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FUY 7, ZNFTOIN<LZGE), BRABHZE ST
DI, MATDE LD AN T SN, Fho, JaEilie
ITYATLZEWML, A —F L7V~ ORns 2 H L
filifiEf b EL 72,

Conventional motor control

D
(] O
3 : A
I RS o
[e] = pre
+ ©
s =
[}
s 8 ,
Time Time
Nissan’s uqique motor control
[} (U]
z \§§ 5 &5
e} N S
T C | A
S 9
| VA
Time Time .
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Ny TN —=%EL720R TR, TRLX—JRELTHIEH
T2 &) BRI B HOF 72 2 fifi it % U SeB TR R L7
DHEIDT) =7 1 ThoTz, "V)—7 WL BB Ny 7
V= REMBROEZEME L GEATEL AT 4 (K 11)
ZRFE - BWL 0, Ztuckh, WEEIRRBEHE
Vo HAENBIRVY —CHELLE N2> TERA
FUCAREL, HAEREHPOBEHEHE ORI
9 22T, RIENDOLE LB X OV SR
OEfETREE Lz, AT, ZOTATAFFEERICEITS
{FEIFDO Ny 77y 7EIHE L THOIEHTRETH S,

3. BEREHOERICHITT

KRABS ADPPRIEICRHFTEL IR AY A XD Ny F 3y JH
ELTRFEIN IR T =7 RS TRIE, HIRTY—
716D 74— KNy 7 %2 CHEREE T K E A
SELE MRV =7, ZLTCTPI7 BEXY 7772,
JRAF —N—= L RABEETCOBRBLABHE TV R
L. BRI RRETIG 2485 L 72, 2T, 100% HEIE—
8 —BRE) 2 5 TIED IR L AR ZD R WAIRE | i
HEZE KD LDANITELATHS ) BLAATHOL=Y
FeAVI Iy P VR A GO EREATEOF LAY F
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Fe-POWER, #2016 4EICFHE LT, WD 7L< bliFits
L Tw3,

3.1 EXB@EEHOEICEHMK V-7
2017ARICHER L5 AT — 75 (K12) 1, Redehi
DA EIRL THEHINSENL L7, FILOEBIT—5 —I3,
HHEEREFT VDS 38%HD 110kW, MLY% 26% B D
320Nm &L, KRTYV=7H NIV 7% FEBILI,

Ere, BT F a4 w7 ) —IcBIL, I TY— 7
TIE4ODLLTIODES 2— V2R L., HFICH 48 €
Ta— WEEHLTH R, BT =7, Tli8 kTl
EV 2 NEMRT L TREIEZED, AR —75E
FICHAZDEE Ny T —FKim%E A0kWh A7y 7L, fifi
PHEE 400km (JCO8 E—F) ZHBIZ ¥/,

E12 HTHRIU—T] (20174)

LEAF e+ (62kWh)
Newly-introduced

LEAF (40kWh)
Second generation

LEAF (24kWh)
First generation

AENMIED  Optimized storage of  GUTARISASP
Cathiode 5 Lithium ions RN
* o g
material s B 23 o
y QIR
o0 e IR

Layer structure (NMC*)
Lithium: Metal: @ Oxygen:

Spinel structure (LMO**)
Lithium:@ Metal:@ Oxygen

New module la
fle

Module

N
SUE

Cell amount can be
customized, resulting
in a compact module

8-cell module 4-cell module

*Lithium Nickel Cobalt Manganese Oxide
**Lithium Manganese Oxide

E13 [U—T]CB132/\vTU—iElk
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Battery Cruising distance (WLTC/JC08 mode)

(200km@JC08)
24KkWh
(228km@JC08)

(280km@JC08)

B322km @V INieIVode (400km@JC0O8 Mode)

4 58km @V INIGIVIode](570km@Y €08 Mode)

14 fiEEREDE(L

51T N —=7e+ Tl RV OEESTBICH LD — —
B WAL, 2 VORBEAEICEZSNIHRES 2 —
NEIRALE, ZOFB 22— L DOERE2EL(THEEDIC,
LV DB EEEZ2ZETHBBIRICG b RRELE
Ta—)VESICTEIEITRYIL, 62kWhb D KRR NNy 7
Y — 2L, Wit 570km (JCOSE—F) ICAER LT
w3, (X113, 14)

HEOELXHBHOFEOOEDIZ, BHIT—Y—DINE
PEHEEO RS2 R KBTI L 72 AL — A TR F O IE
ISEMETHD, Zhud, BAEBHEO 3 7EME L TE»NT
W3, BRI =7 128 0EDDA I R—2a v
12X 1512753 Te-Pedal; TH 5%, Te-Pedal, iz, 77%&NL
FOVOBAEIZTC, FEE, MU, WoE, 51k, IR RS
THETH D, FRA RIS THID TAL— AU EZ 2
Yha—)LTES, 2070, FELELZEDRETHETTIE,
7L —X DR ZBEDIIIY | DRI D T A VT 1
VI TIFEDEEDMIEICE > TAR =T 4R EIAE L I%
WLDHD, I5IC, BTEYIEZEEIT—Y—D M IRl Z
THEEL, BEIE—5—% 7L —X EEEICHRAHEL 12,
OB LD | AR ARDOIGETH>TH RO TAL—
ANCH 205 1L S, SSIIFEROE IR HBIL 7,
AL — A THEFOIEIGE IR T 25 L 7210 Ti3 kL,
AENREIAN—ICOHE TOMEIEIL P ICT5 R L
o3,
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3.2 RRISvIvvITZBRLT[7U7]
2021 R ICHRGEZ BRI L 72 70 24 — "= T7 Y7 (X 16)
3. FLWHEE E Nissan  Intelligent Mobility % &3 L 7=
HTHYH, HIEELZDIE, THOARZEL 2XMRD7 7y
7>y 7BV THote,

BRABEOREZ T ciGE» LoD, O 2 I
B TRTOMTEERRICTHE 72725 ZE 2 AR L7,
BAHEBHEH 7 — LA v E B & A S
WG Ay =PRI T T 5L T, IRETORK
BB SUV ol 2 8 § == NEMDOMER L 877 v 7nm
TEREBL, 78V bE ==V T D E R A — LR =R

DILK, /DR RO, FRifeLE PR Db RE
DA L Wi EEOIEKR, F B NG 2\ »RICTHEE
(17)

LTw3,

E17 SVEEHMRETETSYNT7O07OHEWN

E18 EKiR-SHIL—b —FE/NyFU—)\vo

10

77y 7a7 KRB 50, Ny T —L AT MG
BOTHRE SN 20k 6T, —J
T, AIEYER EOBLRDS SUEFEEIERE IS 2 b 5L,
R TED L OARE R ZMERT 2 ZEBAFITRD ST
Wiz, SR FBHE LNy T =Ry 7 E2K 18ITRT,
TV—EROERESHT L — e~ SRR
IS AT LOMSZIZEE), T —7 e+ IR LTy 7Y —
Ry I DEIM) DIV X —EEERK 2.3 L 387s,
COfER, HENOFEMEDR RICEHBL >, SR E B
Yy 7L ROV ORIV ¥ — I - QUEAEIERE 2 KB L
oo ZDORERL 7V 7 413K 610km O i i i (2WD
90kWh Yy 7)) — i€ 7L 2WD WLTCE—F tLEAMIE
fill) 23R L T,
THEILOEERZHHITT2ICH7D, Ny T)—
HALZ FICEH UL TED, BEMLNEEL TQob
T, BEIE—Y —2IEUO LT REEEAMDEL T2, T7
V71T, FERZ b T E 7 BLARE A H 1 A BB
IPMSM (Interior Permanent Magnet Synchronous
Motor) 2 Bl 2 T, & & Y & [ 9] % B F£EESM
(Electrically Excited Synchronous Motor) (2% H L ChH
FerEo, itz iTo7%, EESMIZZ0408Eh, n—%
ERERERLEMA LT 570, n—FbEEHEETH
ZIEDRHETH D, T T TRt K191
R L= REEZ RS 5 LA 852 LT,
DB E PV IEEEZ R L7z, IPMSM TIE—ARiY
Ve e B R IR LS TR AL T 5 ZE RIS T B
23, SRR Lz —F —Tldn— Y DNz ERTILET
ELREWEPL, HERELEEZMZOOFRINL LI Z N
259)n—% - 27 —FEMEHEL 72, Jau kD & el
JEERICB G TORPRR T 2RI, WikiERBE D TR I H R
LTw3, SWl, HFFELIFIeE—F—Ickh, 55,
EESM I3 &% AR 2 Bl HERE IS IE L, L7 7 — A2 X |-
BTV A IO NG 2 [T, BRIETI L o7,

Iy

Slot wedge Rotor coil

5 Rl A

/ Rotor core
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7 WHEER & 37 Te-Pedal ) ZFEAK E %€ — & — EXE il fEIH2
ik, T7V7 CESICHE Nz, T7Y 7 AWD ) TIZES)
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1) FIAN—DEDEFDED

2) BT % [ 78\ 2D

3) FeR NG RTUSPLEARTED L (X20)

R DOIEERE IR S 5, BB TOEMIEL TR
(L EOBERIHED R 74 3= MEHIER L TOBIRIE T
IZh->Th, ZOMifiEEZTELILEHIBE L, Thabb,
Fe-40RCE 1 “\ 2D 7l ” TR WD b D 720127,
Z DAl Z T E BRI RIcb 120 Tw»a,

B20 REEREFDZESAHE

3.3 HXOZEEHEORICEZ [YIS]
M77, (K21) &, HATSMEOBRHABHE L) AT T
V=T, Iy 7 TRt T A VR, BASE LIS
BOIFED FETAVENZERE, BRABELRSTIEON
BROIEE 220 527 0 & Qi A B A HED 7 7y 7
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K 195NmM @ MV 2 258409 2 BE) € — & — &R Al
Bz k23130 o o2 iEIc XD, FERDEHBIH S
T2 EHOE O BTG DR 22 CRICAT) 2EDTREE 7o
1z, Flo, B —HEEORGELICKD, BABIHELT7 Ty
73y 7O/ i m /K EED E 2 FEBLL T B,

T 25 12k 1) — 7 DO E ST CE Y F I AL 4
Ny F) —DEMERAL TS, ZORBOVEDNT S
F—MEEVORHTHL, SHIE MR =705
MEN T2 a3y 87 bR EE R L 52 Loz
AHICAETE, SFH7LF ) T4 DIEMICE > Tw»
%, M2212TH 75 WL 72Ny T —Rw V2R T,
40kWh D5 AR T — 7 Tldk )L % 96 EFIc D721 F 72
2y 2% 25MRTHBH, T 77, Tldzo 15152 fAL
7:20kWh ZEHL A O 707 TIh RO N7 AR —
A% RBRITTEH T2 L)L AT 7SN Tw 5,

T4 25 | O iEEEIE WLTCE — K¢ 180km Tb h it [
Db ThH2HHOE YRR, EEHEICE Y
T4y i iR 2 AR LT\ 5, BicH s Cldigiha sy
RIS eV KRE Ry —ADH D0, HETRETEL W
71 ChHIUL, RICKII->TT 77122 LiAdIE, wlciEisE
REINTVEDT, BEBHEBE DI — 74 7P KRE LD
LI EDMIREI NS,

K2R TRNLL T T 75 L 2.1 il TR L7 ki
ELRE DT 72 ) DL, BLOEROLEZ R T, &
5W3 AT ARIRARMER A EA2#K L TR, 75 EDE LA
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K2 [1eFIETY OS] OFET-HEELLER

% REBLREBE 19474 B35 20224
LEX21Ex25 (mm) 3,035%x1,230%1,618 3,395%1,475%1,655
RA=IAR=2Z (mm) 2,000 2,495
& (kg) 1,100 1,080
ET-4- ERESEHHE R EIHAEE
BRE)) (w5 $AE) T 40V 6.5kWh UFILAAI\wFY 350V
NyFIEE 6.5kWh 20kWh
EAgEH 3.3kW(4.5 ps) 20kW
BEED - 47kW
BANY - 195Nm
1FEEBEITEERE 65km (FHBIZSEAEA) 180km (WLTC)
RERE 35km/h 130km/h

3.4

BESBEHBEDOFHFLLAYF [e-POWER]
BRHBHE IR NETE — 8 — I L 2B E 215>

L7c AL —ATHRGE) DR, 728 &0 jdid il g, 4k
HOMMMERL, L ChIiFFEEL%, COoBXREBHOES
BLEE, HVIY LDV ORI E\ RIS 87
DH3Te-POWER, THD, 20164E T/ — b, (1X23) IcfE#iL

Eﬁ}%sﬁﬁﬁ\bf:o

X24 #{X[e-POWERIYRF LA

12

[X1241zTe-POWER, > 27 5%~ F, Te-POWER, &, K
HHBBEIE—F—, A= AV vIvdy PRl —
PSRBT — LAV EFGEE NNy T =0 5K
INT03, Efficzy v /Mgy —%20HT2—
W72 S L INA T Y R AT L EEED . Te-POWER] 1X
BRAHBHEFRICEB I RERHE—Y —TH A YERET
VNIV PV LT —Y — 2 BG LB ST — LA
VTCHD, TUPVIIFKBEMELCEIEL, EET—5—D
AHT100% BRENT 2720, EXRABHHZOOODED Z LT
ZEDHETH D,

Fe-POWER, I3, I FCOBRAHBHEHFE TR >/ —
& — A, EE ST — LA v o—RLEMICA, =
FNFX =22 R MEliEMEGT 5L THEBL, K251
Te-POWER, v AT LAEIfER 7T, Ty v ey A HEED
BhoTwuRnkd, TP UVIREIY Ay 7 EATEICaY b
O—L§HIENTED, FHEPLTEEETIZE—F—DA
TETL, B—F /A X EF-o WU EEHIE Ty P V2R
BLAEBTZILT, PV OB 2 RS L, HlitEo
FEVEDEAMBEE L7z, AT, ROIFEOR VLYY VAl
R THRETHIE T, (KRBT R RIIT 2,

Start to
Low/Medium Speeds

Driving at
High Speeds

Driven by battery power Driven by generated power

while also charging the battery

ENGINE (OFF) ENGINE (ON)

25 e-POWERYRT LEMEBLZE
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ENEHTREM SN T 2Te-POWER 1X, HfE, H
R EZRD 7= VUZERI ST 5, 5 R Te-POWER|
(X126) 13918 Te-POWER ) % % 5 R E JF I IE R EL S W7
HbOTHY, YATLLRERRTEIET, RS, AL—
A, BIOEHRERZE LIS, XVBEBKEAHES L7 41—
Vo 7R FEBIL T, EEI ST =LA v RN - AL,
I v EFBIKHL L Te-POWER Bz v LT,
INFTINLROBRREAHTEL LI, e, =%
WE =22 A MBI L TOUSIIC/AIEL, = oy
DIRENY A 2 7B 70 E DS AT Ll 2 B E -
P, oIIEFAICBTE L u— R 2 4 RHEE A (K127)
FES =2 av s AT LD HIC kB v P IR E
FR L B A L Ic B DTS,

AL IDBERICE VTS, BRASE TR > /- EHt—
& — BT TH 5 Te-4ORCE] 3 X1\ le-Pedal | & [FKEDEE
He%f-7- "e-POWER Drive % EbEHL, fERkDATVY
HEBIONA 7y FETREDLZ R 277 2D PT
X PN, LDEEBERICREEL T2,

26 [IOARVAIL B i {{e-POWER]

Engine on Quiet driving

(Engine of')
- ., -
Smooth road

Rough road
% Road noise sensing B NG
—_—
Engine noise

E27 O—R/A ZHEFIMICLD T I/ insHiE

4. tEOREEH(ICHFEOGEEHRICAT T
CETTSFEITH RSHED B LOIEHIZOWTIRRT
Ele, o d, HAERERE - Z X —[ELELZ LD
LS ZEORICTHASEERULEESL T, 2021 4,
HPEE XX 28 1R §RIE Y 3~ TNissan Ambition 2030, %
R, FAT7HAINERTH—R Y Za—bINVEERT S
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LI HEZIBIT ., AETIEA—RrZa—FIN2EHET
ZERIRHC, Fife iTRE 2tk 2 i) 7o BB BT O RF K D 7
APEICOWTIRR S,

A=KV =a— IV EFEHT 0L, oo HE)HE
BT RTHEDELRABFICESIRZ SNUL T TESLD
JTIER, ZIIFEREBHEOE LR L8 H RO 5115
ek, HFRMERESOMECT AT 2L X — D
el A THHATOLREDH S, (X29) Kk
D HEEDIERICI T 72 I fHAZ R LTl

NISSAN J‘

. MOTOR CORPORATION

Accelerating toward
carbon neutrality = =

v

Electrifying everyall-new
vehicle offering in key

Battery innovations for
markets by early 2030s

cost-competitive and more efficient EVs

Develop a battery ecosystem
to support decentralized
renewable energy generation

Greater energy efficiency
of our e-POWER
electrified powertrains» £

Greater energy and material efficiencies
during the manufactufing process

2050 Carbon neutrality across vehicle life cycle

NISSAN

MOTOR CORPORATION

VEHICLE
LIFE

End-of-life = (Vehlcle

vehicle recycling or reuse use

H28 HEOH—KRYZ1—r3IVICEIFfEEH

| [Cloriving (1tw) [l Driving (WtT) [liManufacturing

>

A

12
5
8 i
é ) Battery
Repurpose

i s

N S ’ Recycle
9 Improve - ] RE100/
o energy efficiency > * Vehicle ?_n_d_l_n_:egration
<< in a vehicle
(@]
)

Gasoline BEV

Promote
renewable energy

29 H—iRrZa—bSILERHRRIEEFHRCATT

4.1 EBEXEBEOMWER[LEELED/N\vTU—E(E
HEZS ETHRARTE/ED, 720 EhEE ib%%ﬁ@h
HON=FY=7EY 7 by o7 ZFARIOEL S, ED%
o b, BLIOEL LB OKE L ER L TE, ~f5ﬂJ
ELT, K30ICHEDH DML DR Z R,
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Cruising distance(WLTC)

2010 (JCO8 200km)

*Nissan-measured figures, subject to homologation
Further Ev@ﬂmﬁtﬂ

E30 EEEHEEEDOMGIEREL

Iy 7 OBNOME, BIEOEBLKABHIL, HERDA
VIV Iy UHRE LR CHEEIIEN QLB I LIk
D, MHZFANSIURD TS,

L Laedss, HAZEEREL, el ERIIBA
T ZEPBERABHEOY L2BMLL, A—FRr=a2—F
INVEHET L TEBEICRAEEZS, K3LITAYIvyIvy
CVHEBLKEABHICBIT BV IBEO LI X — o AT
AFIROE 2R, k. AVIv - To—¥LEOLY
PUHTII N — LA VX BT RN F —a AR R D
EEIE DL EA L WM ESZINIE- 0 b S e A Al M
ORI FICEIRZEL LN TE, 7, BLAEBHIE
N7 —bLA v, BT, REIEYIR & DS RIS R T
OAZEL S, £koT, ZREFELRIIT—FL AV TEZ
ZDTIERL, IV EEVDEODDIATLELTHZSZE
MR RERZ, BE ST — LA/ - EHAc kS
INRDTHA VA EAR N LB IBGE~NDOEBR, Ny T
Y — MBI Ik 2 REREMDI 7 V2> AT LT
DORNE I ISR THY . BTtk %2,

o, BRABHEOWHERIEA, K32ITRTLIIC
HEEEARZ K> T DIz, VFI7L4F N \yFY—DL
FNF =D EPBEATRTHD, LrLers, E
Bz, SR AR AR T 5, Ko T TNy
TV —HEERE(L, Witz S OMRHEE TRIO T
&, Wy TV—DHEEDPKREES>TLEL, 2Ll TD
WAL T L VO BIFEN L 2, ST THIRRSNLZ DAY
33T B4z fEA A I (DA, ASSB) TH%, ASSBIZ,
R TR 2 2O TRV X —H L, KIEZAER
MO, Ny 7Y —aAPOMEHFICLD, BLAABHEOWY
PRS2 8Mie LTHife S5, iERDYF 744
F 3y 7)) — I FEME IR CERGAE) 2L T 223,
ASSBOEMEFERTHE I Ehs, BUSHRL, BIEHD
B, KDELOMBOMAG ORI AREICK S, Ziuc
ED. XD AR LOLOEMmMS, DS DR T —HE
ZFRFOAMM 2 BN T 22 LD REL 2 5,

NSV AT LELTORER L, Sy 7)) — i

KigZ2HERIc kD), HEEE, MRERMEZN®EZE, X%
CONCELRBEEZILDTHE, A—Rr=a—+IL%HE
BEETL,

Weight &
Rolling resistand

Weight &
Rolling resistanc

(a) Conventional Vehicle (b) Battery Electric Vehicle

E31 BHHECBFZIRILF—OXES

C__— JGlobal{expansion

Segment

ewirge
ouirs
D uiny N oy

Body type
E32 IPROBREHECHDBEERR

Separator

J

electrolyt

[ |
% Liquid CJJ;}-JJ}JP_:FJM.&L

—
{f «'7," 4
e

«—AN—¢C
C

(a) Lithium-ion battery

Solid
electrolyte

y
(b) ASSB (all solid-state Battery)

K33 UFILAFVI\vTU—EASSBOLE
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4.2 IFFEOgELHsCAFIdOYCo

HE HIZ SRR M R E 2 Do 26 TR, 2
DEARELTH R fliftiz AL T05, HER, BEFHD
FHREZ M LS LEbic, BARELRERCHEM O
RHAREBEROS LA ED TE TN, 2T YT —
TEBRAE 2R 2N T, FROBREEMN T2, EXEEH
PYRTDHE, DNy TYV—ET 528k D, Ny T
V—IEEESRMEN S b TED, 2N EEFE L TIHE
BRIEHIENEELE RS, HEZ, BREABHEIETIAL
WL TSHT, AR F 7L G Ny T ) —%
AENTET 222 HRZ, W) — 7 ) OBGERIR4 %)
DoERFEHERAS L7 =7 — V)P — A&
it YA BN

as energy
solution

o

Recycled
materials

B34 /\yTU—{BIREEXE

(a) Emergency power supply (b) Portable battery

B35 2 S47)\yTU—DERSEH

X 34128y 7)) —EROB &K Z R T, Wit E5H
iz, WMa2BETETIERL, BKEER, 2Fh
¥F—YVa—varviLTORANTES, (K34Q@) DR
FAFRENCTEOFEMISIERS, 72 L TORHHE
oty TU—I, b9 —EBEBREBEICMH )Y 21— 20,
& EZE LTI S — A2 TE S, (M340) HEE
WD 7 4 —7 — V2 F P — Rtk 2 WU <, JREHAR
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15

Aathedbic, 7L< LTOREER ANy T —%, B
YoIEHERERICHAAT 2004, BIOHALHIVC
vy R R =y 7 VERBGEZ IR L 72, (X135) 7
N2ELTOREBLN) =R - Y= 2B Kb o7y T
V—ZPERETZOTIERL, ZIeOMEBEIRO LT A2
LT3, (K34@) ZDVHA 7N ENTMEDIK 34D
W TRACERD KD Z BLE CO2 2 MA 73y 7Y —%22K D,
FLOESKEHBEIEANINS,

G, Wl LNy T =Bz T noikB kL, Ro
BNy TY =T 570, K34ITRL7zzas Ao
DL E KO EBREABAR 2 a2 Z LB E 7425, HiE
M) =7 RGeS S TN e NB T LY T4 VAT —
Fadl, Ny 71 —% 1Lk SOH (State of Health) O3
Rz TE Tz, 361G Ny 7Y — S LIRE DAL
RS 2R 2 — 2 HIEICOWTR T,

Global Data Center

Telematics Data
.. Utilization

High performance

.b e

Pack

Middle performance

Low performance

Module & Pack

Battery Performance #1

Battery Performance #2
E36 /\yvFU—{biRESBRALEIVET

Li-Battery closed loop recycling

g * -
New LiB f Electrode
i
1
1 ) .
Shredding || Purity:99.9%~

- \ > Classification =
Used Li r— * = L =" & %
sed LiB

& e
Mixed electrode Ni-Co material Precursor

Disposal
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HEEIZ) 22— - YAV R, TG0 N\y 7Y —0%
EDIHRIRETHONTOED, TLYTA VAT —FZEL
TR T2 EBHRD LHICL 0D, KT —F 2@ TNy
TU—REZIEEL, 2OREBIGE CHBHEHFRAE Ny 7
V=B NNy T —ELTHAIAT 2Ny 7Y =34 70
EYRAZ DTN, KBTIV F I Ny T =D
A7 MEBR7 0 A%, BARTIIE Ny 7V — 2 BRI
HLTLEIGELH LM, Tk, &EMEEHOHZ2
b T T IR 2%, Eiie=v/7rLPan
WV RHE D EWFEM L L ETY YA 2 LT 2B AT D
AT, HlZIE, R3THORETRTEMRL LTy T
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B4 Thermal efficiency roadmap toward 45 % with lambda = 1
and 50 % with lambda > 2 (RON95)
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Stabilized Ignition

for Dilted Comb.

Optimized Engine Structure
Long Stroke Friction reduction

jis

Dedicated Turbocharger

Low pressure EGR up to 30%

|y

E5 New engine concept dedicated for e-POWER
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===yl
High Energy Ignition
= Initial flame for Ultra EGR
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K6 New combustion concept "STARC" for highly diluted
combustion
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(a) A=1 (b)A=2 (c) A=2 (Partial burn)

X8 Initial flame propagation with lambda=1 w/o dilution (a),
lambda=2 slow propaga-tion (b), lambda=2 very slow
propagation (c)
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B10 Desirable flow to realize stabilized ignition for highly
diluted combustion
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2. Controlled
tumble conservation

3. Guiding flow direction

1. Strong tumble induction for stabilized ignition

11 In cylinder charge motion design to realize STARC

combustion concept
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E15 Tumble ratio vs variation ratio (Airflow test result)
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Tumble vortex centre | 1
located at the centre Lik |-
of combustion chamber

Straight tumble vortex line

without bending or screwing

E16 In-cylinder charge motion design to maximize tumble
conservation
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Low aspect ratio combustion chamber  Tumble conservation piston crown
+Long stroke (S/D) *Ruggby bowl shape w/o Valve recess
+Wide Valve angle

E17 Combustion chamber and piston crown design for
tumble conservation

Vortex axis with bending Straight vortex axis

a) Conventional design b) new design concept

418 CFD results of in-cylinder charge motion with
conventional design (a) and new design concept (b). (2400
rpm, middle of compression stroke)
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Guide the flow along with the
upstream surface

Keep distance from spark plug Tumble center position
to Tumble center toward the upstream of spark plug

E19 Combustion chamber design to guide flow direction for
appropriately stretched robust ignition channel
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21 Effect of the rectification pocket on the flow distribution around spark plug (PIV images, 2400 rpm, 40 deg. BTDC)t
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22 Comparison of stable combustion limit against EGR
between Conventional igni-tion system and new ignition
concept with high energy ignition system
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E23 Cyclic distribution of initial combustion period of CA ign-MB10% in relation to gas flow velocity at spark gap under EGR 30%
conditions on same engine configura-tion except ignition system
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Engine Type

1.5 L/ 3 Cylinder / Turbocharged

Bore x Stroke (S/D)

79.7 mm x 100.2 mm (1.26)

Connecting Rod Length 150.3 mm
Compression Ratio 13.5
Engine Speed @ Max. Power 4800 rpm

Valve train

Roller Rocker

Fuel Injection / Injector location

Direct Injection / Central Injection

Turbocharger Type

Fixed Geometry Turbocharger

Table 1. Specifications of the new concept engine
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E25 Effect of IVC on the compression end temperature
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K26 Pumping loss reduction with e-POWER dedicated
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27 Comparison of low pressure part of P-V diagram between
conventional turbo-charger and dedicated Turbocharger
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E28 Friction reduction of new e-POWER dedicated engine
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E29 Friction sensitivity by bearing surface roughness
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E31 Improvement of BSFC realized by e-POWER EGR set
point and combustion stability feedback EGR target control
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432 Validation result of brake thermal efficiency with a multi-
cylinder proto-type engine. (Engine speed 2000 rpm, BMEP 12
bar, RON98 fuel)
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436 Validation Results of the new engine concept
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3. EERDLCER YUV DIVETH
Stainless steel coting DLC

§ Sliding mark
\y CiN wear
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=
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Sliding

NDLC wear

200 pm
I

Piston ring

Fig.1 Adhesive wear by exposed CrN after 1 um thickness DLC
wear out.
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VA-DLC (1 pm)
( A

CrN (20
N (20 pm) FVA-DLC (9 um) I
Substrate Substrate I
(a) Current coating (b) Developed coating

Fig.2 Configuration of thick DLC coated piston ring.
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Piston ring

Carbon ion

Graphite particle

. Vacuum chamber
Graphite target

Fig.3 Schematic representation of FVA system.

(@) FVA-9 um

(b) VA6 pm

Fig.4 SEM observations of FVA-9 um and VA-6 um from diago-
nally above.
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Sliding direction Sliding direction

Low hardness DLC High hardness DLC

Deformation that can follow Scratches caused by dragging
a shape of drop out droplet a drop out droplet

Stainless steel coating Stainless steel coating

Fig.5 Mechanism of DLC abrasive wear reduction.

4. REBRENBKRUGE

F LI AL 72E AR ) v 21 L 72 DLC DR
B, MORMRRE, RS ORI S 277, B, #
WEBREZ N THEMESZ T /ATy r—yavik, BRI
Wi es, RmH S E Ao REH S HEIC KD ERLE,
FVAIC TR L 72 DLC D Fry 7L v M & o 81k
= HI S, BB G B W JB)E Y R e 244 kR
(FD1,FD5,FD6,VD7) ®Fay 7Ly b DK E X4k AE%
1 SEM #l22ic X iR L. 3 Ak (FD1,FD5,VD7) o Fay
7Ly b OWFIE i D F& AR 78 % Wi SEM BLE2 I T & L
72, Bz, 64L# (FD1,FD2,FD3,FD4,FD5,VD7) OFEEH]
BORMMES 2L - FHL 72, £/, KEEDLC KO
JE L EERE R OIS 3 L O DLC D BEFEEf T A = X 1%
OS2 5720, FVAIETHBEL 72 BE 9 1m O FE
DLC i (FD1,FD2,FD3,FD4) & 27 > L AEH R 7 D EEFER
Bk X OGBS OB I A A FEhi L 7o, BERERBRIZ, EA
ko) v IR L 72 DLC B D i 44 % ffF S 12 & H Ra 0.05
pm,Rpk 0.05 pmbBUNIcfh: BiF 7, REARRIICYINH
L. OPTIMOL SRV® i{ER#EE 2 I\ TAT v L ZIEH AT
EDAGIEBY EERE AR E ML 72, X 61RO T E X
ORBh OB HE R, SRBRSME. K2R ERE
ARBRSEMRICTHEMIL ., 12R[ERBRZE O E A R ) > 7 Dl
7a77AVIEICED, DLCIROBEMEZ T L7z, Fi,
FEREEABAZ 1 B[, SR, 10WRICrhliL, =4 7uza—
TNTTHAENES / FER B DB 2 BlgE LTz,

Table 1 DLC specifications

(GPa) depth (nm) (um) As coating / After polis!
FDI1 FVA 22.1 287 9 0.34/0.04
FD2 FVA 25.8 265 9 0.33/0.04
FD3 FVA 26.7 260 9 0.34/0.03
FD4 FVA 27.7 255 9 0.32/0.04
FD5 FVA 50.0 185 9 0.37/0.13
FD6 FVA 22.1 287 1 0.12/0.03
VD7 VA 58.0 46 1 0.22/0.04

Oil drop
Stainless steel coating  Cylinder bore (Stationary)

Fig.6 Schematic diagram of the reciprocating sliding wear test

and test specimens appearance.

Fig.6 Schematic diagram of the reciprocating sliding wear test
and test specimens appearance.

Table 2 Wear test conditions

Load 450N

Hertzian pressure 390 MPa

Frequency 25Hz

Stroke 3 mm

Amount of oil 1 ml/h

Oil type Poly-alpha-olefin (100 °C kinematic viscosity: 4 mm?/s)
Test time 12 h (Observation of wear progress: 1 h,3 h, 10 h)
Temperature 100 °C (Heating test table)

5. REFERDKIUER

5.1 FVAZEZIRAUKEEDLC OFREMERER

X 7I12FVA-9 um®DLCEHELE 22.1 GPa (FD1) 8L
50.0 GPa (FD5) DBkt D1 SEM BlZ A AR §, L
D7 FVA-1 pm (FD6) & VA-1 pm (VD7) D H% bf
T2, WEDRAZFVA-9 umDHEICE VLT, Fry /Ly
FOKRESROAIREICH Z 2 1ZFD 5N, FVA-1 um
(FD6) BLUVA-1 um (VA7) 12,1 um OB Ray
TLy MFEET %75, FVA-1 pom (FD6) 137 4 L5 DR
IZEhFay 7Ly FEOEFEFEH L7, 7720, FVA-1 um
(FD6)139 umZ TOEFLOBRTRrY 7Ly FOSEL,
KIS 2 Z L 2R L 72,

@ FDI1 (FVA-9 um, 22.1 GPa) (b) FD5 (FVA-9 pm, 50:0 GPa)

o il iar@e droplet~

- (¢)FD6 (FVA-1 ym, 22.1 GPa)

Fig.7 Surface SEM observation of as-coated DLC with different
process, hardness, and thickness.

8IZFVA-9 pm (FD1) @ Fay 7Ly b O SEM 42
FERAZRT, WD, VA-1 pm (VD7) DRz
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L7797 74 PRLFR%IC, AL tEPORBoEL, THl
M EFTHRAESZERZM10 pmOFay 7Ly hekb,
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MICTHIEE L, P bzidAag a0y 7Ly M SEM
Bk R 2R Y, W% 22.1 GPa (FD1) i3, Fay 7Ly
b~ EJATDOBGE D 25 7 D PRI Z TR TE 548, 50.0 GPa
(FD5) (ZJEH D Hl s 22721 T B 2R TE 2\,

Fay 7Ly b /DLCEEFIRANGIRE 277 7 7 A MGG O

HWA, Fay 7Ly MEIDLCIREFED S A Y E Y FiEHD
HETH), DLCIRREE S E A, Fay 7Ly MR
DR COF LD EEIC 2 %, X 1012 DLC SRR L B
vy 7Ly FOREE S 2R TIEETH S RpkDBIRE R T,
FVA-9 pmid, WFEERGIE DLC IEREEEICBE 9 53 Rpk 0.3 1
mPl ETHEH, WHEEICED Rpk 0.1 pm BUF EFTEELT
%1213 DLC i % 27.7 GPa A P ISR ET 208035 5,

Small droplet

.

N\

L3

""Mﬁ 9 um
Vacanuy—’ Glaphlte pa il’tlt,le

(a) FDI (FVA-9 pm, 22.1 GPa) (b) VD7 (VA-1 pm, 58.0 GPa)

Fig.8 Cross section SEM observation of droplet as coating.

< Smooth boundaries > ( Remaining gaps 7

A ' 9 um
.

Graphite-like structure Diamond-like structure

S pm
I

Subsu-ate — |

(@) FDI (FVA-9 um, 22.1 GPa) (b) FD5 (FVA-9 pm, 50.0 GPa)

Fig. 9 Cross section SEM observation of droplet after polish.

0.6 O As coating: FVA-9um
O After pol FVA- ‘)um
& As coating: VA- I“m
—~ 05 < After polish: VA-1ym

feS

40 50 60 70
DL C hardness (GPa)

Fig.10 Relationship between Rpk of DLC surface and hardness
after as coating and polish (FD1, FD2, FD3, FD4, FD5, VD7).
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7326.7 GPa (FD3) T, DLCHEDEEFEAS AR BNz 5 L.
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—J7, 22.1 GPa (FD1) £X1*25.8 GPa (FD2) I3kt 1%
1 pmBAFEfEMTHo7, X 1212 DLC L 22.1 GPa
(FD1) £27.7 GPa (FD4) o EEFE Bt o 14 Bh i 1 4 15 1
BROREMSMER R EZR T, 27.7 GPa (FD4) 1388 /7
FHSPAT A5 S EBAE L. RIHHEIZRa 0.08 umET
WAL, —Ji. ZREsE\»22.1 GPa (FDI) 12, #%H)
WA — T2 AV PR ERETEEZ R L, BT I PAT
RGP RMAIOE(LIZFRD s ied o7z,

8 After
. o
4 A - Je)
| i /7277GPa
100 pm f Wear depth: 4.1 pm ! (FD4)
= Before
23 )
z A Q
5y EL 7267GPa
T 4 ],lmi / (FD3)
= 100pm i
:’ Before / Pistonring
- ) Wear depth: 0.6 pm '
357 Gha | 258 GPa
0 (FD1) (FD2) k=
20 22 24 26 28 30

DLC hardness (GPa)

Fig. 11 Relationship between DLC wear depth and hardness
after wear test (12 hours).

No scratches

Sliding mark Scratches
Sliding mark voov T

4

200 pm 200 pm
— —

(a) Surface observation of 22.1 GPa (FDI) (b) Surface observation of 27.7 GPa (FD4)

t 0.6 um ] i 0.6 um
| e A Mg ||

200 um Ra :0.03 um | 200 um Ra :0.08 pm
] > Rpk 002 wm . <—> Rpk O l() pm

(©) Roughness pmﬁle of 22.1 GPa (FD1) (d) Roughness prohle 0f27.7 GPa (FD4)

Fig. 12 Surface observation and roughness profile of DLC slid-
ing area after wear test (12 hours).
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L7zRuy 7Ly bSREE TN SO TED R AL L
ZRBLTWA, £/, WiH SEMEBIZOfEE, Fay 7Ly
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Scratch — '1 ‘3 3

N

Fig.13 Surface SEM observation of droplet dropout location
after wear test (3 hours: 27.7 GPa (FD4)).
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Fig.14 Cross section SEM observation and EDX analysis of
droplet dropout location after wear test (3 hours: 27.7 GPa
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DARDHENBDY, i 1 RGBT,
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50 pm
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I £
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(d) 1 hour: 22.I'GPa (FDI1)

Fig.15 Mechanism of DLC wear progressing by observing the
boundary between sliding part and non-sliding part.
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Piston ring :
2 1 200 um Ra :0.02 pm
. Rpk: 0.02 um

(b) Roughness profile of 22.1 GPa (FD1)

Fig.16 Surface observation and roughness profile of DLC sliding
area after engine durability test (500 hours: 22.1 GPa (FD1)).
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Fig.17 DLC wear depth prediction.
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