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The New Toyota Inline 4-Cylinder 2.5-Liter Gasoline Engine
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Abstract

The main distinguishing technological characteristic of the new inline 4-cylinder 2.5-liter gasoline
engine developed by Toyota Motor Corporation is high-speed combustion, which was achieved by
adopting a long stroke design, an expanded valve included angle, and highly efficient intake ports using
laser-clad valve seats. This high-speed combustion package was then incorporated into the Toyota
New Global Architecture (TNGA) engine series that shares a uniform basic structure. Additional new
technologies adopted in this engine include multi-hole direct injection, a redesigned variable valve
timing (VVT) system, a variable capacity oil pump, and a variable cooling system.

F—DO—R HAYUIIVIY, BHEH SBH=

EKA0% & TOP 7 5 ADENSIMERE 60K W/ L 2L
SEBRILEREEERELE (&A1),

1T FANE

b 3 9 (& TNGA (Toyota New Global

Architecture) B85 4 K& 2.5L AV UYTY e v
UVEBRELE. FIVIVE, MROIRILE - S| sy Hﬁmm
BEREEERT 32T « F TIAROREICH | Dk s
5, KIBBHERLE e F ol LT BT IR AR Rl 0% o "% F  wmrcary
HlICERS B, Fe—AT 1-—Y—OHEEB gSOJ K °°:@;‘;f8fj : é & WL s,
A% [fun-to-drive] ZRIETDHIC, BLIEAN S IR o A : :
MEEDFRNRBA L. ARTIE, TOFHEAVUVT !

32 34 36 38 40 42 44
RAENE (%)

T HEHEAEEHHENLY REBR

VIV DHEETBEAMICOVWTENT 3.

2 FEOIHEL
COBE@EER L, BOfEEAOREMY - £EH

12

AT O Ed Rz a3 I ELT,
TEERNOSIRELTVS2ERRERMZE (CELS
2, B HV (\14TUw RE) LEHEORBRERAD

*T CV Company CVZ

*2 TNGA #EEE]
BWIND—NU—rHhHVINZ— FEIBEIND MUV RAT LBEFES
* ND—NU—VAVISZ— IVIUEEEE

B ND—NU—VhVINZT— FE2EE)D NUYRT LBIFEE

HEEBURESAT, TEEDEAEEERBL, TV
VURMER—BELIEE.

« O A MO—24L

- BEfEEAE

- IRBFER S AZEE

- NIV TEAEILK
BT, TasmziRALkL.

=I5y RNILT V=K



NI IFEBES 4 K[E 2.5L AV U VI YIY

- ZHAEBBEEA VI II—EERBUREH
D-45S VAT I
- BIRVFRANIA)N
- BEOESES LRV
+ 7—=JUF EGR (BIBER) Y AT LA
- BE VVT (VVT-E = Variable Valve timing
-Intelligent by Electric motor)

B2 CTVIVMEN, R1ICFERETERT.

F1 2L I VI VETR
S :y:\“yyaﬂbrﬁ)y
wIVIY 2AR-FE
IVIVER [ELlE] ~
BExE (co) 2,487 2,494
R7XZAMO—7 (mm)|  ¢87.5%103.4 ©$90.0%98.0
FEfBLE 13.0 10.4
REH (kW/rpm) 151/6,600 134/6,000
&AMLT (Nm/rpm) 250/5,000 231/4,100

DOHC4N LT/
SEHLA+O-5—0vh—

«—

Lagr s =
BFRYATE 1Dl WTE Motor-
driven@- > —7fl) Dual VT
=5 CIN aEsE AURYYAFIL
REAVRAT L | BEIDF—I—iRY | NUNGEDA—I KT
RV AT L ii:40) ElESs
EGRVAS L J—JUREGR mL
BV 2> L | D-4S(2FLDI+PFI) PFI
e 2A/FX2CAT A/FLO,X2CAT

3 [ABET

—RREVIC b L — RF T DRERICH D EMEL BT
MatZ, BLRITTCTHWILEE 2T, B
EAbO—T / RPHZEBRUC. IIAT, R
DEERRGERINZEL S E2HIC, BROELINE

Tovota Technical Review Vol. 64 May 2018

EraltctEd 7 LU—02)0—HifiEERE Uk,
597, BREA VT —IR—rDEERD
fesb, IN-EX /NI TEEZEIAL HLA BB = /L

TEC UCABRIRBICEE LU (B3). &
C, L= 75y RNILTY—hOFEAICKY EF
PiRM— MERREL, BVSTRRERZ S U TR
E(CBA, BDOR—MNTFERAO— MRTCAEFIEE
SEBITIVEISE UeRICEKY, RO~
U—RATSA VDO RETLHET DIV TILE
29, REFA 049 BER LI (B4).

B S
EARXNILTV—h

)

2l -

3 YUVIAY RERRERE

o.esm
A
0.6 .ﬂ D=t
_ (%3 IFYR
T 055 40 «% ‘ V‘;wy—h
ESa
8K (o4 Q0 =
W 05| Q %? - g‘
- ¢ W
0.45 (e
O r3¥%
o4 Ot ® °
1 15 2 25 3 35

IVTIE (=)
M4 «YF—TIR—bOBEIREEE

FRD PN 35 DEE Ucg D-4S Y25 L%
FUl. 27 BBOBEEA Y TI9—DRAICE
WRRZNU—Y 3 VERIIL, EX N YRURTE
~DBRHTBEERER Uz, &/, B2 NVIBER
RICDOVTIE, BS5ICRTESICHBF vE T«
EEIETZET, ERIRCHIT2ENDIELNE
Eumtaer 0.

BRRICOVTIE, UTRBEERBETAL
fz. INAINDEE VWT OFABICEY, REHTT
BISCRERNILTIA S VI RRESE, KU
VI ORMER & HAE EE>T Uz,

13

i



14

9T ILH
- N W N
\\
{3
(e
)

ELTRE (M/s)
R M 7t

0 - - oo
360 270 180, ..-+90
7529727 (deg. BTD

ge

£ 5 o8 ;

il i =y r

gﬂﬂ ) = -

=3 ek AN —

@ 60 40 20 0 |K —
95207271 (deg. BTDC) | ™ & B ol

®5 9VIILtEEER MURIIALE

BT, K2 EGREAFOMELZELDZD, BT
RIVFRNIAIVERAL, I7AZTEET DK
A+ v v TEER EmEzEa LESE (J6).

HREES

V— R

BSOS

Fry T _)\ﬁﬁ
I K

A JUALK
A )VKIK

/
/

BRI

AFA4vITILT

K6 BMERSANIA

4 JBEAVATL

4.1 W/ vFrImEE
SEMmHIEICKD / v ITHOBLEIHET S
e, 75 VI REBICKEFER T ICREFETED
BENOA—I— R TEIRYY 3 FIVTI VIV
[CHITEA L. BHEHORERR Y PHEICIERT 21
$HIC, FEHBKERE SHMDOE EZR e £,
VUUIANYRIC2EBDA—FI—IvT vy bR
AU (B7), YUVI~Ny RADBEKZRR L
HhSBRUICEET DI ET, EHEXERRE
35%IER Ulc. &z, AEIKZE EX-EX FE(CED
BICRLU, B4 —9—Ivo v hPFOMER
ZE, PFMEBZERLE 20%EAISE2 LT,
TESRDKY 1/2 DIRE CEMERBZITRLL 20%[E)
& (®8).

7 Oyons—5—
Iwiryk

8 BMLEMRILLE

D —F—I vy hZAR—YE, YUST
OwIDD#—9—I v w SAD EX D+ CES
BUz (B@9). CNICLY, EPBICEXBIDIR
BEEBESERIET, B89 VIIICLDEERR
EOLEHEIFETDEEDIC, IN-EXDRT7EERZE
ZE—EEEr.

% o UFA—ITvTub
l . AR—H (WJS)

:".

B \WISEEL
*FENS7mmiIE m \WISHEY
o
ks 120C
-
N
B
O
IN
%\ #1 #2 #3 #4| #1 #2 #3 #4
2 IHV'—2 M A5 =08

9 9zx—9—IvTv b AR—-PEITOVIEER



hITHFHEES 4 [E 2.5L AV U YT

RAFEICOVNTIE, BEDr—I—IRYTD
RAICKY, ABREESICRERD (TR HIE
POgElCE s>z, TNIEKY MBT (Minimum
advance for Best Torque) w8 COEERRF(C(S,
MEZEESED ETRIABRETUITIY 3V E
RELU, /v IdRESC OVWTIETRERENSE
DCETERZREL, {EREKVDI VIV NLD
ZALESBRTENTERL (®10).

_@Ewor |
v E//ﬂ%'?’]vﬁﬁ

T | | El9E) :_3 “MBT : Minimum
: i advance for ;
i —\) \ BestTorque
N

} A B3

\( & 7J< Lm(C)

S IVYVEEH rpm)

10 RELSEKEEIY O—IL

4.2 IEHE e

/TJFﬁH%(LCk U§<7J</ml78:’i§%]|— ﬁ%)fc_&) EE@J
W/P [CKDAREFECNA T, AHOBEOYE
Z/NILT (FSV @ Flow Shut Va lve) ZERBEUI.
11 SRS LT, ARV aFIVIIIVD
AHEEE 2 DO FSV ZFRA L. TNITKY
SEHEEEDEIELICLDRE S AERMEDE
ML,

FSV : Flow Shut Valve

____________________________

FSV  FSV

D M

EGR :

5-5 l |

o v é

[Ee _ ATF |1

- S |

o (e [ [ :

v :

= !

4-9-e—573 —Ef¢--{ 5vT—5 |
e E=FR A —F =z g ’

11 SEIEEE

TovoTtA Technical Review Vol. 64 May 2018

5 FEOER

BopE@ EDHO VI bO—21L, EHK
RE@ EDfz®(C, mEDE#HZ 6,600rpm [TIEK
Lfc. TNICKIER MVREEE(F 22.8m/s (C
EET D, FRIBHEEZEARICER L.

EZA RV, BRSHOEEICLZER MU VT

BEORARHLKRE, AH—RUTEEDBAILIC
KU, TEREX DU 7%8BEL, RNy L
N)VDEEZER LI (E12).

2]
o ® ’00 0’
S f s e « e e R OQO e
y imo % e
N e S A e d -5 M
{j ‘0’0’
flbee s wom s mwma s B, o= o oo om0
@ >
I | O
i \ """"""""
N
Ll INAN AN o ~3%
X T & it
i% IHI L

® IVIVERARNLD/ :L”ﬁ(Nm) =

12 EXbVEEE 1 R[EHEW D MU IEERE

dv0Ow RIF/NRERZ /N1 IS —Fik & L, ETe,
SREMOFEAICELY, O35 ASBOMERER/INT
5T ET, BEbEEX M VAEE EERIRE U,
IS0 % T ME, BE(RET SV IFIBETIL

SEBEH I‘EE'l‘éﬁ@%%b‘k*b\ﬁBu(atF’?E’TEEH
ZBITL, NV (BBE - &kE) ~DFSHARENE

LL[;HM%HJ:?&{E?E*-@%)L_&:(, Jv—F)VEIC
REfb LT,
SOELICHES TUTY 3 EF A )UEBDIE
([CDWTIE, 2ND UV THBEOH g\, =
AW VITHNABNDDLC (A VEYRSATH—
M) W, AU ITDYA RU—)UIIRAIE
DEE(CKIIBIIZINHE U,

6 HBYATLA

BHOEBET A IR TEFEBL, REFV
NO—9¢&, BFAAILIY O—=ILINILTITED
SHEREICKY, U2y 3vOR=ZzERLE (B
13). TNUCKY, FYRATALF, AA2F+SD
HEICIHU T, HERBFICHEREDREHIET

15



16

BT ENTOREE IR Te.

SHEBOEREULTIE, XA VFvSEFTAI
Vv bBEESBMIDET, BRFICAHAI
Vv hEEILETRIENTREE R, EX VD
BHRE#(C KD T7U Y3 VORER, RUPNIEK
BEER U

dvbO—Ibik—Ib

533&%%@\ 5HJE$U/%EUU‘/7‘/
PR avkO—)b
O

L, L | 751>
e v (=)

e IYRa—ILAILT

FAIRY T

{ra e
SETVIUARE

HIE (kpa)

N
5 —HyHE
I VEERE (rpm)

S—b”bi\iﬂalf
IIVEERH (rpm)

13 B|EBXAEF IRV T

7 HRYATL

SULE30 - Euro6 MIndizsh, EREE&EICHH]
REAHSERRUE. e, 2RDA/FEZVY
THIETZZ LT, MEY 4 XESEEFREER
BEtEle. YUIANY ROBER— NS, HoE
BEDME)_E & AR EREIEDE =D SHERAH (K 14)
ZERAL, BIERAEERER, A b1 FEERED
EARBICILASEE (B15).

B K S [
XA VOF—F =Tk PYN—A=5 =
i~ a8 TrIIh
YIOx—9—
Ik g .
o) o
-~ ““
t~ 2

=

".\HF%‘R’—F

Ov—oF—9—
Sk

YUVIANY RADEERIIR—hED+—9 —
Jv v MEE

14

| s =
250 250
| et gt
! P et "
20— 200 = \
=== » e X
= :/ a 5 = L] \‘\ S
£ 150 — £ 150 v
= | é;‘ N 2| FANS
Q100) ; X100 7 RNE
L godd ?\J + & \K‘,\_
SOF < 50 -
0000 2000 3000 4000 5060 600 0000 7000 3000 4000 5000 6000
IV VEEH (pm) IUIVBEH (rpm)

15 R b FEEREHLER

8 EGRYATL

EEMIEY 2T AICKY, EGREZRS 25%F
TELEEBR Fie, REZHNGEORED, (2
F—IOXZHR—)UROERZRBEEL, EGRHXR
SEOTEEE=EIG Uz, EGR AXIE, STV
DI~y RRDD +—5—Ivo v MMTEHFN
74 VEROBEEZBL, TOREGRI—S%
BT TET, BRIRMTCHREEZERLUE (H
16).

T DECRIHT

&)

@ &
= SUUTAYRR
| EGRARimES
-~ ®EGRI—5

1

EGRAZRE(

WEEGR/ Y1 T

16 EGR YRFLULAT Y rEAREREERIR

9O JUuogv3av

TEDORMERETDCET, JUTY 3 VR
Lt 20% R Uz (B17).

CEREO—MER bV

DLC O—rER b UVT (bwTFP&FAI)

-l —RFUVT

-fEF T —HA R

E=NATINIWITRTU T

AERSET YA AU (SAE OW-16)

O —I—R T TF—UEL (BN )

- BN a1 —LRYTS



hITFHEBEI 4 T[E 25L AV UV Ty

~n
< :/

1 —20%

BT —I—RIT
nmf - VI
/NS TN
ERBRRAA IR T
ISV Tw Tk
[T

27

FMEP (kPa)

B 1
17 FMEP t82 (2,000rpm E—5 U Y IH)

S O

10 NV

BRI OV, TV VAE LEIEDBE3A
DZE, INSVRAZTVvYIY, SR T5—
LADHEBHTELESES.

EEURSERE, ~NLoO— ) EICY DY MR
EU, 74 RLEB&GROEIREMEZRIB U, 1,
EEFE E(CND—S Y hNELOEREBL, TVY
VB DEIREME ZRIR U,

- SERBEEE, YU TOvIERNS VR
SVYIaVOMBUBEZRE(ETDIET, ND—
FoSUNAIMEE ESE (®18). YUY MNRE
ZH 4dB IR LTz (B 19).

Ffe, BERREICEIDBERK /A X(CDWTIZ,
MUD VI VEIDA VY aU—9ERBERET 5T
ETERESEE (H20).

18 MoFYAEY

1
\

Y 3 VREIIELE

Tovota Technical Review Vol. 64 May 2018

3,000 4,000
IVIVEEH (rpm)

®19 IvIv/AE

2,000

5,000

RUDLIVIVIVHIN—

IR OV AN —

20 N\VA22alb—F

1M1 IVIIUNTH—IVR

CNF TN T E FeEmRINE AT PFTHR 7 1 T
LDIRAICKY, ERI VI VERRULT, KD
hoE0EnsE CREIChlc> TKRICHEERE F
B, &=EI15TkW (lEHE71 60kW/L) &=L
L7z (& 21).

MEICDOVTH, RAEWRA0%EERT D &
CBIC, BEISUDBEEZEABICIALRE (B
22), Ffe, FHI8FEA—MYTA VIS URZ Y
VavVEDHEIEDET, NTD—bL—2EULT
16%MED LSBT

17



18

160
140 2
<
260 120 §§
240 100
B ¢
Z 220
N
2
Z 200
180
160
16 24 32 40 48 56 64
IVIVEER# (X100rpm)
K21 TVIVHAENVIA=T
BAEME:35% BAHIE:40%

200
180
160
T 140| ¢
Z120
Q100

20 s
800 1,200 1,600 2000 2400 2800 3200
IVIVEERE (rpm)

20 -
800 1,200 1,600 2,000 2,400 2,800 3,200
IV OERH (rpm)

22 MRy THER

12 F&H

NIIHEBES| 4T/ 2.5L AV UV I VIV,
NFTHRRCERFEMZE UHR<IZAT S
CETHR N Y PUNILDRABNERE HHLEER
ERL, MIIOXREBRAVUYI VI VICHED
LWVMEED ZRIB U,

HSIZSvyavIcoO\WTh, SEOHSHEIC
WKL, SEEHOERCEFHFLTEHRDI—

H— (TR LTV FETH .

OOYIR ~O—71k, ERALE/Nv T —JICK
b, BYVTI - SREBERRITCEILL, &X
A 40%, EwELEH7 60kW/L Z&ER LT,

OEERRENY T —IJ, UL—FI5y RNILT
V—b, BYVIILEREA VT —IIR—b, B
IV TIVHRDODIKRIEALR ~>, Z4,
BREEEA VI TV IRBICLDH D-4S Y RT

L, RUBBRORBERSTCKIIERRUL.
QO/RIY AT AlE, AURYYIFIVIVIVICE
o+ —9—RUTEEFER, YUVIANY R,
2804 —9—I v v bERHKD EX-EXFF
BEMSRUERALURE. Fe, E—hYRIX
VRPATLEUTFSY ZHAL, BFO+—
I—RUTEEOBTKEERBICHIET D&
T, TVIVREMNREE HAMEEZESRIT CliL
SE.
@BHUBBES (IR P ESEBROERERETC
KW, TUTY 3 VEERL 20% RSB
OISV AT L, 7—IUREGRICEKY, A~
A FEHGBEEHEIASIE .
®NVI[CDOWTIF, ITVIVRIFITRHRL, FLS
VAZIwvay, ifSvbhIr—LREES
DETRERETZERRL, BREZzp LT,

KIVIVZEBEBHULEULT, SERARERIMTICK
RIN3 TNGA IV MNERBLUREIV I VY
U—XZ|EXREFRT D FTECHD.

REIC, RIVIYVRERICZARDTEE, X
B, CHABEVCE TOREREDERRICFE < RGP
L.EFB.

WEET

(1) E. Murase, Shimizu : Innovative Gasoline
Combustion Concepts for Toyota New
Global Architecture. 25th Aachen
Colloquium Automobile and Engine
Technology (2016)

KFMIE, TEERBHRILDERH CHD.
REFHZ, FHE, &+ T8, 8 bIIHEE
FlAR@E 2L AVUYI VY Y., BEERMESE
Mg EaEE Tt P.1887-1892 (2017)



MIFFHEBEI4AT[E 25L AV U ITVIY

BES

FH =5 I FEA

FE B NE 5—

TovoTa Technical Review Vol. 64 May 2018 19



20

hBIE5 4-—-»1’51 25LAVUIIIVIVD
USSR T LAFFE

Development of Cylinder System for the New Toyota Inline 4-Cylinder 2.5-Liter Gasoline Engine

G s WS #RE FH BET
Toru Hiranuma Chikanori Yamashita Tatsuhiro Terada

Y v/~ B #*

Mitsuhiro Nakamura Takashi Kurauchi

chEH  #088 *

Kazuya Nakata

25

FERBES4K[E 2.5L AV U Y IV I VIEEE 40% & 1%ERE 60kW/L ZBEICRE L. YUYy
27LM (EX by, OvOv R, 370, JOvT, @%) 382t KTV ITY 3 A bOEiZE#Y
Ady, EX b, Ov0OY REELET 13%DEE(L, JUTY3V[EYRAT LT I15%DEREZER L
fe. EARVIEBARLE, O20Y RONA N—RRIC KB EV R ABDIEMRIC & UHESRE 7 % DERE1L
ZER U, AA—MROXREVUBEZEEITZHIETIUIVavyEERUL. 25200, TJOv IR
RDIEY THICREEET (3D-CAE) ZERU, MMPERUZREDIEHSERE U, BRIEINZEND
ZAF, ERIVIV EEIEOFRBTHEEEREZER L.

Abstract

Toyota Motor Corporation has developed a new inline 4-cylinder 2.5-liter gasoline engine with
the aim of achieving a thermal efficiency of 40% and a power performance of 60 kW/L. Weight
and friction reduction technologies were incorporated into the cylinder system (i.e., the pistons,
connecting rods, crankshaft, cylinder block, and bearings), which reduced the weight of the pistons
and connecting rods by 13%, and the overall friction of the system by 15%. A 7% reduction in weight
compared to the previous engine was achieved by adopting thinner piston walls and by shortening the
distance between the pin bosses using viper head-shaped connecting rods. Friction was reduced by
changing the surface treatment of the skirts. Operation under actual conditions was analyzed using
three-dimensional computer aided engineering (3D CAE) to finalize the shape of the crankshaft and
cylinder block, which were designed with careful attention to the portions requiring optimum stiffness.
Measures were adopted to suppress increases in weight, and the power performance target was
achieved without enlarging the size of the engine compared to the previous generation.
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The New Toyota V6 3.5-Liter Turbocharged Gasoline Engine

ik BR LLilE R * 7 B BE/Il E—EB *
Takao Yuasa Daichi Yamazaki Akio Mori Shinichiro Nogawa

E3 =

L oY Z LS DRIFFICHEY, BED - ET7—REFSAIV T NETIEMICERTEE, HNDREE
B - BESEICHRTERIYYVELT, VEORE 3L BRI VY VEHICHELE. —AT,
e V8 BIS T Y VAMH%RE 310kW (EbH /1 90kW/L), 600Nm (1,600 ~ 4,800rpm) =B
EITBS, FCEBHERI—R, SRRROBHRIY YV ADERE, RER—MOU—YTI5 v RN
W= NEOEMEIRATDIET, INEERLURE. TOI VIV E Direct-shift 10 EEEIZERE
EEHULCTONIATEHICT, S V8 BIRI Y Y VBHEMILD 0-60mph IEST A L 4.6 BH &K
OB 23mpg Z&EM LTz

Abstract

In association with the completely redesigned Lexus LS, Toyota Motor Corporation has developed
a new V6 3.5-liter turbocharged engine. This engine can be installed in vehicles designed based
on a low-center-of-gravity, low-hood concept, and is also compatible with future regulations and
environmental requirements. The development of this turbocharged engine targeted a power
performance of 310 kW (specific power: 90 kW/L) and 600 Nm (between 1,600 and 4,800 rpmy),
which is equivalent to V8 turbocharged engines in competing vehicles. This target was accomplished
by adopting a new highly efficient turbocharger and high-speed combustion, and by incorporating
technologies such as laser-clad valve seats in the intake ports. A prototype vehicle installed with this
engine and the direct-shift 10-speed automatic transaxle achieved a 0-to-60 mph acceleration time of
4.6 seconds, which is in the same class as competing vehicles installed with V8 turbocharged engines,

as well as fuel efficiency of 23 mpg.
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Development of Cooling System for the New Toyota 3.5-Liter V6 Turbocharged Gasoline Engine
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Daisaku Morishita ~ Naoya Kawamoto  Yusuke Niwa
RE BA*™ e e Tk Al

Naoto Hisaminato  Mitsuru Yamaguchi  Hirokazu Ando

g5

FRVE KB ISLEBRAVUYIVIVORHMV AT LLDODWCGERRS. AT VIVE, A
RIFIGMAE - ZRMBEESRITTEIRT 20T, HEYRTLAZAEBICHR UL, TV VREOSH
AKEKIBROBENREIRE, D+—9—222 O—ILNILVT (WCV) [CEBT—TILIZIX U~ (#
BIB) ZRALRE. WCVEESTET, TVIVDAHKEERT/NA ADETICENRIFRITHhEH]
HTBTENTE, HEHKEREET BT /NA RCTBENITRT ZEPTREE B >Te. TNUSKY, BED
KRBPOILED I VY BHESL (EBNSE), t—9 -7 BEEKIK3EREELN I SEEEIRU.

Abstract

This article describes the cooling system of the new 3.5-liter V6 turbocharged gasoline engine
developed by Toyota Motor Corporation. The cooling system of this engine was substantially
redesigned to help achieve high power, while ensuring superlative fuel efficiency with excellent air-
conditioning performance. Refinements included greatly reducing the flow resistance of the coolant
in the engine, and the adoption of thermal management using a water control valve (WCV). The
WCV is capable of controlling how much coolant flows to which engine device, and can prioritize
flow to devices requiring coolant. Accordingly, this cooling system supports rapid engine warm-up by
reducing coolant flow to zero (thereby helping to improve fuel efficiency), while also enhancing heater
performance by prioritizing coolant flow to the heater core.
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Development of Engine Lubrication System with New Internal
Gear Fully Variable Discharge Oil Pump
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Abstract

Over the past decades, faced with growing awareness of global environmental issues and
increasingly stringent rules and regulations, the development of fuel efficient technologies capable
of reducing CO, emissions has become even more important to automakers. This article describes
technology that was developed to reduce engine friction under both cold and hot conditions using a
new internal gear fully variable discharge oil pump (F-VDOP). In combination with hydraulic pressure
feedback control, this newly developed oil pump reduces friction and achieves highly responsive oil
pressure supply to each engine part, helping to improve fuel efficiency by 1.2% under the Los Angeles

Driving Cycle #4 (LA#4).
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Abstract

Laser-clad valve seats are a unique technology developed by Toyota Motor Corporation in which
wear-resistant alloy is directly deposited onto cylinder head valve seats. Compared with conventional
press-fit sintered valve seats, this direct deposition process enhances knocking resistance by raising
thermal conductivity, and improves combustion efficiency by increasing design flexibility around the
ports. This technology has been adopted in the Toyota New Global Architecture (TNGA) engine
series and enables an innovative cylinder head design that helps to improve the trade-off relationship
between tumble flow and intake resistance by simultaneously generating intense tumble while
reducing resistance. As a result, these laser-clad valve seats help to achieve the world’s fastest
combustion and greatly increase engine thermal efficiency and specific power. To enable the
application of this technology as a global standard in Toyota's engine lineup, a new wear-resistant
material was designed for use with alternative fuels, which are becoming more common around the
world. In addition, a new energy-saving manufacturing process featuring highly reliable equipment
was developed to facilitate deployment of this technology to production plants outside Japan.
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Development of New Front-Wheel Drive Direct-Shift 8-Speed Automatic Transaxle
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A new direct-shift 8-speed automatic transaxle has been developed for 3.5-liter and 2.5-liter class
front-wheel drive (FWD) vehicles. To maintain the excellent mountability of the previous 6-speed
transaxle while enhancing both vehicle dynamics and fuel efficiency, the new transaxle features a
completely redesigned gear train as well as various advanced technologies. This article focuses on
the following three key development targets: 1) enhancing efficiency and fuel efficiency, 2) achieving
direct and smooth shifting performance, and 3) reducing weight and size. One of the main issues was
booming noise in high gear stages, which has a trade-off relationship with the enlarged lock-up area
adopted to help achieve targets 1) and 2). Booming noise was reduced by setting a tolerance ring
between the C1 drum and the rear sun gear to utilize the C1 clutch effectively as inertia. Target 3)
was achieved by integrating parts and adopting different materials to reduce the weight and shorten

the overall length of the transaxle.
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Development of New 10-Speed Automatic Transmission for
Rear-Wheel Drive Passenger Vehicles
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Abstract

A new 10-speed automatic transmission has been developed for next-generation rear-wheel drive
(RWD) luxury coupes. In accordance with the dynamic performance concept of these vehicles
("sharper and more refined driving”), this automatic transmission was developed with an optimum
gear ratio and new shift control technology. These features help to enhance both fuel efficiency and
driving performance, while also ensuring an exciting and greatly improved driving experience. This
article describes the development concept of the new 10-speed automatic transmission for RWD
passenger vehicles (model code: AGAQ), the gear ratio design method that was adopted to achieve
the targeted driving performance, the details of hardware refinements, and the newly adopted shift

control technology.
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Design of Highly Efficient Driveline with Low Noise, Vibration, and Harshness
for Rear-Wheel Drive Passenger Vehicles
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Nobuharu Imai Shinya Takamatsu  Takashi Kiten Norihiro Mizoguchi
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Abstract

Toyota Motor Corporation has developed a new driveline for the Lexus LC500h and LC500 with the
objective of achieving the low levels of noise and excellent driving and environmental performance
suitable for flagship Lexus models. This article focuses on the technologies adopted to increase
the efficiency of the new drivetrain, and the technologies adopted to reduce noise, vibration, and
harshness (NVH). High efficiency was achieved by optimizing the differential hypoid gear specifications,
bearings, and lubrication structure. Despite increasing the ring gear size by 11% compared to
the conventional driveline, fuel efficiency was improved by 0.5% in the European test cycle. NVH
performance was improved by greatly reducing booming noise. This was achieved by identifying the
effects of propeller shaft axial direction excitation force, and adopting double offset joints and low-

stiffness rubber couplings.
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Development of Multi Stage Hybrid Transmission
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Abstract

The innovative Multi Stage Hybrid Transmission was developed for the new Lexus LC500h. This
transmission was developed with the objective of substantially enhancing the performance of the
Toyota Hybrid System (THS II) by achieving high levels of both driving and environmental performance.
This system consists of a shift device installed in series with the THS I, which greatly expands the
operating range of engine power and provides powerful driving force from a standing start. This
configuration combines enhanced and exciting dynamic performance with excellent fuel efficiency
by increasing the usage frequency of the most efficient system regions. This article describes the
performance of the Multi Stage Hybrid System, as well as the transmission hardware and controls that
were developed to achieve this performance.
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Analysis of PHV Charging Behavior Based on Real-World Big Data
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Abstract

Plug-in hybrid vehicles (PHVs) have even higher environmental performance than conventional hybrid
vehicles (HVs) due to their higher battery capacity and external charging capability. Since PHVs also
run on gasoline when the battery capacity is depleted over longer distances, PHVs can be driven
more freely without anxiety about the next charging opportunity. However, analysis of real-world
driving data has identified wide variations in charging behavior depending on the vehicle. This article

describes how big data was used to analyze the conditions that affect charging behavior.
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Introduction of Innovative CS Core Process Production Technology Affecting Engine Performance
and the Aluminum Casting Process
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Abstract

This article describes the clean and smooth/circulation sand (CS) core process, an innovative
production technology adopted in the aluminum cylinder head casting process of powertrains
developed following the Toyota New Global Architecture (TNGA) design philosophy. Developed as
an original technology by Toyota Motor Corporation, the CS core process drastically improves the
flexibility of cylinder head design to help realize Toyota's Dynamic Force engine series, which balances
high thermal efficiency with high power. The CS core process also enables superior environmental
performance and casting quality. It was adopted on the new TNGA production lines as the first new
casting technology in fifty years, and is currently being introduced on a global basis. This article details
the characteristics of the CS core process as an indispensable part of heat management in engines
with high thermal efficiency from the standpoints of developing ever-better cars and ever-better

plants.
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Design Method Using Real-World Vehicle Data
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Abstract

It g
Shin Koike

This article describes an optimum design method through an explanation of various applications of
the method to product design. Using real-world vehicle data, this method handles data with large
variance caused by differences in vehicle users and usage environments as probability distributions,
constructs a model using the probability distributions of multiple different parameters, and then
calculates a probability distribution for the target design parameter.
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Research into Response Type Detection Technology for Active Listening
Robot Using Machine Learning
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Abstract

This research is developing technology that switches the type of response made by active listening
robots designed to help prevent or arrest the progress of senile dementia at an optimum timing.
Conventional technologies permit users and robots to converse in an alternate question and answer
format. In contrast, this research established a control method that allows the robot to make
responses at appropriate timings by detecting the type of required response (silence, nodding, or an
actual response) using randomized decision forests in machine learning characterized by the user's
voice. Randomized decision forests are capable of achieving high identification performance through
group learning using multiple decision trees. Quantitative indices were used to confirm that this
method enables more rhythmical dialogues than conventional technology.
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Particle Structural Analysis of Sulfide Solid Electrolyte
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Abstract

The practical adoption of next-generation batteries will play an important role in the further
popularization of environmentally friendly vehicles. One promising example is all-solid-state batteries,
which have the potential to achieve both excellent safety performance and high energy density. Solid
electrolytes with high ionic conductivity are necessary to realize high-performance all-solid-state
batteries. To maximize the performance of sulfide-based solid electrolytes for all-solid-state batteries,
the correlation between the internal structure and characteristics of particles must be identified to
enable particle structural control. However, it has not been possible to establish an analysis method
for the particle structures of sulfide-based solid electrolytes due to chemical instability and the
assumption that these structures consist of a complex blend of crystals and glass. This research
succeeded in quantitatively analyzing the structure of sulfide-based solid electrolytes through dark-
field transmission electron microscopy (TEM).
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