIBHI AOCIIKEHHS 1 MOJICITIOBAHHS MMOTYXHOCTI MAITUBHUX
komipok PEMFC. Byno BusBieHo, 1o MeTo ] HEHpOHHUX MEPEX MOKa3ye HalKpamuit 30ir MpoAyKTUBHOCTI, IO
oJiep>kaHa BHACIIJOK €KCIIEPUMEHTY 1 MOJICIIIOBAHHSL.

MeTo10 CTATTi € TIPOEKTYBaHHS BOJHEBOTO aBTOMOOLISI 3 MadMBHUMH KoMipkamu B Matlab Advisor i
JIOCTIKCHHS IPOTOHOOOMIHHUX MEeMOPaHHUX MAIUBHUX KOMipOK.

BuxiiajeHHs1 0CHOBHOIO MarTepiaJry.

1. Cucrema najuBHUX KOMipoK

Boonesa nanuena komipka mnoctadyae BOJEHb 10 aHOJA 1 HOBITpsA 1o kartoxa. Ha anoni karamizaTtop
PO3LIETUIIOE MOJIEKYJIM BOJTHIO Ha IIPOTOHH 1 eNeKTpoHH. [IpOTOHU MPOX0siTh Yepe3 MeMOpaHy, B TOi yac KoJu
EJIEKTPOHU TEHEPYIOTh €JIeKTPUYHUII cTpyM. KHCeHb, IIO MOCTa4a€eThesi 3 MOBITPS 3’€IHYETHCS 3 BOJHEM 1
YTBOPIOE BOJY, IO € TUTBKK €IMHUM BUKHIOM Bijl pOOOTH MATHBHOI KOMipkH [2].

Cmex nanuenux komipok. COTHI AIMBHUX KOMIPOK YTBOPIOIOTH CTEK MaJMBHUX KOMipok. KojkHa nanuBHa
KOMIpKa CKJIaJa€Thesl 3 MEMOPAHHOI €JIEKTPOJHOI CUCTEMH, SIKa Ma€ TPH CKJIaJOBI YaCTHHH. IIPOTOHOOOMiHHA
MeMmOpana (proton exchange memOpana, PEM), karox ta anox. Jlami 1ie mpueaHy€eThCS 10 Ta30BOTO A y3iitHOTO
mrapy (gas diffusion layer, GDL) 3 omHOro 60Ky 1 OIMONAPHOI MIacTHHKY 3 iHmOro. Koiwm manuBHI KOMipKd
3’€THYIOTBCS Pa3oM, TO OiloJIsipHA TUIACTHHA JI0TIOMArae HalpaBisiTH BOJICHB /10 aHO/A 3 OAHOTO 00Ky MeMOpaHH
i KuceHb 10 Karoja 3 inmoro [2]. Hanpukiax, B aBromMo0ini «FOrze» BCTaHOBIEHO CTEK MAaJMBHUX KOMIpOK
NM5- EVO. Lleit Mmoaynb Mae 335 manuBHUX KOMIpOK MOTY X HicTio 76 KBT 3 onmopom 201 B. KinbkicTh nanuBHux
KOMIpOK Moske OyTH pi3HOI0: 215 mamuBHux Komipok (39 KBT), 119 komipok (27 KBrt) i 71 xomipka (16 kBr) [2].

OpHuM 3 HaWOLIBII MOMIMPEHUX THIIB MAJTMBHUX €JICMEHTIB € MaJHBHI €IIEMEHTH 3 MPOTOHOOOMIHHOIO
mem6panoro (PEMFC), Takosk BifioMi sIK aMBHI €JIEMEHTH 3 ITOJIMEPHOIO €JIEKTPOJIITHOK MeMOpanoro (polymer
electrolyte membrane, PEM). Ha pucynky 1 mokasaHO MaauBHY KOMIPKY 3 MOJIMEPHOIO €IEKTPOJITHOIO
MemOpaHoto 1 ii cxiamoBi wacTWHH. TakWi ManWBHUN €NEMEHT CKIAIAaeThCs 3 EJIEKTPOIITHOI MeMmOpaHw,
3aTHCHYTOI MDK aHOIOM (HETaTUBHUM €JEKTPOAOM) i KaTonoM (mo3uTUBHHUM enektponom) [12]. Ilporouni
mnactuny (flow plates) BukoHyOTH Kijibka BaxMBUX QYHKIN: 1) HAMPaBISIOTE BOJCHD | KUCEHb JI0 €IEKTPO/IIB;
2) BiABOJATH BOJY 1 TEIJIO Bijl MAJMBHOTO €JIEMEHTa; 3) MPOBOJATE SIEKTPOHH BiJl aHOJA 10 €JIEKTPUIHOrO KOoja
i Ha3aj g0 karona [12].

[ix wac mpoexryBanHs nanuBHOi KoMipkn PEMFC moTpiOHO 3HaiiTm OanaHc MiX JOBrOBIYHICTIO i
MPOAYKTUBHICTIO. SIK 3ayBakeHO B [2], SIKIIO MOTPIOHO JOCATTH BEJIMKY MOTYXKHICTD, sIKa HEOOXiTHA Yy TOHKAX,
BapTO BHOPATH TOHIITY MeMOpaHy, SKa Ma€ BHIY IPOTOHHY HPOBiIHICTh. K110 MOTpiOHO 3a0€31MEUUTH CUCTEMY
OiTBIIOI0 JTOBTOBIYHICTIO, TOAI BapTO BMOWMpATH TOBCTINy 1 OLnpm HamiiiHy mMemOpany. Ha mpomyKTuBHICTH
MAJIMBHUX KOMIpOK HaiiOiiplne BIUIMBAIOTH TeMIIepaTypa i BOJIOTICTh. s Toro mo6 MiHIMI3yBaTH BTpaTH,
noTpiGHO po3BHBaTH cucTeMy BucyImyBanms (drier system). Cucrema, sika QyHKITIOHYE 32 BUCOKOI TEMITEPaTypH,
notpedye Menie terosoro (thermal) ynpasiinns i, oTke, JonoMarae yHUKHYTH OXOJIOKYIOYMX BEHTUIISATOPIB
ta cuctem (cooling fans and circuits), sxi 3Hmkyr0Th eexTHBHICTD. JlyKe BAKIHBO Yepe3 Te MAaTH MaTepiaiu, sKi
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MOXYTb MPALOBATH 32 BUCOKHX Temmeparyp [2]. Burisa nanuBHoi KOMIpKH Ta 1i CKJIa0Bi YaCTHHH MOKA3aHO Ha
pucyHky 1, mo agantoBanmuii 3 [12].

Hydrogen

Anode/Catalyst
CathodelCatalyst

Puc. 1. Buenso nanuenoi komipxu ma ii cknadosi uwacmunu (adanmosano 3 [12])

[TanuBHA KOMipKa — 1€ €IEKTPOXIMIYHMI NpWIaj i Ha BiIMiHY Bif JBUTYHa BHYTpIiIIHbOro 3ropstHHS ([IB3)
TIJIBKH JICKUJIbKA YaCTHH pyXxatoThes. Ha Biaminy Big JIB3, 1e manuBo i HOBITPs YTBOPIOIOTH CYMIIII, siKa CIHalaxye,
y BOJHEBIi#l MaJIMBHIM KOMIpIIi MaJIKMBO i MOBiTPs Oinbine BimokpemieHi [2]. Ha pucyHKy 2 moka3aHo CTPYKTYPHY
cxeMy BHIIPOOOBYBaHb CUCTEMH MATMBHUX KOMIPOK, IO afanToBaHo 3 [10].

%’V\’IVV\, Electrical Load

Hydrogen Anode Anode Gas  Nembiane Eldctrode Cathode Gas  Cathode (S)xygen
Source  pecirculation Humidifier  Channels Alssembly Channels  Humidifier AREeE
HoH} {4 ©
—D
Gas Mixture ! M > <l
Properties Aniode Cathode
Exhaust Exlinust
Cooling
System

Puc. 2. CmpykmypHa cxema sunpobogygamns cucmemu NAIugHUX KOMIpox, wo adanmosaro 3 [10]

ExcniepumenTasnpHi pesynbTatd [10] AeMOHCTPYIOTH, IO KPHUBI MOJSIpH3aLlii, mepeabdadeHi MOIENTo Ha
OCHOBI 3ropTKOBOi HelpoHHOi Mepexi (convolutional neural network, CNN), y3romkyroTbcs 3 pealbHUMH
KPMBHMMH, 3 TOYHICTIO MPOTHO3YBaHH: Npnoan3Ho 0,96, yacom mporHo3yBaHHs | MKC i mepiojioM iTeparii MeHIe
1 ¢ 3a uuki. [TopiBHsUTbHUI aHANI3 TOKA3ye, 10 TOYHICTh NPOTHO3yBaHHs MoJiesi Ha ocHoBi CNN Oyna BuIIO0,
HIX y IHIIMX OCHOBHHX aJITOPUTMIB MalllMHHOTO HABYaHH. Y pealbHUX clieHapisx Mojienb Ha ocHoBi CNN To4HO
nporuo3ye noryxHicts PEMFC.
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2. IlpoexryBanns aBromo6iisa B Advisor Matlab

VY [9] mpoBeneHO MOJEIIOBAHHS JIETKOBOTO aBTOMOOLIS MOTYKHICTIO 50 KBT Ha BOJHEBUX MaIMBHHUX
KoMmipkax y cepemosuiti ADVISOR Ha ocHOBI mporpamuoro 3a6esneueHast MATLAB / Simulink. MogenoBanHst
npoBomtocs st aBox nukiiB BoxinHA: CYC US06 ta CYC_UDDS. Ha pucynky 3 npeacTaBieHO pe3yabTaTh
MozemoBaHHS Micbkoro nukiry CYC_UDDS. fk BuaHO 3 rpadika, B IbOMY IHKJIi aBTOMOOITE pOOUTE OaraTo
3YIHUHOK, 9ac MPOCTOI0 CTAHOBUTH 259 ¢, a TOMY i cepenHs MBHIKICTh HOro pyxy nocuTh Mana — 31,51 km/rox.
Yac npoOiry cxmagae 1369 ¢, aBromo6ims momae 11,99 kM, mocsraroun MakCUManbHOT IBUAKOCTI 91,25 xm/rox.

- 7
(] Vehice nput AT 4] Simulation Parameters--ADVISOR 2003-00-10116 —
File Edit Units Help
File Edit Units Condor Options Help
Vehicle Input
CYC_UDDS
100 1
[ -
=
| £ 11
i
= fy
- 50 4 % 0
| M
o
o
@
0 -1
Companent Plot Selection 0 200 400 600 800 1000 1200 1400
fuel_converter v| lfc_efficiency ~ L time (sec)
I SpeediElevation vs. Time ']
Fuel Converter Operation . . _ y
. ANL Model - S0KW {net) Amblent Pressure Hydrogen Fuel Cell System () Description @ Statistics
time: 1369 s
50 1 distance: 11.98 km
25 Cvc_upbs max speed: 9125 km'h
a0 | avg speed 31.51 kmh
= —~
= = 20 max accel: 1.48 mis"2
g o @ ma decel -1.48 misn2
3 E‘ avg accel: 0.5 m's'2
5 20 | | E 10 avg decel 058 mis"2
© idle time: 258 s
. | a5 no. of stops: 17
max up grade: 0%
o I o5 5 100 avg up grade: 0%
0 20 40 60 80 100 120 Speed (km/h) max dn grade: 0%
Power (kW) avg dn grade: 0 %

Puc. 3. Mooenosannss CYC_UDDS yuxny 60dinns ¢ cepedosuwyi Matlab Advisor

Ha pucyHky 4 3a3HaueHO IMOKa3HHKH BUKOPHCTAHHS HEPTii B CHJIOBHX arperaTax aBTOMoOiJs Ha BOJAHEBUX
nanuBHUX st Toro )x CYC_UDDS mmkiry. HaiiOinemi BTpaTtu eHeprii B MICBKOMY IHKJI CIIOCTEpITraics Ha
MaJMBHUX KOMIpKax aBTOMOO1JIS. 32 paxyHOK YacTUX 3yIMUHOK €(DEKTHBHICTh BUKOPUCTAHHS €HEPrii NaTMBHUMHU
KoMipkamu majae 10 78 %, ane mokpamiyeTbes eeKTHBHICTE Oatapei 1o 74 %.

(4] Energy Usage Figure—-AE\llSE? 2003-00-r0116 _‘ _‘ E‘@uﬂ
File Edit Help ~
Energy Usage Table (iJ)
POWER MODE REGEN MODE
in out Loss Eff. in Out Loss Eff.
Fuel O 12602
Fuel Converter 12602 6282 §320 05 )
Clutch
Hyd. Torque Converter
Generator
Torque Coupling
L Energy Storage 2691 2591 252 0.91
Energy Stored 252
MotariController 5872 4574 1298 018 818 548 210 067

Gearbox as7a 4207 366 092 908 818 88 09

Final Drive 4207 4207 ) 1 206 206 ) 1

WheeliAxle 427 3300 308 093 1658 1659 4 1

| Braking 753

Aux Loads 958 ] 958 0
Aero 1056
Rolling 1186

*Overall System
Efficiency

0474

*0verall energy efficiency is calculatsd as
(aero + roling)/(fuel in - ess storage}

| Loss Plot (Power liode} ‘ Loss Plot (Regen Mode) | DONE

Puc. 4. [lokasznuxu sukopucmanns ma empamu enepeii asmomobina (Matlab Advisor)
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3. MociinkeHHs1 NPOTOHOOOMIHHOT MeMOpPaHH NAJIMBHOIO eJIeMEHTAa

IpoTonooOMiHHa MeMOpaHa manuBHa Komipka (proton exchange membrane fuel cell, PEMFC), crioxxuBaroun
BOJICHB 1 KHCEHB 11 BAPOOHHIITBA EIEKTPOCHEPT i1, IpaIfoe 3a HI3bKkoi TeMrepatypu (< 80 °C). Bona enexTpoxiMidHO
TIEPETBOPIOE BOACHH HA MPOTOHH Ta €IEKTPOHH HA aHOI, SIKi pearyroTh 3 KHCHEM Ha KaToli, BUPOOIITIOUH SNEKTPUKY 1
BOJLY, SIK €TMHUI MOGIYHMI MPOIYKT 1 CTAHOBHTH CKiIamHe moprcte cepenoputie [4]. PEMFC cknanaeTbest 3 TBepIoi
eNIEKTPOJITHOI MeMOpaHH, 3aTHCHYTOI MDK HAHOIIOPHUCTHUMH €JIeKTpOKaralizatopaMu 3 000X OOKiB, MOKPHUTOL
MikponopuctiM mapom (MPL), mikpormopuctim rtazomudysiiamm mapom (GDL) 3 mpoToynnME KaHAJIaMH
MUTIMETPOBOTO MacITady.

s 6araromaposa apxitektypa PEMFC Mmakcumizye nudysito ra3y 10 akTHBHHUX KaTaJITHYHUX LEHTPIB i
MiHIMi3y€e HAKONMYEHHS BOJIY B HIapax karaiizaropa. [Ipoxykrusaicts PEMFC cunbHo 3anexuts Bia audysii Ta
BUKOPUCTAHHS MaJIMBa ¥ OKHCIIIOBAIBHUX Ta3iB Ha aHOAI Ta KaroAi, a TaKOX BiJ €(QEKTHBHOTO YIpaBJIiHHA
KIJIbKICTIO BOJIM, 110 YTBOPIOETHCS Ha KaToi. [Ipy BUCOKMX HaBaHTaKEHHSX BOJa MOXKE KOH/ICHCYBATHCS B KparuIi
B ITOPHCTHX CepeloBHIIax. SIKIo Kparui He BuaanuTH, Boja Oyne Hakornmuysatucs B GDL i MPL, ycknannioroun
qudysiro razy a0 akTHBHUX JAUISHOK 1 TuM camuM 3artorumotodn PEMFC. Takum uymHOM, KOMIIpoMic MiX
3aTOIUICHHSM BONOIO Ta 3HEBOJHCHHSIM Mae€ BHpIIIajbHE 3HAYCHHS I BHcoxompoxykrtuBHHX PEMFC [4].
PEMFC, sKi crio)XWBalOTh BOACHB 1 KHCEHB TSI BHPOOHMIITBA YHCTOI €IEKTPOSHEPTii Ta BOIHU, 3a3HAIOTH TOCTPHX
npobneM 3 3alOBHEHHSAM IX BOmOI0. TouyHe MOAENIOBAaHHA TEWiHHS BOAM € CKIAJHUM 3aBIaHHIM dYepes
Gararo(asoBy, 6araTOKOMIIOHEHTHY, PEaKTHBHY JAWHAMIKy B 0ararormapoBux MOpPHUCTHX cepenosuinax [4]. B [4]
MPOBEICHO IOCIIIKCHHS MEMOpaHH 3a JOMOMOTOI BEIMKOMACIITA0HOTO (Pi3MYHO TOYHOTO MOJECTIOBAHHS 3
BUKOPHCTAaHHSIM IITMOOKOTO HaBYaHHS 1 3alIPOIIOHOBAHO OCHOBHI NUISXH MTOKpAIIeHHS MeMOpaH! AJIsi CTBOPECHHS
OinbII e(heKTHUBHUX Ta CTIMKUX MAJTUBHUX KOMIPOK.

VY [4] po3nisaganucs Tpu pi3Hi TUIH 300paskeHb: 1) HU3BKOT PO3AiIBHOI 31aTHOCTI (275 X 1000 x 2000 mpu
2,8 MkM); 2) 2D momepeyHuM 3 mepepizoM HamposmaineHOi 3maTHOCTI (1100 X 4000 x 8000 mpu 700 HM);
3) cerMeHTOBaHI 300paKCHHS 3 ACKUIbKOMA MITKaAMH.

VY wiit poboTi npoananizoBano npubauzHo 4 107 300paxkeHs nanuBHUX KoMipok 3 ¢aiinmy LRTest.tif, B sixomy
MICTSITBCS eKCIIEpUMEHTAJbHI TaHi pobotu [4]. Ilepmra momoBrHa 300paXeHb 3 IHOTO (aiiily Majli HU3bKY PO3IUTHHY
3matHICTh (low resolution), a Apyra HMOJOBHHA 300paskeHb Ma€ CYIEPBUCOKY PO3ALTBHY 3AATHICTb, SIK Ha PUCYHKY 5, e
noKasaHi 1Bl pororpadii mamMBHAX KOMIPOK 3 HAIBUCOKOIO PO3IUTHHOIO 31aTHicTIO. Ha doTtorpadisx Moxna Oaqnta
MeMOpaHy 3 KaTaJlITHYHUM IIapoM, Jaii JoOpe BUAHO MIKPOIIOPHCTHI IMIap, IO MPIUITae 10 KaTalliTHIHOTO IIapy.
Jyxe BaXITHBO, IO JOOpEe PO3PI3HIIOTHCS K MEePIICHANKYILIPHI, TaK 1 mapajie’bHi BOJIOKHA BYIJICIIEBOTO MaTepiay.

0)

Puc. 5. 306pasicenns PEMFC 3 naosucoxorw po3dineHow 30amuicmio. a — ¢pomo 4000; 6 — ghomo 4100

Byno mnpoaHaiizoBaHO TakoX pe3yJbTaT JOCHLKEHHS 3 8 THCSY 300pa)keHb NMPOTOHOOOMIHHOI MeMOpaHH
nanmBHoro eneMenTa SRSegFinal Processed oneWeave Opened.tif. L1i 300paskeHHs OyIii OTpUMaHi B IOCIIIHULIBKIN
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naboparopii Cintest (ABCTpatisi) B 4YopHOMY KOibopi [4], ne He 6y10 MpaKTHYHO BUHO CKIIJ0BHX MAIHBHOI KOMIPKH.
ITicnst 0OpoOKu 300pakeHHS 1 IHBEPTYBaHHS iX onepkaHi (OTO, OHE 3 SIKUX 300pakeHO Ha pucyHKY 6. Lli doTo
3p0o0JIeHO 3 HAIBHCOKOIO PO3AUIFHOIO 3AATHICTIO, 3 iHTepBaroM KoxkHI 500 (oTto, mo qae 3Mory OiIbII JeTaibsHO
TpOAHAaNi3yBaTH MPOLIECH, 1110 TTPoxoiTh B cepemiai PEMFC 1 3miHH, siKi BinOyBaroThCs 3 MEMOPaHOIO.

Puc. 6. Pesynomamu xomn tomeprozo 0ocnioxcenusi RSegFinal Processed_oneWeave Opened.tif

BucnoBku:

1. CrBopeHO aBTOMOOLIB 3 TAIMBHUME KOMipKaMH Ha BOIHI B cepenoBuil Advisor Matlab Ta migpaxoBaHO
MOKAa3HUKY BUKOPUCTAHHS CHEPTii B CHJIOBHX arperatax aBTOMOOLISA IS pi3HUX aBTOMOOLTBHAX IIUKJIIB,;

2. Haii6inpiue BTpaTH eHeprii B MiCbKOMY IIMKJIi OJJEp>KaHO B AJMBHUX KOMIpKax aBTOMOOLIS. 32 paXyHOK
YaCTHX 3yITUHOK €()eKTUBHICTh BUKOPUCTAHHSI €HEPril MATMBHUMH KOMipKaMHu maaae 10 78 %, ajie HOKpaIyeThes
edexTuBHIcTH Oatapei 1o 74 %;

3. IIpoananizoBaHO JekisibKa THCSAY 300pakeHb ManuBHUX KOMipok PEMFC sk 3 HHM3BKOIO pO3IUIHHOIO
3JIaTHICTIO, TaK 1 3 CYHEPBHCOKOIO PO3ALIBHOIO 3[aTHICTIO, L0 J1AJI0 3MOTY O1IbII IETaIbHO 3PO3YMITH MPOIIECH,
110 ITPOXOATH BCEPEHHI MaTMBHUX KOMIPOK 1 BUSIBUTH 3MiHH, SIKI BiJOYBArOTHCS 3 MEMOPaHOIO;

4. Tloka3aHo, IO IUIsl aHAJTi3y MPOAYKTUBHOCTI MAJMBHUX KOMIPOK JOLUIBHO BHKOPHCTOBYBATH METOX
HEHPOHHUX MEPEX.
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Kolodnytska R.V.
Hydrogen-powered fuel cell cars with a proton exchange membrane.

Climate change has shifted the focus from fossil fuels to clean and renewable energy sources, and hydrogen energy
has become a global solution for many industries, including road transport. Hydrogen fuel cells, in particular proton
exchange membrane fuel cells (PEMFCs), are key to the green revolution due to their high energy conversion efficiency
and zero-emission operation. Fuel cells with a proton exchange membrane use hydrogen gas as fuel, oxygen from the air,
solid electrolyte and platinum catalyst as an oxidizing agent.

Fuel-cell electric vehicles (FCEVs) using hydrogen are zero-emission vehicles. In 2007, Toyota produced its first fuel
cell vehicle, the Toyota Mirai, with a 113 kW electric motor. Instead of an internal combustion engine, this car has a stack
of fuel cells that produces electric current. In 2019, students from the Technical University of Delft (TU Delft), the
Netherlands created the Forze VIII race car, which is the fastest hydrogen-powered fuel cell racing car in the world.
Automobile companies Toyota and Hyundai plan to produce 3.7 million FCEVs by 2030.

The paper describes a hydrogen fuel cell vehicle, which is designed in the ADVISOR MATLAB software
environment. The indicators of energy use in the power units of the car for different automotive cycles are also calculated.
Most of the energy loss in the urban cycle is obtained in the fuel cells of the car. It has been found that due to frequent
stops, the energy efficiency of the fuel cells drops to 78%, but the efficiency of the battery improves by up to 74%.
Simulations in ADVISOR show that a hydrogen fuel cell vehicle only emits water.

A fuel cell with a proton exchange membrane (polymer electrolyte membrane) consists of an electrolyte membrane
sandwiched between the anode (negative electrode) and the cathode (positive electrode). Flow plates perform several
important functions: 1) direct hydrogen and oxygen to the electrodes 2) remove water and heat from the fuel cell 3) conduct
electrons from the anode to the electrical circuit and back to the cathode.

Several thousand low- and ultra-high-resolution images of PEMFC fuel cells were examined and analyzed, which
made it possible to get acquainted with the processes taking place inside the cell in more detail and to identify changes
that occur with the membrane.

Keywords: road transport; hydrogen fuel cell vehicle; hydrogen; fuel cells; Advisor Matlab; proton exchange
membrane.
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