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Think for Commercial Vehicles and Air Quality

e &
Mitsuru HOSOYA

JSAET VSV LEL—REEZER
BEEEE (&%)
HINO MOTORS, LTD.

1990 &R, T4 —EIBREOHEARBRICAT-ERZTORARARESED ATV, BRHFIRICAIEBLOERL LD
NOx & & T PM (Particulate Matter : i FRKME) EBICAITHERHARLSTARTHY, RAELLRIEMEZETL, E8E W
AMEREET DT A —ELBEREORGRMEIMMNE LS S ETHRRMTHOA TV,

AOASLTIEPNIZEBLTEEEDHSE TV EL, 1990 ERRM S 2000 FIZH B ERIEEREVTITMA TS/ HFHSARK
ICHEBTDHEIN, P25 (RFE25umLTOMT) [CEEABFESLIEZRBEBLTWVWS, ZOT3, 7/ LANLYASA DT
BEHZEERYICHRATEDIAYV VI —DRFEIN-, TRICEKY T —ELIVDUohoHHESh D P E2L PN HF&E, PN

(Particle Number : ¥ F%) MEHAITESLS5I1TH o7,

1990 ER DT« — L PN EBERLARSEIE P IS EFE N D HHBHIIER S (SOF) THHRBBBOBB MBI THDRIEKER
EFHMILBERTILEEAETH D, BIEREROEWVE (BE) BODOEBRIEIER#ETH =, KRFEORERELLGD PN 2EE
R—RXCEBT2:=HIC, BHGBILMEZERATIEPNEECZLIC2E 5ELEMNT I LAERINT, BRLE L TITHEH
FOWEDHA 1990 F 4L 500ppm LRI EEL, BEISBIESAYIL Tz —+ (FEEE) Z2EBRLTLES O THofz. £ T
LTz — bOBIEZEMFIL SOF DOARET ZMERRICUBEEI L. MEA—HDORBHITEY, R—XAZ)LOFLEE
FALLMENRARINARELRILT S AL, PM o SOF 22 RIENET 2 LATEEE A Y, BHMGESEXIT, PH I
30% ~40% &R S niz,

2000 FRICHEZ ET A —CILEHEENASOE (21F) EBRICATHIL VA TLOREAERKICHE 7=, T2 TEETSDA DPF
(Diesel Particulate Filter) TH%., EETERTHL-OBILMEZEBT LT TIHERTEIZLENTEY, 733 v I RE
DODPF T—ERHEL, TO%, BELELEZRREEFTF TRAMVICFEEL, BRRLETILENH -, TOLHITIFEALEILEN
FHILEERRUMECERSL, BRHOBRELIVETH oz, BHITOVWTEEOTETAFEER ERBERI/ERELOH
REEDTHY, 2005 £ UFESD 10ppm L TFORBLHZICHEA S A, BRENERELINDIIET200ELYIER, T14—
TIEREICEORREBEEEITS DPF DX TLNEASHh, PN ZEHMICERT D EH*IC, MFHERBITERL <.

TR 28 EE, RRUIRREZETHAWPRTFYE PN 2.5) OFMEF, —RREAJAERS (—FB) [2HWNTE8 71%FTHE
ENTHEY, TA—ELEHEARDI Y —VIEAKRECEBMLTVWEERS., T4 —EILERAEICELNT, PN ERETOERH
R, FARETL, —AT BHIRDDLELLBIRHORELEICLIY T —ELEALDPNBHORBELRESR T,

BE, BERFOLTHEARFLEZR LD LIFEL, BRADERFREICHE>EEBR LD, ChiE, HBREOBAICKDEME
FICLYRKREDOKBREICOEN 2 EZEDLEBS50THS, 5%, PHERBACLIMAAIZLYFIROBBERMNORKEIZOULD
CLEEHEFT S,
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BENEH iR 2018 £HEFKRR

2018 JSAE Annual Congress (Spring) in PACIFICO YOKOHAMA

I - ARHFAEA BBERETS
=8 : 201845 A 23 H(K)~25 H (&)
25 : NOT4HE- B —

Report/|NEZHES, jFKE—, MARE FEIIHE FOB=(REEZE)

BHZ (VoY) BHEH(WTSHRARRR), FRAX(ARAT KRS,

KAEZ (UK, tERE(CEEETELX), HESHB(BHEE)

Hidenori KOSAKA, Ken—-ichi SHIMIZU, Mituru HOSOYA, Masahiro NISHIKAWA,

Katsumi NOGUCHI (JSAE ER Editorial Committee)

Go ASAI (Yanmar Co., Ltd.), Yoshinori ISHII (Isuzu Advanced Engineering Center, Ltd.),
Akemi ITO (Tokyo City University), Takashi ONISHI (Kubota Corporation),

Taizo KITADA (Mitsubishi Motors Corporation) Masahiro SEO (Idemitsu Kosan Co.Ltd.),

1 [FL®IC

AR FEANBBERMSE, 2018 FHEFKEE, 201845 A 23 H0K) ~25 A (&)
D3 AMIZH=Y /RS T 4 2tEE GEET) THEL, FTHEERT 454 HOEEL 6141
HOSMEBHFETRESN,

2714 —EILEE
2.1 74 —EILIRSER

0S MSEteD T « —EJLIRBE - 5H8l - BRI 11 T, T4 —ELIT VOV DREER
SBT3 4 HEOERNHof=. TOHRT, MEL VE, T4 —HELIUDoDmEMER
PRI HLTRER, BMEERRICHT S FRIICE LEBRMICHE LFERIZOW
THEL TS, RBRERROZFAFHELACEZFEICET SBUEEEBMERL
FHUBIZANT, TR CBEREFHNREDIESH T THAIL 2AEHERT—4
&, ERRFNOBREFREZARXICHTHEAMBRRAAOERZRELTNDS. 7
BNRRRY, ROV UANBRERMEEXTEI L MEA LA/ LIHD 0.8
FICHBITHDICHL, LA/ ILIXBDHO0.4FICHHTHIEEZRLTLS (B2-1).
ERBRICBEITIEBERXERADHDBARRRETAEICISX L L, TP
VERZAN L OAEIBRT -2 ICE DXL M IOBRVBAEICRSEINE LR
C—HRBIZBREINTVDZLIIBMETHDSD, (EROBMCERBDFERAITHT 557
BZIRRLTVWACELREETHD.

MNES 2MF, EET—ELIUD U OMBEREICERELMA L, MEROER
EERELEREFMAL CTERMEENHT 2FRISHL, EX L UTHAO—ARITEERER
EMRT H LT, EREEHDBVIHEEBKRICEZ HFEE 3D-0FD EREHRIC LY
RARTWND. HERTERIYE 2-2 ISR REED S5 Aread, 4, b ITEREZTA
LESRICHHNBRERNRERTEERNLNRNARLEONE I LERLE. COMHE
HITH LR 2-3 D& S ISEREZMAMICHELEER Mo &, TERSKITEREE T
BLImER PR LERSRZTOLER H2-4 R2-5ITRT &S ICHMERL
AN, 2EERLYIAIMBRERERTHEALDESTIEEHALMILTYL
5. (UNE)

™ Woschni (n=0.8)
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02 from present engine data

0 05 1 1.5 2
IMEP MPa
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T—HAFAXFyS 3y TREDT « —EILERBE - 38 - SBTRAMNI] TIE, T1—
EILBREIZH T2 P ERBHCEZES S 2 L—2aVICEET 54 DDORRLH oI,

ZO55, wINTY 51E HBEHRBO PN QERBIRIEEDS, BRTERSINIZ PN
FRI - SMEERT B & & HITHRBERECHRBHEIRA PN AKBRRICRIFTEZEIC DL
THREL:. PHs 8L UTTOERBENS T+ U LY, ELY, RV (ghi)RY
LUDIBICEE LT INERT S & (Fig.2-6), BRRBRREDETICESTITOH
HEOEMIETIOERRES Y LEMFIAREMNERTHSZ L (Fig.2-7), 7AYT
BRFTITUORDELLC0 (HfEEH ; Light Cycle 0il) EEMEEALVIES, PAHs
DER - RENMBESH, TTDERNEMT S EERLMICLI: (Fig 2-8).

T, FELIE, BRECERGETILVEBEL, fBROSHILOEREHE n-
ANXYTHY, ATEAFIL/FODEDN, FTAINDEL,24-FYAFALRUEY, F
TTUvRENSIVRA-THYVDABRSOT «—ELY 05— MM TEM S ST
DTY -PHOERENHERR EERBRELR - FEEEEL-. TOHKE, 2R
BETILTHREEOPA, T3OERELFERLR (Fig. 2-9, Fig. 2-10), RKE#E
RECHAHMEREZEE L CHRBICERBER LHERREN—BRLTVLEILERLTY
5. (HRE)

F—HFAX vy ay TEREDT «—EILREE - 5H8I - BATEAT V] (2D TH
BREZOBRINL—TEY, T4 —CILBEORLLIBMERNLOARE LTHRBRZIE
BICEB L, EEEHBIOFETSEREZEAIROERING, HETICERBADR
EICKDBRMABBEANE L TEFNBBPICEFELZERT HETILY RESFE/ 4
—VOBRAERELTWS (Fig.2-11). ZTOERBEFELLT, AARIIL—T&
TIZAC (Tandem Injectors Zapping Activation ; B3I 2 FEFUYEBEZR)M P4

(Fig.2-12) #BA%L1=. BULSIE, TIZACA PV 2 AL, BTILAEFIZEL S
HEFEDI S LAY UL (Fig. 2-13) Tk 2EhFEM L, SEREFFORINESE A
HlfEN (Fig. 2-14) #3RFE L 1=.

FAES 9N S, EHESHEETILIES, TAThOBEZEAAOD IE (RNEH
S, SRR, 1BR) FRSEEBEFERELKYT S5 LT, RRARTSEBRRER A 1
ZRALADEEFRELERENGINT. FTIILIEHOBEZENELICKLLBEELIR
BREARBEOERMING Fig. 2-15), HURICEZERIENFIZNRE VRREEZEDOE
ELHRAS T MOWTHLMZESMT (Fig. 2-16). ZThizkY, TUCURERICE

WTEBRAEDER F VEEAOEENG, AHBXERICHREZFOLEREL
f=.

RYL—TOHRIE, [EECBBELESE EHRHEEZEZTS & TREHABOERE,
BRABRICE2BMFEMLEEZRASNL, TOERFHRELTHBEICTIZAC /2D
V8 ER%E, RELTVWASRTERKRREN. T —E/LBEORMERLICH T =EHT
BARED— DL LTSHROMRERICHFTS. (KA

ROHR [J/CA]

Chrysene [ug/cyl] Anthracene [ug/cyl]

Pyrene [ug/cyl] Phenanthrene [ugicyl]

Benzo(a)
pyrene [ug/cyl ]

Benzo(ghi)
perylene [ug/cyl]

Soot [ugleyl.)

rank angle ["ATDC]

Fig. 2-6 Historis o ROHR, PAHs and

soot (JIS#2, Intake 0, concentration =
20. 8%

Pyrene [uglcyl ]

Crank angle [*ATDC]

Fig. 2-7 PAHs and soot histories at the

intake 0, concentration 20.8 and
19.6 %(JIS#2). Inserted figure shows
soot mass after crank angle 20° ATDC

and at engine out.

i j? g2
g
Phenathrene [ugicyl]

Pyrene [ug/cyl]
M-~

Soot [ug/cylinder]
\F‘/’;}
5
T glf/r" S
g = phea

Benzo(ghi)perylene [ug/cyl.]

) *ATDC and at en

Fig. 2-8 PAHs and soot histories at the

conditions of JIS#2 and test
fuel (intake 0, = 19. 6%). Inserted figure
shows soot mass after crank angle 20°

ATDC and at engine out.
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Calkulation
Expesiment

Crank saghe [© ATDC)

Fig § In<ylinder stwte of experiznent

Fig. 2-9 In-cylinder state of experiment

o experzment

calcualation

Fig. 2-10 Comparison of soot production

profile

Rectangle Inversed-delta

Following spray Reduced catch-up ’ Even mixiure
easily catches up of following spray distribution
G S \\ Py
D <l o B Yy r—y
(N [
~Q
Rich mixture

Enhanced air

stagnates at spray {ij
9 PN A entrainment

Fig. 2-11 Scematic diagram of formation
process of spray tip rich mixture with
conventional rectangle injection (lift)
and targeted reduction of spray tip
rich  mixture with inversed-data
injection (right) in diesel spray flame

e = HHY

Upper injector
G3P

~

Commen-rail system

Common rail
fuel pressure [MPa]

Upper injector
injection puise [V]

Lower injectc
fuel pressure

Nozzle with
#1.0mm
large orifice

Hardened steel

7

Lower injector
body-cut G4S

(a) TAIZAC injector

(TAndem Injectors Zapping ACtivation)

2-12

Lower injector
injection puise [V]
Time [ms]

(b) Operating principles

Fig. (a)Schematic of TAIZAC
(Tandem Injectors Zapping Activation)
injector and (b) operation principle to

realize inversed - delta injection

ol
wm — Inversed-delia
= =— Rectangle
(= M, =45 mg
L
W =
=
2
5
L
&
|
8

oo

0.5 0 £
Time after start of main injecbon [ms]

Fig. 2-13 Injection rate profiles for

inversed—delta injection using

TAIZAC (red) and conventional rectangle
injection using G4S(blue) measured with
Bosch long tube. Injection conditions:
f0.12 mm x9 holes(8 original radial + 1
additionally drilled axial), M., = 45mg,
AP, = 150 MPa for inversed-delta and

145 MPa for conventional rectangle

£
g5
@
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D T 100
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-_— D
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o
2
i
c
2
B
o,
£
- L
£ . o
E g K I-H ; I—I
o o { i
& X \ ;
320 0
= ol
SE T
5 [
230
] L 1 L
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Fig. 2-14 Demonstration of injection
pressure modulation among and during
(low pressure

high

multi-injection pulses

pre-injections  and pressure

inversed—delta main injection) by TAIZAC
Fuel inside lower

injector. pressure

injector (top), injection rate(middle)
and injection pulse for actuating upper
and |ower injectors. Injection
conditions: rail pressure 200MPa, pilot
and pre injection pressure 200Mpa(red)
and 150MPa (blue),

37. 1mg

M:e~1.4mg, 1. 5mg and

for pilot, pre and main

injection, respectively

Soot luminosity UV emission UV shadowgraph

214ms

t

a0 6080 100 mm

ed images

20 40 60 &0 100

Fig. 2;15 Examble high-spe
luminosity (left), UV
(middle) and UV

20 4b 60 H0 100

of soot
emission laser
shadowgraph (right) of rectangle-
and inversed-delta-injected diesel

spray flames at 3 difficult timings

corresponding to diffusion
combustion  peak (top), late
combustion (middle) and end of
combustion (bottom). Ambient
conditions: p, =23.8 kg/m’, P.=4.8

MPa, T,=1050K and 17% 0,. Injection

conditions: ¢0.12 mm orifice and ms

£
s
T
g
o
=
i
o 2 - g B
Time ASI| [ms]

Fig.2-16 Tip penetration for
rectangle and inversed—de|ta—
injected diesel spray flames

Ambient conditions: p,=23.8 kg/m’,

P.=4.8 MPa, T,=1050K and 17% O,.

Injection conditions: ¢0.12 mm

orifice and m; = 3. 4mg
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2.2 T4 —EILHIEB

TA—ELI D VICEVWTRERREEBEFEOMILFIEANGRETHY, TOER
LRIV UHERTOBEENTARTHS. Aty a v TERERDOIT/IRF,
PRBERHIEICEET 5 5 HDFEENH Y, ThETNEFRGERMNTON. KB TREZOH
THRIKFEN > 1= 3 HIZDVTHENT .

SRPRMEADOHRLTS *7I1F ER, V6T 2BEH L 4 KRBT —ELIT DU ERE
12, ERFEZTS L CBEESREERT SREFEICOVTORFET o=, ER
LBHREFHEEICHELHSTNL, HISBEROLARU R EREEDERINRETH
3. BETRAVR— FTHESEBEEDZFAERL, BESERZEH T HHEFE
ARSI TVEY, HETILEFESFINRFEETHISEFEHERE S CPUARIOEX
AL D AHETIE, R2-1TDLSIZ, HEIBRERENMRIEINNA—FvILT
VOVETILERWVT, GIHBEFESFENRTHIREELOBER IBARAETIL) &,
IEARMETILEREICGONT, BEREBELTINEERT H-OOFIHEEEL OHERK

(BARETIV) &R, MEERMFESEW (Za—FLFky bT—9) TREbT
BIET, BHLGTUERT AL LICEEN OBRELBHIRTHNERRS 5F%
BHELTWS. H2-18, R2-19FIEAR, FEAMENETADETILRERERTHY,
RIEVAAICK L TERGFARENEON TSI EANND. BONETILER2-
201TRI TP URIERBICREL, ETUOUERANEBEET— FEERET LI,
WhBERFLBEREMEEZRET L LN TER. SRIELVISIFIVIBERIIHT S
HIEERELAREEEZ ONDD, ERIETEIT VOV R TLARRITE VTERHRDE
V#EADPFARIHREROBENFRELS I EEHFLEL.

HRAZOILIES 29, LERESTZ & 5 PCCI (Premixed Charge Compression Ignition)
PRBEFAIETILE ECU REZRIBEL LARJLICHEIRIEL, YTV E A LTORET « —F/3y

VHIEOERREBIEL TV S, FlERITERIL LI-EROI T UV AEICEITHRERNE
2-21 &L, BEEMMBRTOI7ANE—BT LS ICHMBBETILERE, 1001 )
AADREBERRELZERSE TS, SERBELLEETILOES, 41 0019 21ERER
HICEY 50T, 4 REFOBEAETH>THH0.99ns & F < CEREE RS 200MHz o ECU
ZHEE), YAV ILNBOFIEEENTATELLAILELESTNS. KB TITEGZHISH]
HEZROEICL > THESTERIEREZ 3 RES,NS 4 RESFICTHY Bbh - -F0EH
B (dp/d6 DEALR) ZR/MET BZAEICOVTOREZEITL, B 2-22 D& S (ZHIEHE
FEOERILFERBICK > TEMBREIFFETHSZ ENMRESA TN S, ILIESD—
DOBMYBEATTo O UBBEOO/NX MEZBLEL, RDE (Real Drive Emission) FR#IxIIS
TE, RIEVEGEEH TORREBELERICERT 5LBhbnd.

FSURRRVONMIS TGSV AEE VY EFERALE ML RAIEFEICET S
REZTOTWVD. FRABEICE T HRRRAFELRLZRE T SFRELTENEE VY
ERVDHEN—BHUTHEHN, TR FEMAKICREAHBT-OERLLIEA TG

. AHMETEHENASKBETA —ELIVOVDER -9 500 RIEBREHEETIL
IZ UKF (Unscented Kalman Filter) AL Mz LY MEEFEEBERL, V5V AEESHM

Stepl: Forward Modeling

Data
Generation

Machine
Learning

Control-

oriented
Model 1

Step2: Inverse Modeling

Detailed
Model

Data-set
input & output

Data Generation by Offline MPC

Controller

Fig. 2-17 A machine learning based
process for an optimal control system

design.

Detailed model — Control-oriented model J

Intake manifold density
= 0.082

Intake manifold pressure

) =i = 0.982

= 2_' 5 200

80 = i

"‘{_-F.;JLL,,’\(-\."Lx’(\-»., ;‘r‘""'_/\i o ‘_Fﬁ
Exhaust manifold density Exhaust manifold pressure

=Rt = 0.979 bR =0.094 ’“I

= 5

2 nf r

EnMs [H Al

Turbine revolution EGR ratio

= |R =095 [R* = 0.955

E ]’ IxIO i 55 mi

= ‘.#

LW M JLL Huffimj

%]

r
20 Time [s| Time [s]

Fig. 2-18 Forward model validation
results
.R’ = ()m)‘a AR»‘ = ()‘9‘1‘2 Bs n.u‘i‘s
(@) VN (b) Throttle (¢) EGR valve
Fig. 2-19 Inverse model validation
results
d
v u ’_LL y
+ £+ P

Fig. 2-20 Control system
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5 —
g3 MAIN 1IN —
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0 ; 4 ‘ ;
360 240 -120 0 120 240 360
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Fig. 2-21 Discrete model for 4
injections
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DERBEORT ML ZHETDFERERIIL. B2-23 [ MUY HEEFROBBER
T MLOEEETILOREICH->TIRHRER M-S VHORETLEREL, V7>
VAE VSV ARESLURSDHEEREEEEL, EALGNERR MUY ICT—ET
BESICHREFEBRREELIETND. H2-24 FEEL: MLIEERX—LERAL
THESNEZMLI D4—FNyO&IHOS Yy 2RT. COBD YY) TREERET
EBOBTR ML B—RICIHEDESICTL, A2, TIAOHRHBEHEZRABRSLETH
Y, BLUMICA OO 7 4B E TS E-RAAERICEVTRITARIEHMEZHERATE
BT ENFERIN. CDOKSHEIMYMAIL In-Service Conformity ~DxtfAE, /8
T—Y—ZADTA4 YA IR MEFICEITMELEWEMICIATE 58N H 5
-8, SHEOWRITEE L. (EFH)

2.4 EEDT 4 —EILEREE - FHR - BT IT

Krammer [&, TEngine calibration under Real-Driving Emissions require modelbased
development support] ***&REL, BN TEA S 7= RDERHIHIE LERETOER
DREZIToF=. REEMFNEVTRIEREETLTHARTAETS -0, ARLGED
EROMEHEHICIMR, EFDBRECEIAN—OFEBERESRITHD, #EDOL
SHE—EDHBREHLEVSLOEHEELEL. LED-T, Ho SAReMEMK L TH
BEHEEOL, ERMICESEEETINETER, T L THENLELER I
BETIHELNHD. LMALENSIS LEERICLELGHSDOEREER - R TIT
STEBFFARMEREELETSETLES.

ZITH 2.2-9 OLSHHEBETILZEEL, MATHRRI—XLEHERLTTA
TZHLET, BETIS TAERZRELR. Z50LE7AERIZLY NOx EFHEHNS
VBB ZEE L=0OAE 2.2-10 T, 207 —X TId 1200rpm130Nm {43 A8 3 NOx &£
HEANZERMIES T REMBLNWS CEMBALN LG

ESFETHIHLC, CHLEIENTRELDILDICEEMETILOFRBELH 512
EREINATVWIRENH DS, METOEIEMNT I LEH>THED I LIEK
WKRIRTTIE, YSal—YavoRERLEERAEORZELEVSENNSELER
ISR ohbd I &I dZ5 5.

AL, 12 BREERENT «— FANAY IFIEICEDC 3 RES T —EILT oD
UERBERIE & ERRBRIC & BIREE) PV LELBEET o1
[, EHEECBGH RUBEBLLEOEET/NARE, IV TERAV T —FT+
J— FHIEICTGERALTWS. LMLTNAS RDEME L HITT Y TERDIEEIE K
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Table 2-1. Combustion model’ s state

variables, inputs and outputs

State variables Xy

Temperature of residual gas [K]

0> molar quantity of residual gas [mol]

CO; molar quantity of residual gas [mol]

N; molar quantity of residual gas [mol]

H,0 molar quantity of residual gas [mol]

Inputs Upogerr

Total injection quantity [mm®/st]

Pilot injection quantity [mm®/st]

Pre-injection quantity [mm?/st]

Pilot injection timing [deg ATDC]

Pre-injection timing [deg ATDC]

Main injection timing [deg ATDC]

Boost pressure [MPa]

External EGR ratio

Fuel injection pressure [MPa]

Engine speed [1pm]

Intake manifold temperature [K]

Outputs yy

In-cylinder peak pressure [MPa]

In-cylinder peak pressure timing [deg ATDC]

Table 2-2. Experimental conditions

Total injection quantity [mm?/st]] L5
Pilot injection quantity [mm®/st]] 2

Pilot injection timing |deg ATDC| 25

Pre-injection timing [deg ATDC] -15

Boost pressure [kPa] 105

External EGR ratio 0.3

Fuel injection pressure | MPa| 80

Engine speed [rpm] 1500
Intake manifold temperature [°C] 70
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BFRETHALEHEREXBCTICEYRBEL o ERER 4-6 ITRT. 10~30%DER
ET, HEAMEFATETVWS S ELNER ST DPF DIHETT v L 1 DM ZEIBE
TE, EEZHAETICXRCTICKYHEBRESZILETESFTEREMIL L LITEHM
THb.

A|EL DPG ISR BIMEL =7 v L A HBEDMTREATH o124, TP W THIR
L=7 v a0, RENSEREAFEIND. (EH)

BRI RATLI (SCRE)

Aty a U TIRRBIRETME (SCR) BEDREA 3 shtz.
BERE(CDOLTERY LIF5.

S5 PRI T—ELERBEICSVTELIHHAREBRARO SN TNSEEAND,
BEH A ZBED 180°CLLTOEREETO NOx #EDE Y A ZETof-. RIEBAShIR
SFE— K WHTC (World Harmonized Transient Cycle) a—J)L KX %A — FRERIZEH L,
{EIR T NOx L RERF IS DV TRETZEIT o 1=

IO UHRVATLAOBEER 4-TISFY. T4 —HELI D UIZEMA T bR zRR
EITAIE (SCR: Selective Catalytic Reduction:) R T Ll(Eg{bftsE (DOC: Diesel
Oxidation Catalyst), fil{+E > 4 J)L2— (CSF : Catalyzed Soot Filter), SCR fihi &
7 UEZT7EbfmsE (ASC: Ammonia Slip Catalyst) M#&KIZ#& LT CSF & SCR il o>
IZERbE—4% s (EHC: Electrically Heated Catalyst) #EE L=t D THB. EHC
[TiRAE7 A %R (SiC) EMDIBHE A L) ISEHEA F4 FRSRMEEI—TFT 1 o LE=2D
T, SICEMICEFREZRT L TAIEEREL AR BEOREBNAIETHS. ChizkY, K
ROMKDMRICLDTUVEZTDERE N DETETS>LDTHS.

HBRBERELTWHICI—IL FRE— FEBORBEIIZESWTEN0.18 kih 24489 5
CLETEHAREENN140°CETERL (B 4-8), RIEYELL I TREKZEBEST S
ET, NOx BIEEN %NS 25%FETHLE L (B 4-9). COFERAS EHC AL F-fiE
RSFRIE 100°C~200°COIERIH T D NO x ;R LMRED R EICHZTH S A5 o=
HEAROEOIZ v 3o bicfl, BIERETOHEARERICATI-=—I0E
FoTKIDEEZON, KRXIETDE—SFEEZLND. N(TUvFI DL
DHAEHEITE D EHC-SCR M FDER T RIILX—&ERA L-FRTOREDL SRIETH
FLRL. (D)

Z ZTIX SCR EE

(&3]

4-1) FHIB, KiBHE, HAZE HEC, EHER EHEH RBEAZE KEAFR K
FTE—:TA—ELRTAFaAL—bITALZADT v P28 - MEICET MR (B
—3) XRCTIEEICEST v Va1 HBEESMOEEL-, 2018 FHEFAREMFHRRS
EPRE XHEES 20185393

4-2) BSFE, KAH, REGEN EE{C, BRAEE, LOMNT : SCRAEKFRCLS
BRI NO > B (CRE S B FI%E, 2018 EESARPIHABERBEETHRE, XWES
20185399
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5. TUDUEHAIREE
5.1 %1 L ULVEHAIR B |

EERMNEFEES (UN-ECE) T, PMP (Particle Measurement Programme) AT >
VHEARDOEKIFEH PN) FAEEZBEL-OZZT, BUNIZTPNDRFILNBELT
W3, 2011 EMSERERVMEIBEAEICOWT, T—HILE-EEAVY VEERER
I, MFE2 mUEDPNZEBE PNEFRISORTAIZES D v 54 FERHRICTRE
LTW3 (Euro 5c). Ffz, 2017 &£ 9 AbSik, BHHEHEHXER S X T L Portable
Emissions Measurement System (PEMS) (24 % RDE (Real Driving Emissions) SRERIZT,
FETED PN RHI L HE SNz (Euro 6b). PNICBAL CGAEERSATLSEED—D
M, BEFEHRFENEG>TODHFE 23m LT (Sub-23 nm) OEFMFOEBIOEST
HbH. ETHEHE, 3BLAAMAORREZE~DBITHS. CITIE THLLEREZ
BT [ (T D URHAIRAD ) £y a s =2 L5 HOEBERRD S L, RERETH
D Sub-23nm M FEEL PNEHBIICER L= 2BBERNT 5.

BISBEMDERS *VE, TEERRVESEOHMFEREAS R T LAICHEN NS
ABEE] LBLERRET >z, TEE NI ATABIUEHE PN A RT L
(PEMS-PN) 12& 2 v o581 T ERBIBEROZECHET ARERBELTHABICLI-LT,
PEMS-PN O TIREZEFE L T, EETEMHIZH TS Sub-23 nm PN FHEI~NDFEA A EEMEZ
BELTWS. BAMICIK, CPCRMDEESRELEEET HZ &ITL>T, PEMS-PN d#kt
TERZ%E & YM/NIHFE (Sub-23 nm) IZFHEES 5 EMAIREH D - &EZRL TS, PENS-
PN DR ZER 5-1 TRT. TOIRTLIE, EIZ 1 REWRIR, Hikas, MEERE (HCS
Hot Catalytic Stripper), 2 R&HERBBES LV EMBHIFH >4 (CPC : Condensation
Particle Counter) Mo SN TLVS. (PC DR FERIRHETIRZ 23mm LITIZT 5 &, @i
WYL T U TBICE T MM TFIBEN LY KEH D0, PNEHRID R T LEEOR
HMEOHESHFRICH L TR LELEDIEVSHEREH/TVS (B5-2). Ff-, MEAEK
REDODKDOYIZHES ZAVSZLICEL-T, SRECERAMNFOBERBSES 4L
MRETEZDHIELEZRELTLS (B5-3). EEAY ) VEEFEALLPNGHRERRTHE, %
EDEHIZENT, RETRETIFEHE S X T LD Sub-23 nm @ PN AIEENEER &

ATLOAEELYIELLHDEVWSHENFGONTF (K 5-4).

AL v RooFi sl TEFECHEENSHHEINEY (X 28m LTEETHTF
OEFAEICH T SEHAMBORE | LELLERET o1z HAKBEORBEICERE
UT, A RDER - FRAES LU Sub-23 nm M FEHGAEAEICODVLTRELTWLS.
Ff, LLEBIT YO UETWLIC 2ET LI-BEO Sub-23n HiiEl& %, 3RBEOHARE
miEs 2 5 LDThree Way Catalyst (TWC), @TWC + Gasoline Particulate Filter (GPF),
34 Wat Catalyst (4WC) THEEHERL TLVD (B5-5). (FID)

(&% x#K]

S-1)iEkHR, £%8E WEHRS  TERRVESEONFEBEIR X T LAICHESf
NEZHHE 018 EHEZARFNBRERBETRE XHES 20185174

5-2) Kazuki Nakamura, Waldemar Linares Rodriguez, Christos Dardiotis, Athanasios

Mamakos: Instrumentation Challenges for Measuring Sub-23 nm Particle Number
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6. F3a4HROD—
6.1 MEH - HARMBLUS S ROS—

Ayl a v ERHERRBMAEERICEYRESNA—AFA X FEyarTH
%5 HESOBRBRALICHTZBVELZE, Fo0YM P05 2—RITRREINDHESIT,
IVOUORBEE L YBRICELSE. TOLICRBEICIIERERCEIAICL YIS
MLALLEFAIIEHEDERNERESATEY, ChoD-O0ORMIZESVELLFE
LBNTWS. TRLHREY L aVITLEDREENEFY, ILRI/BREINDIEFE
THofz. CCTRIVISVDAAIVEEDDY VIDERSSIZEZNEDBTOH
OHLWBAEFELGEIIODVWTRENH o=

HBEXZORI, s, BHESIUTPROEYK, EENLS E AFRBOLY o 5—
EFETHAMELIODUIZENT, 74 YOS XLERAVTER FVEYD T JLE
BEHALEEENMEN SN, 7+ 0By IBF (CSTIKRERESY) #5#
SEHLABHICENRLERFT I EBEROLFREENTIL LKERARY FLAELT ST
HERTDH. COBFBRIN-HIEIFHFEOBBIHEVTOREBELMABRAERLLS.
HSRBMOY oA DHTLETEETHIER O ORMENMEICRNMEERFLERSES
CET, TOBMAIHFET 2HBHOEHEHRRT SN TES. LHL, EEFDT
VOUVATINEZEBET H LT, BEMORBERLT-LTELLL. RBEZ LTS
DICTEBIEOERELR L TEEZRTTIEOFENEZOND. AHRTIE, K6~
VTIZRTRIEVRTLZERALT, BRESNE-EBOBRRZEFLVRRTEE SNERE
LERHMODEDKRLEATERE INFEZAKICHRE LLKT 2L WS TIRGFiEE
E-TWS. ERFUVAYMNSOMEIE, XD Image splitting optics DEH T, 2K
EHICAB SN TRGESIND. B 6-2(FXAy MLEFARO by T U E0MEIZEH T
LHEEHZAELEATHIN, BEINLEOMAEDL A ILARERICEN > THE
LTWBHKFHAAMNS. —FA, AOv MLETEEFEIZIE, B 6-3 ISR L512, HEEDOF
ANWICREGFEIEZVNILEERIATLS. SEIDBIEIE, BRIV CEVSRLENIE
HTTORAETH1=. S#IE YTV UEBREISEVESHT TORERRENIRE
EnHEEHMFLEL. (BFHR)

6.2 T UiREEERRIM

TEEH - BRI LU FSAROS—) IS5 EhEMESNCIDEYS 32T
BIEMEI VO UDBRERLOI-OOEMARY EIF o TV

BEEBBEA LBALEEREI VO VEXZASPEREMCOVTI/hLDORRNAH -
=

A, BAR, KENS P, AIEEMLLERIEELT VLTI IR S U BBORR
ICBY S ERMAHof-. FEEICHE>TVSDTITIZTHELDAILZLALESH
B, / vF o TNRECTVEARBICHEERBLET, /vF IS LME -
PEFERICESEMETERLRYT S LEZTARETHLDTHS. TORMBAHER 6-4 (2R
¥. arvoy PRSI L-U 09 ERERSBREO—IKIZRYFToATNG. L-U Y

1))
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Fig. 5-5 Sub-23 nm SPN fractions at EO

and TP among three ECS configurations

1

1
Ring gaps

Fig. 6-1 Schematic of piston and

visualization field

First cycle 2 cycles after 100 cycles after 200 cycles after
Fig.12 Variations of oil film behavior on top land around the top ring
gap (Throttle : WO. ATDC82

0 0.05 0.1 0.15 0.2 0.25 03

of intake stroke)

Firstcycle 2 cyclesafter 100 cycles after 200 cycles after
Fig. 6-2 Variations of oil film
behavior on top land around the top
ring gap (Throttle: Close, ATDC82° of

intake stroke)

Firstcycle 2 cycles after 100 cycles after 00 cycles after
Fig. 6-3 Variations of oil film
behavior on center of top land
(Throttle: WO, ATDC73° of intake

stroke)
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JDHRLDORITHMZELS>TEY, COMABIZI VI EVIZRYF TGS L-UD
DEL5—ImICIFC-Y oy EENSa 00y MROBGED/NMFERARY F1+ 50, -1V
JORGEEIEI Y bA—LO Y T FZRYMFLATNS. AV bA—LY YT MEIV S
VORIZESTEY, CORAEERGESITRI TV FAI—RICEYERILEEEHIETL
DOV DAEEEILESE, EREEEELTWLS. V5090 v T MEICHT S0 0
—IWov T FOMER MLIEBICHEESZ 5120, B 6-6 ITRT & S HEREARET S
n, 6-7 IZRT L 5A LY EBOHEFEEZRTRESATNS.
LRORAEEMHELEEAELTEILFIVIRISUIBETIE, TIORBICLY,
FHMZIERTHRENBEDI S VIOBBLIYKRELLD. BONAR—XTINE
BRI EE 5%, BEBBEDER, /MK, MM, KEHFFEOZR, HRBEIORE, ¥
2/ NVORME VR, BRERL FOREICRYBATHNS. BEICERELLShERL
FTIE, BENBENRET DS EAMOENTILNDS. CHEFMMICEA LIZ KRS ERAR
IC&EFY, BRIVELDHCETRET D, HARERMER & LTI 1400MPa #iE THAERL
ENTLVSA, COFRTIX1600MPa DEALEBIFEEL TS, ChEERT 501,
FTHBHALICTAIVLEITEREENZ A2 FMOAEBREZHMRL TS RICE
BL BRERLESETITSILICLY, 6-8 [TRT &LIIT, EAVEA FEEKIZH
BEEd Lt BRERERLTHTALRELHRT 570, &C FSifAzeR
—REL, BERLGBANMEMZEOHD=HIZSI, Or, o ZEERMT HFEDIRALS
NTWE. ChICKYBEESNY D TILOKRORA LT SIH SCMA0 & EEEE S hTLY
5 6-9) FHizICEESIhzH 2 TILAIK100°CHHEDRETOKEDRAZN SCMA40
FYHLKBIERBTETWEIEMADDD. COLSHERYBEHE, SEOTILFY Y
RIS VIBBOAGELT, BEVSHTI VO UEBGONELICERTEZSLDOER
na.
7—rERIXOER, WA, #H%E FTHINLIFER FYRA— MBISL—FMIZE
YO BRNYFRRERLIIGEDERICET SHARNERIA:L Y. EX MU OERE
KEBEITI OO ODOBREBERALISH L -—EOHFSEERFD. ERBXEERT HICE, EX
FoRO— MBOREMSERELEHNTHHH (R 6-10), —ATHESEEBLEER Y
TIIBREEHFENRELPTVEDSHMONTNS. ZOEHEX bR h— MIIEhEREIC
FBFRMINEEIATNS. CCTHRASALEME, REMSEEBSELER MY
AA—=FIL=YMIITL YR 61T TTLIBIVARNYFMIERT S &2k Y, ER
BREBEMRESAAEHEREAALSELLOTHS. COVORNYFERLEZER R
VOEBEBRAER 6-1 O LRITRT —RMAFRMIZELEER P EHBELTWS.
6-11 IZFBSAF—HEBICLYRESN-ERNREERY. BEYERLERSIUH
S[ERRFME T ORNY FIIBEEGEZRERDRERL TS FRLERFRIIER
FoRA—FED) VFICRFITZEIELNNSVERHATHY, CCTHRIBENTNSC
EnnB, TOERMUVREBIZVYVFEDIUTSIVANIATATHD I ENI MDD
nd. ESHICTRATETEMRARGAGNI &AL, Y ARNY FIERBEBNERT
BWMBGRICHRERLEIDEEZA OGNS, FEMBESAETHITOVTELEHRAITHOAT
Y, 6-1312 ;RI &L IS, JARNYFRIEEDFRERMILY LENHREERLT
W3, ESPBLER MR- FROBEFEICHEMEZRBITEAERVENVLSIDOTIE
BLNEWS @ABKEN. COZEE, EXMORA—FEOBERKORELIZLY, &
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SIS EHLEOALDOAREMENAHLZLEETRLTNSEEZLOND. (FR)
(& 3]

6-1) EtEE, LIE—E BEREE BHHRER BEEEs aREeI O UFERANEE
ALUEAYDAAINEEEA - T+ DS ALEFRAVZARIEFRIZL P ERERSEY
2B 515 —2018 EERFREFWMBESERTFRE XHES 20185415

6-2) HhFtREE, EARM, KEE BMEBMRTEZERLLAIEERLETI OO VC-T
ARLFIIORI SO BBORE 2018 EEFRRFNBEERIEETRE XHES
20185420

6-3) EEZE /MRS, MIEL, ADHE, RRAE REE FHER#E: LT
VO BERITERERIL FORKE 2018 EEFARFMBEIBETRE UHES
20185422

6-4) BEIRERE, WWO—5F, FHERK, TIE: JO0RNYFEREAVEZER VRS
—FEMET YO L a UBRITOME 2018 FEFARFMAEREETRE X#HES
20185419

Enlarged view
Crosshatch + Aluminum ground Sectional view
Resin coating z

surface

Crosshatch
groove

resin >
coating 2

Fig1.Skirt Crosshatch Piston

|
Early prototypel

Torque caused by

Torque caused by

combustion pressure  Sum P' torque inertia of the link
300
— v T

3 \ | I

Z w0

% 100 X o | £
§ |27 N z
s r/ 1 30 45 0 8
g e Phase difference: 15deg i
g™ »

L -300

ﬁ
i

Crank angle [deg]

_, 300
E
Z
g 100 L =
5 o e e, 8 =z
§ 10 ,M l 45 60 P §
] [ Phase difference:19deg =
€ ~200
3
o -

e Crank angle [deg]

’E 200
Z
2 - ] £
s ; AT z
§ ™ | s o n>p S
CE ~300

Crank angle [deg]

Film like Carbide
(Low tempering temp.)

Spherical finc carbide
(High tempering temp.)

Engine Type

Single cylinder,4 stroke
Sl gasoline engine

Bore X Stroke(mm)

®80.5%97.63

crosshatch

streak

2000rpm X 245N =m

S~

®- 0

Fricition force

exhaust

360(TDC) 540 720
Crank angle(deg)

compression = combustion

intake

0 180

18

o
2
£
g 0.020
S _ SCM440
£.E o5
g g oo /
SE .,
0.010
£ g Sample-A
@ 0005 '/
=
E‘ 0.000 ——
0 100 200 300 400
Temperature, C

FMEP(kPai

Measuring method: I'loating Liner system

L

{«/
P

&

05 10 15 20 235
Surface roughness (Ra)




ENGINE REVIEW

SOCIETY OF AUTOMOTIVE ENGINEERS OF JAPAN Vol. 9 No. 2 2019

7. EV - HEV pB8:&
SKRENEHEMBEL YL a VL, EHEMBDE 7 xEV”
AT LB,

3tviay, BMEERD
NI—ILY bOZHOR, ETHHEE &1 EyParnitetyarn
(D, BYRTAV L BBESBEETILT QEvyiay) BhEER BE-T
FLF—ERGEDEL YL a v THLHEAETIRRMTOAE. SEIE, HOARRBEEA —
H—H5IRX FRFHNRITEE LTz PHEV OBREI RO B EICET 2RRMNBEIZ DU .
FING EREMGEICET 2FR, TREGICERSOEMOERICET 2RRERBML,
HETHEMFEICHT LEKREVRROVEEZRBNT 2.

ICEVOHEZZILLEVDERZHDIBEKRE LDV DHODHENR SN DD, EV D €O,
HHEFREOFERITERET 520, ENI v ROMAICK > TIZEFEHRL G L EA
EIEIh TS, WEF & EVHAKEER LIZRO CO, i EDHBARIZDOLNT, B
BEIRLF—ICHTIREOEREA—X(ER, L YBREMTHELHAAEIZONT
AFAREGRFERESIALGALBALE ™. BEBRHRO ML Y FEEHTHRRMIC
BAENTHEY, BEAGEQTHEROREDERICEATHIEERD.

WEEIL, Fig. T-1 ISR RELDREIRED O, FHEHREAD L 512, FRINTL
LZENRBEOMEFHD C0, HELZA—XICHIHHREREL TLVD, REOHRED
HRICKHETHD, FRAEIRILY—Z2ERT D 06 0 raLTED NI THif-%
BROERICHE L THEETI2HER (?—SF)L (BR) BREMER) ITXLEHE) 2
FAL, ThIZRELERAINOZERTO CO,HHFES (Fig. 7-2388]B) 2EHHO C0, 4
HEREMET—4 (REROBRZHNSEZETERD) MOROHTLVS.

—H, MEBESANILEOTRHMNFEBL L > TVIBEMGEOERBO C0, BiEEICEL
T. REEEANTofz, BRTHRSATLEIRRNLBRERGED e RET—4 (1B
HT—32 ZHR) & JCO8 MREfE, EPA SANJLEDHEMEZLE (Fig. 7-3) L, T7a {#E
APENRE BAFLGEEETIGEVERHEET EPA SALENERAREZLCRLT
WBZEZERLE. CORRICEDTE, RETHRINTLIRERKRED EPA SAJLE
ZRAWVTHARTO Well to Wheel @ COHHEZHH LTS (Fig. 7-488). T,
Well to Tank ## A CO BEEEIXFig. 7T-1 DR—RIZH - 200 EDOT—42 %, EH
D CO B REICIT Fig. T-2DEZFERAL, BBICOVDTRHEBELEREEYMLEETE,
REMICOVTIIEENSEEZETO 0, ZFE LTINS, 512, EVICEALTIIEMSE
mx 15 A kn ERBEL >TEMORECHMSBEELMKL TS (EV, FOV [F&L<Z
DORKMGER, KREEEXITOWTHE). Fig. 7-4 5, EVO O, BFHEEFEER
BICKECERET IO TREMGEDLRICEI—CFHILEROBFENEETHHELT
5.

—HOENFZEGFig. T-506 (REED 2030 DFA) ITRTRICELLT 508, &HE
REZHMRET D LEHNAET—CFILBREIIR FOBEVERKAELRS. Z0F 6 A
DRER) CIERBICKIELZREBEANEL S, COBBIZEVICEELTHLRENH S
BERIABEREN, EXGETREANGEVEEERATRXANELRNGEY—CFILE
BeEwd. —A NOREBISHG LERANGT—CFILERIE, RiFEEERT H5EE
FRBRELREOERAEEH-IRMEVERELG LD, REOHRFEOERTEN G
Z5BEIEEFBRELLTOIR MBEVEREADELTNS.

BREHA, A BROBSLESYBFETREDSHSE, BCLAIBEERE (AL
REREEATHES, OEIRHEERNEHLIEEIRREEZEMT HHBEICONT,
19
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FERRIFBO 3 MEICKHT H5Y—CFIILEREFHERMIL Table 7-1 DFRIZHY,
CO, B Z®ET BICIX EV ITHAT HEV BERAFFGIZEELHDH - &, BEDORER
BARBEIRILF—OHEETREETEDL>AAMCERENGHT 2 LEMEL EE2RE
LTWS. JUTADLBEELHL-OEREAKIBICEDL SHAREE L BRETERLD,
—DDEE L L THEIKEL.
Automotive @ Sabzewari S1£Ct4 A2 o 5 X PHEVAD IR bxt%h
RIZEBNFRTD— LA VERELE ™. aX FEDREFBET HICIE, EEEZAL
THNESHOHRDE—R THEVWEFEEZH/N—F 5DH—HHT, DCT (Double Clutch
Transmission) IZE—4 ##ARAAT P2 B4, ICE Ik HEEBNEHER (AT) LE—4IT&K
PEEBEMERF P4, WEHRECLLIBNNENE Fig 7680 GLES/RRNTH
5 REQDZ—5y FOWMEIL Table 7-2 DEHY T, TED 397 DAL AT {4k, AER
(Al Electric Range) 50km LAL, £x7=3& 130km/h (EV BRBIR%), 160km/h (HEV EREBAEF)
UEZ@E-LI=5ZTP2, PABIPHEV &Y KIBICIELVIR FEBIELTWLA. Fig
ISR HRIZ, ICEZFY D P1 (SG, Starter/Generator) FFRIL S f-ZEiE, P3 (BEEIA
E—4) FTHHINTSEY, PI, PRELFEREZFERALTIR IV UER S TS,
COERIFISLIL, Y)—=X, ATy bOIEENTEETHDDT, ICE & P3IZ&
BPRHA, EVESR, LA IVRTUIBENTRS. ZEBI ICE I 4:3F, P3AIX
BEEET, RADHRBIT, BRBXV, REREER Po/0Ay P alBEHEIKBRLTE
VI SvFERALTIAIR MV VERSTVWSRATHD. TEFIIPIABERLY
DERENN—FTBZZETRLIRM—ILDOBEWNERERBEICT LRI, Fudy
SYFDARAY—TETIFaI—8TRETHIC &g “ " a2 20~ "7 @A "D
37V aVvCREREEARTLHILT, YavIiDBLRVERERRL TS (¥
2aL—Y3aVTREMBEROEETHER). O ATLEDIX FOLLEZE, P2, P4,
RTYY FOMIZHEERY SV FEF SLAVFI—V 1 LRBEDVRATLOE—4 %
PMIZHKZF=RUFT—9 2 (Fig. 7-658) OBTEMRL. #&RIEFig. T-8ITRY

Continental

1-1

EBYT, REDIVRATLDIAR MHMENE LTS,

AN &L 512, BRERCE/NEESCOHE RN, PDEEMHEV A° EV TIHREER &/
BE—SZHAEDHEDBINLE A, COEFERICNT ZFBICTERERN2HH 1=
Bosch @ Makino 51%, BHFEILLEF VYA DU T ZEMICHAFELERIBEZOANL
E—RIZLETYoaNL AR OVT 2800, HRAGHRAD HEV (CChEEATEHUE
AL—23VIZ&oTNTIZE B HEV SR FLDRBLIZDOVTHRANS ™. Fig. 7-91C
RIHRIC, TLAVE (B ZAR) MRIZCHA K95 Loop set belt ZZAMS—AKIZ
L. BABET 2B IRTHRONA FREOBKI KRG EITEL > TEZEOHMBIER
ZRY, EXOFTILALMKICERTEVERETHERORENLSh TS (Fig
T-1038). XL rOFEANSVERETHERANFIREICGE 2122 &b, RI—DEENN
—ig (RC=7) THEF & YAKIELT 12%, E—42 T—HHM%G RC=4 ETOERM S 50%DH|
WA EHEE IE o f=.

HEV m#&rk(E, Fig. 7-11 [T5RTHRIC,
IR L), SP2 (BARTY y bR [CHEEEN DD, ThoDBRICCOCOVT AL
FBEOPEFEZSI2AL—avIZE2>TROTWS. BELEVRATLE Fig. 7-12
IZ, ¥2alb—YarVICAVEE—2FDMERKE Table 7-312, E—20¥FEZ Fig 7-
13129, #®Et A FL®DDH-CVT (dedicated hybrid Transmission) [ P3-CVT @ CVT

20

E—FDHEIZK >TPO~P4 & SP1 (P 1)—X

Table 7-1 EV DRET YU RFED CO, HEH ZH

; i Marginal | Emission

Scenario Charge Condition it | Eactee
night Thermal | 0.76
A Ecoromic  |davtime w/o surplus LNG 054
Priciple daytime with surplus solar 0.04
night with storage LNG 054
night coal 099
B C0 4 Reduce |daytime with surplus solar 0.04
First davtime w/o surplus ooal 099
night with storage coal 099
C | Add Nuclear |all cases nuclear | 0.02

P4 PHEV

Powersplit PHEV
ic] |
[ece]

C0: Impulse clutch.,
C1: Launch clutch.
CA: Clutch actuator.
DCT: Double clutch
transmission. GA: Gear
: actuator, ICE: Internal

1 combustion engine,
Wl ! DC DC: High Voltage
] | DC/DC Converter. BSG:

)
Fig. 7-6 PHEV DX FM7E/ AT —FL 1>

: High Voltage Belt Starter
* Generator

Table 7-2 #—%4 v bk PHEV D E 43414

Component Characteristics

Internal MPIL. 4 cylinder. naturally aspirated. 80 kW,

combustion 140 Nm. 3-way catalyst. flywheel with
engine damper

Electric Induction machine, 195 Nm, 55 kW peak,
traction drive | 17.500 rpm. liquid-cooled

Starter Induction machine. 50 Nm. 20 kW

generator continuous. 18.000 rpm. liquid-cooled

HV Traction Li-Ion pouch, 108-S-1-P. 25 Ah. 10 kWh,

battery 335V < Ug < 450 V. liquid-cooled
Dedicated 4 speed transmission. one fixe gear ratio.
hybrid electric shaft synchronization. no reverse

transmission gear, no launch element

Fig. 7-7 1293 PHEV HD/NT—kL A2

’ Non binding cstin system in year 2020
¢ n

d
o e I ]
TDI, DCT
Cost efficient PHEV -—
= Lot nise; MO B
P2 PHEV
(GDI, DCT, PSM) Eﬁ:‘
atneesc) RSN BN
(GDI, AT, IM, BSG)
Power-split PHEV - . i
(MPL, eCVT, PSM, SG)
piont pow so MRS
(GDI, DHT , PSM, SG)
ot pow 5o MDY W
(MPI, DHT , PSM, SG)
W Battery w Elec. drive WHV-SG 0 System
®ICE @ Gearbox C0 Clutch & Markup

Fig. 7-8 AU — kLA DR LB
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HAh, E—48, R"A—LHEDIOEBITHY, YT, FvUTORFVYER]CSETHE
WEZHEALIZEOT, EOVT (TUDRO THS ITRERSN I BEHROHETERY 280 E
HELZEHEMICHETHHD) ZEELTWS. &Y ATLENEDC E—FE WTCE—F
TEMELTWLWA. Fig. 7-14, Fig. 7-1512R9 HEVIKREL EVIKEETO I RILEHEED
RN, BHHNZ VT TEEL TEMICHIET SBEOHENRN EAHATES.
&Iz, Fig. 7-16, Fig. 7-17IRYIEDFE & 3 X ~OFFHEEMBKT % & DH-CVT A
BEMICAFITHSELTND.

Efficiency IMG Efficiency SMG

Torque [Nm]

2000 4000 6000 0 5000 10000 15000
Speed [rpm] Speed [rpm]

1000

Relative fuel consumption [%]

P2-CVT
P3-CVT

Power split
Power split

Conventional

Relative energy consumption [%]

[ [_—
unsﬁgg n.n.%En.g
L a a o

ICECVT  P2CVT _ P3.CVT P2P3CVT DH-CVT  P2.DCT Power split
[ Hybrid mode 0-100kmvhe [l EV mode 0-100kmvhr I Hybrid mode 80-120 km/hr

Transmission cost [%]
© P
S o

IS
o

0 ICECVT P2CVT P3.CVT P2/P3-CVT DHCVT P2-DCT Power split

eA
MHcuTcu W Mechanicol  EEmachines MNEQUEr. I eAcuation

21

Double loopset belt

Variator efficiency [%]

Single loopset belt
Element

4 28mm pushbelt (ref.)

O 28mm pushbelt (new)
O 3008 type chain

[ [

2 04

08 1 13 2

Speed ratio [-]

ICE = Internal Combustion Engine

EM = Electric machine
PE = Power Electronics
DIFF = Differential

P-lock = Park lock

SMG machine

%

(mm] x [mm]

220:214
scaled
scaled

Peak
power
kW
151

83
151

Continuous _ Peak  Continuous
power  torque torque
INm] INm]
3an 170

m 93
311 170

Max
speed
Irpm)

16000
10000
16000
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BLORERNBRKSNEH-2". VTRTILK (Fz—r) THDHH, RBT—42% ;

US

Region pm— Saforna | Tencsee Japan Total
BIZLEYIalb—SavickoT, BV OE—4I= OVT 45 LEEBOBEERD, VT S e
Number of vehicles S 2 8 8 23
12 L TOERS 97, 4%IREL T CIEL OV 24457 5 EMEMNKBET ZC &, RC (EEDH
N—5E) EEFBEEZONEMETT S LEESMNIZ LTINS, Numberofplt | 35 | 4 | 20 | 10 | @

Ny TYRER (FERERE) IS&2TOLK OADHEENETS 54, HTHLHRERET
F—REETEHMDETEZERE, BEHUOFGERETIEELEBTHS. ChoDia
ETRERAEEICRET BHANZNELDOD [CEV ISR THETOERAES BIRA—8
MTO) AMBHTOLENEHEFERBEOEDNAS &EDBRAHES AT > TLANELNH
ofz. BEELIE, EEOCEEBE OFEAZA/ERAGEMICET LI DOREEBALEL"
. —2IF, Table M4 IZFTHEARBEORLZ TGN OBEMEENL, BEREDATE
L3 THRIEL, FRBETORESHLEEOT, ERMICEBINETLIT 4 voH 0100 200 300 400 500 600 700 £00
BETIESN-THOERBREOER (EtRE, S0C, BEKERR) £AVTROH#
ERERE FEMEBEYAIILICEILLERELLICHTTHRTIOIaL—2avE
TILIZ& D) LEABEZELEL, #HARZORLMMEHEL TS (Fig. 7-18, Fig. 7-
1988). £z, BAOHKRLI L, FHLHEDEZLLLTERELZDIONHLED0D, &
BUCAERLOREG, BBETOLIHEBETHDIEANHBALE (Fig 720388 &
LTW%. £5—2IF Co#HFZEICLE: FERAYOEEOTLIT« v IRHRERAL 22Ny = 10
LERBREOEROEHTHET 20T, SEORIBFEEOBELRD, “h 70 80 %
LEMEMICMET S LT, FEDEEBERTORERENELLDELBET I M Measured value [%)]
AheE LTWS (Fig. 7-21).

100

=l
<
. I

Capacity retention [%]

Estimated value [%]

3
£
ol

)

=

s

]
=
=
g

<

50% 60% 70% 80% 90%
Capacity retention |%]

To be done Re-calculation

=

1 vehicle estimation curve

>
>

2y 5y

¥

Section at 5 year

Frequency [%]

Capacity retention [%]
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FEHOEMORERNMEE SN H 1= 7. RO HEV [CHEH Sh iz iRiRigeens S HEmE
{EEFICEm & LiB (Li 1AV Eith) OFEbLAAICET HERENEL, TORRADLIBOD
KEIZEATHEREEY MILEXKET Ao ERORERENHR (Fig. 7-22) X
HTWS. COEBELHRHFICREBEL o-MRELIELOFAUS A VICRELHELZEND
ROFBEHCERABEEENTHERIZOVWTHL =

BEV ADEHEBEMEIEIOIR FOEEDEME VWS IAFTRANH D=, ChEHIE
EMTEECEAL THRLAGERKEVRERNH-1-. REOHET, BEOBNIZEEDHS.

ElE SATHAILTD L HEED 5% Z=BEANAEEENEHD (Fig. 7-23) Y,
BEaOFREEME EE/EAORNATHEANSOMBEREHEHL LD . EER
BERTHI= 105 km $H1=Y D CO, HEHE (Fig. 7-24) » >, BEVO—REEITEMEKRE
KFTBHIELEFFHTHY BHRNETZRIRE LIZ/NBEDEMITE EH, BREBITEST
HHREICK B EMAEV ISHEHB L TBBT SR TL (Fig 7-25) ZRELTWVS. Bl
REVOBETHHOBEL Table 7-5 12RT &B Y T BFREREHIE S - TERIIE
TTAHCEZRAMRICLTREY, A—MAEETTAHAETHRIHWICHLT HMI T HA
EDREEMMTHELLES 1 —BE LETERZERT 5 LRABIC, MEZEOERD
DEGRETEIIOL—VZFECHETETEERLE, SUELERLIELTVS.
DYRATLDSA THA7IVIZETS CO, B L Fig. 7-26 ISR HRIC ICEV 05
BEVI m#920%E & %45 & LTS, HXGEHETHSH, ZHRICHE S, SERER
DERBIFEBANDENEZFINETSEL TOATHORFENIRERE L VWAV ERORE
NBEDESITEZD.

#ME 5L, BELL BEV OENRBRELZBERT S2FEE LT, REAFAOESHLOR
TE29HREEFALT CORMICETHRE L-FEMRAERTHENICKET H545%
[COVWTRELE Y. EROEBTOETT 2 ERICETHOEREHY /L TOER
BHEMNDSICEILLEZS T aL—3 0 TRYD, FLBEFFIO 0mFEE TEEEH 15kW 12
EOHERMERITS L TEHEMD SOC L FEFEOICHEKDIELLTWS. P22
LarvoflEFig. 1-21ISRY. BERY—VBANRETY 7T COFITERESL
L (R) O4.46WhHBISHLTHRESDHY (F) THO.TMhHEELTLS.

RESIF, PSHIRXFEMIEBRLAVTEROERICRANKEREL A TLERE
L= BELTWAERKIEFig 7-28ICRIHIC—ENERKERTAEHIDEMIC
FEETHILOT, LEHE (ZRIMIL) OHLIEMABEULGME CEE L -BROAHEE
BlO—RaqIVIZHEEESNS. Fig. T-29 X3 EAD—RIAAMILDS>BEO—DITEFDZ
RALUHRELTOBHT, R—RIAILICEIEFEEA TS Isat D1 VY E—F R
MFig. T30 ITRTHRICA VN— R ERORESTEHMED_EEZLLETRIYFY
JENnd. Isat (EEEKMICIEFig. 7-31 [SRTHRICHEM) 72 FILEZOHIEERER
EERTHERINTVS. TO 21 TTOEBN S, FHRE (off KEB) TIE —Xaq
LORRBICENHHROTILIHOEZEORELRZINHTELIERLALTH S
LEHRELTHEY, BEICHERTI—RAAIVICEREYNHDBEL Z D Zsat % %EMA
SWELTHRATE, YRATLAOEBIENTETHS.

HMAKXBRXOFEMFTEBZINER LEZERIZ, BEICKESA:-SEEYIRATSE
BAHLHDT, REAMIZBKRGEYERHET S ENMBALL >TSS, BRIRKRGRE
MELTECETERETNIEIRVAZHAONCTHEMT, a/LBEICEV:-2BYOD
MEZE Maxwel | OAFBEXEEBMICHAETRS, RELRELRK BEEOBRRLGE
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—

L/_

>
= o,
2 Margi
g viargin
=
8]
QO Capacity logged by vehicle
=== Estimated capacity degradation line (corner case)
0 500 1000 1500 2000 2500
Time [days]

Fig. 7-22 big data HNSRO-BHERE

(A=A

Private Vehicle
103.03 million ton
<47.5%>

Fig. 7-23 HHLEDEH = 22— C0,

BHE
; 2
LCA(@lOOOOOkm Cump maon COZ Elmss ion
Kg-CO2 ™ Material- ; re kg
30000 ™ Fuel con ® Discard- Logistics* maintenance kg
25000 ‘ aaueryman ufacturing
Em ita Iat of CO2 Power:0.55Kg-co2/kWh
20000 ™ Gasoline:2.32kg-co2/|
15000
10000
0
Type BEV1 BEV2 | GV(sevy) | LightGV | HEVP HEVS
Release | 2010 2014 2017 2015 2016 2014
Motor | 80kW | 125kW - - S3kW | 80kwW | 113kw
Engine - - 80kW | 36kw | 72kw | 58kw -
Waight | 1430kg | 1300kg | 1200kg 650kg 1360kg | 1170kg | 1850kg
Conumpton | 114Whkm | 98Wh/km | 125kmi | 35.2kmA | 37.2kmA | 37.2km
High Speed x A x -y A e}
Gy | O | O | J o [¢] o )
Feeling [e] [e] A X [¢] o] o
Supply a a [e] [e] A A
. =
Fig. 7-24 £E® 10 5 OEFTED LCA

Table. 7-5 EifFH EV DEREE

Maximum Speed 200km/h Next-generation highway
Maximum speed of
Cruising Speed 160km/h
conventional train
Rated Output Air Cooling
100kW
of Motor Same power as New Transit
Maximum
150kW Short time.
Output of Motor
Efficiency priority as highway
Induction
cruising premise. (Inertial
Kind of Motor Motor
Operation by non-energized.)
SRM
Rare earth less
Maximum
Trade-off between battery
Receiving 100kW
capacity
Capacity
Baties Gl 2AWh Confluence to power supply
lane
1500km at 1day
10 years
Lifespan Operating rate:0.5 (12 hours)
5 million km
at average speed 125km/h
2.5XTto 8X W LxH(m)
Size
2.0 Same size as New Transit
Weight 1500kg or less Power/Weight 0.1kW/kg
Highway in Japan, About
9200km, Up and down two-
About 20
lane, The Carrier EV are
million yen
Price required 50,000 units at the
(Same Price as
average vehicle spacing 400m,
the bus)
=Cost of about 1 trillion yen in
Japan
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WRERER & FFE—HT 5oL ERBLE 0. BELRABROEEIC LS THARE P
Battery EV
D16~2FTERTHLZID, RREDO LR ZERT HDICRIDEERMSFoNIE fuel Gell Yehicle

LT3, (EXK)

Engme Vehicle
Battery EV /|

Fuel Cell Vehicle

R |

Power Supply
Low Voltage Power Systom
Fig.3 Carrier EV

Kg-CO2
2,000,000 m Power supply equipment kg
B Material - Parts+ Vehicle manufacture kg
1,750,000 M Discard-Logistics* maintenance kg

® Fuel consumtion kg
1,500,000 ® Fuel or Power manufacture kg
Power:0.55Kg-c02/kWh
1,250,000 Gasoline:2.32kg-co2/|
1,000,000
750,000
500,000
250,000
0

Type Carrier EV BEV1 GV (8eEV1)

Consumption | 300Wh/km 300Wh/km 8.5km/I

Life per unit 5,000,000km | 200,000km 200,000km

CO2 Emission 170g/km 217g/km 343g/km

Inverter Saturable reactor

Battery output power [kW]

20 40 60
time [min]

(a) Battery output power

Control current
generator

-
=
2
=
c
Q
=
o
£
5
@
8
>
2
o
c
©
§
=
©
3]

40
time [min]
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T-DEFH— EXEHE (V) OETITHESIRETALD O HFHEEHA—RyZa—+
FLETEERTH-0O0OFHE, BBERIIE 2018 FEFFHERRFETRE XKk
%5 20185382
71-2)Dr. Kiarash Sabzewari, Oscar Sarmiento, Dr. Eduardo Quintero, Mario Saborio,
Andreas Riedel: Cost efficient powertrain for pulug-in hybrid electric vehicle,
2018JSAE Annual Congress Proceedings (Spring), 20185444
7-3)Hideki Makino, Francis Van der Sluis, Gert-Jan Van Spijk, Lue Romers, Markus
Kunze: Optimized electrification with the pushbelt CVT, 2018JSAE Annual Congress
Proceedings (Spring), 20185318
1-4)FKE, BHER KEEN: Fz—UX OVTICLEPBEREBBERNT—FLA U
PDEEOBRE, BPERMR 2018 FEFEWBERHRETRESE No. 20185436
1-5)Fikae, FERE, HHEER, =F R CEEE KNEHAE HEFH: EPER
BEBRAEMOMARERI RUSILREMEN, BBHERITE 2018 FEFPMARREER
FHRE XBES 20185437
T-6)HEE, ETHE, JIFHEZ  EvIT—2 EHHFEEAV-ERALi-ion Bt
DOHEERFRELL 7O RAOBE, BHERNTE 018 FEFHBRERFETFRE X
#RES 20185022
T-NREEA  SRERICE T HERER EV ~OETHHBEE L X T LOWKRE, BEIEHI
= 018 FEFLMBAESFAETRE XHES 20185093
7-8) BREI K%, Bodriguez Lopes Ricardo, ARi#5A, MFEL, TH¥H, WAEZ, F
MEL, BAEE : ETH74 VL RAREOTHMER~DORRICET SEHRE, 88
Hifiie 2018 FEFEMBAESFAETRE, XHEFS 20185095
T-ORBEEX, EEER  GHERA~NORFHIEARLTA VLRAKESRTL, BEYE
Bifre 2018 EEFZHMRBRHFETRE, XHES 20185439
T-10 BAREE  FEMREICS T2 EREYOXAENORKKEICET 2K, BEEBI
= 018 FEFLMBARSFHETRE XHES 20185440
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