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TOYOTA bZ4X

The Toyota bzZ4X

P AR BR IR BHE 2 EH OH S Mt 4
' Masao Hitomi Katsuhiro Suzuki Makoto Hirai Taisuke Hayashi
g5
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[CEBMULEVWEZEZTVS. SRABHRBEVELT, —REEZELTERbZY) - E—HNDbZAXERRLEZ. KR TIX
bZAXDEmELTHIEWVE, ZORBEAMICOVWTHET S.

Abstract

Toyota is aiming to help achieve carbon neutrality by preparing a wide range of product options in
line with local conditions and customer needs around the world. The recently launched bZ4X is a no-
compromise battery electric vehicle (BEV) and the first model in the bZ series, which is based on a

BEV-dedicated platform. This article outlines the objectives of the bZ4X and the technologies to

realize these objectives.
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TOYOTA bZ3

The Toyota bZ3

ho@E EER FH &= 7R BE IO = o i

Takero Kato Shuji Noda Katsuhiro Suzuki Koji Eguchi Ken Machitani
S TR R HHE INE &5F Arg 1
Munehiro Kamiya Masaki Suzuki Takamori Kodama Itaru Onishi

E:3

TOYOTA bZ3(3, Fa%5 & LtEBIRFERAT (UL TBYD)MEFH TRIZLZBYD TOYOTA EV TECHNOLOGYA /K=
—AREH(UTBTET) &, =SS BBERREH (U TSI MRERREFELE, €9 091 TD/INy T )—EV(ELFBEV)
T#%. 3%, BYD, —SbIYDIVIZT7HR—HERY, TNTNDBAHZMEL, "#HULLWKER" ZHhEDFRENRE. £iF
TIXHEDOHAEDIEFZEHLT S0, FERNCHARENI VI ZPREEVEZBEURH SRR UVRRERST S.

Abstract

The Toyota bZ3 is a battery electric sedan that was jointly developed by BYD Toyota EV Technology
Co., Ltd. (BTET: a joint venture established by Toyota and BYD Company Ltd. (BYD)) and FAW Toyota
Motor Co., Ltd. (FAW Toyota). The bZ3 was developed by a team of engineers from Toyota, BYD, and
FAW Toyota, who worked in unison to combine the strength of each company and offer a completely
new experience to customers in China. This article describes the results of the development, which
aimed to realize a vehicle that embodies the tastes of Chinese customers. These results were obtained

through mutual and respectful collaboration between Chinese and Japanese engineers in China.
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The C*pod Ultra-Compact BEV
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Abstract

This article describes the C*pod ultra-compact BEV. This model was developed with the aim of

providing confident and natural mobility to people at all stages of life under the concept of mobility

for all. It is primarily intended to be used within an aging society as a way of contributing to the

diversification of transportation options in urban areas and the suburbs, and to help address

environmental issues.
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Supporting the Development of a Hydrogen-Energy Based Society by
Expanding Fuel Cell Application
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Abstract

Hydrogen energy and the realization of a hydrogen energy-based society are regarded as increasingly
promising ways of achieving carbon neutrality. Toyota is working to develop more advanced fuel cell
(FC) technologies, and launched the first-generation Mirai fuel cell electric vehicle (FCEV) in 2014,
followed by the second-generation in 2020. Toyota is also aiming to further contribute to the
realization of a hydrogen energy-based society. Initiatives include the modularization of FC
components to facilitate the application of FCs to a wider range of products. It is also working to create
new value for FCEVs by taking advantage of the abundant power generation capacity of FCs to raise

the performance and effectiveness of FCEVs in hon-driving situations.
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Abnormal Combustion Control Technology for Hydrogen Engines
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Abstract

The use of hydrogen produced from renewable energy is regarded as a promising way of helping to
achieve a carbon neutral society. In the transportation sector, studies are being carried out into
hydrogen engines as well as fuel cell electric vehicles (FCEVs). Hydrogen is easier to ignite than
gasoline and is therefore more susceptible to abnormal combustion. This article analyzes the particular

abnormal combustion mechanism of hydrogen engines and examines technologies capable of

controlling this phenomenon.

F—J—K H—IRoZa—b3, KERI I, BEMREE, LA w3y, N\NvIIPA47, &8N, aKTST
1. B2 D30T, AKEZEIZUSHEUECNEEE, 2<%

A—MUZa1—brSIL(CN)HEDERICEAIT, BER
BEIRILF—DSEONDKEDEAMNPFINTSY,
KBIRINF—HEDOERICAIFTZIHXIETLRRVEH
RITHNTVS D EBRERFIICH N TE, EfsKRIET
FNF-—BENES<MGEHEZEARTSIAANSE
BEINTHY, 2014F 2N EihEEIE (FCEV) Y
FESNTLERKRDFRANEA TS, TSITAFETIL,
RN Z S KBERAERITOKRIVI VDOHREN
THONTVs. CINSOCNICAEIFTZIRVEAZINRY
R<, SuperMAL—AADKZRIVY VERDOSE %

I CN A/8Z— CN BEHEp

N DOND 2D D<URHRERFRENESDH SN T
%.

KEIVIVDFEND—DICEEMREND D, KFEKIE
AV EBUTEERRNEL LT, SEMER
DELL. KRN TIE, KRFEDEEMBFEDANZX
LT & OIMHEEMIC DOV THRET U Tz,

2. IKFRIRBED

RUTTRT LIS, KRERNRKIRILF—RHVY
JDT0FDIUTEBRLPT L, MEEEEE5EULE
EIFRISENZS), BERAM TEREVTEX - B
MARETH Y, MREEREARIRIC L SENED R _ENHRF
INs.



TOYOTA Technical Review vol.68

=1 MDY

KFE A5 AU
F&E (g/mol) 2 16 70~90
BE (ka/m3) 0.084 0.651 740
HEALERE (m2/s) 6.66 x 105 2.14 x105| 0.5x103
BREE (W/m-K) 0.168 0.030 -
=EHE (Vol%) 4~75 5--15 2~10
BNEAIFILF (mJ) 0.02 0.28 0.25
HREEERE (m/s) 2.65 0.4 0.4~0.5

F7z, ESRT KD, KRIEHV D DRFRBIREK
DTHIINIADIVELRUT, GEFZICHITEENE
NHENRL, MREEERRICRETZIEEN(/YFY)
NEUICKVWEWVWSBNZFEZERD. UL, BEHD
BRECEREIENSHEMNELS, EERBENEC DT
EVOBERBHERFD. B2ITRT LIS, KRIVIY
[FAV D EERR, KIERKICK > TRBEDRIREEZ
FEILTVD. RKBRHIKVBRRRICEXR(TL1T vy
IAV)TRIEERFENECDEIVI VRAADENDR
RNENBEICE<RDY, REtFTREEZERATI
NRIIND. DD, TVIVDMAMEZEERT D
[CIEEERFEDREZINZ DNENDHD.

= T
1500 "%%A )7
1300 £ S
1100
@ 900 T
g
700 |

500 |/ IVIUEREERED
EFEiR EGENHARE [ms]

300
1500
‘“-h———_l VA 092 CeHus
1300 |4
k 0.Ims =————=
LI T
1100 SSEe~k
X
i 900
o
700
500 } JYUIEREEEAD
EEE SAENER [ms]
300 - - : y
0 1 2 3 4 5
E# [MPal

1 KEFEEAVYZAI5(100RON) DEXENT YT

>
|
il
ﬁ
ot

BEETLAT_v3
\
9

TUIEANER

A
RNFIZT
TII0300M8

e
”~

X2 BERREEERE(CTLATZva))DLLE

3. KRIVIVDTLAT w3y
KRIVIVDTLATZvoavg, EKREMNOK
ATdE, ORTITEEEN(INYIT717), QFER

TLAT w3y, QHERTLAT VI3 VICHE

TND. ENFNOERICDOV\VTREEZR DT EXTHR

DiRETZ=EREUTZ.

3.1 BKITREOBEXNYITPA7)

NV O I PATIEEICEREKRERBEGLTHSEN
[CIRATDARNDIVIVTELS. E3ITRI LI,
RSATERISESIDBEENNEL D &, BEETNEHE

HIICETRARED OIS, ERNVEREBEDEE =N
BFCIFRBEL WS EN S HAZ/ONR. Tz, RS
TRERIEMANIVITBRENTVND SIS, BREZED
25 BRI C L VIS A EE TR R R — &8
MIBDET, RAR—FCIRT[YZR—ILRHEELL
LOEEREEDRFEARICTSINZDBEEDHD.

/\\y77747@%%5@|¢%W®mm0}§§%ﬁzta‘a
DEHWEINTNS. ZOEHEELTIE, BRICHEEL
ﬁﬁﬁ&@ﬁﬂ%ﬁ‘zm%%ﬂf&l:;o‘(%i@ﬁ%l:@%
ENR#on, £z, IVIVDOEREREPAXN TS
DREICIFRENAHONBEHNOZzhTHS.



TOYOTA Technical Review vol.68

8NR-FTS PFI 2000rpm BMEPO.2MPa A 2.0

2.5
g _
S 2 EEEN
H 1.5
i N
L. . .
“\\ TLAT w32
5 0.5
H .

0=

-3% -270-1 -90 0 90 180 270 360

mEiTE 95209745 bldea. ATDC]

A =21 TR

®3 JRIITIEEFEXKD 14

NYOTPAPHKRTELPTVERELTIE, H4
ICRT KD ICAREMEDEVEREICENVTEX
ENHENFENICE<RDHTHDIEEAOSNS.

— 10
3 1200
E S IN\AVAI5Y
5 _
2
B <,
z 01 K=
w FLAT s R
0.01 - ; . s
0 1 2 3 4 5
EA [MPal

4 KREAVIDERENHARDENDRELLE

INY I ITFATDRIED—DIE, BRZEB N ZADRE
ETRETIESIENEMTHS. fleLTIFETD
EEBEIMSED) MY, BIRAXZRETES
EGR(Exhaust Gas Recirculation)fAEMNEE (TS
ns. 2L, ZR THRMITDHEF, B5L£Y 700~
750 CHREFCTAENULCTLRDEVWSHERMYE
BRHY, NZ>TNYIITPATPRELYILRDH
FENVETHD.

1

P I°‘ :"ﬂ‘ri'rﬁ’;l}l quatian

= 0.1}
u EGR 70%
m 001 EGRT0%
B REEE EGR 30%
@ 0.001 } iq.O/
= .
w A2.

0.0001 | 1 FLo=woazim

L Tl ZwiaishR

0.00001 !

750 800 850 900
BE [C)

B 5 KEDENENADZEZHR-EGR ZRDFE

600 650 700

FEOI—DODOREELTIE, E 6 DLSICHEIZD
SHUDHEEET, REHREERETDTREEVTERE
METFULERICMHEES T RNEREBERKRINNE
AoNd. N\VIIPAT7ZHIEUTCEREEE TEE T
BEDICIFREBWNRFETHD. 2L, BERMZ
AWBHZBICEVTE, SR CRNEERAZINF
TEIDEKFERICEMUTILATZvIavMED
DEREHN GBS, BENREB<STHERVEREEN
BOERERS TERENEETHD.

M S — g

[EHE1TE

6 R—MEH EEANEREN DR



TOYOTA Technical Review vol.68

3.2 BERILA1I=ZwI3y
KRTIEAVI VRBEERRICBRER AT YD
IVNEULD.B7ICRTEDIS, FLA1oZvoarvnisk

UB&, ZNENBENTAIILBICREICRHLELT
WE, BREARENERUTCRE T ENHETHS.

8AR-FTS DI 2800rpm BMEP1.3MPa A 1.0

15 =
FLAT=VIT /N
FEERSHAN ~
25N

-
o

TIUIUEREA[MPa)
(62

BRI
30 60

.\O

0 30
9507207 [dea.ATDC]
7 fKRERTILAT=ZvI3vn 14l

IVIVRARDERIBICKVEER T LA v
JDENDRFEBREUZECS, FISICTRTLIICH
KTSTDEBETHRMENLUTVDERTFHRHS5N, H

TLAT=voay

TUIUEARE (MPa)

VD ERBRDODEBEKETHDZEDDM k.

RICKFRDBEEKDEDENREBRDRKTSY
DERMBEZRELEL. COBREAVIIIVIVD
BRELEBULEEDERIITIRY. KEDHAIMBENDER
EBIEAVIDLVEHN200CEVCEADM . 2D
ER(E, KROAGEER (R NES, BAXDEEN
ERUPTVEHEHEIND. WERELT, RKTZT
TERICBYPTVERERS LUHOEBDREZ
200 CEETITSHIC, BELRUICKV\WSEMED =
KISV ERFELUL. B, AVIIIVIUTIERKR
BZEETD1HRAK TS IRAICHBURZIRZE RS
DHENRHDDT, MK TV BEDERICIZRAENS
3. UDNUKRI VIV TIIRARADAEREL B8,
CDFKIEIERTDIHENRRN, BER ST DOXE
EUTIRRAKTSTEDERICRVPCT VERGRDAE
ZELEUVAEEKICESRVEETTERIDENE
ETH5.

1
-100 -50

1
TDC 50 100 >

25207270 (deg.ATDC)

M8 REMTILA(I=

WE IO Y o ol



TOYOTA Technical Review vol.68

1050
X
1000 TLAT—woausE O
N o
oso| AYVUY g O§O g ¥
00  mmms
900

#9 200°CHEW
850 #1 200°CIE

800 | 7KK g
@ \J

RNT S I RERE [C)

TLAFdZvasF#E 8
0

-
O10200 2400 3600 4800 6000 7200
ToIvEEEE rpm]

B9 |KRERISIATZvIIavDHERERE

3.3 BREILATZviay

RO TLAJZvIav a8 cH5ND
CENRZW. FIELTT000 1 2VIC2BIFRE LS
BlZE10ICR Y. BERTLATDLD ITERHNICTL
AT ZvaunECRWES, BEKEOEERTAIIL
CEICEETDEEZOND. Ffe, EICERN UM ESE
RHEICAIETDYII T TEUDZEND, EfEICEK
SHADERE LRNERELTEZSNS.

8AR-FTS DI 2800rpm BMEP2.5MPa A1.0

20
g MFERTLAT—vI3Y
S s .
5
g 10
g
N
R o
A -
90 -60 -30 0 30 90
235209727 )deg. ATDC]
20
— 2[E/1000%1 2
S 16
E 12 s 0
8 @ e e e e R
S ‘
N 8
0E
PK 4
R}
00 200 400 600 800 1000

H12)b [#]

B 10 BEETLA14TZvI3avn 14l

PEZEEEICVZaAL—V3aVICKVBERDERATR
DEENTAOINEICELT DEMERABLZECS,
E11AICTRT KIS, MK TSI DRETFERERUEBDIR
8 (R4 bR TRURIEMME FUIRBOEL T LC
EROh o7, CORBRMNS, BRDEEBEHADFEIN
TR TRVWTA IV TRTYMADHAHIDERICESD
EMHERIIND. £z, B11BISRT LD, RTVEA
BARTVERIINIKSEEN ERULPT VW EE
Doz ULENS, TSI RTYSADZREHADRES
DNARFRBTA VI THANERICRVBNRERD &
WO RERZEILC Lz,

RTYEEEKX
Y o
5*7770) Ry bZiRy b E
: : 71"’7‘/#“8?0) Ay R ESEEI
iﬁ‘ybzm"yhﬁ

11 SRTFSTRTYMNIBITZHBERELR
CDIRERDIREED =8, R2D KD RN TSI HTT
EZZEL, TSTBESLUTIIRTYABREDEE
ZRBLE. TORBRZE12ISRT. IDKLSICTST
ETICHUTHRBED LA ZvIa v DRESEEIC
EREUTHY, BRENRHDCENHEERTE.

&2 RRTSTHRT

HS o | @ | @ @ O]
L—2FART BE | 2o
BB _ _ | =
(2] 7% | &8
JSJ%f | Base +1
an o Base | 15 | <17 | 111 | +49

65 —



TOYOTA Technical Review vol.68

8AR-FTS DI 2800rpm A 1.0

35
830 %
%H§25 Do
N $20
m O (o]
2815 ® @
11210 00
o @
YE 5 o <
A °
N ole o

1.7 19 21 23 25 27
BMEP [MPa]

B 12 BEBITLATZvIaryDHREEE

BRBTLAT ZyIauRgRETDIRINNVIETS

IRTYAERETRELZEDS, M13ICRTLIICE
BARSVWEERENVIMET TSI ENRDNS. KL
L&Y, WEREVTIETS IRy b BEZERANE<U
TRTYRBDOEEAZANMRIINCIT<TEHED
B THS. AUEALS, RKTSTUNDIIIUE
ROMEBDBREBNERTD_ENERTHD. £,
TV MR TEL DRBRDEE AR IIERICTRE UIzRT
ITRROHR[ARICHFKT 5728, FHEBHADREER®
BREAEDEBEENINRELD.

N
~

™
OV)

V]
@

RZ = 0.8672 )

.8
-200 -100 0 100
KRKTS TRy BERZE [mm3]

B 13 BRETLA4TZvIavEENVIICHTS
BNTSTORTY N BREOE

BT LS way
HEBMEP[MPal

—

4, XEH

AT TIE, KRIVI D DEEMRBEDIR R ERMT & Xt

HIRETZ1TVY, LR ZEAS AU,

O BRITEAOBEN(NNYIIT7A7)IE, BREK
FROREJEBARICIRAT RIS, BRICE R
BDBMAXICLVBER[DMBASNTEEXTS
BETH 3. WEREULTIE, EHEHZBEDER,
BEBAZREERZRE T8 P L THSRERNICE
BOKRZESH T IRMORANZETONS.

@ BERTILATZwravidk, AVUIERRKIZ, &
NOEEHRDREMCTCELDBEKNRETH DN, K
RIFAVI I EHBRUTBEXNRENF200CE
W e ofz. WREULTIE, |KTSTET
BICRYP T VERRDSEMZR LTS ETHRME
BNBEICESRVWELIICTRIIENEETHD.

@ BMERBISLAIZwvIaviEk, F3IRTYNEDM
BTHa/BR - AEINT ICHROERITAIILDE
BOBMARICLVESIDIIASNTEL DSBS
KBRTH2. JWREULTIE, BREHRDBEPE
ERRT D AENY, TSI Ry MEDOBERDMER
DBREEERTDAENETOND.

ARZEBATSCE TERERREZIHIL, KRIVY

JTHIBEURERA—NN—AD)—X2021, 81248

BIL—RZRETDIENTE . S8, TOICRMTZE

T, JUESEN BURGKRIVIVZREFAETEET

CNERICEBMUTVWELL.

WGAEE

FRRDERIE, RAZHET YV —DEEEE, 2Rk,
FIERER, MRPERD TR AICLVESNR U, REGHLLE
(FET.

WESE 3R

(1) ¥BHEXEE “2050F7—
TV —URERER” (2020)

(2) 22T% vol.44 No.6(2005)

(3) BESFXMEFR:E2016F4H(2016)

MY Za—r3IVICHD



TOYOTA Technical Review vol.68

BF Mt =tE K& hE A



TOYOTA Technical Review vol.68

BHHEEEDOSHY

The Spread of Electrified Vehicles as a Power Source

EE ARG I AER XA

Shinsuke Sugano Shigeki Kinomura
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Abstract

Toyota has worked to popularize electrified vehicles based on the principle that these vehicles can
only contribute to society when used by a large number of people. The capability of electrified vehicles
to supply power after a natural disaster when lifelines have stopped functioning has also been
recognized and is acting as a driver for popularization. For example, Toyota offered support to affected
regions after a massive power outage occurred in Chiba Prefecture in 2019. The many lessons learned
through this experience created the opportunity for continuous improvements (kaizen) and prompted
wider adoption of electrified vehicles as external power supplies. Power supply technologies are also
entering wider use as part of next-generation power systems, such as local power generation systems

for local consumption coordinated with renewable energy sources to help achieve carbon neutrality.
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