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Abstract

Fuel cell vehicles (FCVs) are being developed as a potential solution for environmental and
energy-related issues. In 2014, the Toyota Fuel Cell System (TFCS) was developed and installed
in the first-generation MIRAI to help promote the use of hydrogen and encourage the wider
adoption of FCVs. This article describes the challenges that were faced, and the productivity
innovations and practicality improvements that were adopted in the second evolution of the

TFCS to help further popularize FCVs.
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Abstract

The development of the fuel cell (FC) system for the second-generation MIRAI succeeded in
expanding production capabilities through further cost reductions and productivity
improvements, while maintaining the humidifier-free design and cold start capability of the
system adopted in the first-generation MIRAL. At the same time, the performance (output and
efficiency) of the FC system was enhanced while reducing size. This article focuses on the
configuration of the FC system, the initiatives carried out to increase cruising range, and the
approaches adopted to reduce noise.
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Abstract

The first-generation MIRAI was launched in November 2014 as the world’s first commercial
fuel cell vehicle (FCV) . Compared to the fuel cell (FC) stack used in the first-generation MIRAI,
the FC stack in the second-generation MIRAI achieved one of the highest power densities in the
world (5.4 kW/L, excluding end plates) by adopting innovative material technologies for the cell
flow field structure and electrodes to boost performance and reduce size. In addition to
installing the FC stack under the hood of the vehicle, a new external filling constraint structure
was adopted to help prevent cell deviation. These measures enhanced the gravitational
acceleration (g) -resistant characteristics of the FC stack by 1.6 times, thereby helping to ensure
impact performance. Furthermore, measures to help reduce costs and facilitate mass production
included halving the amount of platinum (Pt) used in the electrocatalyst, adopting a continuous
roll-to-roll production process for the titanium bipolar plate nano composite (NC) surface
treatment, and achieving a high-speed adhesion process by redesigning the cell sealing structure.
These measures helped to reduce the cost of the FC stack by three-quarters, leading to dramatic
improvements in productivity.

F-U—F FCRIvT, L, HHEBE, HiEEE REWE BME MK WG EIXb~ EEEL

FUO&IC

2014411 8, HR(TEERITFE 1 HRFCRI v
O =#EEH U FCV [MIRAI] =miR{ELin ©,
THRDEREBIELUT, SitEE - IR NIEE
BOE 2 A FC RI v IERRE L.

E2MRFCRI VI, BILRBBESLUE
BOZEHFICL BN LS/E EZRY, HFR MY
PUNILDEABE 5.4kW/L (T RFLU— MR
<) BERUL, FCYRFLZE—IKL (FCRY v
J+REIV/N—% FCPC i FHaix & D BOP)
UIciET, 7—RTME#EZOgEIC L (B|1).

39 ZEV I 7T MU— FC RERIEER

—7, E3X b~ - BELICHIT, Sk FCEH/
MBS LUESRB TH 2 EBEAE Pt DEREEIE,
ENU—9FKERE (F/3VIRIw ) oO-—)b
to O—JLCOEREEL, BIVEBERIFICKDE
BY—ILEREREICKY, IR M/4ZFIR UL



E2MHLF CRY Y IR

AR ClE, SMHRE - N EUEDF M TH DI
MBS KUBBDER, 7— RN TEHICHITS
FC X9 wJ OEEEREED L, B3N -2
EERATIC DV TR B,

2 FCRIvIDEEREE

SiteE - N EULZERD DA T, BEREEL (8B
BEMNERACVIRSITEZERET vY) T25C
ENBEETHY, BILDRBEIESED KUEBBDER
MHEZSZHL, SBRETSEICHKET DEMKD
KM ZEE ELT, SHMMERN\DBRILZIEE
9BHET, BMENEEICYDEZ 15%7 v
7 LiE.

2.1 TIVRBEEDEH
TCILDORBEEE LT, — MBS — NER
B, FELCBERNCERKIEBELEL, BRI
HPRE(C K RBLTEHICEEN B -1 @ (M 2).
£ 1R FCRI VI T, EIRBELTER
R 3D T 7 A VXA WY IRE (3 RITHRHHEE
FhmE) #REREL, SEXEICHIHEINDERKE
FEPOTTEEDOEERKNR TR EIFT, BERILE
FREZIHLU, St ZzRBELE (E3).

/{U—9No2 (KFEHi8)
E/NXL—9No1 (ZERREE)

T/N\U—FNo2 (KFEER)
DTF7AVRY Y (BRI
\ #/fU—9INo1 (FiR)

i

A DREKD R

3 3D T7A U Ay 2 RBDIRKIRE (X7 CT)

TovoTa Technical Review Vol. 66 Feb. 2021

—7, E2HRFCRIVITIR, BILOHRE
BHE (FIVEENU—9 3=228B/) &F
EEBAMAEEXR7 v (NIZR—=ILR 4= 2 0EB)
ZHV, FCRYRBZRFE L. &YIREIE,
A b U— NMERBICOREBIEREZR - I [E188ZE%
T2 &ET, BROMGBBAICERZRHINITES
B¢, gkt s BRIEEEEm ELTVD © (E4).

BUIREN DBRIGAYDE R4 ifEg)

H4 RV (LEEANDZESEYIAG)

R, BEADEMKDEKIDNRL, Al
IRBREADBREEN AN L—NEICH LT 2 B2
EE<, 3D 774V XAy Y 21misEBRICEERIL
HEZBETED L&D ofc (B5).

BERE TOEKIREEXECT)

(AR EREDEFRREQCAE]
2.3(8

3 0T U Y1 RS

5 BKYIRIBOERKIR(L & BRI

FE2HRFCRIvIDEIVEBEZR6 [TTRI N,
KRFDI—TREBEL, F1HRAD25—-23
BDART—FREBICHL, /VERNOERE—t
EHPKMZER LELTWVS. &, BEREKRZXNGD
MCART CET, ERKDOEIVABBIRICK DB
HADKNSVAZRL LU, AEINEL A FC X
TLCBIFDEBLEMZERRU.

23



=
RS

() iRES)

IKFETRER
(9 T—T7k8)

6 FE2MLFCRIVIDEIVEE

2.2  EBRROER

FE2MRFCRIVIDEME, B7ICRIELD
(C, BEEYEZEABICOLEL, SMEMEHES
I DEEBET v (GERBEL) ZH>TWVS.

152, MERBEFMESROT A F / IOMEIESR
ETofc. MEH—IR VB E LT, IEROPEN—
MYVIFREIC Pt ZIBRFEE S T & T PLABAEDG
FER->TWOED, WBLTWBSTZ A4 /DA
VB EIC K UIEENE T I 2REN B, il
([CZFABEH—MR> MCND (Mesoporous Carbon
Nano Dendrites) Z#AB Uz, MCND (&, 74
F/INADADBRVHEEX VAL ZBL, PtD
80%EEEN MCND ORBPICERHENTHY, 7
AF/INPLICEEEMT DDZERIT, LR
BigsEIHE U, Fe, PtCo aeMEDEBE
7wl (BH8UE) £EHbET, MEDEEZEN
50%@EUfic (B8). —7, 744./xXEUT,
FHRICEMRBE 4 /XYZHAL, BREE4
ZI3FBICELELE &5, BEEEDEEEZSD
eFle Ry FRE=ERAL, 7O/ EEEZ 1.2
Blc@mture (B9).

BREERE, BREOHERZEY Y SIBHT LT,
gREL (MO 108 LKEROIJORF—/N—
ERERY, BELE (29%HE) ([C&k>TFO
VoBEZE 1.4 BICELEU.

LB, Hh—RYR—/—EHDEZBELD K
UHFLE 7 w PIC & ) A RAIEZ 25% @ E UTe.

L5, BILDORBBES KUOBEDEFHICKOT,
ARAEEMEE EICKDBEBEERER, SO/
BEMOLEICKBBETHBEERER, MEEED EICK
2 EMHEBEERICK Y, BREMEBEZC) DWE
7172 15%@ LUz (B10).

(EEEE]
gl

E
S70MEEELAME
, G EE )
EZE
= HRIEENE25%T v T

[fnigrE]
SIEHPtCoaSRE/ZILE N —RVIBlE
+EBRSRTAF /T
SHEEMES0%7 v
+EZREBME/ O M GEE.21E

®7 £ 2t FC X9 v IDOBMELF

(S : hsRA—RV1E(F]

FAAIR
o=mENPt —\E

(521X : ZFLEAH—NVBE]
FAFIT

@=FEDPt
@HERDPL

L)
L - j 3D-TEM

B8 ZAEH—KVIBE (MCND)

02 -7 |
PtCofitlz PAF /X
O2 NY ¥ 7.

h (@)
4\H £

H*

315

1BxHE

1.28

St F2iR FIHT B2MHE
(R EBME] (70 b MRERE]

9 EHMREBBYAF/ DY



FE2MLF CRI Y IHEHE

ERBAEESE Y D
#7731 5%mEE

TIVEE (V)

£ 21
1K

BBREE (A/cm2)

10 |2 FCEILOMEE (-V 45E)

3 FCRIvIDINE - BBE(L (HAB
#BE)

F2HRFCBILIF, SMHBEEICLY BILHERY
DEN%ZE 26%7 v U, FCAIvIDERH %
114kW D5 128kW (LSO —Fw U, —5h,
FC X9 v I DER, MERTKDICEIVE
TZE1.34mm 5 1.1 Tmm (&L U (/Y0 —
IEAIE0.13=0.10mm & /S — 9 ¥R
3=28), TBIC, FEITEDHRARERZE 20%K
BREULT BEYT 3 t)UEHEIE (370= 330 =)L)
([CKb, /A - B8t (33L- 41kg= 24L - 24kg)
ZH-oz (®12).

[58 1 {XFCtIL) [EE21tHXFCEIL]

% a1 e N2
l y \\— | [/
& S
7 2 —~ i

& ! ' 'y @
I ; g 2 | i
N = N H E
! L 8 &
g N % : 5
o~ 7 AY 2 zZ
e 0 ?
BN 4 A
W4iRE | i n 2710 N2
é ‘;: Bal § ]
) i

K

=

ER
ZIVES1.34mm | | EEE111mm
11 FC EILDERIL

TovyoTA Technical Review Vol. 66 Feb. 2021

(51 HRFCRI v 7]
370l

[EE2HXFCR I v T]

330t)b
>

®12 FCRIwIDHFEE
(T RFPL—FERL)

PlE, St - B8{blCKkY, R by
TUNILDHBHNEE 3.5= 5.4kW/L, BE
HEE 2.8 = 5.4kW/kg ZZER Uiz (B13).

6 EpreT

FCRY Y%

P LA
[ ]
T

w

[N
ey
E3
&

N
(62

- N
T

20085

FEHEE (KW/L)

o
n

o

2 25 3 35 4 45

EEHHEE (K\W/kg)

K13 FCRIvVIDHHBE
(T RFU— L)

o

05 1 15 5 &5 6

4 FCRIvIDT— RTEHEICHIFSEFENE

FCRIvIDT—RTEHICEDRL, EZRE
DI G 4gEZB LT 2HNENGS .
FCRIYvIF, BEANDCHULT, BEERE
EKRBZEDERNS, BILOBBINICELDY—
IWARZRFIET 22BN G D. FC AI v I Dk
HEE VB DERFREIC LY 4 OB ERERAIC
F2TC, BILEBAHRFREINTWVD. EEGEN
EBADREREENM D SIEBSICIE, HERHSR
CX>TEIVEBEBINZREELUNTINZ D120,
E1THRFCRI VI T, BEICLDBHEHICEL
CTEIBEHENENICECOZFNAL, AIwvT
T—XCHTCBRETHEBNDRAICKY, EBILY
NZEHREELUTICINA T, BLWVWEZADITHIGL
= (E14).

25



26

7 —2 [F=gG] 17
2 [F—o | wVEE RS
| jed Vvl

el i =y

- '!““ml I'« " A 8 2] sunme
lll Ilhl illn‘i ﬂ.ﬂlmL

. wahf
0 SRR
14 $E11XFC X9 v IDT—Z5ERHIR

I il (M RIvOBB

O | ¢ EAILRE
= |c: EERILR

P : fHitEfEE

—A, F2HURFCRIwvITIF, FlzCREHEL
74UV ITHBHRBEZFRALTVLS (B
15). TOT7« UV, FILZFHHTESTIE
SEfeYUI—rTLA0TOvITHY, CIVEE
HERI Y IT—ADKREEEDHTND. T UV
&, BEVEREEER(TDEBLLBBITASTY
—DEFEEBEULTWVND 28, BRBICKDTIVEE
KDEHEZZ, CILITNEZFIT 2T ENTE,
it G MEEZMERD 1.6 BIC@LEL, 7— RTEH
CHBIF2EHEEEEZRERLU.

ABET 4 UVITTHR

15 B2 FCRIVIDT 1 UV THERIR

5 FCRIvIDEIRME - EEIE

FCRYvIDEIXMEICBVWTIK, Sl
FCEBMRBRUEEDRNEBONBZVEEED
Pt AMRIR EDEREZHIFT 5 ZENEETHD.

FE2HRFCRIVITIF, BILVREBEERD
BEOEFICIIEBARABELEABERENAE

PwITK>TEILTA X%Z 20% /N Lic. &5
(C, KREBMMEICLD /I EBKEHIE, SHEEERED
SR, FYVBAEEREHEIR, MFEEEHLIC
KB PLE¥H (B16) [CT&LY, JRM1/47ZRE
RU.

3

<

® PtE

3 72%{ER

=

o

el ~_ 58%IE

+ * . 7 |
2008FETIL  F:1iH E21HK

16 HAZHEEY OftE Pt (KR

—7, 2EEICELTE, BILOEEY—IUESE
ZRIF L, EPDM JLDNRZEENS 3IEY— b
DATABPEBEH LV UV BILEBICKY, 97—
F—h oI —F—ICH 100 BERTEBETEEE U
c (®|17).

[% 1 tHH{FCtIV]
DTFA VAV AR
‘ t/SL—%No1

IS

(EPDM) t/¥\U—%No2

(28 =3B H R — NiRR)

[E21HLFCEIL]

£/ —9No1
(Y REB)

i mm.

UVEB{LiEs t/\L/ SNo2
(D T—TE)

ORI
GEY—k)

17 FC L OEEY—ILEE

CDIBY—KEF, RUIFLYFTIU—bH
PEN EMOMmEIICKRY MXIL M EBEBZ S =X —
MIZUEBDT, BIVEROEZE(EZIR D1
DIEBSLUCRBEEDORELZR >TWVS (H
18).

Ry bX)L MEEE

2 HFE{EPEN

(2 SHEE{EPENDESE)

18 3EY—hDBE




F2MCF CRY Y TR

Ffo, FYVERE/NNU—YDREIEICEELTIE,
ek, TUARBBOE/NU—FICFZAY CVD
ZRWCH—R>F /3—K~ PAC (11 -Conjugated
Amorphous Carbon) ZHENLILTLZA' (B
19), Frcicr /avRIv b~ (NC) ZRHEITS
Z&ElERY, FIVBICRLTCO—/LtoO—)LT
EfEI T ZTeEC Uiz, NC RENEEIE, H—R
VETIOXDAVRY Y MEETH Y, BEM
BUZFQRA. BEEBENTCVRIENS, &
EHUEBRICTURAMEIT DN TEEICH > (K
20).

A HREA
SN

FHN—

i INA 7 AETE s

s

1

- l—_J
(FSR<CVD)

H19 %1 HEOREUEF / H—R>I—k PAC

NC 40nm e

g BZT (BRI EHIE)

20 52 HXOKREWIET /IR w kNC

6 LTIV

FCV DT HRR23ENZBIEL, FCAYVIDE
MCKY, BESD - NEUEEERL, RNy U
NIVDOEABE 54KW/L (T RFPLU— RBL)
ZEER U

—7, EIR ~ - EEICETS, S FCEA
MEH PtEEDFEREEIRL, IR N 1/4 £5I18
Ufc. &I, ILBEBEZERFL, YA IILT A
LEDH =S —hoWF —F —TCOEEREEETRE
[CUTz.

Pl E, BREERMBHE FC XY v IDEFEICLY,
FCV DERMET v THEN, FCV BB KUKE
HERERICAT, BRICEEERT D ENTES.

BEIC, ABRICHREY, I, JHAOVER
WeBEREDERRISE BRHE U LS.

TovoTA Technical Review Vol. 66 Feb. 2021

WE=Z30k

(1) KEFRBID : SEE - BROAMRI w I DB
% ~IIFIT=HILEL— Voles,
2019, p.49-55

(2) BIHIESEEH @ X #& CT ZAL ISt AEs
DKZEEEFE. TV —FT I Al a—.
Vol.13, No.1, 2008, p.37-43

(3) HEHEIFH : FE FCV DRERICHIFS CFD
DER . BEERINEEEAR T4 —J LT+
Zb. No.15, FORUM14, 2015, p.63-66

m=E

,
KEF EHE

7 =A

KRR =th

™
R

BEA 8k

27



28

R 2 HINBEKRITE Y AT LEHE

Development of the High-Pressure Hydrogen Storage System for Second-Generation MIRAI
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Abstract

This article describes the evolution of the high-pressure hydrogen storage system developed
for the second-generation MIRAI with the aim of helping to further popularize fuel cell vehicles
(FCVs) . New high-pressure hydrogen tanks with three different lengths were developed to
store the necessary amount of hydrogen in the system without sacrificing the interior space of
the sedan-type vehicle. Some of the lightest tanks in the world (weight effectiveness:
approximately 6.0 wt%) were developed by adopting a new high-strength carbon fiber that
reduced the fiber content of the tanks. Mass-production capabilities were increased and major
cost savings were achieved by adopting a newly developed fast-curing epoxy resin for the
carbon fiber reinforced plastic (CFRP) used in the tanks, and by adopting new machining
methods for the high-pressure valves and pressure regulater. The same high filling efficiency as
the previous system was maintained despite the adoption of three tanks with significantly
different volumes by measures such as optimizing the temperature sensor layout. In addition,
the developed tanks and valves obtained certification under United Nations Regulation 134 (UN-
R 134) , which was established to allow mutual recognition of FCVs and other vehicles.
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Production Engineering Technology for the Fuel Cell Stack of the Second-Generation MIRAI
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Abstract

One of the objectives of the fuel cell (FC) stack developed for the second-generation MIRAI
was to help achieve full-scale popularization of fuel cell vehicles (FCVs) by expanding

production capabilities.

New mass-production technology was required to achieve this

objective, including high-speed machining and inspection processes at least ten times faster than
those adopted for the FC stack of the first-generation MIRAI This article describes several of the
manufacturing processes that were developed to reduce costs while ensuring quality.
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Production Engineering Technology for the High-Pressure Hydrogen Tanks of the Second-Generation MIRAI
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Abstract

One of the objectives of the high-pressure hydrogen tanks developed for the second-
generation MIRAI was to provide even more reliable and safe tanks at a lower cost to facilitate
the realization of a future hydrogen energy based society centered on fuel cell vehicles (FCVs) .
To achieve this objective, high-speed machining processes at least ten times faster than those
adopted for the high-pressure hydrogen tanks of the first-generation MIRAI and technology to
ensure stable quality were developed. This article describes several of the manufacturing
processes that were developed to reduce costs while ensuring high quality.
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The Platform and Body Structure of the Second-Generation MIRAI
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Abstract

To realize the emotionally powerful styling and fun-to-drive dynamic performance of the
second generation MIRAI, the platform and body structure used for the original model were
wholly revised. Based on Toyota’s wide-body GA-L platform, an innovative fuel cell (FC)
system installation layout was combined with a highly rigid body frame and redesigned chassis
components. These measures helped to achieve a roomy and user-friendly interior, while also
enabling emotionally powerful styling, refined and comfortable dynamic performance, and a
longer cruising range. This article describes the platform and body structure of the second-
generation MIRAL
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Abstract

“Design always has a reason, form always has meaning.” Tokuo Fukuichi, Toyota's global
design chief until 2019, often said this to the members of his design teams. It means that all
final expressions of form must be built on the foundations of purpose, objective, function, and
other elements. The design theme of the exterior styling of the first-generation MIRAI was the
embodiment of ingenuity as form.This theme aimed to showcase the new type of value provided
by fuel cell (FC) technology.So, why was a new design adopted for the second-generation
MIRAI? Why was the decision made to change the outward visible character of the vehicle?
This article addresses the thinking and intentions behind the decision to adopt a new character
for the second-generation MIRAL
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Abstract

The second-generation MIRAI was developed with the objective of achieving a refined and
vibration-free driving experience from the moment that the vehicle moves off, comfortable
acceleration, and fun-to-drive dynamic performance. Reflecting this objective, the noise and
vibration performance of the vehicle was developed to realize a quiet and superior experience,
particularly in everyday driving scenarios. In addition, to enhance the informational function of
the vehicle, which is an important aspect of fun-to-drive performance and dictates how vehicle
behavior is communicated in response to driver input, an acceleration sound was developed to
fit the acceleration characteristics of a fuel cell vehicle (FCV) and the image of the second-
generation MIRAL This article describes some specific examples from the noise and vibration
development of the second-generation MIRAL
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Development of the Dynamic Vehicle Performance of the Second-Generation MIRAI
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Abstract

Although fuel cell vehicles (FCVs) may be regarded as the ultimate environmentally friendly
vehicle, the second-generation MIRAI was not developed simply with environmental friendliness
in mind. The development also aimed to achieve a refined and vibration-free driving experience
from the moment that the vehicle moves off, comfortable acceleration, and fun-to-drive dynamic
performance. In particular, this meant focusing on achieving easy-to-drive, confident, and natural
dynamic performance by maximizing the drive motor characteristics, without fixating simply on
acceleration times and critical cornering performance.
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Development of the Aerodynamic Performance of the Second-Generation MIRAI
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Abstract

Two of the important objectives for the second-generation MIRAI were to substantially extend
the cruising range of the vehicle and to realize emotionally powerful styling. To help realize
these objectives, the aerodynamic performance development aimed to: (1) enhance underbody
airflows to facilitate the installation of three hydrogen tanks, (2) optimize the shape of the
exterior design, and (3) achieve a balance between the oil cooling system of the drive motor in
a rear-wheel drive layout and aerodynamics. As a result, the second-generation MIRAI achieved
a cruising range of approximately 850km in the Worldwide-Harmonized Light Vehicles Test Cycle
(WLTC) that measures fuel efficiency. This article describes the aerodynamic performance
development of the second-generation MIRAI.
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Development of the Passive Safety Performance of the Second-Generation MIRAI
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Abstract

One of the missions of the second-generation MIRAI is to lead the way toward a hydrogen
energy based society. The second-generation MIRAI features a different fuel cell (FC) system
layout than the previous model, and has an additional third hydrogen tank at the rear of the
vehicle. With the passive safety performance of the vehicle given priority, work began from the
initial phase of the development. In addition to achieving class-leading passive safety
performance in assessments around the world, the second-generation MIRAI provides high
passive safety performance to protect occupants against high voltages, while also incorporating
excellent hydrogen-leakage prevention performance.
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Vehicle Production Engineering Technology to Enhance the Mass-Production Capabilities and
Product Appeal of the Second-Generation MIRAI
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Abstract

New production engineering technology was developed for the assembly line of the second-
generation MIRAI, including a painting technology called Force Blue Multiple Layers that realizes
the deep, vivid, and intense signature blue color of the vehicle. This article describes the
development of this technology and the activities to enable integrated installation of fuel cell
(FC) components, which was necessary to achieve the step up from the low-volume production
of the first-generation MIRAI to full-scale mass-production.
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Abstract

This article describes the air cleaner adopted in the second-generation MIRAI to help realize
emissions that are cleaner than the surrounding air. Since fuel cell vehicles (FCVs) emit no
atmospheric pollutants while driving, enhancing the performance of the air cleaner (the system
that removes foreign objects from the external air used by the vehicle as an oxygen source for
electricity generation) is an effective way of helping to clean the atmosphere around the vehicle.
This new air cleaner was developed by applying electret processing to the dust filter to enhance
the fine particulate matter (PM2.5) filtration efficiency, and by adding a filter that targets various
chemical substances.
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Abstract

The ultimate wish of a mobility society is to reduce traffic accident casualties to zero. To help
realize this ambition, the Toyota Safety Sense (TSS) packages of advanced safety systems are
being continually enhanced to incorporate the latest safety-related technologies and know-how
nurtured through vehicle development. Based on the existing monocular camera + millimeter
wave radar sensor configuration, further functions have been added and the operational scope
of the packages has been expanded to help further reduce traffic accidents and casualties,
while lowering driver workload. The resulting impressive active safety performance of the TSS
packages successfully satisfies the requirements of active safety assessments carried out around

the world.
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Development of the Toyota Teammate Advanced Park Function

K RRE -

Yasutaka Matsunaga

25

KEE  TER HiR &
Yuki Minase Yu Hiei
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Z2 7 [Mobility Teammate Concept] [CBHETVWTHESNIEIRTLTHS.

AT TlE [Toyota Teammate] & ULTOD Advanced Park #8EIC DWW THEBN T 2.

Abstract

Toyota Teammate is an advanced driving assistance system that was developed based on the
Mobility Teammate Concept, Toyota’ s unique approach to automated driving. This concept
treats the driver and vehicle as partners and aims to enhance the mutual understanding between
them, rather than simply taking over control and replacing the role of the driver. Toyota
Teammate consists of two assistance functions called Advanced Drive and Advanced Park. This
article describes the Advanced Park function of the Toyota Teammate driving assistance system.
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Development of Sudden Acceleration Suppression System Using Big Data
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Abstract

Accidents caused by pedal misapplication are becoming a serious social issue as Japan’'s
population ages. Active safety technologies are being increasingly regarded as a promising
means of addressing this issue. However, systems that use clearance sonar or other object
detection technologies cannot determine whether pedal misapplication has occurred when an
object is present beyond the detectable range of the system. This article describes a technology
that helps to prevent unintentional driver behavior that might result in an accident by
determining whether pedal misapplication has occurred based on the amount and speed of
accelerator depression without carrying out object detection, and then suppressing the resulting
acceleration. This technology also features logic that stops the system activating in normal
driving scenarios when acceleration is required, using big data obtained from actual vehicle
behavior.
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Abstract

As automotive communication functions become more widespread, there are growing

expectations about the development of connected vehicle services.

Toyota is working to

develop and launch new services to satisfy these expectations and respond to the evolving

market environment.

This article describes the outline of the system that provides these

connected services and the smart phone application developed for the second-generation

MIRAL.
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Development of Low-CO: Recycled Aluminum Alloy
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Abstract

Efforts to reduce the environmental impact of vehicles are no longer focused solely on tailpipe
emissions. There are increasing demands to lower CO. emissions over the whole life cycle of
the vehicle, including manufacturing and material production. This article describes a recycled
aluminum alloy that was developed to help lower both vehicle weight and the CO> emissions

generated during material production.
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Born from the World Rally Championship
-Introduction to the GR Yaris-
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Abstract

Since re-entering the World Rally Championship (WRC) in 2018, Toyota has dedicated itself
to building cars that are even more competitive under a wide range of driving environments.
The lessons learned and the technologies developed through these efforts were incorporated
into the GR Yaris, which was launched in September 2020. This article describes the various

challenges that were overcome in the development and production of the GR Yaris.
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Designed for Driving Performance
-Styling that Emphasizes the Performance of the GR Yaris-

hE 4765 £ EF” B0 5hE 5

Yoshiharu Nakajima  Tatsuhide Hoshi  Kosuke Taniguchi

SH A Rl Bk
Kiyotaka Yoshida Satoshi Nishikatsu

25

RIS, YIPUVIREHBIZDELEUT A —MBABNSTZ, N—VFILBREEUT 4 —HK
SNB3EER, DZEBOEZEUBEIIDEREZHFALTVS. GR YU R(F, FREN—-ADET—HRIE
ZHDIC, H5WBEEHEET D WRCSU—ZBIELE. H2&0VWWVWIILIY I EVSIHELDEZRZER
RWIBTr—ILEDSEFELUE.

Abstract

As car sharing and other forms of shared mobility become more popular, Toyota has
recognized a growing demand for vehicles with a personalized appeal and is developing mass-
production models with distinctive characteristics that make an emotional connection with
customers. The GR Yaris was designed to participate in the World Rally Championship (WRC) ,
a series of races over a wide range of road surfaces contested primarily by cars based on mass-
production models. The development of the GR Yaris was inspired by Toyota’ s philosophy of
building ever-better cars.
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Development of a High-Performance Engine for the GR Yaris
-The New 1.6-Liter Turbocharged Engine-
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Abstract

A new inline 3-cylinder 1.6-liter turbocharged engine was developed for the GR Yaris.
Incorporating extensive measures to reduce weight and size, increase power, and improve
response, this newly developed engine realizes an exhilarating and smooth sensation of
acceleration, while also delivering impressive environmental performance. The new engine was
designed with the optimum structure to maximize power under normal rallying conditions. High-
speed combustion was adopted to enhance knocking resistance, thereby helping to achieve the
targeted power increase. In addition, rapid response and the desired acceleration feeling were
achieved by increasing the efficiency of each turbocharger component and enhancing the engine
control. This article describes the technologies of this newly developed 1.6-liter turbocharged
engine.
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differentials (LSDs) were adopted to maximize the driving force at the four wheels.
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GR-Four
-The 4WD System of the GR Yaris-

FH OBAT miEH BE* 4l
Masayuki Arai  Naoaki Maeda
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Abstract

A new high-capacity, responsive, and highly accurate four-wheel drive (4WD) system was
developed for the lightweight high-power engine of the GR Yaris with the aim of delivering
exhilarating acceleration performance and handling on any road surface. This system features
a new electronically controlled multi-plate clutch that enables a wide range of front/rear torque
distribution ratios and high-response driving force transmission by adopting different gear ratios
for the transfer case and rear differential. In addition, front and rear Torsen® limited~stzg
Furthermore, a mode control switch was adopted that allows the driver to select the optimum
driving force distribution in accordance with preference and the driving scenario. This flexibility
contributes greatly to the creation of exciting driving performance suitable for a sporty 4WD
system. This article describes the development of this new 4WD system, including the
development aims, the details of component development, and the 4WD control technology.
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Realization of Superlative Driving Performance
-Development of the Chassis and Dynamic Performance of the GR Yaris-
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Abstract

The chassis of the sporty four-wheel drive (4WD) GR Yaris was developed to facilitate
handling from normal driving conditions to the limits of performance, and to become the
fastest vehicle in its class. Based on the Toyota New Global Architecture (TNGA) design
philosophy that focuses on enhancing the fundamentals of driving performance, a wide range of
modifications were adopted to emphasize the sperty dynamics of the GR Yaris. These included
further enhancing fundamental performance aspects such as mass and inertia, changing the front
and rear suspensions, developing new brakes, and adjusting the shift layout. In addition, to
facilitate handling in all situations, from every-day to sporty driving scenarios, and to refine the
vehicle dynamics, the chassis was tuned under various conditions, including on a racetrack by

top-level racing drivers.
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Abstract

One of the development aims of the GR Yaris was to realize a car that can be driven
purposefully and with confidence by anyone on any road throughout the world. To enhance
the fundamental specifications affecting the inertial characteristics of the vehicle, which have
a close relationship with dynamic performance, the layout of components was carefully
optimized and a wide range of weight reduction technologies was examined. Weight reduction
technologies adopted on the GR Yaris include an aluminum hood, side doors, and rear hatch,
as well as roof panels that are made from carbon fiber reinforced plastic (CFRP) and formed
using sheet molding compound (SMC) processing for excellent geometrical flexibility. Further
weight reduction was also achieved by incorporating high-strength steel at optimum locations
throughout the body frame. This article outlines the component layout and weight reduction
technologies adopted to enhance the inertial characteristics of the vehicle body.
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Expressing Driving Performance through Sound
-Development of the Sound of the GR Yaris-
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Abstract

Sound is a key aspect of motor sports and the creation of the appropriate sound was
emphasized during the development of the GR Yaris. The development aimed to use sound as
an information source to audibly communicate the engine speed to the driver, and to create a
sound consistent with vehicle performance and in harmony with driver operation and vehicle
behavior to intensify the enjoyment of driving. This article describes how the frequency balance
was designed to emphasize the order arrangements and sound of the engine, as well as the
linearity of the sound pressure with respect to the engine characteristics, acceleration, and
deceleration. It also discusses the development of the particular sound characteristics that
distinguish the GR Yaris, such as the tonal balance at the rev limit and the transient sound when
the driver blips the throttle.
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Cooling to Support Driving Performance
-The Cooling Performance of the GR Yaris-
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Abstract

Based on the newly developed GA-B platform, the GR Yaris is a compact sports car with
exhilarating driving and dynamic performance that is designed to be driven vigorously.
Consequently, this vehicle required a cooling structure capable of efficiently managing the heat
generated by the newly developed 1.6-liter turbocharged engine and a cooling performance
capable of handling heavy loads at high speed, on racetracks, and under similar situation. This
article describes case studies from the cooling performance development of the GR Yaris.
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Abstract

The GR Factory is a new dedicated production facility for GR models that was established to
help build ever-better cars under the philosophy of Toyota Gazoo Racing, and is an important
part of efforts to revitalize the legacy of pure-Toyota sports cars designed and produced first-
hand by Toyota team members. The GR Factory incorporates the essential elements of a sports
car, ensuring that each and every model is produced to the highest quality and finish.
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[Teammate Advanced Drive] DRF

Development of Teammate Advance Drive
- An Advanced Driving Assistance System Using Automated Driving Technology -

xS Bls &~ AN #H—E*

Masaki Matsunaga Osamu OzaKki Koichiro Kimura

JR Bh—* AN BiR 2 b EBE T
Koichi Hara Shinya Okawa  Takeshi Sasuga
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[Teammate Advanced Drive|l&, b3 9 BEIEHBOAZSLE U BENEEREEITNDZE 2 75 [Mobility
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B (BRERGE) (CT, H§ - Bl o L—rFIvy, BLEBUREREZRRULEY AT A
THd. KfEld, XYRATLOBELEZDIXMORFH - SFHICDOVTEBNT 3.

Abstract

Teammate Advanced Drive is the latest advanced driving assistance system developed based
on the Mobility Teammate Concept, Toyota’s unique approach to automated driving technology.
This system is capable of performing the following actions on highways and other vehicle-only
roads under driver supervision: maintaining lanes and vehicle-to-vehicle distances, branching off,
changing lanes, and overtaking. This article describes an outline of this system, as well as the
characteristics and details of the technologies involved.
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Research into Generation of Atmospheric Secondary Organic Aerosols from Gasoline Vehicle
Emissions Using Photochemical Reaction Experiments Simulating Solar Radiation

v W B~

Daisuke Hayashi Tetsuya Yamashita
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PMzs [C K DATERIGHADP THELZ>TWNSD. PMs [CBFEN D TREHKT (SOA, Secondary
Organic Aerosol) [&, ARKRDRILKRED SARBFOREZRGICEVERSND. HY U VEFHHARX
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F6H53. UND U, ZOXRBRODLZ L FEREDKBHEFIART MUPBEHN BB HFEEFERLULIEDDTHS.
Z I THRRTIEARGHART ML EBERREE UTSSREER U, TBRR(EKED SOA EREERAN .
ZORR, FRINZ AV U VERHAZINSDSOALEMBIFPMBEHEDN 0.3~ 1.7 THBD T EMhH o
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Abstract

Air pollution caused by fine particulate matter (commonly known as PMzs) has become a
global issue. This particulate matter (PM) contains secondary organic aerosols (SOA) that
are generated from gaseous hydrocarbons by photochemical reactions. A wide range of
photochemical reaction experiments have been conducted to study SOA generated from
gasoline vehicle emissions. It has been reported that the amount of SOA generated in this way is
at least ten times higher than tailpipe PM emissions. However, most of these experiments have
used light sources with different spectra and intensity than actual solar radiation. Therefore,
this research created a light source simulating the spectra and intensity of solar irradiation and
examined the SOA formation potential of the main hydrocarbons. The results found that the
estimated amount of SOA generated from gasoline vehicle emissions is between 0.3 and 1.7
times the amount of tailpipe PM emissions.
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Optimization of Motion Controls of Highly Realistic Dynamic Driving Simulator in Urban
Driving Scenarios

TIVI7Y 7477 % I\ #EX FE #5 "
Quy Hung Nguyen Van Shogo Konishi - Shoji tto
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12 (EEIUEE G BERS) OfE7ILTUXAICEBL, BELOIIHICE, DOME (SREEMHESE DIREYERR)
DENBE - AREOIFINMRNTH S cZRBH U, DOME OERIBE - BEEZEESE, TN
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INEL LT, &g, BRRERGHINEK BB ELICIVETREZBRDBVKLS(C, ZEBFIEZEAL, &
METRE - IREREEROBTET oo, BR BULICKDERRFHEZ 0 (ER L.

Abstract

The Toyota Dynamic Driving Simulator (TDDS) , a highly realistic dynamic driving simulator,
has been used to perform sophisticated simulations of driving support and automated driving
systems, primarily in highway scenarios, since 2008. However, motion sickness has caused a
number of test subjects to end participation in driving simulations of urban driving scenarios,
which involves repeated deceleration, stopping, and, restarting. Therefore, to help reduce
motion sickness, this development focused on the control algorithms of the TDDS motion
mechanism (the device that generates the acceleration and deceleration G of the vehicle) and
the effectiveness of restricting the tilt angle and angular velocity of the dome (the spherical
chamber that holds the actual vehicle set up) . To compensate for the consequent reduction in
simulated acceleration and deceleration G while reducing the tilt angle and angular velocity of
the dome, the amount of translational movement was increased and the gain of the simulated
G with respect to the actual vehicle was lowered. In addition, to ensure that any reduction in
perceived G would not result in a less realistic driving experience, a Z-axis vibration control was
introduced to supplement the simulated driving, acceleration, and deceleration sensations. As
a result, the number of test subjects abandoning simulated driving experiments due to motion
sickness was reduced to zero.
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