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Engine Technology for Improving Fuel Economy

maloy
Koichi Nakata
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Abstract

Enhancing engine thermal efficiency is an important means of improving vehicle fuel economy. Over
the course of engine development for the Prius, Toyota Motor Corporation has raised engine thermal
efficiency to 38.5% by adopting the Atkinson cycle, cooled EGR, an electrical water pump, and low
friction technology. Engines with higher thermal efficiency will become even more important in the
future and technological development is under way with the ultimate aim of achieving an efficiency
of 50%. In the shorter term, however, these existing efficiency improvement measures will be
generally adopted in conventional as well as hybrid vehicles to help boost the thermal efficiency of
all gasoline engines to more than 40%. To accomplish this goal, combustion, low-friction, and valve
train technologies will play an increasingly important role. This article describes the future direction
of gasoline engine development, focusing on the effects of faster combustion on thermal efficiency.
Toyota applies the description “economy with superior thermal efficient combustion™ (ESTEC) to
engines that incorporate these technologies and is continuing to make every effort toward achieving
sustainable mobility by installing these engines in mass-production vehicles for the market.
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Abstract

Toyota Motor Corporation has refined the 1NZ-FXE engine to increase thermal efficiency and for
installation in B-segment vehicles. The key technological items adopted in the new engine are a
cooled exhaust gas recirculation (EGR) system, electric water pump, and a compact exhaust manifold
with high heat durability. Engine friction was also significantly reduced, improving thermal efficiency to
38%. In addition, the length of the engine was reduced by optimizing the electric water pump and the

engine mount bracket layout.
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Development of New Hybrid Transaxle for Compact Vehicles
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Abstract

Toyota Motor Corporation has developed a new transaxle for compact hybrid vehicles. Based on
the transaxle of the third generation Prius, the objectives of this development were to reduce size
and weight, improve motor cooling performance, and lower mechanical losses. These objectives
were achieved by adopting a newly designed stator and gear train, as well as an oil pump with a new
tooth profile. As a result, this new hybrid transaxle helps to enhance the product appeal of compact
vehicles. This article describes the trends of hybrid transaxle development, an outline of the hybrid
transaxle series, the structural characteristics of the newly developed transaxle and stator, as well as
the details of the oil pump with the new tooth profile.

F—O—F NATUYRE, rSVRAFPIRIN, E~Y, FVPL—

1 FUHIC

ME, BEVPEIXRCEONSSE2D, G5E
NSO CO, HIBEREMBB LNETETEEIC
BoTHY, NATUw REREEFEHAR - &K%
BEDIZN - KD EIFESNTLS.

S, KULSOBERIC/NATU v REZEEA
TWerLIehIZav/NT b h—ITEBETEER HY
T/A (P510) ZBREUE. TOHV T/AFBEFTO
3BT UDRITEBHEINTWVS HY T/A (P410)
CE—EESL, VNEE - BEER] [T—95H
MR ) THARIBR IR ZREOBEVE LIET &
ZARFEVol58 V) TREA L. FBTIEHV T/A
DEBEYV)—XEMZEBNA UEE, FEHV T/A
BEETIREREUCHRAT—988, Hwiis 1)U
MY PICDVNTEBNT 3.

*HY RS T L— 2 BERER
= HV Ty NEEREER

Tovota Technical Review Vol. 60 Mar. 2014

2 NTUYRIMSVRATIZILD
BEEY Y —XER

MYV U= UVILNAT U Y RV T L
F3 FF (Front Engine Front Wheel Drive) % HV
T/ADZEEYU—XEHERT. 1997 FICHR
YDEBE/NAT Uy RYRFT L (Toyota Hybrid
System: THS) ZR¥L, % - Yz xRL—9,
BN ERBES SORERETER SN HY T/A
(P110) 2R U DX TEE L. 2003 £FICIE,
BREEOREEZTV, E—dEmHtETZ &

TRRE - ETRER E2@ UIeg 2 N1 T

Uw R2RF L (Toyota Hybrid System T : THS
I) ZBEL, BHEAE—IICHIGLEHV T/A
(P112) Z2RBTUDRICEH L.

27




28

NATUwR " g ;
SIARTIN IVIVHRE % 05 e
1.5 P110 /P11
R > C C Mzmwwz
THS T 1.5L ZP112 -“;‘l=l- BT
FOT
‘
F£—5 1.8L [P‘”O (e (o :
SECDEY, — wmajmz
== !
THS T 241 /p311 | [P314
2.50 “"@ £
2.40) G50 ALY
3.3L P310 Z;313 . "- '
3.50 e
33D (.50 LEXUS RX

1T YU=ZANSUVILNAT Uy RYRFTLRAFFRHV T/A DEEBE YU —XHER

2005 F(CIE THS I ICE—FUST T 3 Bk
ZENMNT 2T ETE—YDE0E - B L ZEZRIR.
SR DVIND hREEE LIE33L Iy Y Y
BEDHV T/A (P310) ZBEF, LEXUS RX (BN
U7—) [CEH L.

FDH, E—9UT T3 VB THS IO
HV T/A YU —XEBR7%ZED, 2006 F£(C2.4L T
VIVHEDOHVY T/A (P311) ZBRELALUICE
H U, 2000 F(CIF1.8LIT I VHDHV T/A
(P410) ZRAFEL 3RBEFXUDRITEE L.

CNFETCRTITUDRELVAKETREREZRDIC
E—SIUT T3 UEEMTHS ITOHY T/AY
U—XEREEDTERD, SE15L I VI VA
D HV T/A (P510) ZREULCZIET, 7I770
SADOAVINT bA—ICHV T/AZBHIT D&
AOeEERBR->fe. TNICLKUE—BEDE—9U
ST a VB THS TOHY T/AZIV/NT ~
N—HORBIEFXTEH TETDLDICRRY,
Uw REOELN - IWKICEBULTWVS.

3 NMITUYRISYRTIRIVIEEE

FEHET

P510 £ P410 DEXEFHEITZR 1 (C, THERD
KOHBEEZR 2 ([TRT. P410 [CHAVLSNT
W2 2207 SRIVUVITFVENDVIRSA
TFY, N—F2VTFVPD4D0FvE—K LU

BOEFVERE LREGERICEEL, E—9UY

NAT

I3 3 VB EENDIREBONIICEE L.
EOHOICRETHBNITDHAT—IBEICLDT
-9 - VxR —INNEYEEINT, ADVIF
P ET7AFILFVROERS - SHREEESEDHE/\ D
OgEEdofe. B2BLURTITRT KDICTP410
(CWUEBEET8kg, 2T 2Tmm, EHEEBRET
172mmiERL, I/ hA—(ICEBEHINTWLD
AT - CVT LEIFEDHFB L Uiz,

INBICEKY, TUIVI—LDEHIAR—IN
INEWVWDVINT R A—~DHV T/AEBEHTIEE
more.

x®1 EFBHET
P510 P410
T = (L 1.5 1.8
5| BEdEn kW) 54 73
“Z|BKANLZ (Nm) 111 142
iz EREHE—S
:IE EEH7 (kW) 45 60
9 |BANLT (Nm) 169 207
BEEEH (rpm) 13,000 13,500
E— 9%t 2.636
SRR 3.190 3.267
e 3
(& ATF) (kg) A =
=& (mm) A21 g
SRR (mm) =5 -




JVNT bA—EEFNATUY RS VRT I Z)VDREHE

E—9 08l
Usovay B

L
T ) -

[ el

WREER o ) D)
- 4a12mm  — O
Z_o—o

H2 ZHERSKOHSLEER

4 FRAT—IEE

FREEDAT—YICIFNEEZENELT,
ROAFEIAIVICBERZA TFEREIA I ZHRA
Lic @, B3(CRT—9I70OR0Ow NFERR
Zmd. J1)LDFEEREICKY, FURBICHFEEY
BEMBRUMEBRBZERTEHY, A0y ~HUD
BARGBERN10%MELEL, AT—9 IT7 DEIEE
BICEm UTE.

TovoTa Technical Review Vol. 60 Mar. 2014

<S> <HFE>
AT
O
FERIL
m@m‘////’%§
aN

M3 RF—9I70DA0Ov MHRE

Fre, EROIEIAILTIE IAILEBOFIX -
EBEFSDOECLUBEBNIELZDICHL, FAR
JAIVTIFRAEUVVWEIKICHETES. BRI
WMESNIEFEABR A ILEES U THBTITD T &
T, B4ICRIKDICHERAT—YICRWLIAILI
VRS EERT 2 ENTER.

<{ERAEE>
_ JALITVE

<EBIE>

.....

JA4)LI VR
FAREIAI BRI

AF—937

B4 OdA/IIYREES

THICTAIVICE, FRICEFEIAILZEEHRRL
fe. JMIVDORBERS [CRTRIIC2BEEE L
NBDIF X)VEERICIIA, BHEBEOIERIEE ZiE
RIBDLHICHEICHERREZHE L. 1)K
BOERE - 2BESE(kICKY, JIAILEEBOEE
HEEE@ LI B THAB KUHER I1 )L DiEEE
7oz, THNUTEKY, INFETEARALUTLABRE
BRCO T v IRERIET SN TEES R, O
ALY FOFEBIERICER U,

INBICKH>TRGICRIKDICE—IRT—H
TlFERESICHENTHEZ 15%, BZ 10%1E
ING BT ENTIREE TR, HV T/A D/N\EYL - EB5
ERZER L.

29




30

<fERtEE>

TFXIVERE

tHfERZIR

ax////

5 RF—9IAIUEE

A15%

dA/4)LIT VR

A10%

CH , T
%JE%_—' ==

6 TET—IRATFT—IDINEUL

5 HeEFAAILKRYTS

PS10 ClEZ A IRy FHholtHEND 4 AL
', £V - @\2ITOEBREIITRL, E—FICHE
TBHIETE—IAAMEERER LESETVLS O,
ZCDles, FAIHEEEENSEZNEN G-/
1w, FA IR TFONEE - BRIER E DIIDE
HIC, FEBA AR TFEFEALURE O, Fghl
FTAIRYAF, FAIRYTOEDE S HEREH
BREEHUCK>TRED PO IA REigERW R
FEEIFERY, R/ S X—F (LK BEICHE
DESEERDCENTED. B7(IChO0A N
FEICHUTHRDODESZE» UVItHHEZIBINE 125
EEDOMRY TERZETRT .

X8 (CE—MtHEEERUIEHEEDA A IRV
O—9BHEBRMNLVIDBRETRT. 44Uk
TlEHV T/ADASE EICRRBSNTHY, TV
IV —LNDHV T/ABEH FOFIKD ST AL
Ry PO—IBEHDLRNHRED. F4)LITHERE
BIRT DIEDITIFA A IRy TO—9ERR(ET D
WENBBN, 744 ILiRyTFO—9 DRIFIBEITH

ITRDEESNEHCHERNTKEL. ZDfesd, P510
TIREBEANEBET 2EHCHZBZHS, FHfk
ERAT 2T ETH AR TO—IDKREZEZ
fUre.

ZNICKY OO+ REFEEHRALCHEEICH U
THAIVRYTDEKSILT Z 17 &R LIBEHS,
tHEEENE/NEYEDmMIIZZER. HV T/A DR,
BRZEAL, ElOEMREICEB L.

- -\-.\;- TRUTATTA T vl i ™ o
SN T AN
VAN \ ~v_/_ N N Zl ;o\
/ J \\
/ \‘

g F\ﬂ ) \\—\P [ C LTI,
_1—_\:“._:—_:__%\‘.:% *'i\ o G r—
\_\\ ] Q . % //—’-\/j\ /; \\\\(Q/\w k ,) /&>\) / Ji

\\}f:\fé// \\<f/\vﬂ//

<HiEA>

<bO3A ReEmR>

B7 F IRy TERAAR

O3 NEEf
(F—ItHE)
O
RS
O 1
I

BERNLD

o
A17%‘¢I"-~._

ESNEapicd
%m:

AR TO—IESH
M8 HAIIKYTO-FIEHEERNLT DER

O

6 FL&H

VN b A—CEEHTER1LL I VI VAD
FEIHV T/A (P510) ZBEFE L. FBEDENVT
&H2 [NEUL - BEERE] [T—9mEEeEaE ] [#
WBKIER] DIcHIHAT—IES, 4 1)
MY PR ICHEE - FEULL.

PR10ZEBH UV /NI bAH—DF7 T 71,
A—3HKEaI VI VD2RBFUDREELXRT,
JCO8 E— RMAET 19% DM E @ EHER SN,
JIVIND b h—DEEEHE EICERmUTWVS.



VNI bA—BINATU Y RS URT T ZIVOBEFE

B=EGH

(1) =HER, B8R FRE & BHEHD U
TV NEBFHENATUY RNSY
A7 02 DEFE TOYOTA Technical
Review, Vol58, No.1, P.55-58 (2012)

(2) BIFE, B8, K&, 5, NEEH  /NEN
AUy REDE—YIRT—IDRF. BEE
Bifs2iiEEsSmiE. No.58-12, P5-8
(2012)

(3) SHEKRES, &F BHE N\E  BYEAAI
K O0—9 (4704 R ™MO—9) ORFE.
SEl 77 ZA)lllE 21— No.180 (2012)

(4) EHER, &K, AN, i BELEH, Y
TN NERFRENATUYRNS VR
TORIDEEFE. BEEEMISRMEERT
fIZE. No.58-12, P.9-12 (2012)

B=E

=

T I8

tE o

WA BE N KE =S R

Tovota Technical Review Vol. 60 Mar. 2014 31



32

NI—FL=1

AN bA—EBFNATUY RYZAT LDOREFE

Development of Hybrid System for Compact Vehicles
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Abstract

Toyota Motor Corporation has incorporated a hybrid system into the latest generation of the Corolla,
one of its most important and representative vehicles. The Corolla hybrid uses the powertrain
developed for the Aqua (the Prius c in North America). This article describes the performance
requirements and development targets of this hybrid system for B segment compact vehicles, including
some of the details of the Aqua hybrid system development.

F—U—K JUNTbrhH—, NTUYRIYRT L, BRE&, I\EBYL, S8k

1 FU®HIC

FEAO-SICBELENATUY RIYZT A
&, ZPO7DEFTICEDETCHELEZDDTHS.
FOPEREE JN7 b MR5FUN—-H4XT,
NATUy RERREHR T DB ELTIEITDE
[CTBDBZRNRIC, NATUY RIYRT L%/NE -
BSMERELUE. BRELT, PITZRETUDIEKY
HBKRHBVERFEMET, ISR~ TDRE
MREZESRIB UL,

. ERINIRE

I. BLPTEDEK

M. FOEL Mg
CDIDEFERIEDEHIC, NATUY RIRT
LEEBIVR—RUNEIL, PUDRAEERLT
BRI - AR Z IR TE.

AR TlE, 777 TCORERNBTZZH, BEIX
Y REDONA T U Y RYRT AITKOH 5N DI4RE
&, BIETRICDOVTIRRS.

2 NITUY RIRTLOWE

NATUw REBERI1S5L7Z MYV IHAT)0
TUIVERRAL, BREE/NA/NND—FE@iISE

*HV YR T LFFEEED

= (E1).

SR OIRA)VEHBEDE—Y ZFHAL,
TR S BET v ERERET, /\BES(L
ZRIBUTC.

NDO—JvbO—)b1Zv Tl NBETD
DCDC O /\—%, IGBT silgs, E—% ECUR
EDFHRFAFR, ZOMENIERD, EAITHUN
At - RBEEREZIT oI

Ffe, BEASME 12V #EE/ N v T U EEDBIC
UFPI—RNFICEBEHITZET, HVUVEEEFED
BEZEEOERICES UL.

NDO—drhO=-L21Zv bk

EEREH (= v LK)
HUPY— TR

E— SN
hSYZTF TR

H1 AO-SICEEENDN\ATU Y REHR
d=w b - EHEHUSE

RIS, BITUDREERUIEAR/NA T w R
VRTADFEEETERT



VNI b A—@EEFNATUY RV AT LDORF

VAT LAEHRFTYU DT XED 100kW 5
73kW [CHIZ TV, RAZESEN 1,430kg
NS 1,165kg [CEBS NICId EDEMETZE R
(AN, HERRE, FHIHUREZEECETIHES

UTEI.

x£1 NATUYRIYRATFTLEEETT
=3 FUHZR 707 HO-5
s47 [VBLZREIILIL[SL P RN
KSEIUSHEDOHC | KAEIIASEDOHC
(kfvg}%pﬁm) 73./5,200 54/4,800 -
BANLD _
|t 14274000 | 111/3600~4.400
T8
St 13.0 134 =
BREE | 0O—>—0vAH—=R [CEAEY =
EGR 2—)U REGR J—JUREGR -
{ERAME |BBLF15—-HYUY |BBUFa15-HYUY L
il e | BEAmaIEE | SomRImEm -
JIrL—% fBE eI AT SREH BT =
SHETE-5| @AW SRS TREBBE -
. 201.6V 144V _
SRENFIE = wrr ks —warlkER
V2T LBEHS kW) 100 73 -

3 FIAVKR—RYVMOME

3.1 b
TVIVOHRER, M8, BOMUREOHERNS
1.2L~ 1.5L O&HEATERET LT,

) 20
= 0 15 |-
::‘ a0 5 0 EER -

g s # g I
§ 30 £ osHif WG, ZFOREES - o
D 20 ~—- i) £ ol CEBMRET LEZT 20k
S 10 FLoRY B —
£ ool 0 I el = E—
E-w Hoop-— 1.5LAENS
3 a | -
820 [sirEns] of -
& -3

12 13 14 15 16

IvIvHKE U

H3 MAELE

08 10 11 12 13 14 15 e 09 10 11

IvIvHRm L)

2 NERMERELLER

HACDBRZBITICBVTIE, BHUEEEFHISE
MREVFEEFEG-E (®2) B, BMECSN
TH, XEKERTE—R, EARBLDRIFRE
ReEoke (W3). INF, FHAERGTTHEN
WICT VY VOEGHZEE<SINZ BN HEDZH,
E—9IP NS VRT I ZA)IDOEHERLFEDEN
OgEE Ry, TEBENEADLEREDEZEZ SN
3. IEKY, IV VHRER 1.5L Uk,

IVvIVEKRE 2R8BF7UTREBULEL
“INZ-FXE” ©%3H, 7—IUREGR, B+ —

TovoTa Technical Review Vol. 60 Mar. 2014

G—M T, IITHEYV—-A MTZR—ILRRE,
MBRED RO I V/INT MEDTEh DML IR RZ
L, 70%DEWEzHHrLc (B4). Fle, RIE
FHREL, EMEEE 13.0=13.4 & Uf.

PhFIVIHATIL
J—)UREGR
J\EY Upper
IFV—-R K ~ . Left
R=M=lbF Ny v i Front
—— IRVVTHAERT
HLyvT b

fd ~ - FERER
EIUIVaY AVF =TT h—IL R
FI—v - EBFFHEROY ML

3 e ~ By +—9—

NILEU R ; byt

VAT I

K4 IVIVEBREZATL

IvIvDIUTT a7z, 2,000rpm D FMEP
T2REZPUDZAE, \BETSUODAAEKRUEKE
REES(CRY. INZIVIVEEFIINY REE
ALTWLWBICHhh ST, Fz—rEZHZENL
HORLIZT U TS 3 VIEERMZRA U ER
O—>—0vh—v RERETIRTSU DAL
DEWVWTIUIY 3V ERIBTEE.

aN)L b+
BEHD 4 —9—KYT
& OAA IRV T
I =PAV]Vwa
o BIS5V7
8 Qiiyl Ezzhy&mwﬁ
Q
o~
4
©
o
~ | O 000 [ 0000 [
a
i
= | || (SRS [
-
B TNZ-FXE # INZ-FXE 2ZR-FXE
2BTUDR rPIF7 BTTUDR
B5 IvIVIUTY 3R
3.2 WS UAXAFP I AND A ZE—F

FOFPD70U - A RXYN—RBIETFUD
2D 907mm [T/ L 858mm &<, TvIvdH
KOS VR IRINZEBE T DIEHICTREEL
e, BIRIE, TV VENSYRATZIRILDEDE
miF, #HES EEAQ) ZERET3EHICHNIT K
DEEDREHRSIZEIT ol (H6).

TUDREKR, AYATLABDE—IREKEE
BEFVERETD. T4 7Ly vILFTR
&, 7Z2O7, hO—SDEmMEEREL RS//N\E

33




34

UF 4 BRI B3 REEE Le. FSYRTIR
VRHT, FUSRICHARLET 21mm, S8BT
8kg D/NAUERB(LEER LT

FUDOZX
Uy avF

PIFP

g 3vFy

B EIRAE

B0 EIEE

B6 rSYRAFPIRIVD«XE—Y

Flo, BRERE SRR LD, E—F5
HAEZEZEBE L.

FUDRATHEALE, NO—JrhO—)b1Zy
NAEIKEHETD, D4—9I v v MNILDK
ABEEREL, EERFTAIVRY TPEFREF LT
BET—IFAIEHET 285 L (B7).

FUIRA
FAWIVT

PIF

FANI T

22—9—

NTUy R FPOOET

* 4 UREF FAIWRYFTHA iRk EF

SYITI—

®7 E—95H5G%

BIERA A IRV ZREFELU I L TEFIENZ
=B/IMET 21, cSI VAT ITRAILARDA A UK
Nz2ENICREEL, BMOEE/NS VA ZRE
Ibl-fe.

33 YrIxlb—gEE—%
V=Y EE-SF, BREFEERIAIVIC
ZTEL, FIBENMEEZRAT 2B CHNEEZM
+EB, b—YIEET 10BDEELZER LT
(E28).

HEE: 10%BRE |

TUDR FIAF
y ESE ERRekin
Jxrb—9 A
0 JALIVERS
\ (=2%)
2WE HEDTE
E=2 T
@ -
—15%
BRDE 13,900rpm 13 500rpm
BARNLD 207Nm 169Nm
BAHT 60kW 45kW

8 JIRL—IRUE—ILR

3.4 N9—drvbO-lbAZv b

JNO—2J> hO—)LI1Z v b FUDXERE
RN—=Z2EULTWBH, EBIVFTVUBE EfTx
FOES, IPMEBKHZERRSYE, T6lc, RF
NIVFVUDEL, AEEBEREUEFED/N\E, &
SEICKIEET8%, AECTI12%EE LIz (E9).

FUDR PIF

@10 10 3
B s &
0 0
®9 /NU—dvbO—JL1=w REER
CNUCKY, THRBTEREMEDEREED

([C, TvIaV/)8—hXY MARICIS ZEZTTEE
sl

Ffz, DCDC OVN—9DEBBEICDNTH,
BEODOHEESHICLUTCEBEUZEERL, RENE
[CEmLTWS.

3.5 EEIREM
TUDREAULK Z T LKREBZEFERAL, &
HEILEESUDAD 168 ZILHS 120 EILA
WO UICET, EET 11kg, HET 20%1EE L,

V— N IDEEZEDREIC U, TDRR, U
PEZ—ZAR—Z 640mm GxEHAV U VEER—
DEEFEMEFEAR—AZEFRT BN TREC S
fz (E10).



VNI bA—[IFNATUY BT LORFE

(DO—2F 7% 461L, AO—FF «—)lrF—
407L [54&%EH] - 8721 [2 &%EEhH])

e, mElE, EAO0ZU7Y—bD7 VI —
AN—BFICERET DE T, HEHEEOHREAHE
BEEDEAZREIRLTCWVWS. SHEE, &Eitt/UE
Z TIN5 EITHEN, U7y — MaED S =@cHiE

SHBET, U7 Y= b DROTEDEHNZ T
Wna.
FUBZR | a7

120V

INELAHTO7

®10 BRE)AEHERUERMIE

4 REE
41 FHE

MEICRALTIE, 2DDOKRERFRENSDSI.

128, FUDRICHEANSE BT #ZEKEITHE
SUlefesh, EMIERNME LU CBUBRMEBII LT
ETHD.

TUDHR
_ 7772%&
s m
o B l\\Q
§:
i T,
& [wmun | QQQ EERE SIS NS
i — N\
e s
| BHBEET [ B N
i i -y
TYTHEE (V)
Test mode: In house RWFE mode
11 FEEEE & TYEMERORR

11(C, HBHIETE— FPROFEEMBEE T
BHEROBEGRZETL U DZAET I TP OFITRT.

ToyoTa Technical Review Vol. 60 Mar. 2014

PUDRT, BBD—EDETZELIEEEDONE/Y
D—HTDSAVEDRAICHDEULEBESE, B
UBREC7ZI7DUNEBEEFRB EBD. Bt
DEIEHZEZDETIEITES UL TLNIEREERZR WV
DrEEH, BEHICEY ZNULECHES THED
Hofcfedh, MCEFTEENTL>TUEL, =
DETCERZEINSEDIMNENED, BKEELD
BT .

2 OB, FEEHEEBINICKZESIELDEN
THd. BEIVN—FICL>T, REIFHSBHEFE
(&, FUDRTERAKG650V, 777 TlF520V =
TEHTWVD. B12(F, HIETE—RDICEE
ULTVWRBEZLERULIEDDTHSD. OV ME
E—YIDEHEREZERL, BV OV rDSAV K
AR, EEZNEE T DEHEETGD.

PUDITIE, EFEHBO25%UHEELTL
BULDICH U, 7T 7 TlEERENHEEMEBEIELE
0, 62%BHFEELTVNDENYS.

TYUDZ FPIF
1
Q ‘|VDMM+ Bussted: 51| NoPaest h ICDM’M+ Boosted -0~ No Boost
= bk -
2 P k.
L s % TR
L :% W K‘,bw,,, g 3
E—5OEH T O
Test mode: In house RWFE mode
BEEOD25% TEENKE BEISED62% TRENMNE

E12 ETE—FPOFEEELR

4.2 ER

CNHODEEZTRYT Dt
EREGVIAATE. TISGRRfE, TUIVEBEDD
U3 3 ERDHFD 1 DN, &5IC5
Ng 3.

—fRIC, TUIVORMEEERE, HHNENAD
[CONFERICRDEL, TRHOHERDIRODEE
HISEDVWTWE, EERNBICEEIAICEET
BEFDODE—IENND. POF - HO—SN\AT
Uw REOIVIVE FTUDZRAICHERZORE
VUK BVWND—BICFEET S (K13 £K).

FCIT, PO7 - HO0—3N\ATU v ROBEIC
BV, BEh(cEmAOEHn s <BEDKINE
HEFERATDLOIZEEET > (B 13 7).

Ffe, KIBERfELSIC, TUIVERBDT U
Y a3 VR ESEBIREEICKY, 2R8BFUDRE
IVIVRUD, RIEMEVBEERCES CE 25
ZLIF3BHTERE (B 14).

35




Test mode: In house RWFE mode

IVIVEME
B Uoz
R T~ i St SRR SN,
§ e PP PUDR & B
R A S (S/V ratio, friction)---
/\ ................................................
H [Ty @EGR-ON
‘/ﬁ?]/ BRE
IV IVRIENE
£1 [ remmaons
e
i | / /){ ) ‘,‘ TR
= > IYUVRBBOREZE |
I J&i." \\g——»m; I
IvIvdHh/HRE

13 FETE-PFPOIY I VENERUAREES T

i TNZ-FXE
g FPaATF)
D /\
2 IB 1NZ-FXE
L (2KBFUDR)
IVIVEMESAY
IVIVEER

14 PEHBERI YD

2 DBIF, MFEOE#MEQ DS, TFY—
AR IZIR—=IU RZEZHAEEZTEERIR R U
fo. TUDRICHN, MRZEFRMR— NTRUIEL
BAFICEBL, YU VIANY RO SAE FEET
DHK/INA TEREEE T DRAD 840 FH Y F
A—=KILDB 488 FHREYFA—-MILE, HED
BEFCERTEEDIRE, HEFORNIFHED
BBfb(CkY, JCO8 E—RTIF, AIEEHKISRE%E
67 %FEMET BN T,

AEBEBROMREF, TUDRELY 14.5%M@EE
LTHBY, BSED 7.9%(CHANT, HEERNAE
<IF-o>TW3 (®15).

= NIFU—2h

=
N I
red
55{@!,7::
FUSZ |
FUDR | mEme [ —] |
707 R FYo2 | |
67% e PIF. 14.5%
0 20 40 60 25 30 35 40

MISERIERIC0SE—R (1)
15 fARREEREREN OB

ME@ICO8E—K (km/L)

36

7 —JU K EGR DIFBREE TEBRIJILKU,
JCO8 E—RTDT—)U K EGR E&mEEF, U
DR(CHER17.5%ILK U (B16).

I I B
FUSZ EGR-ON |, EGR-OFF
I J
: 17.5% |
FOF
[ ]
0 20 40 60 80 100

EGR ;B#57815@JC08 E— I (hot) (%)
16 EGR ZERrEIEEE

7 —)U K EGR EEGZBEEILKITEEREDE T
CHF5L, 7VF /v IMHENGLEL, MBT D
NZEBEAIEND. BL, AW EGRRFZENITH
UTTRFRENERS Y, cnERyEYJO0RD
BINCEND. £ T, EABBLUNILITIA=
VO EREIEL, BEBICHITDREREHREMIC
EIlsragey/

NSURATIZAIVDA A JLIBHEXRBHER L.
FTAINS I TEICEBL, FVICL>TEEE
(Fonzd#aIbeE, FAIVRYTHRG EFDF A
W EEDDBCTFVENDSTAIBEESZ MNFDE
WCEfe. Ffe, AR TORABICEY, BE
BIFENPBRWNVEERE THE—IDEES 1 )VICE
ETDIENTEDH, BLAAIVBEN ERLT
FAIDMEMETRTS. THNUTKY, 17 [T/~
TROIC, BERYTEAZERNCE.

‘ _7% ............

1K

gg

P ~9%

= '

\_

h

TUDR  TIT FUBR FIF

&% 50km/h
17 Z A JVIBFHEXRIEER

E®E 100km/h

5DBE, RAMEDH LRZRTY.
BORETRRET, HHAEEREEMENLE
EE, RBEOEOLDICIVIVTHBI DD,



VNI bA—@IEFNATU Y RV RFT LD

FOL—hDREUICKY FTERFBDSEMRE OF
Y, TVIVEHREOERZE >,
EHRETERR UCHRHTT, TUDRICH
N, 7% TV IVEFEEEEEL, MEVEEE
wEE U (K18).

0 20 40 60 80 100

TUYVEBIEHE (%) (100%71228)
@¥5UA 1 35C, A/C 25C Auto

18 ERENFEMFTEIFD I Y VU {EEIE@3TREET

43 A&

PLEDRSBEIEIERBRUBHITEY, 7T
7, AO0—S0%E(IF, B 19 DRRICHET HEDH
T&EIe.

FIT —-l 35.4km/L
l | ‘ +8.6%
HO-—-3> 33.0km/L
| | | IR
0 10 20 30 40
JCOBE—RHE (km/L)
19 JCO08 E— RAELER
BB, TIITF>RLTLRVLD, HROEAK

BEE—REEBETH, H5%DREBEHIERCTE
TWa.

5 NERMEE

X 20 (&, 727 DIRMEEEICDWVWTRY

0-100km/h OFENDLERMERES 40-70km/h D
BIEEEEE D IV INT SIS A MY PURILTH
Y, THOIBENMREERIRT 2EN TETCWLS.

TovoTA Technical Review Vol. 60 Mar. 2014

5.5
EEDE ¢
g 5.0
N » EECE
?
a4 * + @EBE
iy = EEAE NATUwER)
5 E 4.0 (NAT U R)
V4
=
|
< 77
"
3.0 |
10.0 105 11.0 10.5 12:0 12.5
0—100km/hIDES A Ls (s)
FHENDER
20 fDEi4EE
6 HENTE

7O (BA)- FUDR c (JLK) FEFEE, M

DK Z L DBEHFICHBROZMIET/NA T

Uw REZZEUATIEITSERIC, BERICHZDEXT
CREDIHENT, EmEEZRARS ISHES, O
VINT RERNATU Y RYZAT LAZRFELUE. V

UZ (BN, S@os0—> (ER) ~&, BE

BEREELITDODHD.

(1) 2TcoavR—xy hE/NBEBEELL, TV
IV IN—=bh X MAICIS, St 7
V—RRICEBITDET, THREESEZ
BRTEDLDICUT.

(2) EREIAREM/LEEIRIC LDERBINELLE,
SEEEE#EOLU LEOREMED L7, TV
VUESHIEEIVR—2 Y FDEXERE,
MR TIT o 1.

516D, BIEMREICEN, BEUTELLWNAT

Uw RYZF LARFEICEBELTVEZVERS.

m=E

37

AR



38

H1BLNIWIIFVvIRMAVUII VI DRFE

Development of 1.8-Liter Gasoline Engine with Valvematic System for New Corolla in North America
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Abstract

The ZR series engine combined with the Valvematic variable valve timing and lift system has been
well-received by customers since its release in 2007. A further advanced version of the Valvematic
system has now been developed and integrated with the new 1.8-liter 2ZR-FAE engine installed in the
latest generation of the Corolla in North America. This development marks the full-scale adoption of
the Valvematic system in engines in North America, and each aspect of the design and control of the
system was thoroughly revised to take full advantage of the Valvematic technology. As a result, it was
possible to maximize the fuel efficiency, dynamic performance, and emissions potential of the engine.
This article introduces the new technology adopted in the new 2ZR-FAE engine for North America.

F-U—R AVUVARERE, TEEREE BRE HhME BIKI=vyay

FUHIC

o, hIAIEEED, YAILTIVINT N,

T, WKRELAUEN DD, R4BHE
X—=A—0fEalF, BEREOCRH OEOAEZEEOIC
FEDFBAS, BERICEDEVERHFEIZILT
H3.

BBERLVUVARKRE, BoafdEszs
HgsZens, A0V MURVICKZRVEY DT
ORZHBVEZEFLSEDREN DY, HFR
B RENTE . IR IETHRBRELT ~F
VUL TIERBIFONBZN, 8L, BRI
STvYaVHRORBSPEAODEFEWN>IEE
PEUS. TS5 Ukh, ERiU D O EEFEI
& MEBLEOHGST, B, FKIZ vy s
> DEEHRANKE BRI CHS. 2007 F

* T VERETER
* NIYFIZANTAROvITIAY S (3K)
o T IS T LRRER

M ONAEOEWVERD 7 SO ESHREETH D
VALVEMATIC R LY #BHARRRNGE (R
ULTE.

S0, KAO—3CZDVALVEMATIC KT
VIVEEETDICHIEY, ITICEVEFHBEET
Wd ZR VU =X VALVEMATIC R IV Y vz
b, BENGRE - B - I KI= vy 3
YDOIRT Vv )LERBICSIHT I ECRIIULT.
KBTI, COdek@lT 1.8L 78 2ZR-FAE D%
AT 2B T 2.

2 IVIVEIEREERET

ZRVU—XEFE—RPETIBEOHEN
UI—Y3avaERFLE £9 2000 FIC16LE
1.8L B* 1ZR-FE, 2ZR-FE & LTSN O,
INBI(lFE Dual VVT-i S0 REERR T Z %A



FI1IBLNIWIRF v IMAVY I VI Y OREFE

U, 2007 F(CEMENZ20LD3ZR-FEB® S
HEREZEH ESEZ. £ULT2007 F, RE&EG L
EHNAEEDHERT DB Z—XITMA DN
VALVEMATIC Z#RAH LTz 2ZR-FAE, 3ZR-FAE
ZHEPRMNTHITLU, TR 22FERERE
+ 20%. AL 17 FHREAREBE 75%ERET S
A~y PNV OEmENIEREZEER LTz 2.
ZLTSO sLWHREMECBRLVLVIZ Y
Y aVEERNROSNBZIAKTFBICH LT, D
2ZR-FAE ZRUCIRHI DI LT, AISAT
Ny FORE 42MPG (N1 DA (HWY) BRE)
ZERULDD, BRUWLLEV IRHIZEEE L.

R1ICFEETT, 1ICT Y kEE, 2(C=E
BRI ZRT.
xq1 IVIVFEEET
- 2ZR-FAE 27ZR-FE 2ZR-FAE
TVIVE () FEEFIL) (&8
HHSE 1798 - =
K= L4 — .
WEXITEE(mm)| ¢80.5%88.3 -~ =
Pmcem DOHC, 4 /\N)LT “ e
i (O-3-0yH-7-14)
> VALVEMATIC Dual VVT-i VALVEMATIC
TEEEHER | emm2s0CA)| (BE+HER) |(fERE260°CA)
VRENESTISE | t— NOESY - -
[EfEE 10621 10.0:1 100:1
Bt
(hpg?rpm) 140/6,100 132/6,000 142/6,400
BANLY
(lb'ft/rpm) 126/4,000 128/4,400 130/4,400
e (MPG) 30/42/35 27/35/30 —
(CITY/HWY/COMB) <CVT> <4AT> (B—%HF=x L)
150
{140 5
. 120 R
i 2ZR-FAE > 1170 5
4100
130
S
N
/i BIEFIL
2ZR-FE

120 N
/

_ 5 \

110 \
7 \

/7
100 ; ,
1,000 3,000 5,000 7,000
@ER£g (rpm)

~MLZ (lb-ft)

TovoTta Technical Review Vol. 60 Mar. 2014

EAATS - Eta

( r
(Dual W A -
aal R W
[ iEmEy
- g@% ) Utea—nikv7)

NWhFYY a7

 fEmm
| EfELLELE |

2 ERERAEN

BRI 2ZR-FAE @ [T LT, BEK/NILTDE
HE% 260 CA 15 280CA ICIEKL, BAKU D
REZ 11TmMm NS 11.5mm FE TR, FEfELIE
10.6 ETEDE. Ffe, NIVLTI9AZ VT DOEE)
BEEZEILAL, VALVEMATIC 8KV VVT OEED
EICRUTROY MUREZHIET 2 maEHEC L
W, MBERSANEUT 4 ZXIBICELEUT.

1 2ZR-FAE Tl&, VALVEMATIC HEEF Tl
<, TVIVEREDAATUIT Y 3 HERDISH
CIVIYVEBOBBLEZETR . AR N
F 21— LRV TOEREHZERI S0%BER L, MAT,
=NV bT Y3 FZREL, N ARAOZE
HMITBDEREZSIAATE (E2).

xlz, AV AT LADHRHITH . T—EX
Sy MEEEEBEY CETRREMZENEL, KR
SOEZEEEL, WEEZEHDET, ITIY

AEKDEACRIEZE TR o fe. COBVLRES S
BOU—FERI v hOFERAICKY, CVTHEDS
BEEGFHICOVT / v IRERISIL, N
ZBEEtT BT ENTE, T—RMBEAET<EL
[agey/

P EDURZEITFZ ISR, B3ICRTKDIT,
X ANO—FE ULTCHOETMREFFIETILELY 16
~20%DELEE, TSR My TFUNLOEIFIMEEE
DIEM ZMmIL LTz,

FREEEIC BEAZRBRHICOVWTIE LEVI
(ULEV70) 7&25ERY. JEAKERR On-Board Diagnostics
LT, OBD) ([CEximUL.

39




40

36 #2ZR-FAE
K\ O CvT

™ 34
£ N N
32 0
2
7 [mas=s \
n 30 ©
as) O ——
= RIETIV
Qg 28 masmAl—— 4AT H

26

9.0 9.5 10.0 10.5 11.0

0-60mphFEENE (s)

2ZR-FAE
42 VT @—
............................... [:‘
B 40 e S
g _____
2 S T L S £ TR M S
;(\ ..........................
D e Y S B N e
; H ! ‘
= FESI |
34 4AAT

23 24 25 26 27 28 29 30 31 32
CITYSANIL (mpg)

3 REEHE SRR

3 VALVEMATIC Y 27 LA R DE

3.1 YAFTLOEL

SODRIF, EiiU T ~IZEEBOX U v~z
B(5IEHI e, TRBMAZBARI LI ENR
ROFHTHD . EGElllldEn)

DITFICERY 7 O E#EOfRZRY . AV U
YAREEOZESHEEZ A0 Y MUICKDRBHEE
PONILTICL3EEFERAGEICTSIET, HUF
DFIRHFETNTLND WO O,

(1) RARORYEY T OADKBEROE/NILT
U7 EDONIVTR T VITHERRICKD
M=EEE (B 4).

<2Z20Ow MIUHIE>

L/ / BE
. NLTUT b
B a0 gl
g
I <R/ NIV TRIAE >
o \y/. 0%
1 L RLTU T
B [ j N

(REE=2i

4 BARRYEYIORER

(2) ENILTUT ROV Y VT —RZESRAE
FEEIEI0(C K BRI E.

(3) NIV TR DEIRBEER LIC K21
NMULoEL, &EEAE ERURENEE L.

(4) /20y cU VI KD BER TORE
4@ k.

e, SELUERK, BNETTRLS, ERNE

B9 27z OBD WitvaEeilLizc (’5).

POIF1I—-90FECHLTIY MO

Vv I MEBICEEI LTV D H EESRT 2T

EI2hO—-ILY v 7 ANEBIILIE (B6).

- JeROBD ——————
.............. Bm - EROBD " 2 A
’ ECU [ BAvA = =t
CVRTFLEE s EYYE @ N
cE-smg | [ Op nd
CBERS 3::)=)
[ BVURR | caNEE EDU | e o V5T ROEDE T
U= [ —
gh i > avha—l
L / B THALR IN/NILT
i EFIm /
& )

5 VALVEMATIC ¥+ 7 b OBD D#&ERg

. %\ EROBDH IRz /Y

v

[

T

{EKOBDG
RPNk e A

i

6 # VALVEMATIC \— R = 7ENHE

3.2 N—ROI 70K

VALVEMATIC [FH#EERIIC 3 DOWAEICARITE,
ZON—RO T 7ERZERT7 (TR, /NLTDREA
IAZVITZEGNICHET D HLY v T b I
([CEWfIFonfz VVT-i (Variable Valve Timing
-intelligent), &t 7 NOZHREAE, ROKE
WBZEEREIT 277 F 1 T—9 THRITENS.

S~ BERVVT
AGE T avhO—LY+ Ik

BEVWTi |

U 7 SO

7 VALVEMATIC \—RD T 7#ZE



M1BLNIVITRFVvIRMAVU VI VIV DREHE

X8 ([LEf Y 7 b EHBETORRNZ, E9
[CEMEZTRY. POF2I—9INICTE—IDOE
BE)ZERESICERIRL, BNy ~aO—)b
Vv I M E#MBEICHRETD. AT/ FIFEIV N
O—LYv T MEBABICERL, OvA—I v
hEZEZASARTD. RSAFERBVI—T—LK
OEE7—LENUAIVATSAVTHMELTD
W, ZONJAIVERICK VI —T7 —LDEA
EDLEEECEREIND. EEF—LAICFO—
S—0vAH—7—LDO0—SHEICEMT DHAEIC
FO7 4 —ILHBFEREINTBY, RSAIENUE
gHLAEO—F—7— AL EDIBRMIEZEERNICE
fExt, NIL7U D ~NEZERNICHIET 3.

A-AHfE

9 NIWTUTEAEAAZXLA

33 NILIJUTRETAZVT
32IECRUEN—RO Tz 7ICKIRSAID/NIL
TUTRER 1.0mm~ 11.5mm, BIEAEAR %=
S{EAAT 106 CA~ 280 CAETELSE, NIL
TIAZITZFHHT D VVT-i CHEPFEDEDR T

TovoTa Technical Review Vol. 60 Mar. 2014

ET, B10 ISR/ VLT ORFEHE L OTREE
K[DF—N—=5 v FZEHENICIY bO—ILT 3.

A BDC TDC N BDC
IAZVIAE B
F-N—Sv 7 <
BT S

BaSEaE & ./\“)Kf")jl\éﬁlﬁ
s >‘>
N \.'\ \'\
\ A .\'\
e AN RS

NILTU Tk

\

10 NIWJUT A=

4 BREXYU v SOIER

SE, VALVEMATICEEEULT, &t 7~
ZERFEMERAN I I OMETHEROEL) =)
ZEIEL, MEChiz> TRt HmERET &
TEESEE. U, INSICDOVTEHRRT 3.

4.1 BENVITEEEICELZ R EYIORER

VALVEMATIC ##E8 T3, Bafig~harasE
[EBWVTC, U RETEREZRHIT DT EICEKY
20w MUV ZCBIF2 R EV T OREERT
30, WR/NILTDU T S A—TRHIC KRS/
WIFICBIFBIRETORDERT 3.

K11 (CRT LD, SRHETE (FEK8) T
EABE, NUVTERARELVNEL, UTKRE
FRUKRELTDEICKY, KETE~TERE
TORK/NNILT R EYTORBRETDZ &N
TE% V. 5@, BB VVT (LT, IN-VVT)
DIEFBEHERBICTDIETER M ADN
IWITRIVFICEEL, BKUTKEZR 11Tmm
A5 11.5mmCEDLE. INITEKY, EFD
VALVEMATIC [CH U TERZ R EV T ORIER
"X ENTRECIE o T,

| RyevroziEs
o FIREER

NILTUT g2

NILTIERA

TESE

11 RYEVIORERMER L

41




42

4.2 (REREEEOMAELDLE

122, EEBREZICHBIFDHmED EOH
EERY. IN-VVT, BRUOEKE VVT (LT,
EX-VVT) W75 DIEENEE ZRRICERTLIT,
VALVEMATIC HIAGIEENSR L, —/N\—3wv
THEEEILKT D ECEIIRYEY T OREHE
ZHBHTET, BEBE~PTEE8EE COREZD
FUre. &z, EX-VVT EBIEKIC K 2REL EGR
(Exhaust Gas Recirculation) BAGR{EICK>T
MYEVITORZERL, KEEEEICHITINE
mEZER->TE.

[ESErE
VALVEMATICISIH7ZME, A5
%mﬁkﬁmﬁmyﬁydmzﬁﬁ%
5

HERRT Y YV ORRED E5El

AR R

<{E&fEHRRE>
AIBREGRIEIC L S LE F——
DC/ |5 v Tk

BDC BDC
|[BVALVEMATIC #FVALVEMATIC

12 (EEEREORED HE

4.3 DEEREEHORERL

132, hEEEEICSIT2RELQ LOBEZ
mg. AMEGREBAR(EICIA, EHELZ 10.0
S 10.6 \8H2TEET rFIV B A TR
{bEZPEDEDTET, PEFEEOR Y EY

it
EixDWBMEGRWAICHIA, FEfEL
FYFET NEVY UL T )IEE
HBEDEBT LT, PEFREDR
YIORMERTE, ERNERR

FRELY Y ORRERD S

PIREH AL,

<th&fEaRis >
ABREGRIE &7 b2 Y Vig(bIc & B &=

Z—IN—
TDC | S v TR

TDC Z—N—
SvF

IBVALVEMATIC

13 hEfEREORER EHE

#HVALVEMATIC

TOAFEHTE, BREZERIR U, ZDEHIC,
5@, ZRYU—X[CWULTER b ZEAKSTE
Ufe. B13(1Cm9dKDIC, NIV TDE UEEZEK
TESEDEEDIC, NUVTHEEEREREDET
NV YA J)LOFERAICKY), PEFEHELEICS
(FBREVTORNEETR I

5 E—hIR—IAYPDEER

MEBELICRHUT / vIBE, AHNYATLD
WEBIFHBICEET, BIeaTB8unE%HTD
CVT EDHEEETIE, ZOBRIEMT LUBHKE
<R,

S@E, SMYATLAOHRELT, Y—ER
v hNEEERET CEThHEEESH, CVT
BOEREEHECHITD / vIFKERIFE L, =
WESHAZBIF LT D 2 EICK > TE— RRBEAE
<@EETtElz. 14 (SKEHREMED EICKDRE
@ HERRY. BEEZESHDIET, FETE
DAGRESDEMER L, fEICRIFEERERRE
BELEDISNS. TNICEKY, RETHD /v
ITREICLDRNFHHERASZINZA 5N, MEQ L
Uiz.

15 [CH—FERS v MEEZERT. ELOR
IINAISZNIV T ZBEIEL, BBFR & LA/NA /AR
BIA TOERBELHEDOY—ERI Y MIEEL
Je. TNITEKST, ANy REOKERICHT 2IHE4E
HEEL, FEACEDESDEZEHIZ DT EHTAEE
([C1RB.

th~E 8k

Y—ERS v bOFIEMER E (KE/Y
SYHER) [Tk, TVIVHIEK
BROEREPFRRETE,

/ w ZHRIIC K 2 HA8%

6l =518

{EAKEEICKY /v T4

&
KiBESOFEHUEAESL

14 KRR IS



HAIBLNIWIXF Vv IMAVYU I VI DOFHE

N\

S5YT—5

AEIK %%\{
g

- U—ERREMEICERIE<
Ay RHOGHIKZ
BIFECR

fl ! |
Y B —ERGRE
H - W/P
Ay REDRIK || B
— | 1Us
m i

R

15 BR&EY—ERSY v M

6 HEIERE

WBENMRD/INILTIA =T ERPIES SR ZRE
[CHRESE2DZET, RNBHIORIBESICKT S
MELTELEERL, TVIVHEAEREBRZ
BEICRDAMEDRREH EZRH >z, &HIC,
VIT Y —DERBOEELHNA, ITVIVNH
DHEAZAZKRBEBUE. ZORER, LEVIRHZ
JUFPTBDENTEL.

7 RSANEUT—DUER

8 CVT EOBAHIEE UT, FEERICCVT
MUY OVN—=9—DRELICHUcA0Y bUE
EHHEEATDHET, RIANEUT A —DHK
=] bl =1 O

8 ®BHUIC

2007 &8s, EBRAXA—HA—&EULTHIHTEHR
fbUTcEfi D 7 bOIZEFE "VALVEMATIC
ERA U 3ZR-FAEE, 75 A v UNRILD
BB MEERIELE. ZLTCSE, ZD
VALVEMATIC i Z &L S B2 T & CTERDRE
@mECRIIL DD, LEVII (SULEV70) ZZERT
5ET, AERICHTAEEAT DT EICHIIU
fo. SHBEOHKBENEICAETLEFTSITDENH
FTED.

REIC, RIVIYVDEREBRIUEBIEICH
Y, BXRIGCRAOZEBEVCEFRRTOSERITEHD
BZKID.

TovoTa Technical Review Vol. 60 Mar. 2014

WEE5R

(1)

(2)

)

MM IL, ZE ZRT VIV OREFE
TOYOTA Technical Review. Vol.55, No.1,
P.90 - P.93 (2006)

SR, M, WH, A s, #|
H20LNILIRFwIMAVIIIVIVD
BIFE. TOYOTA Technical Review. Vol.56,
No.1, P.12 - P.19 (2008)

R. Fierl et al. : Der neue BMVW Vierzylinder
Ottomotor- mit VALVETRONIC, MTZ
Motortechnische Zeitschrift. Vol.62
No.6, P.458 - P.463 (2001)

EREE I, BR RE BRRICED
RBRRE MO, BEERMT=FMiEE
2B1RIE. No.78-01, P.1-P.4 (2001)
BNEE, &1 WL, & @ 3 20L&k
7 NOIEEAEEN DY UV T Y IV O
BEERiTzFisEsaiRlgE. No.131-07,
P.17-P.22 (2007)

WHB&B KRB EL N HEE
Valvematic ff 3ZR-FAE T2~ ENGINE
TECHNOLOGY. Vol.09, No.06 Dec., P.58 -
P.63 (2007)

K. Shimizu et al. : Die neue Toyota
Ventilsteuerung fur variable Steuerzeiten
und Hub. 16 Aachener Kolloquium.
Fahrzeug- und Motorentechnik. Vol.2
P.979 - P.994 (2007)

W=E

43




KTkl

44

FEILRHO—S A CVT OFRF

Development of Continuously Variable Transmission (CVT) for New Corolla in North America
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Abstract

Toyota Motor Corporation has developed a new continuously variable transmission (CVT) for the
latest generation of the Corolla in North America. To facilitate the full-scale adoption of CVTs in
North America, the development focused on improving both fuel economy and driveability to make
the operation of the CVT more appealing to North American drivers. This CVT features various
technologies to improve fuel economy, such as the world's first coaxial 2-discharge port oil pump
system. These technologies have enhanced the transmission efficiency of the CVT, enabling class-
leading fuel economy in North America. In addition, shift response was improved by the adoption of
an innovative model-based shift control system. More appealing dynamic performance was achieved
by optimizing driving force characteristics and adopting a step shift control specifically for North
America. These measures achieved excellent driveability. This article describes the new technologies
incorporated into this CVT.
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Outline of the New Powertrain Development and Production Engineering Building
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Abstract

On April 1, 2013, Toyota Motor Corporation established the Unit Center as a new organization to
develop globally competitive powertrain components such as engines and transmissions. The Unit
Center is based in the Powertrain Development and Production Engineering Building located inside
the Honsha Plant, the roots of Toyota's global operations. This new facility consolidates both the R&D
and production engineering (PE) functions of the powertrain field in a single location. As powertrain
systems are likely to become even more complex and sophisticated in the future, there is a pressing
need to enhance the efficiency and response of powertrain R&D and PE. Therefore, Toyota has taken
the opportunity to introduce innovative development processes and to provide testing equipment
in the new building for this purpose. This article provides an outline of these processes and testing
equipment.

F—-D—F NT—bL—, R - B, EESM —HMb, 28t

[FUHIC 2 NI—b—VHERFEIRIE

HR—OESHERF DI Y FNOBFEE, TuEE
HBEOKRBEDIZHOFMEE 12y ey —]
W 2013F 48 1 BICRETSNDITHRL, /vD—
No—>I1Zw hOBEFEICOWTH, O5—v3v
MRTE L TWEIER - R & EERTTO LS
NIYEIEED [FER] THhdAtIHEHINICEN.
[Bo&EVWWIILR DL ] ZILET Biedlc, T
TOPKERD RN — N —r 12w SO
il UCESE 2 B oBRZERIs U

ARETE, FND—~U—VHEREFEBEOEW -
HU D HEHEHY, BARBO—EZEBNTD

37w MR

o SHRILTE

e LIRS

e )54 7 L— /52
P EIN 2
s FHYUNCIVIZTUITH
e TR

C DBRRFEHLRTIE, T - R EEERTOTE
BEN—1AEIR>T, M CH TEZRERET 2D
D, BREFETOCAEZEZTDIECKY, 2
Lie/ND—h—>1Zw FORBFEE, TUERGESR
{EDSEIREBIET. 47« ANITIE, MHEREDRER
EHHNEVPER - EMZ—EICBRNOERTED
BEZEBL, FORODAR—IAETIERT
BlzHic, BADEERBRL UTHKELYU PZBEHIC
ERTEDA T4 ADTU—= RUZ{bY, D
BFEICLDR—=/N—LU R EEFHTZICEBAT S.

IND— U=V HERFERE, AR - BREEE
FiEERED—BIR T 7 « AZPDIC, HEENIC
e - TABRF - BRIGEDHEETHET U 7, T
EWC1Zw b - BEEFHiETLE UIcEE - BT
U7 TSN, —BOEFEEBRATETIIOC
ERTED (1)



IND— b U—VHERFE DB

BH, BEBREIC(EK 2,800 ADRESHE) 2.2 ZELA7O b (B3)
BIDTE. EiICER IULAXRX—9— bALEOI7

V—%REY ST & THRICAZER (A 105 m
X@dt 70m) OFEEE - RBREYV -V EER. K
12F MEE 2t/m? £ T2 T & TREDERRHEZR

BifE - Tizmse i BI BTN TE, BLBROBE(CHILFYT
RIS 2 o IVICHIEH TS B> T3,
QOFREL B - b
e P s Oy -» 9F
—MREA TR B i I — Y,
o momme el - o RNy
e s ZEAE SR i o
i A |
/V'J—g{-éjﬁb'—‘j 3F ‘ — %%%
@m’l:‘y l"E‘ b ] o oL o o a o
i o/ M Ll 2F [E
Canre)
30—/ — 1F 5 . o @
A PEER, ELV,
1 FEIU7E=E - a0
2.1 548 - AR "
_ ®3 KZRELA7Y R
E2 (SR ETRT.
HES1 22, ERERE10,997m2, §E58.27m
ERAEBE S 23 EEETR, BRE
SEE 1 DRSNS LR 23.1 BIR-CO, ERHDEUEH
BiR 1 7277 )L MABTE K DA Low-e (Efg) HSRE, [ BRlSSCE

SEROUE], AFEXFRE, AAEFOERIR
IWF—FAE, TVIVHROBRFA, SMNER
B, AREVY—H#EEDOIRILF—EROEZF
F, SBRRiBIFBEIFORERMESNSLLHIE, =
BRI AIK DR E SIS D RERER 1 & DEEhHfH =
I22ET, ERICER53%D CO, HlF &3
FiAdy.

CODEWAESDPTERICT VI VPR IATRAD S
AT — RFIAR, FFARRARA S, ARz A
WCHEFIRZTD (E4).

. e #400°C i
2 NI—bL—VHERRERESR IOV | BORBEN ey | - TR 51
RYF BERAS - ZOHRTANR

WERD/IND— b — U REEBRR(F SRCIE (858 #170C
THIIU—hE) EuTLen, TER (1~ A #120C [iﬁm‘z‘*
BRI

5F) [CEEARIFEADSHERE - TV VE e
BE E—9RREFEBLCFTH (g1 wE o

U— M) ZERAUESESEETH0ET, 404

ZDREMERE LB SHEETZ N TR 10%0
EREEECE. 4 TVUVHEARDNRAS — RFIE

i

[ s@5zt: TvovEARENZS — RFIA |

TovoTta Technical Review Vol. 60 Mar. 2014 51



52

FICESDENREANDMILE UT, BVFERIET
[FIRNFDRE E F —NRREOEH G HEICKY
BTNV FIHICHESLTVS. BICEAF TR
ZPHE LT EHP (BRe— bRV D) + GHP (A
AH) ORRA v IRZEFZEHFALTVS.

2.3.2 FRKOELE
KERICIIIFEARBEICIV AT VTS —,
IEALUAR—9 —FDOXERBOEEEZHERT S
LEBIC, KER MERREVY—ZRIT, M
FHNUORBRARREZR2ERT 2.

3 EAFE - BFE & EERIN O—HME

CNET, BFEOEEE - VAT LDEM - BE
BEICFELY, "TASE - R & "E£ERM D09
ERAEDEA TEEN, ZOMEL LT, BLDE
HOHERRICLD, FBHEDE - FE - AE— K
ETFHRBICFE>TETWVS.

SEBDBESICHESRITTLIEHIZE, [Bor&
WWIILR DLW ZU— RS 3ERNESHZER
DRM/NNT— L —> 22w bOTEREBED
WWEBTHD.

ZIT, "R - BER & "EERNT DOmRkEE
N—ATHEZSRE - IIET 215H% 10F RO 12F
ZERDICEEU.

K57T, 10FZfllc, ZOIEFhERTY.
C I TlF, Bm~Y T Assy T, HEEEHEE/ D
UEHETFEEMMITU, BUEU XD ZX LT
EEHEAMN T A T LADOMREIZHY, OFIE - L
EREFE, QBEFRMEETA, OMEMITEHE, @U T
Assy FEBESTHMID 4 DDV - THERLTWL S

@ Gl 8?%7 ® ?// /// ~
BRFMEtAl iyl | 1=V, .
M=t HIETH | A s
— S [ V—> | | Fem-Es
KN
® sty )} | BREIRAIHE
%ﬂ%;%ﬁ%VHAWWWM/AW 2

W=

&
N
>
&

TS

| ,
NE[ e X=X LR |

—pRIRE — s

ATAANS  ATAAN

®5 —AEEY—-IVETH

8F RUOF D—1HES 7« AN B N >TE
fo MRERPEiEE] 2527, V—2OT, ki
DFIERAMT O LEADRR - Rilz U S8Rz
BEHTAE—RHEETS. V—OTIlF, 70D
EORME (TEBECHIMESM™E) Z5HAlL, T2
F—=IEULTHE, V-VOQTHRMIFTERTZD
EREFHEULBNS, HEERET IR/\EMDT
7 Assy [CHEH EIFD. 2D, V—V@OTHEEGD
NV, MAME) Z5HEL, 207—9 % AR
B & "HEERMT OmEEREEN—ATHENT 3.

ZD—EDYAJI)L7ZEOT T ET, RBRTER
EVPREAN_XLEOHNREZEHL, —FHARS
T4 ATOCAEVZa—Y 3 VPRERETNRD
BEDRBRFEHICTA—RNw I T 3.

S, BEUREXADZXLBETEEHEM 7 A
TLDMRZERIET DI, HRLBERBZEAL
TWnL.

FRREELTE, NT—=V—IXTHDIVIV
DEMEEFME T LIEDTE, RUFELD
REEXIBIZES U P WBELUDEVRIRRERE Ot
ARIBZIEL, R~ REIERE B ~Efl~=A-
BN~ NRCEB~PERORGEDE TIZICHIT D A
ZALEREND DAL —T 1 (CEHAI - 5740 - £
I RRERITREN BIFS5ND (K6).

RRREYPY Y TILDRAEEREZIF U, KRz
ot g 3 LDV (L= Ry FPS—RREE)
PIV (MTFEEMRATE), NRGEDRELRY,
BADRRENSRE - KBHX, SEBEGR EHL
ZHETDEEZEATD.

HHET, TRIEIVI IRV F, OBEHRT
7 Assy ZFHEI T 2NV FEDETELTWLS.

4
EAFREBEIAE
Ares
LTI
LTS
5> 7)) Bt 6. v o]
PIV - LDV R
B sHAERE
E o= 7
ces e
\¥ CONKITHERAR Y

H6 MMEmFTOER



ND— bk L— Y HERFERDENT

Flo, WERELTIE, REBIERERTHD
e (NUAL, NARAR) RO CVT X)L D
[POEBKE NV - TAED@mIL] ZBL, S=ED
BEPNL MEREIRTCHDIIUAY N - UYT -
V=T DRIRBEZESTAIT 2B, FTYHPTIR
FUFPTT Assy, N)UTFT Assy, 1wk
Assy IRRETHIE - NV - A M ZFHET S5V F
ZOBADEELTVD (B7).

B /NT— /N —Y

TEEE X EmERE

.\\

Liisnieg HAERT
st - CAE |
AE— REHE |
e e NSRS vYaVHENYF
e F 7LVl F
gl ol BT Assy
BB, —
e JEACCU =S .

] Ee |

BRI i;"?

/

K7 —KEE - - BEHE (EERREOM)

INoZFRULRE, HEEEXBRIRMEMAITEXD
“XLBIC LD, CAE/ETILR—Z DN _LEEE
|k, B/ DOLKUEBEHOEELICEKY, [Bo&
LWWZILR DY) [CamuTunL.

4 ND—bL—ViRRHEFEOE SR

SLRBEEREIEREBEZMILT Dch(CiE, BB
G, 1Zwh, Y7L, BMOMEE - #eEZ T
LT OERICBNT, EFILEBFAAIEE
BRIREZELCCOYMNO—FT 4T ZEZH>TWVL
CENEEEBFTHTLD (M8).

ND—bU—VHERFEECTE, TUIY /EE)
XNATUwR LUTF, HY) &E1=Zv ~OETF
ILDBEESSD DD, INO—hL—2 @GR+
BENIR) F/cIFEMIRE TN EER N T AETR/ VD —
fo—RUF (B9) BKRUOBMRT D HY VT
LAPERFHEEATD. Tl /INDO—kL—
URVFCREUVCERSRETIL, TUIIRVF
TREURIVYVETIVEHEEICERT 2E4%
BNT2.

Tovota Technical Review Vol. 60 Mar. 2014

R [5G0 B SV =1L
A=y |[TyvyNvF ﬁ 7
HVAYF EFI
T/MRYF 2y £
VAT L | RO~ b~y UF @ Pocs 7))
Hyzsanvr | S [l £57)0
Bl | EENYF @ oy €70
et 0 P‘é:j v
e

8 BREOREEETIVESIT

B9 NI—hL—URVF

41 FEFILOHBEEIVYVHREANDER
TVIVOREICBWNCTlE, CD/SD—k—Y
NUFCEESNHERETILEERAL, EEY
Sab—yauRyF T, @EXRYF) (B 10)
[CTERO7ZOY MO—FT 4 I E&ET2T0LK. U
hU, BERNYFEEREI VY VESAEEZERTE
7L, BOEE COERVREDSSHRA G, EF
RUF (B11) EBEXRYFEOREREEZ HAD
RCTHOClc, TR - BERATEDHIRRY
FORFEICEIEAT.

[PIvFAUN|[MLIA=F|[UDvRY % TR [75vF hSYRZvvay] [FLIX—F]

10 BEXVF E11 EEXVF

53




54

4.1.1 EE - BEMIINY FORF
IVIURYFICTCEREZYZ 2 -3 2T D
([CHfzY), EERORI VI VBEHROTI I/
M ERBEOIRELA 7D MDBEIRTHD. N
SHEGDE, BERAADERIFEDR.
TUIVEEREOYEED SO — T ICEDF
TOOERILREFAEL, BIEHCTERSINDS ML
IJ91A MUYV FTBERRERD. FIC, RIEEZ
BRETDKAMAEIXPMIAFTE (B12) D5
MLZAEZTV), (EROEIBHEIIETOOEIIRE
30,000rpm/s ZARE< _EES 50,000rpm/s 7z:E
A UTe. &ie, NBgfes, RIROHEREDIT
[CT, 94 FTEFEESICTFSULRVEEFEREL A7
D hHTlEEE o fe (B 13).

—_— e
120mm

12 PM 51 > E5ER 13 94FERE

FHEEGOBIEDEHIICIE, MNLIDTA N
VFARITITRERL, NUIFRIEREEN KD SN S.
£2T, BEXRVFIICF, SIS v T SOARTRXR
THdH, BEEOEZVI—EHhEICHEEEY
%, FEOIVIVESAZBIRCERVLEVN DTS
mh3Dd. FIT, BLRUYEIEEHIFFBO
TJUFRITISEHEF OERI a2 h (CV))
v T (B14) ZHRAL, MIZEXRRE 68T
TIVEDTIvFAY SDBESEE, EiEEICK
DEIFHIRZOER U, {EROBENYF TIFREFRE
ENTULz 4,000rpm DBEEFTSEEY, 7,000rpm
FCeaBZEIgES U (B15).

IVIVEBMMNLIA—IREDBIMESD D &
([CKY, BEZHZEI A LT NMIEHRTEDH,
IVIVETIOREREN DL TES. ZOKRE,
IVIVDMLIE—=TENR 2BE<ERY, FEBOD
KERE NLISTOBIRZRERS IND 2, F
BHMLDDEHARENELT D, £IC, INET
DE—ABEDE—AY ~DHTHITSD MLIEHK
W, xyz AEDHEE—X Y MZEEHAILTS I 7L
TIPS A MADTHHEENTIRER 6 D5t I A
ERATZEEDIC, EEREDEVNFOJET

HEL, BEOBWVWTIYIIVBETETAET S EICK
W, BEXBEZEERU.

CDROB_EERDREZTIRL, TH - BE
NI FOREFEETL, /ND—hU—VHEERRE
BADREREBICE DL,

PME—%
(EIE1)

15

EH < BEMIINYF

4.1.2 REYZ1U—Y3 VORI
TUIVEEISOEBEBRIRMZRIEUIZ, R0
RUFEHBRULT, ITVYVOEHOEEHREN
AIBICELEL, EEEOHIAABEDEDHE5%
LITZER U (K 16).

{ERNRYF)

200

ER e

200

£ 100f < e

= < 100

= 0+ =2 0 [ et

L oA

& —o00Ll ® ool N

E 2500 T 2,500 F

£ 2,000 | %‘ 2000 Fi- i/ .

1,500 fboob 1,500 |

S] 1,000 F| - ‘%‘ 1,000 |

Q500K Q500 [}

H 0 H o=

s, 20000 pr—r——r—y ~ 20000 8:gSY=1-vaYy

£ £ {ﬁ;ﬁ@@

8 10000 fhoe i ediifo ] & 10000

O (@] |

= = |
e ——— e ——

0 05 1 15 2 25 3 0051 15 2 25 3
BRI (s) B5RE (s)

E16 EEYI1L—Y 3 EHRERER

4.2 HV #HZHEEERYF

HV Y27 LA ZEBRBICREICEHE S 572, SO
RIDIZal—y 3 VEiTBAICKY, sHEXY
FICTCIVIVEEBDETIEZRIR e, A5l



IND— b L— 2V HERFEREDOBT

NYUFEFARYFICTEOEEFDRERE, SRUZN
SOBEFEHANLZTIREIC U, BLADHV Y25 L%
IVIVUATEREBRDIHDIRECEHIEREFE TE
DEBEBEEEUE. TNICKY I VIO E
BOFTERZEF DI EBRL, TVIVRFEEMITUT
E—YDFHOHNTZ S ETRBFEHAO 7O ~
O—F« 7 CHBERIENATREERY, RE—
T 412 HV BElRERICAET BT B.

BE, AFEOFMEFZMRDHY ML X - T
VIVUATHY AZy b EES - ST eER /N —
FvI)L&UPZILT=Za—9 (VRS) DBEIFE] T
fCE#ER T Dfcsh, T TIFBEEBT 3.

4.3 HV IYRTFLMEXRVF

NAT Uy REDERZFRDMEGB LICEITT, HV
IND—hLU—ICBNVTIE HY YR T AREORER
B EBAIARTHD. ZDEHICF, BERDIEX
EFEBE TIERIT D ENNETHD. BREFF
EEUT, EFILR—REZFRL, HV Y AT LZ
AT 5T ET, MEEM_EEREDE(EDTEIL
ERIFEES.

4.3.1 HV ND—bL—2VDIEXEHR

HVIXD—bhU—2YRAFLREICTIVIY,
T—9, 41 VN—9, B, rSURZIvIYavE
BOERSATRU—r2RE, FNSEHEHE
I DHEHEBE TR N S.

SBHEROEBXRIE, KE HBWBL" & "8
SUEK" [CHE\EEINS.

IEROBEFRICBVTIE, BLDELXZEMRTAE
U, EMDETREICHTIEHTIYRT LALEDE
KEENT7Z LTV, BEMDETIRREIFRIESRAFIC
I U THRAZICE(L T B1ctd, REBDOETIREEZ EHE
[CIMBET R TH T

4.3.2 HV VAT LHNERY FORFE

HV ND— b LU —2 DIBEEBTHBREE L UT,
ERDBEZRI N, TEXIXRBEG T TOE
m (HY Y X7 L) OETREZEEICERSE,
SRECERBINTCED HV YR T LRV FZ
FRFELC. ABRRIBOHEZ, 17, 18 [TRT.
RERIBOEMBAYIE, T2V NI R 2R
IORHBEBETE—Y M), 94 PHEEZRE
IORNAEEEEE—Y (M2, M3), HV /Ny T U
ERREUICN YT U—YZ 2 U—9TRREINS
=S, GIEEOET IV TENEZEY SREE
L, PRI CE®ERT —SFHAIZRITT 3.

TovoTAa Technical Review Vol. 60 Mar. 2014

BRETAIF, BIBKRIIBREDEIET,
BRIEBHRED MULIETZRV, Y AT LAREZE
HIETAIT 2 C&T, SETREOSERRIDELRNE
E B CEDYRTLAELTVS. EITRIEDE
Eld, NvTUDREBRECPEBREEZDRGZT
TILETEBEL, BROBREETFRUZERIZL
POlEEE 3D, EIT/INI—VIF, ERETEUHE
BE—NETY, RETT—YZHEITEGRBIRT
BRI ENTE, RETREZIEEICHIR UBKR
FDTIREL 73D,

ISR, ETREICRUCEERDEBAREIE
BICEHTZ LT, BMBEREEIIBRANMIVAIETS
N, BHEGRYHED EZRIBTEDRDICED.

wersra ||[RLZEZ YT
&S
M’ H%U Ny>U—
HV — ¥=alb—%
]| [ SIS
R{EBOX
ETEL I

LA
TSvhik—L

0

18 HV Y RAF LFEXY FDHER

5 F&H

FIND— b U—VHERHERE, TR - BEFREE
EERTOMREZ BB (CERK) LI IEIT TR <, FARIC
CT—EBASETIEVWCEY, BREBOERE
BT DHRCMMEHFBDEI ANTND.

55




56

[BH>EVWVWTILR DY ICEIFETETEE
BREZEESTWVWB/NND—~NU—2 12w NEERIC
BNWT, NO—~U—VHEREFEND [BHo&000
Iy D] ORBERDRL, HR - AR
SERN—AERY, BR—BEHOHD2I Y b
DOHEESRPHGEBIEEEIRSIES.

B=E

WA =3 QW R

HTE =th




BELR - IVIVDATHY 12y hZES - FHTTRER
N=Fv)L&U7IY=aL—9 (VRS) DS

Development of Virtual and Real Simulator (VRS) to Calibrate and Evaluate Hybrid Vehicle
Components without Real Car or Engine
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Abstract

Conventionally, evaluation and calibration procedures for hybrid vehicle (HV) components have
been performed using completed vehicles installed with a real engine. Consequently, Toyota Motor
Corporation has developed a virtual and real simulator for hybrid vehicle components (HV-VRS) that
enables the evaluation and calibration of electronic parts such as the motor and inverter without
requiring the use of a real car or engine. HV-VRS uses simulation technology to integrate engine,
battery. and vehicle characteristics with the controls used by a 2-motor mechanical power split type
HV. This allows the latest high-response dynamometer and battery simulators to be operated in real-
time. As a result, evaluation and compliance procedures for the special transient operation states of
HVs can be carried out at earlier stages of hybrid system component development, thereby helping to
speed up various aspects of HV system development.
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Aerodynamic Development of the New Lexus IS
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Abstract

In the Lexus IS, Toyota Motor Corporation has developed a stylish sporty sedan with top-class
dynamic performance. The development of the latest Lexus IS aimed to further enhance these
characteristics while achieving the high fuel economy performance also required by modern
environmentally conscious customers. Aerodynamic performance plays a critical role in helping
to satisfy both of these requirements. The aerodynamic development of the Lexus IS successfully
enhanced the style and dynamic performance of the vehicle while achieving a drag coefficient
(Cp) of 0.25, one of the lowest values for a four-door D-segment sedan. This article describes the

aerodynamic technology adopted on the Lexus IS to achieve these aims.

F-U—R 2N, EBHFRE (Cp), EEhiteE

1 FAWE

¥ALIS DZEAHMEERERICAVT, EmIveS
NMIEDE, RIAILEDMmIL, EFEEEDME L,
& ColbZHICHIISE2MAEZET o>, FDles
(L, BEOERERZD /NI —IDIEEIH 5 AT A
JVERET DEECONT, fM#EtIC CFD (BB
TVRERNT) CREEBRZERL, SSICIEERNM
BEM LD DETHREBDIITUTCERIT DI &
T, EhHMgeEm ESEe. AREFZFODTEREL
TERRTE IR HEATIC DV TIRET .

2 ZEHMEEREEOIVEITNE
U HFER

AEFEEMCBNTIE, AR—F A ERRIAILE
4 R7PEIVELTDNNvT—Y, BERtaEEEX
JTCMIIT 2 EZBR|L, MNCIEEICEB UBEE
ZERELRE (B1).

* I4BESRERER
** g3l CAE 8B

[E8// V' o — I TOZESTEREIE]
- FvEY, MSUIRREEL

B & i)

- 7OV NA RIFZO97
Uy —

[lzsﬂbt%ﬁﬁﬁé@ﬁﬁ] J

Y, = e
(ZAIC & BES LA L]
- UTEYERN—Y

- 70V hIA AN DfitRRE/\—Y

1 ZAFEEIVETH

NSZRIFSBDHICE, FARVHRENS
BHOEAR/VY T —IOPBRT A UNELES =
WAL ENBETHD. TDILH, FRIERET
(& CFD Z/aH UEHDEMIREZRELL, A5 A
WeNyor—, SEOROBEMZERELE. XY
A VDB EMENRE > TEEETIE, 1/1 €T
ZRVWCREER, SOIICEMEBICKDETHERE
BRL, MEOIRIC OV CHEFEZERE (E2).




A Lexus IS DZEFIRAHE

CFDEFIL

1/1EFIV

@2 s

3 ZEEE (EXER, 577) OEl

TFEOREMBED EOMEELY, AR—F 1 &
FUTHH>THtD Y VEFERE L FKICE Cp

EPRETH2 (B3).

xIc,

AR—FT 49

(LR ONDEENEEEE L DI=DIC(F, ERIBFR
HC OERBEMENS Y ADRBIEINETHD.
|BRYESE (T3t LT Cp &H9 8 BIKRL
U7 ZEQBENFRE CrZH 30% KR URBTZ C,
DEIENSVAERRBLTVDS (H4).

FBUES C IS,

0.36

0.34
0.32
& 0.30 -
0.28

0.26

0.24

*

1990 1995 2ooo 2005 2010 2015 ()

B3 w9VEDC, FLVR

0.12

0.10 -
0.08
J 0.06 -
0.04

0.02 A

0.00

L 4
BETuU7
* *
. ﬁ&”&’o ¢
‘\\’
‘[EI_E.AQ.

*

*

*

*
.0
0

*

0.00 002 004 006 008 010 0.12

CLR

4 w9 VEDC HHENS YR

4 H@E/N\Ny T —ITOENMEELE

EMmOZEIHEREE LD, EmE

NAMEEICEE

BRI

IHDIEZEERL, EHEEDEIR

TovoTAa Technical Review Vol. 60 Mar. 2014

BT D ENNETHD. ZDIHICIE, =
@/ Ny —IEEMEEICEEE LD DICT DT &
HEETHD.
[BHEUEMm(CX LU CHMBEMTIE 4 RPEIT V&
ULCORBEMZO LEE2csh, BEBEMEDMD
£, FSVIBEDIAZEERL, A —)LR—X%Z
+ 70mmiIEREIEe. ZOEES DR, 50mm
DEBRBABDZBEICFERL, 20mm oZ&EE
EDE FEEDOERE I —TRIHEDS S DERICH]
AUz (.5) LU)/\‘J’]— JERTEICEK)IL—T
BRSNSV IBEOHEZINKT 2 &N TRES
By, W—TJ8FDRNOREEZHE/)\L (F6),
FEhzRESETCVLS (B7).

Up
Fr4_I

- |BE

A —JLR—Z +70mm

oo

#EMIE +50mm

JUL—T4IE +20mm

3

U7FvEY, W=Dy I5—IF(L

BN
5

auéﬁi‘] AR (M/s)

6 IL—T&ARELERER (CFD)

ol

Cp

&

=D&

®7 I—T&AHELRIER (CFD)

63




64

ZDIL—T%AOREEHE/N, EHOQEICKY, b
SUIBBFDRNNALEL, EmMEROINERMED
[CHEMULTWVD. ERICEHODEZBESED
WEEZRT—RAEPER NI OVWTHERLTHY,
AFEEODEFNNS VY AEEZ 3 ET, Bl

HOENZHERNICEAESE (H8), Cp ZEE
TETLD.
;=R 1= i : $E

=-0.151 [Vl Cp (F19) =-0.135

ml cp (r)

X8 EHmEHRELERER (RH)

5 RIAIVEZSEBEDEILOT=HD
ZEHIN—

AMR—=FT A BRI A )V EEAEE D=6, FElE
Gl (CEMmETS ISV TIHENREREHE Y A
NoNTWVd. INSIERNOFB > TR)LF—18
KEEUTBZENUEZBILSEBR2NHD. &
DEIEY DAT A )VDZEINDEEZR/BRICU
Co IRRMIENESNDEH/IN—VEEA UTE.

51 7ZOYRNVIXSG4 RIF7ZO97 b
TENREREEFR>TWwWd Oy MY/ O —
—ETIE , ANOFBECRA =)L 7 —F D 5iRN

DEL UNENT 2MEETH Y, EMAIEDRNZ

BELUTULED. COBBEERRATDHICTrOS

JhEBRELE (E@9). Nv/NO—F—8KUFR

NZEAH, N/VEERNOREZER T 2%

Re&, I MTRURMAETRNZRA —ILT7 —FK

NSIAVRIENAED KDITBANGEL, RA—

W7 —Fh BRI RNZLHT 2MRICKY, B

mAEmEERLTLD (E10).

2 (Cp)
_— =
1K &=

e

I70597 MMEL

®9 IrO97MEE B10 ZEHEER (CFD)

52 JULYvyvI—
JOYVKNITUIKYURAT DI IT—9I5HE
(&, SYI—FEIVIVIL—L7EER UK FPR
A—IVN\NDANBET 2, BTENEFRESE
3. COEMEERITDEHIC, 70T UL
BRIOSHNELTEN I 2E#EERI I UL
Yrywd—EEALR (B11). TNICKY, B
BYDAIA)EED UDDRNDELELZES
U, CoEERBLTWVD. FUILY v wI—[FZS
WENRDHF ST, TVIVIKENMBEWVESICI
I U= LARNDBTEWVARDRAZ BT 2 &
T, IVIVOBRKEEEEL, BBDBELICH
SRLTW3.

ZYIT—%
N INU—=2R—2

TJUNYvyT—

. A
Jv}g ﬁ ::::::::5

WS — F?ﬁ i

11 JUYvvy—igE

6 ZENICKDEHERED LDT=HD
Z=EHIN—Y

EIDCL > TEFMEEZR ESE D28, [EF
Z@Eﬁ%%@@ﬁﬁﬁﬁﬁ<,iﬁﬁ%%$ﬁb
EEREOEINZICEEB UL CRAE=ZT o/

6.1 U7 EUERIN—Y

B ClE, =SB IDEIER/ND Y A ZRE(L
T2 CrZEIBEICHULTHI 30%ERLIC. £+
BFEREUVLTRBUTP P VIRRASTEUTI A VH]
ANwVzERWE (B12). UPF7VIARAS
FEANY EFEREEL, KRFORNEZER



AU Lexus IS DZERF

L©—X(CEmEANHT 2 & TR FDREZE
IR, BAOFERLTWVWD. UPY A PHIICEE
LTWB RV YIE, —MIERELDD DKL) EEM
HNABANILAS B e ABOBIRZEFRA L. INUC
KU T IAVEISICERET DRNEMRA—)LND
ARNBAT 2RNEELHSEDTET, RA—)b
NDRDEAHLEEZINH UBEHZEEREL TS, U
PP RARASOPY EIFEREERCL, U7
2V E—EEARBIIC U la R Ui
B CrE2/®EHTETCLD (B13).

UFPTFITARAS U7 AN

12 UZRAYERIN—Y
=38 FAZESE
—30 Cr  UTEHEH
= —25 Cb5': UTEHRE (REES)
L . op) Co : ZEEEMMRM
B Co5* @ IR (RIEAS")
2 —1519 —12% | C5° @ EEARE (RIEAS)
R —101
=54 -3%  _100  _a0
0 | B -
Cir Cie5° Co Cp5° Gs5°

13 UZREVERN—YHR

THIC, BROREICDOWVTIE, BEREDZE
JNZILBHEATCHFE L. TOMRGEEDED,
L—rFzVIICLDETRRERRBLC (B 14).

E5iE 1 180km/h

U7 I A4VEAY, UZ 7O7BADRNHER
SNBTEICKY, b—rFzVIBICBVWTHR
F—RKEDRNZEAIZ SN, RTF—FKEDDEA
ZEMERLTWLD (B15). TnNickY, L—
VFIVIXRBEONSBICEWNTO—ILEREDEL
MEBLTRY, L—rFzVIREOLUETH
O—)LZEBONFEIHRELGE>TWVS (X 16).

TovoTa Technical Review Vol. 60 Mar. 2014

— UTREWERIN—VEL

600 — UZEYERS—VAEY
400 A
T 200
oy
W O]
& —200
—4001 ©) ©)
—gup — . ;
0O 05 1 15 2 25 3 35 4
B5R (s)
15 BEEHEGER (L—rFz VI
— UPENER/IS—VEL
— UZBYERI—vEY
)
8)0 N
R
1
)
Uiy
2
| y
O - ®
|

BFE (s)
16 O—IVERELERER (L—VFI VI

6.2 7O KIA VAW DHERREE/IN—Y
FENAENPITVNTOY MIAVFEYDFRNE
TEILESEDCET, EEHREZOLTEDEER
fe. 20OV KIAVEIARASET7O MV
HEH SEMAIREAODHEEZRESE, K&
BEORNZEHNICEDERANGEL, ANZLR
ElecB5FEMmMzEEA LR (B17).

fellE, ETAEICE U TERILEI A P ARA
SORBIENVINZT Y TORRICSWNT, FIHED
FEAZELCKRNDE ) ADRRZEFRA UREESE
TTWws (E18).

NINZAT VT
NYINRT Y F

RS
«

E17 #EEFEEN—Y K18 HEBFEEXHZXL

|

TN

{

65



66

FRIRFED =, HEBDFELE UIRVVRAEE DL
ZRY. MR, AIZORNEESE LR, it
BDMRICK) A VERFDEENENLTSY,
A VEBEOBRIRIERTCESD (B19). F
ToEENMREE U TIE, HEBDRIRIC K BEETE
OO—-/LZEZBOEEMERL CHY, BERBEER
EMZERELTVS (E20).

ZE (Cp)
—CcmmE |
=

EERAEME
g =

2FEDENE

O—)UEEE (deg/s)

SIENO)
K20 O—-ILERELEER (EER)

7 FEH

AMR—=T 4 BT VITKHENDRIAILEETR
IS —I %S DD, EAMRE, EENHREE S
S B NEEDE T ZERFE CET.

(M Z2ay NN RT 7097, ZUJL
Yy wI—ICELD, A A)LEDEITEI
(2) UFPFPUIARAS, UFPIAVEIARIZ )/
VICKBDUPUTMNERE, 704
FIAMRA S, NVNEEIHSDHEBDFHE
[CKD, 7O0VRIATVTREADDRNZELIC

K BB EREM LT

H=E

i il Al =M SER



DRE/NA TV v FEDREEIFFHREICY Rk F

Development to Improve Engine Starting Vibration in Hybrid Vehicle
with Low Number of Cylinders

WOEXR als BZh mEe A~
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Abstract

Hybrid vehicles (HVs) are becoming increasingly popular around the world as a potential means of
helping to resolve environmental issues and reducing CO, emissions. It is important to further improve
HV fuel efficiency, and reducing the number of cylinders in the engine is one means of accomplishing
this goal. However, it has not been possible to reduce engine starting vibration to the required level
in a low-cylinder HV using conventional technology. Consequently, this article describes a theoretical
examination of the engine starting vibration mechanism in a low-cylinder HV using transient response
analysis. It also describes the reduction of engine starting vibration by controlling the torque of motor-
generator 1 (MG1) in the hybrid system. Finally, this article outlines the MG1 torque waveform that
was devised to ensure engine startability and the verification of this waveform in an actual vehicle.
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Development of Benefit Estimation Method for Active Safety Systems for Crossing Pedestrians
Based on Accident Scenario Simulation
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Abstract

Toyota Motor Corporation has developed a method to estimate the potential benefit of active safety
systems designed to help avoid accidents with pedestrians crossing a road. First, this development
simulated crossing pedestrian accident scenarios from actual accident data as well as the results of
driving simulator (DS) and actual vehicle tests. The potential benefit of an active safety system can
be estimated quantitatively based on the difference in results with and without the system installed
on the vehicle. The effect is then verified by comparing the simulated accident scenarios with actual
accidents. It was confirmed that this method is capable of expressing statistical aspects of accidents,
such as impact speed and the number of fatalities and injuries. Consequently, this method enables
the potential benefit of an active safety system to be estimated at an early development stage, thereby
facilitating studies of system specifications and the definition of system requirements.
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Feasibility Study of Heavy Rare-Earth-Free Permanent Magnets by Coercivity Mechanism Clarification (1)

- Magnetic Reversal Analysis Using Synchrotron X-Ray Microscope -

KEF IEIf#~ INEF K mA B
Masao Yano Kanta Ono Tohru Araki
Eif B EE B g R
Akira Manabe Tetsuya Shoji Akira Kato
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Abstract

The heavy rare-earth element dysprosium (Dy) is used to enhance the coercivity (i.e., the heat
resistance) of Nd-Fe-B permanent magnets used in hybrid vehicle (HV) motors. However, since Dy
is a scarce resource and has the effect of reducing magnetization, it is important to develop Dy-free
technologies. To help obtain higher coercivity, a magnetic reversal analysis technique using a
synchrotron X-ray microscope has been developed that enables the visualization of magnetic domains
related to the microstructure. Using this analysis technique, it was found that high coercivity can be
achieved by (1) stabilizing the magnetic domains against demagnetizing fields by reducing grain size,
and (2) suppressing the collective behavior of reversed magnetic domains by magnetical isolation
between grains.
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Feasibility Study of Heavy Rare-Earth-Free Permanent Magnets by Coercivity Mechanism Clarification (2)
- Analysis of Local Magnetic Reversal Behavior and Interfacial Structure -
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Abstract

Coercivity, which serves as an index for the heat resistance of Nd-Fe-B permanent magnets used
in hybrid vehicle (HV) motors, is enhanced by adding the heavy rare-earth element dysprosium (Dy).
However, Dy is a scarce resource and has the effect of reducing residual magnetization in accordance
with the amount of addition. To help obtain higher coercivity without depending on Dy, it is necessary
to reduce grain size and improve the magnetical isolation between grains. Consequently, a refined
Nd-Fe-B permanent magnet with a grain size of approximately 200 nm was analyzed to clarify
the interfacial structure that determines magnetical isolation. The analysis was performed using
a combination of Toyota's own improved Lorentz microscopy technique, and the latest spherical
aberration-corrected scanning transmission electron microscopy and three-dimensional atom probe
techniques. The analysis results found that the microstructural requirements for improving magnetical
isolation included the phase of the grain boundary, grain end facets, and the grain boundary iron (Fe)

density.
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Abstract

Arc welding is frequently adopted for automotive chassis parts. However, this method generates
large amounts of welding distortion and repeated prototyping is required to ensure product accuracy.
Although simulation technology to predict arc welding distortion has been under development for a
long period of time, issues of conventional software include prediction accuracy and the time required
for computation due to the severe temperature changes and deformation generated by the arc
welding procedure. Consequently, Toyota Motor Corporation has developed a practical arc welding
prediction technology that is both highly accurate and relatively fast. This was accomplished by
creating extremely faithful models of complex phenomena and by incorporating welding software that

uses the iterative substructure method to speed up the computation time.,
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Development of Dialogue Algorithms and Dialogue Learning Techniques for Nursing Robot
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Abstract

With the aim of developing a nursing robot capable of engaging in dialogue with patients suffering
from dementia, a dialogue system has been developed that is capable of parroting and making
empathetic responses. This capability is conventionally referred to as active listening. In addition to
active listening, which involves responses on a surface level, this article describes the application of the
following functions to research topics of conversation that require understanding on a deeper level:
1) an algorithm that searches for similar sentences on the internet, 2) a knowledge database of
essential words, and 3) a knowledge database of related words. These functions allow a nursing
robot to provide more precise responses, and it was confirmed that dialogue incorporating these
functions reduced the stress levels of patients suffering from dementia.
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Development of Four-Wheel Steering System with Enhanced Driver Comfort and Vehicle Stability
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