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Local Styling Design of Dio for Indian Market

mwOE Mz m I =
Kazuhiko SAITO Takashi ARAI
= = ABSTRACT

4 ¥ FTREEDFBOREF R & RLIC Ny, 4~
A=y bEEFCHELEBERTELGEL 2D, RO
TERABIHZITIZAS X2 5 TETCWS, FHIFERE
AR L Y FIZBET, E—4 94 LR A0 —4
IZBWTE N A 244 ) VT4 vk oh b &
I - 7z, RGEHIAT 10 2B L7 Dio D 7 LET
LF Vv PIlBWT, 4 Y FOEFHIZLESTHIHNNTH
BAR=IINAIDALA) VIERE A7 —2DT #
LLDHRIZEIAE IR R VWS FRICE DI AT ¥4 v
BEREBILUZ. 2L TERRBBUIZETTH % Honda R&D
(India) Pvt. Ltd. B ER &> TTHA VT L2, PIDT
LETLNF 2V VKHTH 5.

Along with high economic growth and
modernization, people in India can get easier access
to the Internet and other means of communication to
instantly acquire information from around the world.
Younger people in India in particular are highly
conscious of trends in the developed nations and
hunt for advanced styling design for motorcycles and
scooters as well. This time, the novel design was
created to be applied for full model change of the Dio
after 10 years since its first release, by consolidating
the styling element of sporty motorcycles, which is
what young folks in India are yearning for, into the
styling form of a scooter. This was also the first model
which experienced a full model change under the
major involvement in styling design work from Indian
local research and development branch of Honda R&D
India Pvt. Ltd.
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20fRARERE S LB EZNEVSIET Iy FEGEICE D
5%, TOHMBIZHENAS TREFTLMEEAE LVIR
VTh 7.
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Fig. 1 Dio 2000 model year
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IV VERALEZLEEEIC, DioD 7 LETILF 2 v
VEBMHIER TR I nY I ko 22 TUIRET
ANE =y bELTWEA Y FOEZEICHT 72X % A4
) YT, W THEROH LRI TR L T Z &
Honda R&D (India) Pvt. Ltd. 123Kk 5 417=.

Fig. 2 Activa 2008 model year
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HHIZE > THNIO “fiHid CBR1000RR X VFR1200F
(Fig. 3) mEDAKR—=YINL 2 TH D, BROKAE -4
YA LB AL A Y AR L TSR 2 2hE
ENFT0D. 25D ZiE7muAAEliZL S DT,
BRI E TE TR AR OER TS b 5. KBHJED
Dio TIXENDINA 2 DA X — V% Tt e 22 — 2 O
FEBTHILT, HHEIZIKRT LW e aFEA £
Z 75 [Youngster' s Honda Sporty Scooter] Z##ffia >
T MZED T2, Fig. 4IZKBFEDDioDZ X A1) V7 Ay
FEINT.

TREE S =7y T3 0MWGEKE EEE &5

2, BIREREE OBM A E 2 EET 228 T, FOM
SAREAHIZERE S 5 Z L AR & & - 7=, s S s
WY AT LDWEFEA Y FIZEBWT, $¥—E 2R A VYT F
VIAHTEHMELDRTH 5.

PEREIRI T3 109 em® o v ¥ VERANIC & 0 s b
Liztzdh, AHE—F 4 A2 =2 LTy 7T oI ADMERE
ERAZEICh 57z MATHY Y UlifEAENA ¥ R
BWC, 22 EBOERTIREL 15% &1 1L, 1
fe, RE, MRS AFEMMTORE BIREA v P ko

WH CRMBO T L —F 2N EH L THEHT 3
Combined brake system (Combi-Brake) ®’ &#£RFH L, i
FELIE L TEFEGEEVWEDET BT & T, RAEMERENE
PEFFRRTEZ a7

Fig. 4 Styling sketch showing “Layered design” and
“Wedge shape”

3. X214V >7

31.22q4y>ga>€w7+
[ Youngster’ s Honda Sporty Scooter |D BELD =912,
HHEOEMIZA DY Motoreycle & T/ Scooter Dl
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A EBd S [Moto-Scooter]Z 2 &4 ) v rDavv T
b& L7

FOTFHEE LT[ 2ERI[VAY—F 71 4]
Tyov AL EEDF—T - FEHNT, &H Honda
AR=IINL DA A=V ERD ANDZ &L L7 Bk
fJ121% VFR1200F ®° CBR1000RR THHI L T3 FH 4
YEEY %, 27— ZENFISR LIS LELD 3AA 7,

[~28hT7x 0013, TV VERIIZARY) 2 — L%
7, VYD EBEPRICKBTSL 0 FikThS. L
MPLUATF—DORY 2 —an7a7cEfuiiigkicsr»rh
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N, k& LT [Moto-Scooter] DA X =V &EKB+5Z
LizL7-.
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7Ny TRHHBERMED R T BT LI =T L4847
ZMEL, VYRT ==L —KER D BIRIZEKD
BAHO LR [Ty VEROY LTy M &
WL TWE. 2K 5D LS BIFRICTSZ LT, FH
I ZHRE S — Y L WS 23 Tldal, AR—F 4 X &FKH
FTEALA4) v EOEREES—Y & LTOREEF7:
7.

3.3 HEEN—YICHB T BHNETY 1 >
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ED B BRUEEL L7z, Ny F I A4 PRI R =D
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PR 7ay VEDDOTYA Y EBK L T 5 (Fig. 6).
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BEIZE ST, ROBWAL— X BHEIREES Z LN T
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Fig. 5 Dio 2012 model year

Fig. 6 Integrated headlight unit with turn signals
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AR=YINL D4 A=V X823 20RO 7 F a4
U7z, EMNZ RO MIEZ ¢ — F 4 — & HZiEe 0
KOO T 2 — T 4 — & ZEE L, KEGIESFROIIR
EFTBRIETT IV v T hREE G -2 44
YILOGHH G il TR 5 0% VTR & 54
A3EDE LTS, A=A &I NV FILHIN—IS I ILE
MZF 4 Y T E S Z 212k, 2K—F 1 THABE
R EFEB LTS, £ A—FNIZE T4 VT %
ARX=V LRy MZ&BT7 74927 %H0n, /53 )LE
DD BH 5574 & L7 (Fig. 8).
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Fig. 7 Integrated tail light unit
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7280, HEORENE S KFELERTH 5. FHkEO5E,
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Fig. 8 Concept sketch of asymmetrical meter panel
design

Fig. 9 Female passengers in saris
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Fig. 10  Color lineup sketch by 3D-CG
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Fig. 11 Target user and the Dio 2012 model year
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Styling and Design of New ASIMO
— Evolution for Continuing Engagement with People —

L fidt™
Takeshi KOSHIISHI
G2 =1 ABSTRACT

BB ASIMO Z T A& HLAF, A L T TRIZYT
Suky b OFEREEBELEZAT Y FELT, ADGFE
5 HEBE CIRINZAL A b2 0 T8 % EH 5 94T LB X fi i
5ZLHHMELTHNINZ. Hill, 0EHENDS K
I 5 ARDIENIHL L CHIK Ll F, KRB OH
THEYE AT B 72 DI R A 1 L X2zl Ao &
DEWI LD HRMWORNEFR R E D, 2O LTS
B ZTIZ 6 kg DFREALEZEK L 7=

ZOTHA VIFHAZTH B et & BN H
Aoz 2R iExE, A420D ASIMO D& 5 A0 7% KY)
2L, 3DV 7 FEAHWTEHW-RELHE L 505, [R
XL [ DA DRT I [AbIIRT X O =D0O@NEHE
HLTETTOr ZOME, 2000 FORELKRFATE
TBLART VA A=V, B R EREPEHIZL S A
CHTFE LB 2 200 k]| % BHBULT 2 7% 4 V23T
= 7=,

The new ASIMO was developed as a step toward
achieving “a robot that coexists and cooperates with
people and performs useful functions in society.” The
purpose was to make it capable of sensing changes
in the circumstances of real-life environments where
people are present, to take action autonomously, and
to continue acting. It has new functionality from
multi-axis hands capable of independently moving
five fingers to enable manipulation of objects, legs
and feet made more highly responsive for the purpose
of continuing operation in mixed environments with
people, and light-emitting displays at its ears and
chest to induce interactions with people. With all
this, a weight reduction of 6 kg was achieved without
changing the robot’s total height.

This design assimilates the basic concept of
“harmony between being advanced and being people-
friendly” at a higher level. Placing importance on
people’s perception of ASIMO, and taking into
account its state of movement using 3D software, the
design was carried forward with an emphasis on the
three perspectives of gentleness, comprehensibility,
and distinguishability. The result was achievement of
a design that conveys the friendly image cultivated
ever since ASIMO was first announced in 2000, and
that embodies “evolution for the purpose of continuing
engagement with people” by means of new functions
and mechanisms.

1. 13U®IC

Honda lZH LWWELY ) 7 14 DABED —D & LT, AN&it
17, WA LA2ZOHm RIS OZ ETH LW Z & 725
Tbta—v /4 Fakry bOMREEBZE-TE . Z0D
KR & LT 2000 4F 10 AKRIC ASIMO %k w1 @)
EINPHAEKE DAL L RHDE; DL 5 T&E LT
2005 4F 12 HIZA 7 4 2 & OFBEI CHBIZEET S
e L HEIBEOR EAHME LZETLF 2V VR B
THNWS W SRR T Y N = — ¥ 2 8RR
* iz R&D £ ¥ & —
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ERABLMR AR TE R zohT, NZFEicHE L
BVTEIZLBZ 0%, o UOEDY TV FIC
o THI AWM ] T FaicmTtEhanwl e b
Mol ZZ2T, FBRETAZRFEUANEMHTZ LK 5
72012, 2T 2o [a S LiTE§ % Jae )1 &
A5 [HAEW] OFH 2D T UHEI ASIMO % L
2011 4F- 11 Az &£ L7 (Fig. 1). fkisi L Tz %
999 2012 44121 Honda HIUY T A AT T HF 5 ETOD
—EAFAAEFREL T 5.

10 &A4F- 3 Iz H 72D ASIMO #FAF Uity 5 Z & Tf
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ENFIRRC, WK TH D AR HLAEH > THL TV
727217 5 A% & ASIMO DR % b3, #rLuwlkes
WA RNE RS BT ENTHFA ViR oh 3.

Z ZCIEHIR ASIMO OF 54 VFIFIZ DWW 5.

Fig. 1

Humanoid robot New ASIMO

2. ASIMO TH 1 > DEREZ

ta—v/4 Ry MIAISEOWRZBE2LT0EH
ATEELSEHTH 5. HL T TERILHMOANTIIE LT
PAVTEHIEN—DDELZELEELS. LALALIAETS
72DITEPT X5 T A v CIE HE OG22 R CEMIE A
HD AL DOIENE SN, £ LART S &K, h
WS BADE ehrbns LEERL ST & LT
LT T D LS ICMSs NI AN SN E B2 5.

ASIMO OZEhd HEL [ A & HAZ, i L Trt2 o T
‘iz ouRy b OERBETH D, ZO=DHIZE, ANSHET
ETHETELNZITFAEB L AT S D LW FEEERR T
FEL, HLAERK S THETLZLENTELTHA VTR
FAUL a5 a0, B LTodkittx, AosS—FF &L
TOMLART X, ZRZTANTML T3 RELARR L
E Z CAENE & BAEO R 2 ASIMO T A ¥ OFEARPE
ZL LT3 (Fig.2).

SEEPEIFIEE & BIZEL LT DT H D B LV HERE

~ASIMO

Fig. 2 Basic design concept

WG UL X, BRI & RIS E 3 AU
IZBEATW EDTH S, Ththadifl X 87- % £ H¥E
TETCW ZENEHEHETH S.

3. 7170+ X

31. FHA > DFE

ta—v/4 FaRy MIZEOBEREBN%E SO (Fig.
3). BHEDR ML G B A AT 2 HEOENED VR A
FRBRERLD I8, TRTOEM & G IZEHI, B 7
TRES SR A 2,

B ASIMO 13 5¢ K7 ASIMO o B fifitil & 0 R 1 i,
Wiy FIZ& 11 2 25 T57 DHBEEZ 6D, AD
B CTHEIT 5720121, Zhondh< Z&THEL M
MOFh R E Thx < L, NEERAEL SR T L
BOSBESTABERS B, ZD7=HIZ ASIMO OF H A
VIR TET YA F EREtEN e kD, 3DV T M &
V=& U, BB EMFEL 2T A v I - a2k T
o5, FHENTERT B LIRGIZ, B2z 0IREE CG
ToZA— g VT, REMTOMGERE /1T 9T
THRAT 2 Z L TEORBEDENTF A VA FEBL T
7= (Fig. 4).

32. 71 UIRE

ASIMO IZDWTAALNRED LI IZEETWBD», DL
TONETHN.
(1) HEHDY

MERA ASIMO &4 XY b g ETHEEITERAL T3
Z-FICHERD 2B 280, YTOMRER.
R
1. 55 TOA A=V afRL 728t 28 Tn35 2 L.
2. LED THH T 2 FmEA RV,
3. BERPRAEHFOTRD S 2WFHXUZ 5> 7.

Fig. 3 Many movable parts in humanoid robot
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CARYEH
1. 7af—3 3 VITENESD 5.
2. DS LEMNKD, 2 FLWELIZA 7.
3. BIBROM L TRA TRERP LS L.
(2) oL 26N
Honda 2% 5T K 5 1725 Offin =8z DT, L
TOZRAASIMO DFE LTE LA 6N TWAZ &R
b o7z,
1. EOZXAE—2 v —)LF
2. N9 )5y
3. R kO &
(3) ket se
THAVOREL LT, LS ABBHALZE D, HLA
RTIABMHL GO, HHIAEC S E 580D, EHOXKNWE
NHHEDEE, HERAASIMO LA A -V E 572
KBEEZTHA VEREBEEML, MEMDEBI %5

7o, fERIZEN G A5 F T L DOBEMEAE < FHE ASIMO
&L TRENEY & 5 & D% %2157

3.3. FH¥ A L OAREE

IheDZen»s, 2000 4FDREL RO GEE T
“ASIMO" DA A =V iZHBBEEEL TN LEELS.
A2 EDBBREISIZHEATHL 2012, TEFLF 2V Y
BB LE S ESENT-BIZEZTCLES Z I3
FLLAVWEELL FHOMRIZEELISE I &KL
“ASIMO” L LTOLMN o> T FHA VA ZHICHE X,
BLART VA X =D HKRUNZ LD S, EREDHEAL & 2
BIAD TV Z ek Lz e LTHERD ASIMO
% Fig. 5 1Z/RT.

4. THA D5V

AL STE, i L Tt TRizyi2>e Ry b 0%k
BlaHIETHMUASIMO OF 4 v & LTIALBDOH
572008t ER SV, DINISBRS [ L& [[Hh
DT X[ ADLFRT X O =DDBSEAEEML TFHA
VDT

41. X2 L&

PRI ASIMO &K D 2HOIAEHD, BLART S %
BEU 7=, BRI CEMEC R A DR A BEBE L, e R0
S LW K ARk E Uz, — THERRME O LED 7%
L ERRE AR o728 —=13, E-o2 0 & ZDKEE %+ BB
L2754 v & Ul UMK O AR R 5.
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(1) Fak—v a3 v

FROERNT Y 2 E LB DIZHRTF TS, HE, H
EMIOX T Xy N AR ASIMO O 40 mm A 6 HA
ASIMO TiZ 20 mm 293 Z & T, @HEE 5 2 Tnzg
BA i L 7= (Fig. 6 (a)).

(2) Mk

Ny T ) ORIEROEER T VY 2 — &k EPREEN
O/NEIIZ & D, fER ASIMO 125 LIRS T 30 mm,
JEHT 10 mm, AHET40 mm D2 L{LEFEBL 72
(Fig. 6 (b)].

B, HEHRATASIMO 20 5HL) AN 7=EFTHZI NS v A
% & B0 (yaw) ORI, IoEEE 1A (pitch)
DlalfEkh % A 7= (Fig. 6 (¢)). 2Rk b, EHIRWAED
il FOMEERM IR L 72, 20 28 lAFEHZENN T
SR L EOThER/NIE®» 5 794 v & L7z (Fig. 7).

WHIE Ny 778y 7 O TFEICHBAO L B AEE2 B 2 &
) 72D DOIFENE KD 5794 T 7z (Fig. 8).

| 20 (a) ®)

- |
Fig. 7 Rotatable waist

HOTE IR ASIMO O 22 T 19,5, L
26/ T 32 & 1.7 fREL, HFEBEE Lis KON A
THES, polEik>72T7 4 v & L.

(3) vE

ASIMO DEIZ, HOFEDKR U SNBPRED X E— 2
V=L RTHEHS TS, ZhiZEOEEZ T2 ) REx
WZ ET, T ASIMO OEEEAMICgETE 52
LERLSTNA.

B ASTMO T L AR T X & X DIRU X ¥ 5 72D EE
EROIAE B, Fi2» 5 Rz — L FOffE & o R
SR AE AL U, #ih 5 R72BIK G A% i@ 7-.

¥—)L FNFRICELE L 72, HISHYS 3% 7 X4 50
MRAHEL, TISBEIT2 2L CHRMEENETIMEE
Ao STz Fhh A T A EMERT 2 720NN A A
Bl e Lz, ROMEIZ K> TRARNhT 5 [JEEI1T]
ICHM T 28T 4 2RSS T L TEHIcEREE
56 72,

HEBIZM Z 2 BA% LED ORI TERNT B HERE A D
PRI ASIMO 15t LHEES A 6 O B AR L, Rif5»
O RAE AR §Z & TREHFOMHEEM 2 L X e/
B RO 22 Aa» 6HEFT 5~ A 213509 5 HER
DB ENEI I, BRMADERFCRTZ2) v 0L
J& 8 fEi AT IZIiE L 72, ASIMO OBEIES O#H % Fig. 9 12/8d.

Fig. 8 Backpack

Previous ASIMO

New ASIMO
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(4) Wi

PERAI ASTIMO D [BHL, #82 | L2 TE &d > 72 2 i
WEOTH 5, FAIASIMO TRIEIZ LD 5ADIENZ
N2 Uy < B L L, BB B e kx< L
7o FREIIIME Y Y AR L T b, ZHhIC & D KE
DEEFT I TICHAME TS Z LR (Fig. 10), Fihi%
BRHENTREE Ko7, THA VIIADRLEEEF—TIC
A EFO X7z, £z, BE2UFTE PR OBREH
L WBEEIEIRE L7z (Fig. 11).

TR ASIMO ORI A & #r! ¢l Al &
LB 4280 L Tnh 5.

i3 36 % B4 72 D IS HERIZ R L 72 € — 2 OFEE)IC &
BT REORE N WA G L LoD, ATz e &1
LM O TR RED 5 794 v & L.

(5) MR

P ASIMO i, BE# 9 km OETR, WL Y v ¥ Tk
&, RO KM 21 & FEBLL 72,

HAEKRD T A VIEY Y TLTAL— s His AL
U, M@z 12 g4 2 Mo B ICIn A, Mo X
A FASRRE AR L, 2 Hon 8 %5k ASIMO
D+ 245° 75+ 325° NEKT B ENTEL ERhiT
RO M EFE T TS EmRS L, K& AHEfE0EE
V% afgE & L 7= (Fig. 12).

Fig. 10  Action that opens lid of flask

Compact, hydraulic multi-axis hand

Fig. 11

42. hh V) XT &

ASIMO & A2 LE#EMED 2L A 51I2oh
ASIMO AFEEBENTW S DD, 3 LA T TOniREE
BONZ I TENDNEE, 5 ASIMO 2 E 5\ ) Rk
DM ALIZH2 VIS VIR T T & 7=

22T, VxAF ¥ —TOXRBUIMA LED I K57k
AN, [HIOZETAZE NS R, RD LD %
BB ES5hFTETEILERD 572 ZOZHLFICH
N5, NAPEBMIZHO2 DR T WVIEIZD2 DT 0T
Ktk BEREBI S L E LT
(1) BHTEER T DRHER, DX ERT

ADOB AT )72 a v LT, Hihd XD
IHAGIIZ RO T D RRE A & 720 7=, SRR & DI
12D, HITHRE LED OfEE A& S E A Viige LT
W5,

(2) HiBaihoReEon, M A HEERT

ASIMO 23 < Hefi AT 5 72 & XI5 Z & TAIS
3725 22k 2 a, EEIREEIZID U 72 BR300k
T ASIMO BEFE AV TVWE L NLERRNT S.

(3) HaEB D RN, ASIMO DBFEDIRIE L R§

A& ZaEHR ADE L CIREI 2 IRE2I3 [FER], 1538 % &
CE¥B74 +7)— TN, ASIMO BRHMTH 22 %
BT U TR RS [IREE, Wi 2R &85 74 P T —,
FNOUNDEZ= 2 — F I AR TA POFRNAE X, 1F
5RO & 5 W % e LWIRELTERRT 5.

INEDRNERIZOVTIIFEBISGEH L T hT
DX CRDIFTOTHA VI HFERL T BRIZH 5.
Fig. 13 IZF8HMFD A4 X — V&R,

43. #bFXPT &

X7 4 A, v - L CEMOBTHEED ASIMO #
[RIBHE 3 2 B8, SMBIAE C 720 2 W Eh O XAt L
WEWS ZEPRECEZ, ZZTEBISHITESZ &
ERHW, M, JH, BRIZ ASIMO D4 A — DIiZifi- 7zafEic g
ZFANRLERR TV, A4 P Th—, ATV =V, T

R Tl S o it
Fig. 12 Legs that move more freely
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A M4 T0—DT7 oy I F—%fEL, WEDOH T —&
B CEH4 5 Z & & L 7= (Fig. 14, Fig. 15).

I, 2EOFAH T - L THUW XD HNWTE /=,
ASIMO DML FHAMEA R L, T FIEHHRBICE
BUHHRTA L, ZFL—, YN —%, kDU hzs
)=V THIVWEFNRBE L 2B Z 5 - 7.

Fig. 15 Normal color and accent colors

5. &8

WAL ASIMO O F %4 YRIFIE, “Jaetk & BAEDH
A OFEAILG A S SIZHfES Y, [RE L& [brhRT
E[ADLIFR TS OBMAEHR LTI IO

TR, AN DFETHBEST 22 &2 HIEL [ A
W2 5 [ B ~ND—35 & B A 3 H A ASIMO %
A& DHENBROEND THA V CEBTEIENTE .

6. BHYIC

2011 4F11 A, Honda i3 K v Mf4e&E U THERIZE
kL 7z RV ERAD TRy MO IE R
IZBH§ 2 #2558 % “Honda Robotics” & E® 7-.

[l IS fEG0 3% “Honda Robotics @ I~ — 27 (Fig.
16) 1F, R EMZICHEZ» LIFTHBIWEEEZRO® S
ASIMO OMiHAEF —T & §THY VYRLv—2 &, T
T 7Ny P RLF TR L TW5 “ASIMOu I & 4 77 &
O AE 4 A — Y L72/NCED “Honda Robotics @ I & A
TPTCHRMEX LML AR T %, Honda DI =KL — b A
F—=THEIHRNTA VY THERT 4 7 ADIEND #RKBIL -
EDTH 3.

IO =218 RO L) [N ITE, WMFEL T
ORI OaR Y M DH B NELERD ASIMO
BEESITHEfL T E N,

HondaRobotics

Fig. 16 Honda Robotics logo mark

SE XMk
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(3) RS, W #s— BB, &wZzde, NIDEE, I
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2013 F£EFJL US Accord DB

Development of 2013 Model Year U.S. Accord

P SO = T o s T oot o T
Masaaki KAWANO Hiromichi TSUSHIMA Yukio AKIMOTO
sk I BEOH 2 Z7 £ e
Kazuhide TAKE Noriyuki HARADA Susumu NAGAOKA
o %z
Yoshihiko EGUCHI

= = ABSTRACT

SFALH A XDXRZ bt T —H—, Honda ALK Accord
vax e =%, 2013 FETNICTILETLF =
YRR, IO BATINHE LS. 20D
Accord 13 37 fFDEREZH L TV B0, FFIZAETFLIZSL
SOFEMEFHAL T B, 28y r =Y v 7280,
MAD~Y YV F v LA H I A BRIZHESWHFE
W28y r—=VHMc kD, MIETLEBASF v EV A
NR=ZADRE EFMERFROPREZEBL LN S, & VI
70 mm, 27 —XiZ 40 mm, & Lz £/, 28T — |
VA YDIA YTy T, FiRFELL 2.4 LEETY DY
&, VTEC %% % B0 L 7= Variable Cylinder Management
V6 35 LOTY Y Y AKML, Continuously Variable
Transmission, 6MT, 6AT D =DODZEHEEK L DMAA DY
2R, SMRICOED EMBMREZM. L. 25612, &
KUED L EVERE & 3K U, KIEIOHr i el 7 v 2 7
4, US-NCAP T 7 v 2 D5 A 4 —%&#EK L 7z (Honda
T —4).

The Honda Accord sedan and coupe for the
North American market, both best-selling mid-sized
cars, have undergone a full model change with the
2013 models and are now in their ninth generation.
The Accord has a 37-year history, and this model
in particular has incorporated a large amount of
new technology. An efficient packaging technology
based on Honda’s unique “man maximum, machine
minimum” concept has achieved larger cabin space
and greater cargo capacity than previous models,
while total length of the sedan has been shortened by
70 mm and of the coupe by 40 mm. The line-up of
available power trains includes the newly developed
L4 2.4-liter direct-injection engine, the V6 3.5-liter
variable cylinder management engine equipped with
added VTEC mechanism, and the three transmission
options of a continuously variable transmission, a six-
speed manual transmission, and a six-speed automatic
transmission. The combinations of engine and
transmission achieve a high-level balance of driving
performance and fuel efficiency performance. This
model also achieves a high level of safety performance
and was given the highest ranking of five stars in the
United States New Car Assessment Program (US-
NCAP). (Based on Honda in-house data.)

1. EADE

TR 2 REF AR LR T 2 HEYH 2 — 7 6]+ D535
AERIC, 2-FOI/AVEESHIETETMLL Ao
TETHD, KOMROENZ 7L~ ZiEAT 2 A 5
Fo5T5%. Accord BMET 5 I P44 X3, KHTH
* UG R&D & v & —

A =S BEmHEF I OENHIEH R G4 & e ST
D, ZhETURISHEFPWILL TS 7TV &5 -T
W5 728, HlOMREHEIL23E L.

2013 F-E T US Accord (B! Accord) ZFFET 512 H
720, ¥ Z DI -V EHNRICHARROBEEE 525 -
P Z A, BEITOMMAN A4V TiEd 22, HASE I=



2013 F£EFJL US Accord DEA%

INYTIR AL LV TREE NN 525 E, v &4V Offil
BENMA TR I bR ol TOBFFIZBIHAVYI Y
ifE DEIECEIRBHROEE D A END LT &n b, RE
DR EREBOIAENEFFD Accord IZRHT 5 A% DEARE
AR [ HE AP

ZIZTC, VY vy - RUNCT 22— HIZIDA, &
BrOOLEBEIMMN, FEEIA 7244 L ERELT
X8 ERABELZWEEZ 2 SEIOFHE Accord I3,
SIS WT, BTRUEEAT S 7L EHIEL TH
Huh AL — LT

2. w7 b

IRH L L ZH M Accord D' 7V Favy &7 &
[Excels in All Areas|& L7z, X512, FiiET I Accord D
FHA VY AREMOD E ) &SR L 72 [Intelligence],
Honda t & v DS & 220 & £L1Z U 7= [High Quality], it
ROIFLrIT2ELEELTD[Advancel, E\VH =D
DAY T bTHIE, EaE, A RBLL 7= (Fig. 1).
(1) Intelligence

[k Efficient /Sy =& L, B, FET, AN
%, M E TR BERA RN 58y r —Y 2 HIgL 7=,
(2) High Quality

WIER 7 — 3 KOFRFE S 2 X v 3 viIck D, &k
TAR—=T 4 BNV P v et ses & i, fslt
ALy, 443y 7R+ HEL 7.
(3) Advance

27 Z by TORGREENSRT S 5L, AN
HLEE 2O LT, REHEBIZEWTEEN LT Y
AHIEL THFEL /2.

— i —ROFTEFIE, 20 K EFEO/ -y F L2 —
PEPDIZ, 244 ) Y TRERBE L T VIV — LDJRE
TIEEEHE L T 5. B8 Accord 7 —XNi%, 25 L7-¥E
B AT L L IZ S VTl X B 22 @ IR
BEAEA L 72, T D T [Aggressive & Athletic]Z v+
TN, K0 XA F Iy o THIEME o R L v 29
5, KAD s —<%EHIEL 7 (Fig. 2).

Fig. 1 Exterior design (Sedan)

Fig. 2 Exterior design (Coupe)

3. Intelligence

I BVARR, )

Ny r =T A 79 M, B L EOBRIRERR RS
PEREIZ XD U 72 R 7 — B i D b &, Pl Ze 58 N 22 [
DR H Lt & v ORIl & Dlir 2 Hig L [3&k
Efficient S r—Y | #avtv 7 r & L7,

T 27 )7, AN E L7z HondadD 244V
SEMThHEIY Yy vF UL A I LB X,
BN HREREEZ MR L 72 LT, BRI OR X,
TV IV EOIRERMPGE X Lo 7z, BREO A & KB
LWk EL ZZ2TIO2AF)VT70AVET M o, %
Bl & & &2 RET 5 [FRik &, 5lEHiE - - HIEP
ZEIMERED R XA RBHT 2 [EHE] & U, A7 —fiDOBERKIC
I72b5EL 3, BRNABWRER - GERLZ. &
DT Ll tZVHE L HDBDIZ3Ry I A%TE
WHLAEDRSMOR» K TFRFAL T2 LT, LBLD
HRER B/ EFOVERB L, 72, 49082 —
T, RF—FiRERO P RERS 72D 7 + L L%
WEL, €6ic7uy &) YO —&2NIISKD £
AT —EIMINTRO B L 812, ZRITLH 7 2% 4%
MICHRAT A 2T, HIhMREED AN 6 ZE/OILER
Pt &SR » B BRE BB K5I L7,

ATV TR, [#k, [l [FEI27 -1
Luxurious modern interior 2Bl L 7z. BARIZIZ, W&
D&HBEEMIZESBBIABDIEELALT I L, X0 HAE
LRTORIMRDA v 4T 24 252FBTH5Z L, ZLT
TGV IBWEAKE 262D =D THD, ThH
ZEBIT A2 LIkt & < Pz Lnv v & 2 offifd
ZANE L 7.

32 3R*A—2%

IR & & U CREBME 2 L, REEA Y — F X —
A EPYIRIE L 72 3R — 2 &L L7z, i) v 7% &
DE/BO LS RABIERIZTZZ LT, Ml enw-%2 9
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O, AV=F XA =8O 0IZIFA Vv I+ A=Y gV
T4 ATV A EFAL, FHVRIZIZREORNA B TERT
27Xy hHEIHER L 7= (Fig. 3).

Fig. 3 Gauge cluster

4 . High Quality

4.1, RF —RI%E

V=T Ny B YA, BB ZERD ORI R
PAEFRBT 272012, K7 —FKEEICH 2R L
¥ Z k57 (Fig. 4). R, ETREMERL D OHIZE
GoEnw) vEb ool Em LS 52 LT, SOk
ERLIENTE FRIZH 2> T, Computer-aided
engineering (CAE) #4512, 7 A LI —2TOD
EDAABREL, MEORUEN A Z 5 -7 MEOKR
FHZBWTIRADEMEZ RUNIZ L, b3 Hr AZ R kRE)IC
BIHH L THEARL 72, X512, &0 EsiE aeEsRlim
B ONA T V) #4852 5 8, BRI 2 HLD) A
Ll T, B2 DEMIMED R T — it L7

ZOFERE LUTFig. 513 & 5102, SRRy wl
V% 34%, RCDMITEE 42% 16 EL 7=, %72, SR
B3NV R Y OIREWICRET S 7 a v AR
16%, VY &4 Y OEMESLTE) LHIZEbHS Y ¥ LTI
PE& 39% Ml FEL7=. & 5102, V) Vv EMSEERIEIC 50T 8
25%, VY&V SR UOMES 40% L, a3 —-Fy vy
(SINE SIS RN @l SOVDIE VD D o S DR 8 (%11 1)

Fig. 4

lllustration of body strengthening

7. Z0kHiZ, 7av bbb EE{bL AR5 Y ED
DOMMEEZKRELS@EDBILET, Ny RV ZERD LM
EEWRIC T, LT3,

4.2. N T UMBEREK

Fig. 6 124 &1, Ay b 24 v THIfZ & > TFEH
L 72 1500 MPa fft &\ 5 @i 9k 2 13 T, 980 MPa
e 780 MPa OBl N4 7 V¥ % 17.2% $FRA L 7=.
ZOHRER, K7 —fFta% 8 kg LT /=

43. v

HIETILDEBATH BN, V=78V ) v
A X St X, 22D FEARD LR E O 4 Hi5
L, Vv VY AT LERHL -

TaY MY ARV Y g VTR, POERIE Sy =
DUEEEA Ty M AATERHLZ, VY20 g
VIEWTETVOEAREAREL, 77 2 by TOHNE
BE& BRSO OHPREDT N D721, ARV Y g v
Ty 2 O A RELL 72, F7-, BEIST—Z2F T
v (EPS), E&EMIMNA T w FT7a v b T 7L —
L, BEOENTZY v THREA IR U 228 528 ) JEHT
ERIK L7244 Vv EERAL, [RABRLICEEMT S v &
VAT LERFEL 7.

431. AN g

Jay ARV Y g VIR, BIETILVE EEHSENN

Static rigidity Dynamic rigidity
>
Bending rigidity +34% New model g ;ront right andd\?f( ngld‘“yd't +133:;o
Torsion rigidity ~ +42% -2 | Hearupperandowerrigiclty  +33
> 5 Y New model
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= > @
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S [ ] @
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Fig. 5 Body rigidity comparison image
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Fig. 6 High-tension steel utilization
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PREAFEB L=~ T 7=V V- ATy b & A T EERH
L7z ZOHBH 2RV Y 3 vi2k D 15 kg DR EFE
BHLU, 5237y b/ — X0 EaREL 52 &
T, mhE#E Sy = DICERBNL 72, EINMEREIC DWW T,
by 75 2R E L X EDD, PEATRD DIbE S
BT 237012, FilS 2V g vy a2 u8, a7 77— A
Bl & WS T v T IA4 TV AT Y2 B ERE
L (Fig. 7, Fig. 8), & HICidEEMT — F /4 12201 T
SRR & 2 7=,

A LZT7a Y FE VSO YN Y R 2T
Y, MOMENC/ER L, 2 =30 v S EORROEE F
BOEMAZZZ LT, DT — L Z2KIKT 5. 7O
B, BOERRER AR L DS, XL VDXV ISAT
VYT EEANXL - METBZENTE, FHOMEA L
L7z, &7z, £ V/SONEBRHEIC VLT, 731 LK
W& BUNMERERE D O — LB & UISENSEED 201, F
ANy =T T7ay ) vy EBIIL, 523N T
IZEWTEHHPATE L 224 4 Mz A DbE 7= HiliE 2 5
T5Z & THEREARENL, 77 v b AR KAFEE
L7z, ARV Y g v 2 ba—2i2 k3 AHICR L TK
INA L= MRS, 3 —F ) YT =22k B AJNIH
L@ AL — MHEIZTE, hY P v 7D Db
A U7z 51I2aVTFIATVRAT y v akE T
Z2ZLT, BEITOZT T VORI AKIRL TV
(Fig. 9).

VXYY ARV Y g ViE, @M E~YLFY) o4 T L
Y4y VARV ARV Y g VAR L, ARV
YavIZyva, BEXUOFVIEF -V TTBHRIET
BN ETREEE PEAFED LI EFEH L 72,

432. AFTV LTI RT I

2T TV VTV AT A, REMREDE W EPS R

Rebound spring

/ (Built in to damper)

Hydro-compliance
bushing

Fig. 7 MacPherson front suspension

Hydro-compliance bushing

Fluid Previous model

Section tf

Vibration

Shaft guide

New
Accord

Section Vehicle speed

Fig. 8 Hydro-compliance bushing

L7 ZOEPSIZ¥EZ LA MLy vy S, JERE
fitx 4 7#FATHZ &0k, BRI X v kit
EErmEL, KDV =7EAFTT7 T 14 —LEFE L= (Fig.
10). 77, MIETILDBRATH L XXV LNV FY Y
SR A ML I B -DICATT )V VSV h I v
b7 62, &2 s 7y vy as a&EMT %
ZEizkD, 2770 VI ERA = B IRE) A K
3L &I, AR OMIMEE A L 7.

433. 70> Y TT7L—L4

Juy b T I7L =213, MAYIE %S Honda ME D
AF—NETALIZYLEHEAGTIELEAMRR TSI L
T, AF =L ETILI=ZTLDNA T v FRHEEHEB
L, ¥ =L 2F - LBTH 5T VICHL, Bl
(-25%), 2O (+20%) #X 2 Z & nTE D,
AF =TI I =Y LDRMPBEAITIE, HBAFOER
%A (Friction Stir Welding: FSW) 2 w7228, Z
DOFRHFIAF = ICEHRZTIL I =y A2, BEEE %
MEXEERLHETEXE, AF—LETLIZY AMIC

Rebound spring effect

New oil seal
teflon ring

No rebound

Rebound spring spring

Control roll angle
during turning

New oil
New valve
New
Accord

Side force

Roll angle

Fig. 9 Rebound spring

Larger steering column shaft

New EPS

Non-contact type
torque sensor

Linear response off center

New Accord

Previous
model

Torque voltage

Pinion torque

Fig. 10 EPS system
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REL-EBESEH-ICER 3BT 5
(Fig. 11).

4.4. NV 18E

FEAED #FBRT 72010, & F I o ETIRRRK
FRRIUZ B TAP AL 7 4 ZRIRD) 2 = ol 2 2k 5 ¢l
ATz,

¥4, 7057547/ 4 X3y a—L (ANC) % 2.4 L
#i, 35 L ICHH L2, 2O ANCISHIA T, hnaing
DIy VHEIZEREEMNNT 2 Z LTt WEEEH
Be27254 7%y Fayha—) (ASC) Z#Hi7=IC
PRHLU, BERFDOZ & D H AT 2 & & & I [FE
L) =78y v EFERL, AR -7 4 BEHEML
7= (Fig. 12).

2 —~N35 LEL, P EEF 2 —= v 75570124
AVYYEHHHREIL, ASCA2X D AR—T 1 6 HFHEEH

Aluminum

: Rotation

PreSjure

BICY T A VI THTET, OB & 7L — i
OB X ZW L7z,

35 LEICKRHEh Wb 75472y tu—Lx
vovwu v (ACMIE, EE LSBTy T L
V6 Y P VIcHnT 52012, 70F 212 —4%412 V
T2 5 28 VIHARIZETE G 5 2 & TcEti ik L 7 (Fig.
13). EOBAIRMERRIC & - THEIRIEAIR & ok U, BREE
Hell FICEBRL T 5.

WIS, 7RV PP ARV Y g VO—FHRV XYY T I L —
LANDEAF Iy ZVISOBEN, B AXY Y 3 VHD
FEORF =R EsE itk >T, a—F 4 ZOJERK
E BIRBEANHIL 2. 20 LT, WE B KOS
DA ENKRT S L L BITHEIC L RERL . NEE L
T, Fyvadkrk—F4yyab—23TLEET7 )L b
JE T AIAA 7E 3 MG & U TR IS A B B & I
FH S —NRMWY L& VX6 EIT S 10 fET sy
RL, FA FIA VY FIDH T ZORELEL $B5Z LT
O — F /A ZOREKYERFBE IR E X - 7.

72, V5 ALy FLNNIZH BETETILORY D F
X SIERIRL 7=, EhMRicER R T -k Lk
T, 7a Y bIANNOEIENEE T, TPy T = Fap
579 M T ANDERDRNE A L=t LTz, Tu
VIEIT—3T7a Y T AEDEEE 20% Pl E/NEL
L, 4 FADOZEZDBNDOENEHAZ TV 5.

Fig. 11 FSW technology
Engine - - -
s vibration i i
m 80|
= [ T
2 e ;
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o
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3 solt/ Fig. 13 Image of active engine mount control
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40 I I 1 I | l
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Fig. 12  Active noise control and active sound control

5. Advance

51. 1>

B Accord DT VU VX, Bh-BREIMREE N — 2
2 Honda % 5 TIXOMIK 3 523 L X #EK L7z EARTH
DREAMS TECHNOLOGY #u@M L7z, BRI, |
WY 27 LAORMAEIICY, B2 SHPARLZ 1.4 2.4
L. DOHC i-VTEC =V ¥ v &, KGRtz <Kz
e @mEE DSV T 24 IV 7 E YD EZ B V6 3.5 L
i-VTEC TV Y VISR L. BiETF LI LT
HhBLO Ly e w3 402, Bzl ALE
Continuously Variable Transmission(CVT) (L4), 6AT
(V6) L b TREMRES M L7 (Fig. 14). 7=,
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California Air Resources Board (CARB) #EH 7 2 il
I2%1} % Super Ultra Low Emission Vehicle (SULEV),
Partial Zero-Emissions Vehicle (PZEV) L ~\)LdD 27 1) — v
PERERER L 7= () 7+ L= 7 INFF CVT, 6AT ).

L4 =¥ v X, Honda M#AID VTEC & Variable Timing
Control (VTC) IZHIAEIE S 2 7 4 48R L (Fig. 15), X
I/ TRRA A AT 5 Z &I K D IRBEE R %
i/ U CEARR AKIR 3 5 & IS, KR — b & BREEE
ROFGEALAE XS Z L2 K DIRDEINZ ¥ 7 Liis) & T
L7z, ZHUC K D IREXOEEAL & I U TR et %
U7 &7, YV a T2y PRIA IV I F 2 —
YOT VY 3P EERT ELTNT — LT VY 3T D
PRAHSE, fEfICn 22 FTIR7 YV 2 v g Ve igElLE B
257z,

Ve VvV, 7uy b3y 2 OWRSMANZKEEE S 4
s s A &Y% 5 VTEC %, ) Y2y o O
K NEE S 2 & @Ehliisy 2 X 512RiEd 2 200 R 2 5
327 =Y VTEC #7218k L 7z (Fig. 16). 1KRlHR A
L2 & 5 T 3RMIRBERF D boL 2 A U, KRR R R

32 26 ‘
B 3 (La) L'i, New | (ve ) (J New
g Accord | 2° Accord
o730
ES 2 .
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— € ,, 23
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g 22
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Fig. 14 Label FE-Power

® Intake : VTEC and VTC
N
o O

High tumble port

L. 1

Multi-hole J Tumble flow
direct injector Q\Piston

crown with cavity

Fig. 15 Direct injection system

Rear bank
Double synchro pins

4
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Fig. 16 VTEC structure

EIEALZ. 72, @E S 2102 X > CEnlizsko ) &
B T3,

52. XXy ar

L4V VvHELTUL, SFEZR CVT 28R L -
(Fig. 17). EWT Y Y v O P 2IZHIn L, =YY /%)
O RWGHIE A DRSS 2N TED L0, @RhE
% CVT ORE#WE»§Z & ¢, MEMEREEm X7
F72, 7O Y BREICRIEIINE T 52 @G G-design
ShiftI2&D, FIANDEIEIZ) =7 LMk T 4 — ) v
7 &SRB L 72 (Fig. 18).
YZaTNLbEIVAIy v a VI, EEI YYD VDR
NZITRIB L, ED EMBEMREEZ L BICED -6 HMT &
W7z ICHRE L2, FTOMEREIE L TR L, MM R{AE
A EDEVNOAET LS EMT RSO a8y
b EFEBIL 22,

Ve yHELTE, PIGE N L e 1AM EL
ey VR R RARRICEI E 372012, 6 AT %8
IR L7Z, ZBALICK 2 XYL RO LK & ZHR

Fig. 17 CVT structure
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Fig. 18 Kick down characteristics
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Ty Ty T oIy FIZkBay s 7y THEEIEKIZ X
D, REMRE A EL OO XA Lo MERICHB 72D 25
WL 7.

53.LED Ny K51 b

B Accord DNy K54 b& LT, naryryolgll
TOWMEENT, W2HEONEAFODLED Ny F74 +
PR L 72 (Fig. 19). 5{HO LED 2fifiL /=270 2
A4 NEZOMHTSZ LT, BREDCRN AR
L, &AL, &0EL ETHE MG 3 Z & CRIETT
DL % 58 7= (Fig. 20).

54. L—>94 v F

B Accord TIE, V=V xr v F VAT LEHATY
OTERAL 7 (Fig. 21). 2, BIFRMEF7I7—-0OF
IR 2 AFIZE ST, F7 35 —TRIERTE HW
HPHOMG % 8 4 » F D &5 Wide-Video Graphics
Array(WVGA)MFEIZERRTE L AT LTHS. P73
Z — OB AR 20° 125 L, L —Y Y+ v T3 80° D
AU S 720, $Ml5 Ol & DERAE S K — b T
5. LY, TAZTVAEFIA VA ML AV 2SR L L
HORRPFTOMEICHE L TWE 7280, BT HE» 5Dk
W E CIER T 5. X 512, HELHERIZ & D P
EEHIR LT L7, 2=V T FILLN—DEMmIZH
224 v FEMTL, -V FLERTEN AT
Mg aERNT S, FEFr—32 3 vy A7 LEEHIZ, FE
F—va yFRED 2MAERNE AL LEEWETFOm L
X5 7=,

5.5. Forward Collision Warning & X 7 L
F Accord TiE, BEEPIET 5 720 DZEFMTH
%, Forward Collision Warning(FCW) #f£fL7z. 2O

VAT AR, 7ay boNSBIERICER T 2 I VY -4
F3 70V b YA Y FOICEE L RIS 2 712 CHiE
HAEMM L, il EhzpgiEdiciL, BEO B Zhy
HBHLHWTHE, 7aY by Y FOICRETLIEMAO
Ny P79 77—=Vs (HUW), x—=2HNAOFCW 4 ¥~
V=43V TORBEEBL T -EFTERT . &,
2—-HFOHWE TR EDRD, #2874 THHBETH
D, fE# % 4 3V 2% NORMAL, SHORT, LONG & #%E
T%, OFF & #Ru[pEL L/

5.6. Lane Departure Warning > X 7 Ls

B Accord T, EATHERD BN 2 B 10§ 5 48
#iTa %, Lane Departure Warning (LDW) Z£H L 7=, Z
DY AT L, FCW EHHDO A 2 5 THHEBLELD L —
YR = EBAL, BT ANOBERRE > 5 ET L T0
LHGERMNT 2B E N DL L T5L, -4

Display

Check Your Surroundings

Fig. 21 LaneWatch system
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Fig. 20 Distributed headlight comparison
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DLDWA Y r—85 v 7ORHE FCW &i38 557
PF—FTERT 5. 2—-FOFVBEFIA LD, OFF X
4 v FTEE) & JEEE) 2 3EIRT = 5 (Fig. 22).

5.7. Audio with touch screen

B Accord DA —F 4 A2, FORZRIWIEIZS.8
4 VFH T —BHDIKER S v F /51L& A 7z, Audio
with touch screen ZFRH L7z (Fig. 23). & v F/3% )L kI
REERLVRTA A DAEERELSFRLT, HNOWH
fEEEbTITB IS ZENTES. £72, Pandora, Aha
Radio(f ¥ Z—% v b TV 4), Short Message Service
(SMS), E A=, it —F 447V =Y, #rEd
(Bluetooth i KON USB 55) LW 722 ¥k Y — &
ISR Y AT Ak LTz

5.8. Honda Link

B Accord (288 L 72 Honda Link {3, Aha Radio IZ
M EZLT, SFIFEFLA VA —Fy P —ERE
fif42 2 L2 TE %, Aha Radio &, 2—FDA~v— |
7 %+ Y (iPhone £721&7 v Fu4 F) 285452 & T,
Facebook, Twitter, Podcasts, Slacker Radio, 2Z@TE¥R,
VAT VIEREED web IV T VYT 2 ¥ ZHETH
D, BNTT TV r—va VERLDI LN TES.

5.9. Z&the

H#{k L 72 Advanced Compatibility Engineering (ACE™)
AT —2FCoE LEGHEIZED, US-NCAP D5 2 4 —
X, Insurance Institute for Highway Safety (IIHS)® b v
TX—=T T4 ¥y 7 2 HLTHDHIET L OLRENRE
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SRPETT
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Fig. 28 Audio with touch screen and 8-inch display

AE SIS, EAEEDISy Y TR —T 7 4 HFBL
Too BRI R T —ERARER, KD SBE LSRN TV
MOFH A EI& D, BRTINERE 2 m F & &, TTHS TH
FRICEAXNIZZE—ILF —3NT » THZER, 201349
H 2 6 BXREMIZE A &b Federal Motor Vehicle Safety
Standard (FMVSS) 1 — )L —/VikER 12 & W B R L s
LTW3,

59.1. XRE—IA—INT vy T

AF—=INF—INTF 5 TF AL, LHKEENDOME
REMELZE—-FT, 25% 4=V v 7, 64 km/h(40
mph) TR —ILIRO/N) FIZHREEETF A TH 5.

A FTL—=2DIMUIZIN) 7Y 7257280, Wl
IV UL — ANTHEZ RN F — 2 WINTE 5258
BTHho72. B Accord TIRATETALSEHL TS
ACE™ ;K5 — % Next Generation ACE™ ;R 5 — Zifk X
BTGB L. A4 FTL—AL 07T X VSO NED
mblar7xonNeEm@gitssZeickd, =m0y
L= LANTOEmRERL LT —FF A FT7L -3 AL T
SIRENCIN X 72, X512, ¥F9—, ¥4 FY L, L—7
V=& NA T UVMTHILTS2 2L TRy EVOLEEEN
Z2TWw3 (Fig. 24). Zh b2k b, ACEM AF —Tldw
HIZHNT, 2= F =N Ty THEAND IS 4§75
TERIFE LR T —FETHRELL 7.

5.9.2. O—JLF—/\#tIS

O— Lt —nwfinE LT, ATE—ILF—3F v THIB
TOF v EVigfbe & 12— 7RE S itES 50D, X
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Fig. 24 Small overlap collision
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F=NE VKD RER A IV STHA, P h—T VT
TNy PEEFREES. A4 P h—F Y273y 73R
AP CE DML §5 2 & TRAEDIEBIREE X -
w53 (Fig. 25).

593. #it1 KT 7Ny JHEE

A4 F 7%y 2 (SmartVent™) 1213, dEIZERH
T EEA L RIS SRS O " EHEE &2 R L 7.
Zhic kD, mEEREEO RS OHEFIRWRE, BT/
Tk & O BADMEFEEOMKIZE W X &, BF5o
Occupant Position Detection System (OPDS) & A% & L 72
(Fig. 26).

Fig. 25 Side curtain airbag

Fig. 26 Smart vent

6. £&O

2013 FEE TN OHAILK Accord i, TV P VR T Ty
N7 x— AEFHBATE L 7-I1ED, BE L OF AR A
N7z, ZOEH51CLT, AP —-FITEIN S, A
TRENTVIADE WYL VDI DIZF XL v PT BT
ET, TN 6 DOHROERIZYyF L, REDT 7 3
V= BV ERRTEIENTER, £27 -, &4
FIv T ENEZ PEEZ A4 Y ITNA, &Y
DM ERATE LT, kDT 7Ly v T I
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THE IS 2 =50, BEIT 3804 RE T 2205
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SZ Xk
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Honda Moto LINC D BI%

Development of Information Services of Honda Moto LINC

Froil fie* 5 W & Aol — T
Mutsumi KATAYAMA Takeshi KONNO Kazuyuki MARUYAMA
B2 [N it % K A" ook e —F
Tomohiro HOSHI Masaharu SENNO Yuichi KATAOKA

=2 = ABSTRACT

WA, 2wy P = BBEORFER AT — P T+ VDO
K El2kD, RLWE#RE FIZANS Z B S a4
BB > T&E 72, WL —FITHLTETL~YT 4 7
ZH—E 2B EICLD, I FIEHEWRBE S N LEREEN
o TEZD, - LTI Z D &S A
YU 2R, TRETEFLAEGFELTOEL S LY
L s, g — i, Y2 Bk e oo Foni s
R, BHUZEBENHEAR DD H B BB O R L &,
2 — I OTERAND BN — X b - 7.

ZO&S E Tl —FRRIEE LT A R
T 572012, BNEE~ v 7HERCWESH 24 I v 7%
WaALD fHHEL—-FETOHFY -2 EREL, A VT
TV ZERPRE SR A & OB FIREA - 2 &
F 2 — Y Ic S EE L. ZLC, ZThenT 7Y
=g VEERLZ, AR &k 5 T S 8T
LT 427 A% —¥ XA Tdh3, Honda Moto LINC %) 1) —
AL 7.

ZORMFIZLD, “HHEI-FICED IR T L Ok
AND—P BTN TER LI, “HHERNHOREL X
EPNRTHZ LIS EBTE 72,

In recent years, it has become easy to obtain the
desired information in our lives with the enhanced
network environment, the spread of smartphones, and
so forth. Telematics, together with other services, have
created the convenience of a variety of information
being available for car users as well. However, thus
far, there has been almost no service providing these
types of information for motorcycle users. At the same
time, motorcycle users have been experiencing strong
needs for information that is unique to motorcycle use,
such as rain and snowfall information appropriately
provided in advance while riding, and parking
information for motorcycles as such parking facilities
are increasing rapidly.

To provide the information needed for motorcycle
users, new services for motorcycle users have been
developed such as mapping information of rain and
snowfall, and information to inform them in a timely
manner as to when to put on rainwear. In addition,
the existing services for car users such as maintenance
information and fuel economy information have been
modified to fit motorcycle users. These applications
have been incorporated into Honda Moto LINC service
to be released as the first known membership system
of telematics services for motorcycle users.

This development has helped motorcycle users to
manage the difficulties they face while riding, and has
made a significant contribution to expand the joy of
using motorcycles.
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Development of Battery System for EV
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Akihiro ANEKAWA Koichi YAMAMOTO
L3 = ABSTRACT
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A battery system for EV use has been developed
with the aim of realizing compactness and high
durability.

The system employs Toshiba SCiB lithium-
ion batteries, which display good durability and
power regeneration characteristics, as the power
source. Sufficient numbers of batteries to provide
the energy necessary for the driving range demanded
for the vehicle have been connected in a densely
packed configuration and fitted in a battery box
case employing a seal structure providing good
environmental resistance. Together with battery fans
for cooling and high-voltage safety devices, this
comprises a battery system designed to be installed
compactly under the floor of the vehicle without
sacrificing the interior comfort of the FIT EV. In
addition to demonstrating that the batteries themselves
displayed good durability, verification of the durability
of the battery system indicated that the cooling system
helped to ensure the maintenance of a high level of
performance over the entire period of vehicle use.
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Development of Battery Traceability System for EV

R B s n H e m o #® N
Koichiro TAKEMASA Tsubasa UCHIDA Taisuke TSURUTANI
& ok HOBT e T
Yuki TOMINAGA Keiji SATOH

=7 = ABSTRACT

EViTGOHRSPHEN, SHARBELIHIZAS LK
BONyFUMNMIHEREZ&12kh%. /Ny 7 ) IR
BRI & 0 ARACT U 7235430000 T BE 7 B A 4
{AE->TLES. 22 T2—VHFKEDO/ Ny 7V R %
B, PlHEERR, EEMAANOEA% 2 A HIKED
Ny T ) ERERHE A EEIZ A 5> T B3 Z PRI 3.
Honda #* 2012 52 ) — 2 WkFe# B4A L 72 FIT EV IZid
ETHR BRI ISy FYBEO 7 — 2 22
Y= NNRETEY 2T L0EMEIRTED, BEKRDK
H&ETHZ HAD Honda R&D O —/NIZTHRDF — % %
IEL TS, KV 27 4T, /Sy 7 ) PEBGITIR, /Yy
TUHHEEETLOMEEHNE LT, 77— 2000
BULAFIBT 2720 DOHM A FE L 72

The EV market is expected to expand, and
as this happens, battery usage will increase.
Batteries deteriorate with time and usage, and when
battery capacity declines as a result of age-related
deterioration, the cruising distance over which a
vehicle can travel decreases. Therefore, it will be
important mainly to monitor batteries during use but
also to assess the performance of batteries during
the resale of used cars and during secondary usage
such as conversion to stationary batteries. Honda
has equipped the FIT EV first leased in the summer
of 2012 with a system that regularly sends mainly
battery-related data to a server when the vehicle is
travelling and when the battery is charging. Customer
consent is obtained to collect data from Japan and the
U.S. on the Honda R&D Japan server. The goal of
this system was to determine battery performance and
to build a model for estimating battery deterioration,
so that a foundation for successful data analysis and
visualization could be built.
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Development of Charging System for FIT EV
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ABSTRACT

A high-efficiency plug-in charging system has been
developed for the FIT EV.

The goal of development of the system was
to promote the more widespread use of EV. The
development was conducted in order to increase the
user-friendliness of EV with the aim of offering
rapid, high-efficiency, and safe charging. The rapid
charging was realized by setting the power of the on-
board charger to maximize the capacity of the power
distribution equipment employed in the Japanese
and U.S. charging environments and expanding the
range of the constant power charging control that
maximizes the charger’s performance. In addition, the
minimization of the operating time of the charger has
made it possible to realize high-efficiency charging. As
a result, the developed system has realized the target
of a minimum charging time of within three hours.

With regard to safe charging, the system employs
protection against abnormal excess heat produced as a
result of greater deterioration of the charge connector
terminals under the conditions of use of the system
than initially projected. The optimal positions for the
charge lids were determined based on studies of the
garages in users’ homes and public charging stations.
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Development of Electric Servo Brake System
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An electric servo brake system realizing good
brake feel while making effective use of regenerative
braking has been developed in order to increase power
efficiency in electric vehicles and fuel efficiency in
hybrid electric vehicles. This system controls brake
pressure using hydraulic pressure cylinders with an
electric motor as the drive source. By means of this
configuration, it realizes high-accuracy brake pressure
control that cooperates with regenerative braking, and
its use in the Fit EV has increased power regeneration
by 8% against a conventional system based on EPA
fuel economy standards. In addition, the use of a
configuration in which the pedal operation section is
independent from the brake pressure generation section
helps to prevent the pedal force from being affected
by brake pressure control, making it possible to realize
good brake feel.
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Development of Double-arm Chain-tensioner System
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Research was conducted with a focus on chain-
tensioner systems in order to enhance the functions of
chain systems. A double-arm chain-tensioner system
was developed that differs from a conventional system
in adding a sub-tensioner arm (“sub-arm” below) to
make use of a lever ratio effect.

As a result, cost and weight have been reduced to
levels below those of a conventional system, and chain
friction and chain tension have been reduced across
the entire operating range. In addition, the rate of
chain elongation has been reduced compared to that of
a conventional system.
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Table 1 Engine specifications
Cylinder configuration Inline 4
Bore x Stroke (mm) 87.0 x 99.0
Displacement (cm?®) 2354
Compression ratio 10.5
Chain type Silent chain
Chain pitch (mm) 6.35
Number of link plates 4/3
Number of links 176

Tensioner type Hydraulic tensioner

Number of sprocket teeth | Crankshaft sprocket : 23
Camshaft sprocket : 46
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Development of Gear Case for Large Outboard Motor
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As part of the development process for its flagship large
outboard motor, the BF250, Honda has developed a gear
case for large outboard motors in order to realize increased
reliability and power performance against existing models.

Enhanced tooth contact has been achieved through
redesign of the structure of the bearing mountings, and
pitting resistance has been increased by modifying the
gear materials and heat treatment. In addition, gear
specifications making it possible to realize high durability
under high loads have been employed, and the optimization
of tooth contact via finite element model (FEM) analysis
with consideration of stiffness and manufacturing variations
has assisted in the realization of a tooth grinding process
that reduces manufacturing variations.

These innovations have resulted in the realization of a
gear case that achieves class-topping power performance
while satisfying targets for durability performance.
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Development of New Seat Belt E-pretensioner System
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The previous seat belt E-pretensioner that was
developed possessed a function for retracting the
seat belt with a motor in a pre-crash area when the
Collision Mitigation Braking System or brake assistant
was operated. However, that operation scenario was
limited.

Development efforts to address this issue were
conducted to expand the range of operation of the pre-
crash area and enhance the comfort of routine use
of the seat belt. As for the pre-crash area, according
to an analysis of serious injury accidents in which
seat belts were worn, the system operation range was
increased from 18% to 45%. Regarding the comfort
area, by halving the occupant movement during sports
driving and the pull-out load on the seat belt, and by
reducing the retraction load by 30% when the seat belt
is worn, the pull on the seat belt was lightened and
the feeling of pressure when wearing the seat belt was
reduced, improving comfort.
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Fig. 10 Seat belt pull-out load and seat belt retraction
load
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Bimetallic Corrosion Prevention in Hybrid Doors by Means of Watertight Structure
using Low-elasticity Sealer

A KM H LT ot BT Ot A
Shoji KIMURA Koichiro IZUMI Yuki MURAMATSU
= = ABSTRACT

HikEREL A HIE L, Honda TlIEEILE 2 2 FahE
DENT I =T 4, (il 7Y » F R 7 ERBFEL .
ZONA T Yy FF7OFEL, FSEBICkT 5 RESE
BEETH 5. AHFOBMNZEICX2BEENREEL, B
VAR T X508 AH 5. ZOHREL RS 5720
VI EBMUKRAGERTS L 2OV —F
WIS FHBRBE CAEME 2R § 5 Z LTl A, ¥ — 71k
BFUC B2 Z2F V2L OOTAER IET 3 720 12K
PRBSRD 65, 72T, KMy — 5 2 V722840
HAEABATET 5 Z & TY — Z KERSE & T L 7=,

Seeking to realize weight savings in vehicle bodies,
Honda has developed a lightweight and high cost-
efficiency aluminum/steel-sheet hybrid door. Bimetallic
corrosion in the area of connection between the
two metals represented an issue for this door. The
difference in electric potential between the two metals
would promote corrosion, raising the possibility of a
decline in commercial appeal. In order to address this
issue, a sealer was employed to help prevent infiltration
of water. In addition to providing watertightness in the
use environment, it was necessary for this sealer to
possess a low elastic modulus in order to help prevent
distortion from being generated in the skin panel
during the sealer curing process. A watertight structure
was realized through the development of application
specifications using a low-elasticity sealer.
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Fig. 1 Structure of hybrid door
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Table 1 Mechanical properties of low-elasticity sealer
Young's Maximum Guaranteed elongation
modulus elongation after degradation

0.22 MPa 200% 50%
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0.1 mmFIETH 5728, ¥ — T3P OE 800% LA Lo+t
BRI EL 20, BHENTIEER N, 22Ty —F &l
H, OTARERHEELZ LI Lz ¥ — 5 DHINER %
K (1), BS54 (2) 1R

xp=AV{(gg+ 1) -1} 12 (1)
aniLﬂl—S<7Mﬁxuz x)'%  (2)
xp ¥ — 7 WA ept v — T HEr O A
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Fp:¥— 7 B4 2 B4 72 0 b2 AN
E v — IR S YA R

A (1), X (2) &7z T HERE OGN Y — 48 (DA
T, Ky —5) #8E L. ZOPHE%E Table 112
Y.

2.2, KEMEDHER

(K S — 7 O/ DR IEAMILITIIO T A& IS 5 7=
WIZHWr 5. 22T, KEMEERIET 272012, (34

Residual displacement

1600

1400 | Conven.tlonal sealer
—— Door skin

1200

1000 *

800 |

Allowable displacement
600

400
200 |

Force (N/10 mm)

0
0.0 0.2 0.4 0.6 0.8 1.0 1.2
Residual displacement due to cooling process (mm)

Fig. 4 Returning force of door skin and shear force
of sealer

Distortion (mm)

+1.021e+01

75.0006+00

Fig. 5 Distortion in door skin with conventional sealer



NATYy RRTICHE T ZEEMES -T2 AV KEIBEICS 3 RELBEMBERORLE

HUSBAE 22 L7 (Fig. 6). Z D3 A U % kb
BLEMICEREES. AbEHIZAECIEME LT, ¥
BB TRROZMN AT T L, MHKIZRET 25N S
EETHINEND 5.

RS 2200, BIRMRECEIC K AR
& P 7 GAFAEMEIC K 2 8MZN 25 D, ShHHICIEIh
SOEAENMPEL . ERBEE T TSR N 73 3L &
DETILIZILRNTAFVOEENRKEVND, bt
P T T RIDOZEN AT T 5. BB R O I i 12
BT, ZORKENMNIE 0.3 mm TE &5, —J, KEEREE
TTWE, F7/8532 KD FT7 2% Y OPHEAKRE N0,
ZELURAATEDEN & 5. MIEHHMORIIREIZE T %
AZN T 0.3 mm &7 5. BINENIZOW T, Fig. 7
IR U7 R 7 & 20 2 AT, & K& BN
MWRAE L, ZOENMNITHT RN 0.6 mm TH -7z, o
T, FEAIRCRAE T 2 KRNI B BB 5 5 isPAE)
TERF DR SN2 0.9 mm & 75 5.

P&y, ffEasic g4 220 Ok MBI ELERIZ R
B4 23 LAAHAD 1.2 mm TH DI ERDHI 7.

ARZE 1.2 mm 125349 2806 Fig. 8 5 KUK (3) 12
NG & ITERHNE S — T DMORHE & BARE AT T 5.

x=(g2-1)"¢, (3)

to: ¥ — I EA
X ¥ — X AMEN
&Y — FpUEK

Projection thickness

Door skin /

Door panel

Low-elasticity sealer

Fig. 6 Watertight structure

-~
) Hard closure

Inertial force

Fig. 7 Displacement by hard closure

ICHE S — J OMORIRGEEA 50% ThH S5 L6, &
AWTRAZEN 1.2 mm ISBRE X5 7200, d&H LI
JEA% 1.0 mm &%EL 7.

ZOIFAMLUEIZ K > TEHIEHTIERZ2Y — 7 OF AW
NHRET S, BAHLEEEDEMMDY —FIZRET S
HAW F %X (4) 12719

-0.1 Y o x+Ar-yi+r
F=EX——§ + E—— d 4

o1 Js e I (4)
Fi R TSRO B EBRDE ydAaBLES
w AR

AN LEBRIGOEAWREE ¥ 7 2% v ORO S0
% Fig. 9 1T, {EMPES — 7 DI AW LERIZkiT§ %
ZLBELEN O mmHETR T ZAF VDR HEHDES
TW5, KHERRIZE 5> TR 7 2% Y OOFT AR & KRB
WEfR A5 Z &N TE 2,

Fig. 8 Shear displacement and sealer elongation

900 C tional seal
A 700 Low-elasticity sealer (calc.)
g 600 —— Low-elasticity sealer (Meas.)
S 500
% 400 R?S|dual displacement
§ 300 EAIIowabIedisplﬁcement

200 1

100 |

0

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Residual displacement due to cooling process (mm)
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Fig. 10  Distortion in door skin with watertight
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Appearance after vehicle durability test
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Fig. 12 Door lower edge section after vehicle
durability test
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Development of Steel and Aluminum Continuous Welding Technology Using FSW
and Application to Subframes

wOR W W e 1l o RPN BEOET

Tetsuya MIYAHARA Mitsuru SAYAMA Takanori YAHABA

X B w4 JH H A" N 5

Shousuke OHHAMA Tsunehisa HATA Tsutomu KOBAYASHI
7 = ABSTRACT

2F = LB E 7L I = 2B OBRAEHN &
L, Friction Stir Welding % T 3 7' {a4%58)8 DL B o
Wi AT A I 5 L RS, SRS EAIM OB
Fetfi & BRFE U 7=, Z DA % EPENE A 2 72 12
HZBEia Ry P EHOCMADEEY AT 42T,
WRD I VIREESOMR R TRBUL 2, £z, #E
RIS A REE S B IEED A VA VY AT AL LT, B
EHRNEH A 7LV =Y HERCREY 27 4 %
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L— AT 5 Z 8T, BT IICH L 25% OiRE(l &
PANY Y g VDT ERIMEE 20% ) b E
HEDIH EEXY, F7=HEAMEE)IE 50% Hik$ 2 Z &2
T&E7-.

Continuous welding technology that uses Friction
Stir Welding and has a welding strength equal to or
above that of MIG welding was developed to weld
together steel parts and aluminum parts, and at the
same time technology was also developed to rustproof
areas where dissimilar metals are welded. In order to
apply this welding technology to mass production, an
original welding system using an industrial articulated
robot was developed, and application was realized
with an efficiency and investment equivalent to that of
conventional MIG welding. In addition, an inspection
system using a highly sensitive infrared camera and
laser beam was also developed as a non-destructive in-
line system to assure joint strength. This technology
was applied to the front subframe, which is a
structural component of mass-production vehicles. As
a result, compared to the previous model, the weight
was reduced by 25%, the rigidity of the suspension
mounting point was increased by 20%, the vehicle’s
dynamic performance was enhanced, and electrical
power consumption during the welding process was
reduced by 50%.
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Fig. 2 Cross-sectional structure of Steel and
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Fig. 3 Observation of IMC
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7 NHRERT EC, BE LFBAICE S R EREK T O
Kzt khd. 72, 70— TOMAMERFIZE 25183 Z
&2 6 IE 2 P % BE S B M B > 7z

5 O Strength or quality good E
M %1 % Strength or quality poor ® %
I & LR x ) [0}
e oot \\‘“‘de;‘eo’\\ Appropriate “8’_
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Fig. 4 Range appropriate FSW conditions

4. BhEEFLAT

BeAOWE BRI & Fig. 5128, B bEA HE
RTy VDA F — N ERNE A T VB RS

GA is exposed by insufficient
covering of ED

Welding
interface J

Aluminum

Sealer

Steel

(GA with ED)

GA is exposed by disappearance of
ED with frictional heat

Fig. 5 Schematic cross section of welding part

Without sealer

Welding part

Aluminum

Steel
(GA with ED)

Table 1 Required functions and properties for sealer

Required function Required property

(1) | Shut off from corrosion Water tightness, adhesion,
factors (water and corrosion | and insulation
current)

(2) | No failure to depend on
frictional heat

Thermal stability

Durability over environment
and vibration

(3) | No failure to depend on
market degradation

(4) | Minimum investment in
equipment and minimum
cost for production control

One part agent providing
cold curing

T3, 20 &5 S RfMESREMETAICAKREINRAL TE
BRRETLIOENS D, AF—LETILIZT LD
Mz — LM TARETAIMEL L, ¥ — LHIcERE
N2 e L OWIME % Table 112 d. Zh 68BN, 5,
VAT TIRREM S ) 3 VBIER Y — i A RE L
7= WIS, A TIEE Fig. 6 1284, ¥ — LM &R & <
TG 2 2O BAMICEA L, X SICEMEREANE %
WIEAL L7, Kk, ¥ — LM OB M THAMEE % ik L
NN & SR L 72, - EAE AW (Cyclic
Corrosion Tester: CCT) NZAL, 12094 7L 7 X %
FEhE U 22 $ DA TR QWG H 4 Fig. 71083, & —
MM OBENAERF X7 I = 2 HmAFEX 0.4 mm D
JEEDFEL TOBDIZHL, ¥ =MD b 5k H 138

| Set works ‘
I

| Apply sealer ‘
[

| Overlap works ‘

v
| Welding with FSW ‘

Fig. 6 Welding flow process

L2000

Fig. 7 Cross-sectional photos of welding test pieces with and without sealer after 120 cycles CCT
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FSW unit of C-gun type robot

FSW unit of marketing

Appearance Ground contact size

Appearance Ground contact size

Equipment height: 2.5 m

7.0m

Equipment height: 5.0 m

Fig. 8 Comparison of FSW units

| Servo-motor use in tool pressure device |

Articulated robots for industry in general |

C gun arm

| Link-type exhaust air clamp JIG

Link system FSW tool

\
FTR_

\ JIG

Air cylinder

V slot and roller

Fig. 9 FSW equipment appearance
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TH—=F7 57 4%, MFHIET XL — ZHIINL 720
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(Fig. 10). £20MIZH 720, TFO LS £HMEEEL
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PRGBS B O WG X LA T IR & 512 =212

Advancing
side

Aluminum |:
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Fig. 11

T3 (Fig. 11).

(a) IMC 2 EER & LT B BYERIOD A % T,

(b) IMC 2R E N T A WREE LT TEIZEN (a)
L DET LT3 5%

(c) ¥ =M, #FX VEEERE, BXREEEICX DS
DFE L KW FHIK
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DFENERI L, HASEOHIWHIZFIHT 5

6.2. AF—ILETILI ) LERSIEE
FSW#AHOMEZAF—LE 7L I = L0 25K
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Fig. 10  Non-destructive inspection equipment
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Fig. 12  Steel construction

e
f'. E; i:.':"'

(AT
. - -
el
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Phase (°)

Fig. 13 Measurement result of non-destructive
inspection

7. RESRBRESRMEERLANITU YR
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BT IV =L BEH ARV Y 3V, )ST—=TF VN, AT
TVVIXY Ry 2 AOXFEEEEH L (Fig. 14), »D
53 7 RN A RERR S B L EIERIC, S E—- PV b
O —J)LIZEHE5 LT\ 5. il K OB %E Fig. 15
& Table 2 1289, BEEAL & MERGR R B OHIKE 42 5
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5L, TANE—WINERESES7280, 4 Fxva

Rear
engine

o B

. Stearing
gear box
Front engine
subframe  mount Suspension

Fig. 14  Front subframe position of vehicle

Steel 1 piece Steel 2 pieces Table 2 Materials of hybrid subframe for FSW
Steel parts Aluminum parts
Part name Material Part name Material
Cross- Aluminum Aluminum Side member upper

right-hand side

Side member upper

left-hand side )
. JAC270C | Rearmember | Eauivalent
Side member lower ADC3

right-hand side

Side member lower
left-hand side

TIRAF =Ly — AL fiETMEAF— 0
Vo MR UNE T IZ T AZ A H A NELL U SOREK
M 2 RO L b THEMASS LTz, N4 Ty B
TIV—LEAF =Y — M AVNETLILA A A
BXUNDRADS T TV IOWMEBREH, FSWIZX3
HESEEAETHMEE L2 ZhickpiggE{fbeax

MER B L UOE TR F—{LEhb 572,

SR L 72D Y 2 VONEFETET LD X VISIZR LT,
XA A3 3.2 1%, BEEIHEIT 2.4 5 (Fig. 16) Th 5.
BIRIRDO LR, e RO v 3y MUick b iEF
IRl — D s & IV, 1TAIT 2 AR, EVhbs
Heaz2 MEWAWBIZ L2, £72, FSW O#AHRNE
IS EAWEIC G A 28R REVD. ZOZOHETE
LRSS O IFALR, Y7 7 L — A BEREIC A s i &
VTR ETRL, Bt ER L LZZ &, BT

Rear member

Side member upper

right-hand side Line of FSW

Side member upper
left-hand side

Side member lower
right-hand side

Side member lower
left-hand side

Fig. 15 Hybrid subframe components (after FSW)

Part name Bolt tightening member Rear member
Model year 2008 2013
Weight [kg] 2.62 8.41
Projection area 1008 2446
[em?]
Casting High vacuum diecast High vacuum diecast
machine/cavity 3500 ton/2 cavity 3500 ton/2 cavity

Fig. 16 Comparison of bolt tightening member and
rear member
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Development of Road Input Prediction Technology for Setting of Suspension Durability Conditions

T F B OB Fom B A

Takamasa SHIMODAIRA Shunsuke KATAOKA

H* o ol BT

Masafumi MORI Shingo YOKOYAMA
2 = ABSTRACT

Wk, 2RV v g VO AERERER TIE, FHETIC
KR L7284 =V AN ETCISIAAN IS &% LT
Wz, K7 =~ T, Bk 2 70—y 32
L= g VITk Dy, FEHET A LU THRAANSAZE IS8
Bk A — VAN % TUT 28 2 M5 L 72, EfTE—F
WS A, 9A VT4 v, TLT L —F Ky k-
LTV —Fa1R e L, ETE—- FOHBEDEDIZT VA
ILERIRI O & ABS HlfHlD T FAADwEN 26 Z k- 72
72, BEHEAMLUZREZBE L 2#HljEy VT v T A
BIkS5ZEIZkDKEEEzm ETE3Z L aMatL, —D
DEFILTHRET BETOETE— FIZBWTRIAR
EEBIZZENTEE, ZOHMIZXD, EHEFTLALT
DY ARV Y g3 VOt AGMHE & RS L7z,

Conventionally, durability input conditions for
suspension durability performance tests have been
set based on wheel input data obtained from actual
vehicles. The research discussed in this paper
developed a technology for the prediction of the
wheel input data necessary for setting durability input
conditions without using actual vehicles by means
of full vehicle analysis using multi-body simulation.
Rough road, curb stone road, winding road, panic
braking and pot hole braking were set as the target
driving modes, and digital roads were created and
an ABS control model was incorporated in order to
reproduce the driving modes. In addition, the fact that
performing the vehicle set-up assuming the loading
of gravity increased accuracy was verified, and it was
possible to realize good accuracy in all the target
driving modes using a single model. The developed
technology makes it possible to set suspension
durability conditions without using an actual vehicle.

1. BU®IC

BEMRD = — IG5 72 O BRI M, B
FEE AR D 728, BRERAT 2 W 728K E Y I 2L —
Va VR EIEANHCHMINTNE S sk
VIalb—=va YEMWT, FREEORMEREE R 51
i, FEHET 2 P THRELATNE R S RWETOEH &5
BUC K BT 2 AR ETH . HIRD N A NEREA
BESONT, YAV Y g Y OMRAYERHE 7 v — 13k
AT TH B, iMEFHAHNTHRA — s ET 3
fiEARE L, 205 KEMEITRA T 5 o i % G

% Ufs R&D £ > & —
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v, R EEEHTE, MAMPREOFG A2 %55 7
O —I2%&->CWw3 (Fig. 1). 2D XS5 12Hk4 —)Lhiic A
LMEOHIBICOAFTEET 2 b EMLBELELTNWBE I En
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Classification>

Vehicle input load

Vehicletest Component test }
m measurements

Fig. 1 Suspension development flow for durability

Durability load Durability test Durability test
condition setting (Unit test) (Assembly test)
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FEIEEITIZ X D RAET 5 AT &2 2 72912, HHER
iAW TILE =2 LEF L AR L 7= (Fig. 2).

2008 fFEF L FIT, 1.5 L=y Yy, CVTHDOETIL
AR UMGEE 36 Z % - 72, B, BAETHICHE S
TXEFEABZIZLEVY FF— 2RV 3
T =4, Fy o, NTEZEIERTETLLL, F—Y 3
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AA —HIZ 6 3 JIEHEY D E TV AR L 72

Fig. 2  Full vehicle simulation model
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3.1. ETE— FOHHE

PAXRY Y g VOMMAGHERD 3 720 O BE 5 ET
E—FI, VAVF4 VT, Ny TL—F, £y b
T TV —F, A, BEOSE-FLAhk->TW5. &
fTE— FERIET % HIEME A% Fig. 312187

3.2. T RIVEEEDIER

TV PRI A AFRT RN A T 3@ D F1E5 5.
Tk (A) BREBNTERIT S, 2RIT & 721387 1A
DGR A HBLL 72 2.5 ROTHENZ G LA L Tvh 5.
T (B) 3 Sy FEMHALUBRAHET . 74
5 3RO A BE S EmIZHEAT 5. 72 F—
Tr—~<y TR &b Z k&, BIaEIRO B w4
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T (C) BTRRERAL L, BXENORE S FIAD
T2k 3WIIRE T & 5. BiHs 3 XITIZIR
ERETZ2MER D ZHIICHHT S, N F ) —F—4
BTS2 Z L&, BTOBEEIC K0 RIRZIRO RBLA i
Fiheh, SWILKRmAEFRIELZ&Ickba2 M %
R/AMETE % (Fig. 5).

Target load direction

Winding Mx
Panic braking Fx, My
Pot hole braking Fx
Curb stone Fx, Fz
Rough road Fx, Fz

Fx : Longitudinal force at wheel center

Fy : Lateral force at wheel center

Fz : Vertical force at wheel center

Mx : Moment around X-axis at wheel center
My : Moment around Y-axis at wheel center

Fig. 3 Driving mode for each load direction

Fig. 4 Image of format (B)

"'_l;--

Fig. 5 Image of format (C)
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A7 =T, 5152 2+ & BEIZIRO fFB LB OB
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Winding road Rough road

Curb stone road

Pot hole braking road

Fig. 6 Road shape for each driving mode

Table 1 Varieties of tire model
Tire model
Drivin d i
g mode FTire Magic
Formula
Winding v
Panic braking v
Pothole braking v
Curb stone v
Rough road v

E 2728, KD MAD & 5 s AFIROH R A 5 5
D OHIGEIR O RIS < h T 5.

ALY EFTILRIRG S LT, HETE-FIZEIT5T
v — TR OREOBEIZEH L., 94 VT~
VI, 8=y o T L= FE PRI OSSR MO A &
BT DZUERD DH, WK T 7 v b A EETT
5F—FIZhoTWh. 20Ty ~Na— 7Rk
DBIVEIFENEE X Magic Formula # 4 Y EF )L 4 #
WU —FEy bh—IL 7L —F, h, BRIZAND
EEMEZAVYRROBTE-FICAE-TED, ERY
DK, 24 Y DIREIZIEC TR I RE ST BT L
o, BWAA YOIy NT — PSS BT L 5
TBEEZO6NB. Xo5T, FTire ET )L AEINL 72
(Table 1).
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Hydraulic Full vehicle model

unit (S-function) ABS logic

Wheel velocity —»|
(Each wheel)

Piston pressure

Plant > (Each wheel) | Model Master pressure —| Controller

Vehicle velocity —»|

Fig. 7 Co-simulation flow in MATLAB/Simulink
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Fig. 11 Process for driving calculation
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Table 2  Variation in set parameters due to 1g load

Modeling | 1g condition
Set parameter (Step 1) (Step 2) Error
Center of gravity height 494 449 45
(mm)

Initial toe Front 0.00 0.01 +0.01
(deg) Rear 0.10 0.34 +0.24
Initial Front 0.00 -0.56 -0.56

camber
(deg) Rear -1.00 -1.39 -0.39
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fEAT D EREEALICIT TR T REEHE Th 5 Z & A
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S L O 2 SR E R R 2 Z L AFINE S £
5 5.
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T& . 1g condition TR E AENMERTE ZH O
LT, Fig. 121" 575 T 1g EHOAMIZ K 2 E L E
& FRE LTI & ELE U 7=,

LROFEZ S CHM L v T 4 VOIS A — L7
ETF MK B W EIKA Fig. 131277,

Fz fifd35C 5%, Fy fiHET 2% & BB OSGE & 7

assigned in Step 1 from Step 1to Step 2 | | )| height assigned in Step 1
=494 mm (Target value) =-45mm =539 (494 + 45)

Center of gravity height Amount of change New target center of gravity
/
/

Fig. 12 Flow of adjustment of target value
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Fig. 13 Reevaluation of front wheel load at wheel
center
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Fig. 14 Moment around X-axis at front and rear
wheel center
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Fig. 15 Longitudinal force and moment around Y-axis
at front wheel center
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(c) Pot hole braking (ABS control)
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Fig. 16  Longitudinal force at front wheel center
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Fig. 17 Longitudinal and vertical force at front wheel
center
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Fig. 18 Longitudinal and vertical force at rear wheel
center
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Fig. 19 Longitudinal and vertical force at front wheel

center
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Fig. 20 Longitudinal and vertical force at rear wheel
center
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Introduction of Solar Hydrogen Station Installed in Japan
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BENEC T 207280, BiKkEEDFE, KEREGERTH
3 ZEEREEARBIREZ 2 2 O ERER O i, 58
DEFE NSV AT LK OE R 2B k-7, ZOxt
RO EBFET, BAEDEMBI IS EKE MR —
T=KEZT =V a VERREICRET S EMEL LA
IZHWTESME RO RMIER BRI TH 5 T & 2 HERE S
N7z, £/, BEREOAMHEL UTHEH S TH 5 8E

W R B & DAL ERER I do T AR R Y
V=T —KEATF -V 3 VBARELAKEEENTEC
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A high differential pressure water electrolysis-
type solar hydrogen station has been installed on the
campus of the Saitama Prefectural Office in Japan.
This is Japan’s first demonstration with this type of
system, and the first such system in the world to be
installed in a public location. A station of the same
type, conforming to U.S. standards, had previously
been installed at Honda R&D Americas, Inc. Los
Angeles Center in Torrance, California, but it was
necessary to make modifications in introducing the
system to Japan in order to conform to Japanese laws
and regulations. Thus, a fire-protection wall was put
in place, the system ventilation airflow was increased
and pressure proof tests were conducted on the high
differential pressure water electrolysis stack. In the
course of accommodating the Japanese laws and
regulations, it was realized that under the present laws,
the same configurations would be necessary when
considering the household installation of such hydrogen
stations. The study has also shown that this hydrogen
station is capable of stably producing hydrogen in a
verification test conducted in coordination with a fuel
cell electric vehicle being used as an official vehicle
by Saitama Prefecture.
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Electrolysis-type Solar Hydrogen Station: SHS2) 2. B
FEEABR A #5 2 5 - T B, ARG TR 5 O3B KT
A B U 72 HARBEINHEARR SHS2 (BT, ElINHRR) T
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TUACHAREINGRE SIS 72 K 282 52 5 -
28D TH%. LU, EALHRDO T A~ WIS, HEH
RIUZBE L TN 5.
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Fig. 1 Design concept of SHS2
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Fig. 2 External view of SHS2 installed on Saitama
prefecture property

Fig. 3 System layout of SHS2
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(a) Connecting nozzle

(b) Refueling
Fig. 4 Ul screens of SHS2
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55 & UC, ARFEEE R, AR T i R, 45 SR
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Table 1  Specifications of SHS2
United States | Japan
Hydrogen Flow rate 0.7 Nm3/h
production Filling 35 MPa
pressure
Purity >99.99%
Storage 4 kg 20 kg
Component | Photovoltaic | CIGS CIGS
module 6 KW 10.5 kKW
Electrolysis High differential pressure
unit electrolyzer
Utility Electricity 240 VAC 200 VAC
/60 Hz /50 Hz
Water Tap water
Ventilation | 3.5 Nm3¥min [ 7 Nm%min
Unit volume Approx 0.33 m?
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Table 2 Codes and standards for US and Japan

United States Japan

Water electrolysis applications | 1S022734-2 | None

High-pressure gas applications | NFPA55

High Pressure Gas Safety Act
Building Standards Act

Classification

NFPA497

JIS60079-10
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Table 3 Hydrogen quality of SHS2

ISO14687-2 | SHS2 US | SHS2 JP
H, (%) >99.99 >99.99 | >99.99
H,O (ppm) <5 <1 <5
Hydrocarbon (ppm) <2 <0.1 <0.3
O, (ppm) <5 1 <0.1
He, Ar, N, (ppm) <100 <16 <0.1
CO, (ppm) <1 <0.1 <0.1
CO (ppm) <0.2 <0.001 <0.1
Sulfur (ppm) <0.004 | <0.0008 | <0.8'
HCHO (ppm) <0.01 <0.001 | <0.01
HCOOH (ppm) <0.2 <0.001 <5
NH; (ppm) <0.1 <0.02 | <0.01
Halogenates (ppm) <0.05 <0.004 <0.5
* below detectable limit
5. EAKS

FEINERR IO M F, KR EORM A i3 %>
TS & B0 FEARN 5 BEROTORIE LA & [H]
—THD5720Y AT LNEHERLKRWE G KELREFET
»%. SHS2 THlYE L - /KEDME % Table 3
KBS L T —EBARAMEIC K0 HE L 2hTnk
WKFIEH B 00, BktrtokEHMER%EETR LT

723, 85 3 ELIC

W3 (3).

R K

Z O FEEERER TII MR M B S B Y F VAR O A F EE
ELTibID L ZDHDITRAEZT - 3 VITxHT
ZEAENET L HNA D 5. REN L2 HOKREE
HmOMEME % Fig. 5 18T, BUROEINER R RRO AR
HCTh M EMERAIHE S THERA SN THD, Y
Hilj O E TR SIS U TRE L 72 KREE N TE TV 5,
St%, “FBOFIGRBRO KIS 2S5 T —2 L LT
MAEZZED 3.

30 %
&S 7
° &
< o
T 20 S S
ko] Q}'D v’ .
2 & ®
®© o> @
5] & A
S S . ®
=2} 4 O
210 R
o a ®
'_
.® *
0 L‘ ® 1 1 )
0 10 20 30
Time (day)

Fig. 5 Typical H, production at Saitama



Honda R&D Technical Review Vol.25 No.1 (April 2013)

6. £&O

ZEEREEAKERI Y — 5 —KEZT - 2 V& HAH

IZERE L 722 L2k D AT OfER &5 7=

(1) HRIZB I 2HROKFEZT —v 3 VEEICHET 5
ERRISE B Z 50, HAY], 28088 LTiE
THAYID SHS2 % RiBE§ 5 Z &N TE =,

(2) FECEM AR L 22 /R, RKEHIZImT) TOSEHo R
AR TH BT EnbhrD, FFROFEHRE S
A U 7= O BRE AR T X | IFR M 2 B 12 Ay
TOBMEPIPEETHE I EBDr 57,

(3) EINEROYIIFE A OKEE, v 27 2%h%, KEMHE

IR L CIERELARERIC Z &b o7z, £/, K
BEMBEREHBE AL OBBEICEOTHIZRAES
KLEHPBIHA TS,

SE X

(1) MFEBERL, HREEG, MEREE], HIHE: KEEn %
sk EZT -2 3 v (SHS) OFERERER, Honda
R&D Technical Review, Vol.20, No.1, p.67-73

(2) HiRZEwE, BRAS, AN, Frank Moburg, 1T
filts, REESER : 2RSS EAKE R Y — 7 — KK
F— 3 v (SHS2) D%/, Honda R&D Technical
Review, Vol.22, No.2, p.28-35

(3) EMIAR, %M, David Cun, (I MR, REEBE
B EEXGEAREREY -7 - KE2T - 3 v
(SHS2) D3GEiAER, Honda R&D Technical Review,
Vol.24, No.2, p.72-78

(4) http://www.honda.co.jp/soltec/cigs/index.html,
2012/8/24

(5)1S022734-2:2011. Hydrogen generators using water
electrolysis process - Part2:Residential applications BE =0

(6) NFPA55:2010. Compressed gases and cryogenic fluids
code

(7)NFPA497:2012. Recommended practice for the
classification of flammable liquids, gases, or vapors
and of hazardous (classified) locations for electrical

installations in chemical process areas
(8)JIS C 60079-10:2008. k¥ T2 X TR 4 5 E X
ks EL - 28 10 358 fE R Xk 358

R FE

O #E T AR e




A
af

ZRICIab—g HHWE
AV Il BEAEB BN DEM

Study of Low-engine-speed Self-ignition in Gasoline Engine Using Elementary Process Simulation
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The mitigation of noise originating in self-ignition
in gasoline engines at low speed (‘“self-ignition noise”
below) is an issue in realizing increased commercial
appeal. Low-speed self-ignition noise occurs sporadically,
producing significant torque fluctuation and engine
vibration in each cycle. Synchronizing measurements
with the occurrence of the noise and reproducing the
phenomenon has therefore represented a challenge, and
progress has not been made in its analysis. The research
discussed in this paper verified that an elementary process
simulation was able to model combustion conditions in
which self-ignition noise occurs with sufficient accuracy.
Using this simulation, the research studied phenomena
occurring at the level of elementary processes when self-
ignition occurs, changes in self-ignition characteristics
with changes in conditions, and methods of ameliorating
self-ignition. The conditions varied in the simulations
were air-fuel mixture temperature, compression ratio,
excess air ratio, EGR, residual gas and octane number.
The results of these studies showed that reducing fuel
density by increasing leanness is an effective means of
controlling self-ignition when the engine is restarted.
In addition, it was shown that it is possible to control
self-ignition by reducing the temperature of the air-
fuel mixture through reduction of the ratio of residual
gas. Further, the simulation can be utilized to predict
self-ignition characteristics produced by changes in
factors such as the octane number of the fuel and the
temperature of the external air in different regions, and
to set appropriate specifications, on the desktop.
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Table 1 Fuel specifications (RON91)
n-Heptane 0.1823
iso-Octane 0.6642

Toluene 0.1535

Table 2 Engine specifications

Fuel Gasoline
Cylinder configuration In-line 4-cylinder
Displacement (cm?) 1799
Bore (mm) 81.0
Stroke (mm) 87.3
Compression ratio 10.5
Crank offset (mm) 12.0
. In. 32
Valve diameter (mm) Ex. %6
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Fig. 3 Results of elementary process simulation
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Table 3 Comparison of cylinder temperature

Table 4 Conditions of simulation

Excess air ratio 0.83 | 1.00 | 1.20 Excess air ratio 0.83 | 1.00 | 1.20
Mixture temperature (K) BTDC 10deg | 753 | 772 | 788 Same intake pressure | Intake pressure | 101 | 101 | 101
P ATDC 10 deg | 1000 | 905 | 880 Same torque (kPa) 84.4 | 84.4 | 101
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Table 5 Comparison of cylinder temperatures

Excess air ratio 1.00 | 1.00 | 1.20

EGR ratio 0.0 |0.167| 0.0
BTDC 10deg | 772 | 778 | 788
ATDC 10deg | 905 | 853 | 880

Mixture temperature (K)

7o, KALBACZ L 2 mHMREZBE LAY I 2L —
Vg VORRTRY) v HMLEBHAPRELR TS o7
2, THUIBBOEIG K E <, BRALISIZ K 2MED |
ANKENDEEZONS.

4.2. EGR OFE

22O K BRI — IR T H AU I, FIEH
WHELI Yy g vORMEHL. 22T, fBFLELLT
EGRIZ K 2% MG 2. BOBORmIRE WS T E%
OMERH B ZLIZMA, EGRIESFETHTTH5 COs,
H:0 2% < LAV WEH Tk ARTH I E AL 6hH
5. ERIEY I 2V —¥ 3 VR %E Fig. 11 1589, EGR ©
W IRRAXKEMU &4 5. Table 5 IZBIOZHE ) — v
LB XV EGRIZTH I &5 7285840 TDC U DRA SR
EAERT. V= 1tk & EGR O ALEHHREORE A R

il‘
[
L ||
i
|
J
]
[
’_Jl
i

Engine speed 700 rpm
0 | Mixture temperature 379 K |
1000 (!ntake pressure 101 kPa

80 Excess air ratio 1.00 ,r""—n_T\:\
400 : : :
4000

<

€ 2000 - —

Pressure Temperature Toluene iso-Octane n-Heptane

Crank angle (deg)

— EGR ratio=0.0
— — EGR ratio = 0.084
—-—EGR ratio = 0.167

1000
900

Temperature (K)

800 =~
~
700
600
-30 -20 -10 0 10 20 30

Crank angle (deg)

Fig. 11 Simulation results of EGR



Honda R&D Technical Review

Vol.25 No.1 (April 2013)

Table 6 Conditions of simulation

EGR ratio 0 0.1 ] 02
Same intake pressure | Intake pressure | 101 | 101 | 101
Same torque (kPa) 81.1 | 90.1 | 101

Table 7 Fuel specifications

RON 87 91 95 100
n-Heptane 0.2247 | 0.1823 | 0.1602 | 0.1256
iso-Octane 0.6215 | 0.6642 | 0.5781 | 0.5183

Toluene 0.1538 | 0.1535 | 0.2617 | 0.3561
C/H ratio (weight) | 5.6717 | 5.6724 | 5.9951 | 6.3145

%. Fig. 1212 EGR # & AE AT E R OB GREZ RS, [F
—IRSE ST EGR A2l & 47854 4 BT, fdl—
2 CEGR HeZ SR LHAE/RETRT. ¥ Iab—
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Elucidation of Deterioration Mechanism and Improvement of Durability for Lean NOx Catalyst

wmoR f ok H oW I N
Yuichi MATSUO Shinya ISHIMARU Masanori HASHIMOTO
O T (AT I K H A
Tetsuo ENDO Yoshiaki MATSUZONO Makoto NAGATA

B = ABSTRACT

IV vhR i EREAE R X B MEUEEICES
A 2% DERALIS S LT, KA S = NOx H bk
AR A7 4 — YLy VA NOx HLY 27 45
RDENTWB, 22T, K2 5D NOx BRIUBEFLE L
T, HILWNOx b A 1 = X & % 72 ) — » NOx filiit
ODBFEEBZ 5 ->TW5S. 2DV — ¥ NOx fil#iEiZ P # %
B FTOXZ—Y v I X 0 LERME 35 Z &A%
HLU 72729, IRINEZHL, ZORRE2B 2k -7z, £
AT & B R R A AR DY TN 2 B 2 & - 725
B PEA 2 RO GBI HRBR IR O AR RE TR A 12
WL, T2 EVHUERTHEZ L E2WE,ITL
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HEDWED 7= DI R % 36 Z 50, PEH AT To
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The exhaust gas temperatures of diesel engines
have been falling gradually due to engine efficiency
improvement and body weight reduction. Thus,
an NOx aftertreatment system that has high NOx
conversion at lower temperature is required for these
engines. To meet demand, the development of a new
Lean NOx Catalyst with a new De-NOx mechanism
has been carried out. However, it has recently been
found that Lean NOx Catalyst has a durability issue
during aging in an actual exhaust gas environment.
The deterioration mechanism of Lean NOx Catalyst
was clarified and durability enhancement of the
material was conducted. As a result of an analysis
using a combination of surface analysis and ab-initio
calculation, it was found that the sulfur in exhaust gas
was irreversibly adsorbed onto platinum in the form of
sulfate, which reduced catalyst activity. A new Lean
NOx Catalyst that has high durability even after aging
with exhaust gas was developed by improving NO,
adsorption activity and NO, reduction activity, which
had been degraded by sulfur poisoning.

1. EANDE

T4 —ERIY OV BEGIENEN L S ERIRE T Y
VVYELTHETHZA, 72D ARHK, FKINZE E Dk
LW 28l & 2 ) 79 5728, EtEiEr D@ i bk
7 A BB KD ST b, FHZ T 4 —EL T v D
Y OYEHT ZZBFERITFI () —Y) TH B Lok
A OBRIEAY (NOx) D LARETH D, 2 E ke
NOx #t¥ Z 7 A MEE ST 5 (Fig. 1).

ZO—DIZRFZERM NOx #{t.> 2 7 4 (Urea Selective
Catalytic Reduction:Urea-SCR) & % (. 2) Urea-SCR
IR Z T NH; BEPOEICHIE T NOx 2 iL§ 5 &
2T LTHD, @ NOx #LERER S5 s. LarL, IR
* DU R&D v ¥ 4 —

% LKA — 7 La¥yy MRS
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FHE VR4 v 2 8 EEDBIMTINA 22k B
2T L3 2 O, EEENA EOFER, IREAK»S
NHs NOZHD 72D I H AR DMK & 3P 2D
FRMPBRETH D, BT ZOREE 5 5.

System configuration Equation

Urea

4NO + 4NH, — 4N, + 6H,0

Urea- | HAs 6NO, + 8NH, — 7N, + 12H,0
SCR 4NH, + 2NO + 2NO, — 4N, + 6H,0
SCR Catalyst
Rich A/F rati Lean:
I ratio NO + 1/20, + MO — MNO,
AT Rich:
NSC MNO, + 2CO — MO + 2CO, + 1/2N,

MNO, + 2H, — MO + 2H,0 + 1/2N,

NSC Catalyst | 9/oMNO, + C,H, — 3CO, + 3H,0 + 9/2MO + 9/4N,

Fig. 1 Conventional NOx reduction technology
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Table 1 Model gas composition for LNC and NSC
Lean (55 sec) Rich (5 sec)
0, (%) 6 0
CO (%) 0.09 2
C,H; (ppmC) 500
CO, (%) 6
NO (ppm) 110
H,O (%) 7
N, (%) Balance
GHSV (h) 50000

Table 2 Model gas composition

Lean (55 sec) Rich (5 sec)
0, (%) 6 0
C;Hg (ppmC) 0 4000
CO (%) 0 1
CO, (%) 10
NO (ppm) 200
H,O (%) 7
N, (%) Balance
GHSV (h) 75000

Oxidation Catalyst:DOC) & iy 5 1 — ¥ 85 4 F 2
L — b7 4 L& (Catalyzed Diesel Particulate Filter:
c¢DPF) #BlE L, K FAEIC LNC #fFlE L7z, DOC I
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Close coupled Under floor
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Exhaust aftertreatment system using LNC
Engine: 2.2 L direct-injection diesel, close
coupled catalysts: DOC 1.0 L, CSF 2.2 L,
under floor catalyst: LNC 2.0 L
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Fig. 4
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23. EFIIVAXRARIC L RIS

WIS, D BALREZAIEIZ T 5720, TI v v a v
ARERICHWZ LNC 27 2 P €= 212N L, HORIBA %
ETIH ZREBEE & O T LR 2 5 2 & - /2.
BT H ZRERE T 1+ — XL e 2 A L - e
2R EL, V=&Y 9 FESFA T LFEDRL, ZD
Vg hE NOx $LE & L=, 74 2 RkEifi$E % Fig. 6
128, %72, Table 2 122 D& & ORERSEM 289, #in
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Fig. 6 Comparison of NOx conversion between thermal
aging and engine aging in model gas test
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Fig. 5 Comparison of NOx emission profile between thermal aging and engine aging in FTP-75 mode
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Table 3 Performance in elementary reactions

Therm:al aging Englnoe aging Material Model gas composition
(%) (%)
(1) NO oxidation 52 68 Pt NO 500 ppm, O, 0.5 %, N, balance
(2) NO, adsorption 75 45 Pt, Ce-compound | NO, 500 ppm, O, 0.5 %, N, balance
) . NO 100 ppm, NO, 100 ppm, NH, 200 ppm,
(8) NH,-SCR 71 69 Zeolite 0, 6%, H,0 7%, N, balance
(4) NO, reduction 98 32 Pt NO, 500 ppm, CO 1000 ppm, N, balance

TR T 80% LA LD EWELREAFEN TS A, = —
VUIMBNIE S L EFLERMET LTV S, R, TV
VY=V v O EIZICL, 30% 25 50% £ T
WL THBDBEAE LW, 72, NOx % W £ 72 13
T 544 TOMBIIYET 2R OREENERT S I &IC &
D NOx HHLVBEPME T 5 Z Db o TWBE I END,
IVVVI—-VUYIMEEICRLTY v FH X E 650C T
10 Rl & & T OBEHLE 2 B 2 2w, (KL &
NOx ¥ LPEBEA MTE G 2 2 & 5 2 & JHNR7z 7 OFER, &
EVEBEIIRIEZAL S B 5 72 2 L B, — R AR ST
IZkBBbTRAEVEELLNS.

IheDZ S, LNCEZ Yy Yy =Yy 7izkD
BN OM 6 2O AERIZLD, V-vBXU
oy FOMADNOx FLHREDIK T2 lEE 5 Z L2 h
"oz,

LNCIEWL 22 DEKIBDOMAAHE T NOx H LK
BT TEMBETHZ IS, TV VIV VY
il 4 —~v LT — v v Iz ONT, LTFOR (1)
POoR (4) DRKBIZHIET 2 ETNH Ziklid kI Xk
W, EOZERIBOMRESME T LT 24EEL, Z2hhie
OMEHIEER T % 5 & N7z, iERAEHR % Table 3128
. ZORE, X (1) NOBLKIEE, & (3)D NHs-
SCR RIBIZ 2D I =2 v ZI2h W, IZIFHE%S DMk
Tho7eh, R(2)DNO WHEKIBER (4) D NO; EIT
KIBiEzy oy 2 —v v iz TR F2AAS
Nz, ThoOWRRICBEBRT ML LT, A% (Pt) £
ikt ) v A (Ce) RMEL, & 2 idi 7 OBEBEIS T 23R
B X7z,

Lean phase
NO + 120, — NO; NO oxidation (1)
NO; + Ce-compound.is = NO; - Ce-compoundis  NO, adsorption  ( 2)
NO +NO, +2NH; = 2N, + 3H,0  NH;-SCR  (3)
Rich phase

NO; +2CO — 1/2N, + 2CO, NO; reduction (4 )

3. LNC O ALREADAEER

LNC OFALIFEK DD 7212, BEREIK T 2R & h
7z Pt & Ce RMBHIN LT, Riio#ic & 2 RN & B
AT 2153 5 720 OB —FBEH R A2 W JEREY I o
L= avEBIhot.

3.1. KA & 2 HELHRERERA

PIDHIZ Pt & NOx M TH % Ce RMBDOELLDF
AP, Pt Ce RMEHE, BUZ X > TR TEEENME
T UHREME T 9 2720, BEROIBETH 2 M5 EOHl
% X #EHT (X-Ray Diffraction:XRD)IZk W HBZ k-
7z, ZORRE, T FREIPtE Ce MBI E B S S, H—
VLI =DV TV VY T - v sl TR %
DL R, T—V YV ZOENVIZLBEFIDZER I/
WZ Db ot WIS, Y AP DK Th B (S)
EV YV (P)EEDERIC K 2 HmHILORELTNZ
VOVI =DV IMEAND S &P OEREEERLT
5720, ST T X FHASH (Inductively Coupled
Plasma-Atomic Emission Spectrometry:ICP-AES) % ¥ Z
Kol TORE, S120.02%, P13 0.02% TH D, E
ELVY VA ANIHBRDP SIRET S Lt km ETT
OEMEEICHY L, MEOEMETH S I L2 br >
7o, L2 L, EDOHERER 32 & 5 FEE DN AISHEH LT
WATREME R B 5 728, Pt & Ce R BIO BT 7y DIREE
ZDOWCHES B I ko7 TV VYV I —V v rfilico
W, FEENEEE T-PEMSE (Scanning Transmission
Electron Microscopy:STEM) Z W =512k Pt ki
T & Ce RMERIFAEFEEL, ThZFhORFIZHLT
I AL F =55 X #2570 (Energy Dispersive X-ray
Spectrometry:EDS)IZ K 2 ICE & 6 Z 2\, #id
B2 Pt & Ce RMBIDEDERTITAFHET 5 2 2T L 72
EDS O#ER % Fig. 712789 . Fig. 7(a) ® Pt Rir-icxf4 5
EDS AXZ PILIZHNT, 2.3 keV HEIZSOE— 27
iiehzZe &y, Pt& SEHGFT2ZEbr 7.
L L Fig. 7(b) ® Ce AR T 2 51F S 23 2 h g,
Ce RMEE SIFGFLAVWI EBbh o7z 2D &
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5, SEPtRTICHLTHEL TWEZ LML MTL
D, S PtRTRANSERIIZEE LT EHEHIL 72,
S A Pt R FRMNIERMIZIEE LT84, Pt
FOEMROMOIK TR PREENS. 22T, GEOWEE
KM EMEST 5 FETH 5 7 — ) DL WWARN 5k
(Fourier Transform Infrared Spectroscopy:FT-IR) % [
Wz COMERDIE % 5 Z 5\, HLIZ & 2R R
DL E N FORER%E Fig. 8 1287, 2090 em™ HE
DE =2 M Pt-CO DEFH Y — 7 IZRIE I NS, T ORE,
BTV VLT, Ty vy —v v o
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Fig. 7 EDS patterns of catalysts under engine aging

0.05
0.04 |
2 0.08 |
2
2 Thermal aging
£ 002 ,
0.01 Engine aging|
O 1 1 |
2300 2200 2100 2000 1900 1800

Wavenumber (cm™)

Fig. 8 FT-IR spectra of CO adsorption
Temperature: 300°C, gas condition: CO
1000 ppm, He balance

BIE Pt-CO DWF RN B-TE D, PthiOFEME
FRFPIRD L TWBZEnbr o7 Bl XRD D4
PR & D Pt 7RI, 20T —Y v HTEs
BWZ e PtRTFOREIRMEEEELIONS 729,
ZOWEMERBROWM T S 2 Ptk FRImICHEL TS
ZllizkdtneELONS.

Wz, Pthi &l FI2SHEDX S BBETHEL
TWD % HNRD 7280, Kk =FE O RS FHT 2 X BRI
P EERE S (X-ray Absorption Near Edge Structure:
XANES)f#ric k0BT 5572, 52 LOMEDDL, 5
TWBHifb 7L > 4 (CaS), HREEA LT ™ 4 (CaSO4) &
DUE»PE L VY Y-V Vv IMiIc G ENn s S DR
% B Z %572, S K-edge XANES Z-X2Z I L% Fig. 9
WRTH, TV VYTV Y fildiid 2.48 keV FHTIZE —
o by TEES, CaS0, DAY FLEFHPILTWBEZ &
76, Pt K72 Lo S IZRBIE (SO, & LT L T
5 e A

3.2. 5—RIPEHHEIC &L 3 H{LRERRET

HiffiD S DUFIREIZ DWW THERICHEET 5 72912,
Pt & SOMBICHL THE—FHEERE2L I 5 -7 Pt
T 12 75455 Pt 111 AT L A-FKE B, K
AL (SOx) —43 1 (S, SO, S0z, S0s, S04, SOs) % Wi
EHZE'TLEMERL, R (5)D&d ERIEX Ble LT
SO DEA)IZH T BWE L Y Z Y — & LEtEn gL
LTt a2B 2572

Surface Pt SOZ -gas + OZ-gas - SO4 -adsorption on Pt _AH ( 5 )

ZOGIZE > TROENBME LY 4L — (AH) B
INEFEE PtAND SOx DIRERENLETHHEHLD
N5, ZOHEMERE Fig. 10 1R T. £7-Z DO
f#% Table 4 IZ/RT. ST 2 ERIHT (0) DAY A
T EF T Y AN E—T/h&E < 2D SO, ThvhE 7 5

Engine Aging

Normalized intensity

Caso,

2.46 2.47 2.48 2.49 2.50
Photon energy EP (keV)

Fig. 9 XANES spectra of various samples
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Table 4 Condition for ab-initio calculation

ltem Contents
Program D-Mol3®
Functional VWN (LDA)0. (1)

Basic function DND basis set

Inner core calculation | ECP (Effective core potential)

Pt (111) surface with periodic

Model boundary condition

721% SOs TIEHUBMLZZ. ZDOZE25 PtAD S O
FL SO, DM EREL TR DR Eh. £
72, gl LT CeOy EAD SO, DEFL Y 2 LY — IR
LT3, Ce0: KD E PLtADIFFE LY XL E—DJH
INE L, SO41F Ce0: & Pt DIESITHL WG T B Z A
R XN ZDOZEN5, Fig. 612\ T S AP %
Fefiti UC & WLMEREIZ I 3 o & s 0 22 KNI, Pt
D SO, DWmHHNRETH 572 S BBHEL B 572720
THO, Pt D SO KBH8ET 1 — ¥ IL OIS I
CBW IR AHLeELZ 6N 5. B FHHERIZ L
DN Pt B SO, DREAIRRED A 4 — VX% Fig. 11
12 F. SO D Pt NOWREIZ = DODBEI T2 = DD Pt
JHFEZNThHALZBRETHEZ 6, SO —FF
TPtRMO -FTA2HEET 57720, PETEHET TS
WEHEREI NS,

20
0 l._—l L T 1 1 L

Enthalpy (kcal/mol)
&
o

-100

-120 |

-140

S SO, SO SO SO SO SO

-Pt -Pt 2-Pt 3-Pt 4-Pt 5-Pt 4-Ce0,

Fig. 10 Comparison of adsorption energy among
various sulfur oxides on Pt and CeO:

Fig. 11

Image of SO, structure on Pt surface

KT K OE R ROMBREBRELTERL D
&, SR E L TEMELL S, WHNTH B PthiT
D% S04 &\ RE LW TERETH AT S Z &, T
VOVI—=Y Y ZIZkB LNC OMRIKTOBEREE LS
ha.

4. LNC DLk

41, HERHRDEZH
LNCRTYyYYyT =y 7IickD, Pth SO s &
NTHIT DT DS NI -7 FEPEE, S Pt
RIHND SO, DA RREIZET ) FIN LB SN T &2
5, Pt kO SO #aEAREMHIT2 Z LIdWEETH % &
B Z, SO HaEIC K A BWEEIH N D EE /NS T57200
filiEe B A4 SR A 7. 23T SO, HAIC K D EEREME T L C
W RIS, X (2) D NO IERIBE X (4) D NO2 #IT
RIBETH-72Z 25, 2o OBEEIIHT 5 SO, #i#D
B AT 5 SR 2 BET L 72, Fig. 12125k L 720k
RED LNCIZBIFARIBA A= XL &md. £FY —vih
D NOx W KIBZ B W T, a2 72 Pt T (1)D
NO 2> 5 NOx N FUBIFHEFTT 2 23, Wag L 7z SO4 57 143
By & 20 Pt &l LD NO, ORB#EI2HE S, X (2)
D Ce RMBNOWEFE KIBOHREME T2 E L 6N 5.
%72, NOOETTMIBIZBWTER UL Pt LD SO, 73 T7D
FAECED, BEEL 72 NO, R CO & EDBRITIEH 24 Pt
DOEMMIZWE LIZK K EoT0n37=8, X (4)DNO, &
CO OBILIEHHETETIZ NO: PR X B LR XN
5. 22T, @A LNC & LT Fig. 13 D & 5 Zhpk %
WMatL 7=,

Ce compound Ce compound

NOx adsorption NOx Reduction

Fig. 12 Reaction mechanism of initial LNC

NOx adsorption NOx Reduction

N HC
9 co N
o, NO o $sz, :
g = \) /‘
Ce compound
[ Pt YL
AlLLO

273

Fig. 13 Reaction mechanism of improved LNC
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FTNO, IWE BBV TIE, NO, # Pt &fi» 5 Ce
BMBANNPIZZ L = DB S L0 HPERTH 5. Pt
KA HATH 554, Pthit e Ce RMBORA & H
NN TAIR L 72 NO2 1E, Ce K& CORE)PHEE
BRL, SO KO BEZHE S NS RN EL & 5.
ZD1W, Pt &A OO & 5 IZHHIC Pt P&
WX 5 T Ta L, R L 72 NO, OFSEhEEE 4 78 <
T520IC PtRiF2MR T LI ZEARBORA v
FEeEZOLNS. Pt AT 28k LT NOx IEMT
b5 Ce RMBHAE VTS, EEAET LT (ALOs)
ZEML, »OZOMHHEOHEIAGA2EDSZ L TPtOM
KWtz ik A 7. ZORir{t#Rk4Es STEM CTHEREL 7=
FERAE Fig. 141087, ZOHHE, Pt FERFEIE ALOs
RAFHEOD 22 nm 1253 L, ALO; ZfifI L 7= & %13 8 nm I
MR T T 5 Z ENTE .

WIS, BICHEFIZ B W T Ce BRI 5 B8 L 72 NO,
AEEGEETHRICINIE S LI LV EETHS. 22
T, WILRIG AT X H 372012, HEBOPTEEEL

(a) Without AL,

(b) With ALO,

Fig. 14 STEM images of initial LNC and improved
LNC under engine aging

12 kIR A AR L vwa Y A (Rh)ICEHL
7z, PR IRRED Rh ik Ce SRR & DR ABEMIS 5 72
W, Ce RMKID BBEHEEL 72 NO, 28 2 & — X2 Rh B~
BLTRIET S Z L aReLffisi e b, Fig. 1512y Y
VI -V V%D RhALO; D STEM %% /RY. ZDFER,
RhidH &% 2 nm ORI FIREZ MR L T2 2 &2bn»
D, NOx =34 2 M VBT A I T & 5.
ZORREMERT 5720, NO, &£ CODETFIFH AT &
AW A B Z v, WHREAREAEL 2. ZOMRE
Fig. 16 {287, Pt DAD LNC DY —v LT —2 v 7 %ld
250C BE» b Emniib g2 L 2208, =y v v —
UV IH TR 400C FE THLERES B L Tl D, K&
SWHEMETLTWBZ EMnbhs. LaL, Rh &%
L7ZLNC TRV —v LI =P VI Lty ryr—vy
THTIFE AL ZEN 5L, KRR B EWOIEES S 5Ty
5. ZOXSIZRhOBIMICED, TV vy —U vk
DETCHERDIK T 2P Z & TE .

Fig. 15 STEM images of Rh/Al:Os under engine aging
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Fig. 16  Effect of Rh for improving durability under
engine aging
NO: reduction: NO, 500 ppm, CO 1000
ppm, Nz balance, GHSV 50000 h™
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4.2. SMHAE LNC @ NOx ;&1titse

WRRE NS 720, ZRATO LNC & it A% LNC
DIV VI=D VI H%OMRIREL I k-7 F/2,
BEHTO LNC 0% — 3L — Y 7O S R
L7 ZOKE%E Fig. 17 12737, BRI Table 2 D 4At
TEZho>7 BNATLNCRIY Y VI -V VIR
BT, WHHTOLNC DY —v LT -V 7% EIEE
FSOMREA R L TR0, SO, #iamIC & 5 HEAWHT
ETNWSZ EDHERTE .

F72, T3y g YE-FETPONOx PEHZFEIIC N
5 e R ORhHR A2 JHA L 72. WRAET#HDO LNC (220
T 120000 mile HYD LY Vv - v S M A BT K >
72t%, FTP-7512 &% T3 v ¥ a Viklia 5 Z &\ NOx
Pt g 2 372, ZofER%E Fig. 18 128 d. SRHETO
ILNCOZ YV v —2 v, apdodEn v v 51
L) —VvHEOWEFRE NOx JE A A ST %28, il
HAFILNC TRY v F 2754 2 EOHEH 2 121 FWHI$ 5% Z
ENTE, )=V O AMEREOMRESE TSI &
NTE7.

ZOESIT, =3Iy ya VikBRIZkE TS, LNCORR
HThoH 2BRBE T TOI -V Y 22T 3 A
P E D 720 Ol R 3SR TH 5 Z & R X
nrz-.

100

Improved LNC (Engine) Initial LNC (Thermal)

80

60 |-

NOx conversion (%)
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Fig. 17 Comparison of initial LNC and improved LNC
in model gas test

} : Rich control

5. &8

T4 — L HOPEH Z AT I RS T RE 2 85 Low
NOx ¥t A # =X %445 Honda 4 V) ¥ F )LD LNC &~
27 ABFIZB T, LNC OFETH - 72847 2BREE T T
DIT—=Y V72K % NOx LIRS T2 DWW T, Hib A
NZZLDOMFIE 2 IITED S MR R A5 Z &V, @it
JIILNC #BHF L7, ZOH T T ORI %1572
(V) HHFZABRET O -2 212k D LNC D NOx %

LMEREAME T4 2 BH DM % 3 2 %5 - 7451, PEH
2D S A Pt T£M FIZ SOy & L TA WS
L, NOo I PERE & NO2 I RENBHE XN 5 728,
NOx HLVEREME T T L VI B A H =X L %W
5 L7

(2) B A D ZZ LI HDNTHRE R %2 5 2 755 7248
B, Pt Ok L2 & 3 N0y D Ce RN DFEE)
e & Rh RIS & 2 ECBREN |4 flAaAbeic &
D, NOx FLIERENS T 2 JII T & 2 @i A% LNC fil
AR L 72,

(3) Wit AR LNC il % 72 NOx Wby 2 7 Al2k
W, BETH-7) v F L) — VIO NOx P %
WHTsZEenTE, Iy v a VIEREAAEL TO
52 L HMERECE -

’— Vehicle speed == Initial LNC —— Improved LNC

and speed (km/h)
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Fig. 18 Comparison of NOx emission profile in FTP-75 mode between initial LNC and improved LNC under

engine aging
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ULEV50 MR&IXISD 7= D
AT RBEL T MREICH TS
NOx #{bZE) DEFEH

Study of NOx Reduction Behavior on
Iron lon-exchanged Zeolite Catalyst for ULEV50

pI= I £ = T % M =T LA S
Masafumi SAKOTA Naohiro SATOH Hideki MATSUNAGA
G2 =1 ABSTRACT

RO 652 T 3y Y a VHEBIERLIZHL, 54 —¥
LIy Yy o &3 NOx O Ll & L TR #K%
POETCRIfNE S 2 7 4 23 H & Tvvb. NOx & NH; D
RS NOx 12k 5 NO, DIHEN50% DL %, §hb
% NO & NO, BERD & 2 I2EW bR 2R § (Fast-
SCR) ZEAMfEN TS, —J, #4 + vagifav+ 54 b
(Fe-Zeolite) DB NOx H{LZEE) 2 FEHIC AT L 72
FER, NO, HR 2 EXMIZAB X &5 Z L2 L Dm0t
VRS A RS 2 L AR L 7=,

RO 8T Fe-Zeolite filEIZ NO, & TS5 Z & T
NO, }eHRZHN T 2 Bl FRI L, MEIZHAT S
FHAD NO, e A HI1Z50% ICHEF L e < T3, fildiEo K
IR EROERE TR O NO, LR 50% &5 5729 Th
2LEZH6NS. ZONO, EABXNIEH L &
FRBEHIEIISHT 2 2 & T, LEV- 11 ULEV50 kil %
2V T7F5H T ENAREL &5 7.

In response to further strengthening of emission
regulations in recent years, the Urea Selective
Catalytic Reduction system is gaining attention as a
technology for reducing the NOx emitted from diesel
engines. The reaction between NOx and NH; is known
to exhibit high reduction performance (Fast-SCR)
when the ratio of NO, to NOx is 50%; that is to say,
when the NO and NO, quantities are equal. On the
other hand, the dynamic NOx reduction behavior of
an iron ion-exchanged zeolite (Fe-Zeolite) catalyst was
analyzed in detail, and the results showed that high
reduction performance can be obtained by intentionally
varying the NO, ratio.

The behavior mentioned above is thought to occur
because NO, adsorbs to the Fe-Zeolite catalyst and
manifests a buffer function with respect to NO, ratio
variation, so the effective NO, ratio near the catalyst
reaction active sites is 50% even when the NO,
ratio of the feed gas to the catalyst is not constantly
maintained at 50%. Application of this intentional
variation of the NO, ratio to vehicle control enabled
clearance of the LEV-III ULEV50 standard.

1. EANVE

WAE, ERRIRL DI & 5 hbh T b bk R
(CO,) DPEM A HIET 2B EAMEL TV 5. 51T, K
EAY7x=7IND LEV- IHEH, BKINDO Eurob #
Wil & KDL U WP 7 AR a7 S b 2 & BWE
LTWa., AT, WRSSREICHEEEL 5 2, BN
* Ui R&D £ ¥ & —

https://doi.org/10.69239/hondatechnicalreview.2013 25 1 18

KA ZE VY ORRKWEIC KRS L 5bh b _EtaE#k
(NO,) OHH G htE DD DD 5. F7RRINDPEH 77 Z FiiH
T, & O JLEPH 2 BT RIS EI6 T & 2 HE 7 25 b
MiARD SN TH O, FIUKEMETTH 25RO HRR
MEZ4 €44 2 (New European Driving Cycle:
NEDC) ®— FIZX LT, —fiz F 7 4/ OMEIZHY
T 5 EBMETZBIML 728 UOETE — P2 RN Y5
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IZBWTHRE, MalEh T,

PEH T 2 D@ bHlT & LT, 2 b A 2R ELHIE A 5
DOHVY) vy Yy T =TOMEE (Three Way Catalyst:
TWC) v 27 aBIAS Wb TWwWad., —F, ) — 2%
BRILHIHZ O TS T4 —E LTy Y VIZB W TE,
TWC IEHEH H 23l e L THEZITIE R0, ) — %8
IRYE, D% D BRFERTFI K IS0 % Pkt 4 25 LT
Hhe LT, —BILKE (CO) &RILAKZE (HC) IZBIL Tid
I LfilfE (Diesel Oxidation Catalyst: DOC) IZ Xk 5 E{L
HALRARETH 5. Lo L, SR (NOx) IZBHL T
BTSN BETH D, U — v HREEFEH KT
TERIBEMEITEIEDZENEEL L, TWC &k 5 HE
Hy 7T Z AL A BB L e B, ) — 2RI FR S RIS
B1F 5 NOx HLEfhi & LT fMiZHI s h T DR,
NOx &V — VHERCIIEK L Y v F 2254 &7 (BRBHE S 58
12 & 2R ILAE)) TEILT S NOx BsiE TR AL (NOx
Storage Catalyst: NSC) v 27 4 &, $EfiH A hiZRE
(NH,CONH,: Urea) K&WEH LA L7727 v E=7 (NH,)
T NOx #3%I0 T 5 IRFEPCEITCMMSE (Urea Selective
Catalytic Reduction: Urea-SCR) ¥ 27 4 T& 5. NSC iZ
BAIRY Z T LK ELE B2 BEE LW, &iRE
NOx 1ZxF U TH43 7 NOx WL IERE % F8 443 2 72 1213 i
BORFRLRLESFEOME, NOx BT LD 720 DR
W28 ) F 254 7 HIEE 3 LET & D By HEE 235 <
EfficBEEGREAE L EICHATIHBULM Y 27 LEL%5-5T
LZ95. —%, Urea-SCR ¥ 2 7 413 F DAL USRI A
5ERE NOx RFIC W T & E0 NOx L ERE2 IR T
T, LWL Iy ¥ g VRN LR A K #EZ NOx #F
i B W EHRIIC X9 2 1 2 difir & U TR 76 A3 ik
WoNTE.

FHHS MV IEE NOx YUMERES R S h 5 57 4 — ¥
NIV VDIRT Iy g UHlfE LT, 2 b A B
& Urea-SCR ¥ 27 2 DAL HOEEREL T 5. 2D
MRIZENT, LWy Y a VHRZ 2 ) 745720
12, ETE— FUIHOE O NOx bR HETH 5
ZEERLTWAS, ETE— FOWHIAN S NOx #¥H{b§
5 7-0021%, FHNCAEE S 2 7 Ak & B £ TR
T2Z L, BXUNOx HLIZHE L 72 NO, DA A BET
b5, FHAERTEE LT, =V vy ORI S % HlfE L
TEZEDCO & HC i x4, = v VEH#D DOC &
fildfifsf 7 4 — IS8T 4 F 2L — b T 44 (Catalyzed
Diesel Particulate Filter: ¢DPF) TEg{L L, D MIRET
ST 5 R 5. ZOBA, DOC & cDPF Ot
Mre & b3 2 MED H 55, +ICBEE S T 5 ELT
E— FOPRICHO TS BLERE2A T T NO, %
MENER L, Urea-SCR ¥ 27 40 NOx ¥t RE % (KK
TEHTLES > LW HEL D 5.

AW I LR DOMHK § 2882 X E 57289, fil

M ETO NO, BFFIZHT< NO, % (NO,/NOx THH
ENBZETH)BHT T P ERE URGEL 2285 R,
NO, BFERGEMATE NO, lbREA2BRWICEH S E 5 Z
LT Urea-SCR ¥ 27 4 DEW NOx FHLMERE & i ©
X5ZLERM LA X612, NO, leRiEfia v 7+ %
YU VHIENCEM T 5 Z & TLEV- 1 ULEV50 Kl
) TORMBLIESNTZDT, ZONEICOWTHE
T 5.

2. Urea-SCR i D NOx ;&b

2.1. Urea-SCR ¥ X7 L

Urea-SCR ¥ 27 &4 &3, P 2 HiZ Urea K& 5
U3 g 2z &b NH, 2Bk &, 20O NH; 12k D
NOx % filtilf |- CEINMITEITTIL T2V A7 4 ThH 5. i
A L UCiZ, # (Fe) £ 7213480 (Cu) THA # v e &
N7=YH+ 4 FER TR E %> Tv5. Urea-SCR fililiE
TEW NOXx L MERE R 5 2 720113 A T D&k & i 7= 3
DERD 5.

211 BEE A XBE

Urea K2 & K53 f#IZ & D NH, 224809 5 72012138k
HiH ZE 2 180C U LETH B Z kb on b, 2Dl
J& KT Urea K& WS 5 & GBI O 4B PR N
T Urea DT HEALAEZ D, Urea K2 NOx DEICHI &
LCHNZIRAH XN, LA LZEARS, Urea-SCR it
CHWSNBE¥A T4 MENH, RERAGL TS T &
76, 180T 1Tz 8 WIREESRMFTdh - T E Wk NH; &
WT NOx 2§52 ENHEETH 5. 7272 L, NH; W5
BICWERO D 5728, B NOx B#bMREA 155 72012
1 Urea KO MIZA S RS LLE o il BEEL RS 12 3 R0 0 12 B 3
THZENLEE L,

2.1.2. Urea-SCR £ A 4/ Xh D NO, tE=R

EHIRREIZ 1T 5 NH; 12 & 5 NOx OF LIS IZIE, B
TOESORIEHAIE T3 @

4NO + 4NH, + 0, = 4N, + 6H,0 Standard-SCR (1)
NO + NO, + 2NH; — 2N, + 3H,0 Fast-SCR (2)
6NO, + 8NH; — 7N, + 12H,0 Slow-SCR (3)

FRR=ZD2DOKIBD 5 B, KiEA 5 RIBAHEA, &
{LPERE (>95%) 2SI T % % Ksidak (2) T/R L 72 Fast-
SCRT#®% . Urea-SCR ¥ 27 AlZ W\ T i bk
REA BT 5 720121E NO, b & i o lb#% (NO, % =
50%) ISHERF T2 2 e E 5 5.

Fig. 112 NO, b DE W & 2 KISk[X 4 7Rd. Fig.
1(b) T/RE NS Pk H 2hD—E{LaF (NO) & NO, 23%
BT 28413, R (2) T/RL7Z Fast-SCR T NOx #°
HtXh s, —7, Fig. 1(a) TREN3 NO BRFNAAE
T 55813, NO, L %5 NO Id Fast-SCR TH{b X 1
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£F0 NO (2 Standard-SCR T¥t. X1 5. Fig. 1(c) T
X5 NO, BERNGIET 5854, KEDNO, 1F Slow-
SCR THtEh 5.

2.2. Fe-Zeolite BHIEDE H NOx & b4FtE

YA F R EF T4 b (Fe-Zeolite) filfliD 45 NO, Lt
IR 5 NOx Wb 4aE%E, HORIBA #E 7L 77 25805k
WiHEZFHWTEHIIL 72, B EOWE % Fig. 2121737,
KRR (H,0), % (0,), EXN)DHAAE~VATu—2
v ba—35 (Mass Flow Controller: MFC) Ty &l % ¥
ZHEWIIERRA S YL -2 2W L CTHERE £ THIR
L, ZD#% NO, NO,, NH; #rED I & %5 5 K 5 [FFRIC
MFC ZHWOWTHIBILN— 2 # 2 IRE L CGREEH T T L
H AT 5. FHMXN=ET A X % RERMEEIZRA

L, iR O G H 2 % NO & NO, ARl e ¢ &
% HORIBA #1 MEXA-6000F T (2 CARAIL 72. IO EF
U 2GRS TR TAREE 2 i LT NOx #b6E % Hl
EL7-.

ETFH AT T — FETHOYN H 2 %L 72 4
ZRR &R X — 212, NOx ZBBIR 2 K523 5729, NOx
TRIE AU 72 7 A G-k % 3¢E L7z (Table 1). 2@
& & O NOx Wb HERERHIIRS R & Fig. 31T/RT.

EHAIRETO NOx WL IEBEIE NO, b A 50% D &
IR B EHVWEHLE AR L, Fast-SCR KB EW NOx #
LR 2R T Z & PR T E 72, —J7, NO, A 50%
EANBZEIRTIENOx I LFRIIML T LA, =9 vhb
P X2 NOX IZZDIEEAENNO TH 570, Fe-
Zeolite IEIZHEAT % NO, [b#E % 50% &3 257201213
Fe-Zeolite fillit FtiZ i & 15 BALAMEE T NO # Wi
NO, IZg{t & 82 Z LN ETH 5.

2.3. EH(Z$H 113 Urea-SCR A > X 7 L DEE

A T3 Urea-SCR filli s 2 7 4 DR & Fe-Zeolite
i D EHIREETO NOx b FEH 2%z, L2 Lk
No, FHEZMFTIIHM T ZOWRE, HiE, NOx IRE &
E Urea-SCR IBIZED B K FHARKE LS EH L, EHIR

Table 1 Gas conditions for various NO,/NOx ratios
NOXx [ppm] 200
NO,/NOX ratio [%] 0, 25, 30, 50, 60, 75, 100
NH;z [ppm] 200
0, [%] 6
H,0 [%] 7
N, Balance
Space velocity [1/h] 37500
Temperature [°C] 250
WThs. TOZ LKL, #IFS Y, HHS Y iE Fe-
Zeolite filiIZ 35T, 7 NO, JLZREHIZ NO, & NH, 12 &

D7 v E= 4 (NHNO,) BERK & h, K NO, bk
1213 NH,NO, & NO 2 RIE§ 2 4H 22 6, E17E— Frh
D NO, H % 50 = 10% OFPAPNZHRE T 5 Z & A0
NOx HULMEREIZ D 4235 Z & AR L, @b A e titae 4
Fio B Lo e N BB Th 5 LML T3,

Component gases

: \o MFC© MEXA-6000FT
~>E
I NO —>E—:—
Base gases
i~ ~ T MECY,
1N, S>EHA
1 0, S
1 991_ .
‘tl io_ —_—— Heater Mixer - Catalyst

Fig. 2 Synthetic gas bench

100
o 80
& 60 // \
(7]
g 40 / 202
[o]
[$]
6 20?
>
0

0 25 50 75
NO,/NOXx ratio [%]

100

RED K 512 NOx LIRS & REMNICHBL &+ % DI1F K Fig. 3 NOx conversion rate at each NO,/NOx ratio
Fast-SCR ast-SCR Fast-SCR
Exhaust gas Exhaust gas @ ‘@ Exhaust gas
@ . gt&gdard 4 @ SIow-SCR
/
o= S M o
@ @ (Nop / 7

\ “/ v/ !

;e ' -
-

SCR catalyst SCR catalyst SCR catalyst
(a) NO > NO, (b) NO = NO, (c) NO < NO,

Fig. 1

Schematic illustration of NOx reduction under various steady-state conditions,

(@) NO > NO,, (b) NO = NO,, (c) NO < NO,
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=75, BORRED T Xy v g v EBROEEE, KD FEET
ICHEEL 727 2 b TEOMED Sidikam S TH D, BlfTD
EATE— FEOIRHPH A OEIRIZH T 2K Iy v 3
VHREERENDDH B, X HIT, T3y ¥ g v TN AR
L & 21FEE— PP 5 & NOx i UMERES 2K &
h, KK S NO, #EK T % 720 12U O VERE %
PO BWMEND D, ERHRIZ W CEY & NO, i (50
10%) & B At DEE N NETH S, LLEZD XS
12, T 2 R PE N D BERAS Urea-SCR Ml > 2 7 4
DRELEREE 55T D.

2.4 EHBEIEICAIL = SCRMENEIRI NOX H{ED >

w7k

S DHERBICAL 2T I v ¥ 3 VI E WSS 5 72
WIZIE, Fig. 1 TR LZEHEIRE L IE R 5 NO, R
ZHT 5817 NOx i LEBH 2 HET 2 081 dH 5 &
HZ 603, SCR OB NOx FLRHEICEI L T,
Fe-Zeolite fillfi 12 NO, 23354 5 @ Rl ©rxh
TH D, NO, Wi %71 L 7= NOx BL 2B D FE A RIE
S5,

% 2T, Fe-Zeolite filfii~o NO, IR5BI5 & NOx ¥t
FH LA GDETERL MR, 28§25 NO, IR 2 RE
NO, &4 5 L&z 5128 572, Ik NO, 124 % NOx
WLEHOBAX % Fig. 4127, UT, Aave 7+ %
NO, Jb %o v v 7+ L30T,

Fig. 4(a) T/RY9 NO, b2 50% & D EniGgs, REO
N O, (S G P RUEEE IS $ 5. —J7, Fig. 4(b) T/RT
NO, b2 50% & D/h WA, REO NO EEE NO,
LML T Fast-SCR TRIBT %. L7223-57T, Fig. 4(a)
& Fig. 4(b) Z#:03ET Z 12k D, NO, HEDZEBIE 4 FR
EETEONOx FLEEF L e pREL k5. 2O X
512 NO, B T v+ 7 M E, NO, RO E S & K
WA BXINICHEDE &5 Z L TRE NO, 2/ L7z
fildt |- TP 7 Fast-SCR %% & &, NO, lbFE,N%
BLTEEHONOx LA G2 Z&nTE S, L1
HLOWEZHTH 5.

Exhaust gas @ .

, Fast-SCR

NH4+ NH,
SCR catalyst

(a) NO,/NOx ratio > 50%

High and low
NO,/NOx

ratio cycle
Adsorption
H,*+ E

3. Urea-SCR fE D EHEY NOx ¢/t FEE) DAZRA

3.1. NO, LLZEZFERE D NOX 38 L EEDAREE

NO, }#EEE 2 V7 b &ARGET 5 72912, NO, H#EH
L 72D NOx O 25 H L2 % € 7L A A ikl
EAHWTERIL 72, FEHEEREIZBT 5 NO, A ) % 15
BEL 727 2 5MF (NO, JeRZE )4 4 2 Lakli) % 3%E L,
NOx bRtk & fERR U 72, SEHIZ IV CTHERFIZIE NOX
EHABMU, NO, WBEIFCF T2 eh 6, 44 7 ILikbk
128615 NO, WEZEHFHEIENO /7 AREE LA X ¥ 3
W & U7z, NHy ORI Z2IHEIZ & % Urea WS
NAEZEL, @ NO, WEHOEHEDE 5L L. NO,
WRZHR M E I EREOETE— P8 -V 2 2FIE
NO, ¥ % 30 B, (K NO, [bFE % 10 oY A s b L.
7 2 b 4fF% Table 2 5 LU Fig. 512, & % ME®E % Fig.
IR

NO, lb# % 75% & 30% ORI TEH X ¥z L XD NOx
WL, 80% 705 100% & &0 945 & 90% (Fig. 6
X ) O LR AR L=, 2T, BB RS 5
NO, b 75% & 30% DO F3F b E %KD 5 & 73% (Fig.
6 X&) TH Y, 17% DEF LR EAHER Iz,
D%, NO, WEEZAFX ¥ 2 Z L TEFINELD 0
NOx FbLHEREN FIE X N TR D, ZD T LIHEE L7 NO,
HWEEEEH Y T P BARIE L TBE T E2REBL T3,
Fig. 6 ® NOx #2204 75 & NO, k& L NOx #l
TLOMIZIEZOZFIHRZER S L b2 b, DOF
0, Mx%ﬁﬁ%nﬁ%WBﬁU#%«W@Té&%
NOx {LRIZHEH L TEWF LRIy 7 555,
N%%@bﬁ“ﬁ%#%m“ﬁﬁbgﬁbt&%iT<~
NOx WL ENEZH I, Bh K bRIIy 7 +F
BEBARNL TS, ZTDZ EE, (K NO, JbEIFIZIE Fe-
Zeolite fMBEIZINZE U 72 NO, Ml FCORT & Fast-
SCRIZEDHEIN TS EEZ Sh, & NO, R
IEAFID NO, 28 Fe-Zeolite il IZIfE X, OHIZ Fe-
Zeolite filfE EOWREEH 4 F A NO, TiizzEh b k41
EHIREE R U NOx LRI T2 %842/ L T3
LEILNS.

%) @ @.

Exhaust gas
Mast -SCR /
/ Fast SCR with

/ adsorbed NO,

-—

SCR catalyst

(b) NO,/NOx ratio < 50%

Fig. 4 Schematic illustration of NOx reduction behavior during NO,/NOx ratio cycle,
(a) high NO,/NOx ratio, (b) low NO,/NOx ratio
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Table 2 Synthetic gas conditions for cycle test (Mode 1)

Table 3 Synthetic gas conditions for cycle test (Mode 2)

High NO,/NOx ratio | Low NO,/NOx ratio High NO,/NOx ratio | Low NO,/NOx ratio
NO [ppm] 50 350 NO [ppm] 50 150
NO, [ppm] 150 150 NO; [ppm] 150 150
NO,/NOx ratio [%] 75 30 NO,/NOXx ratio [%] 75 50
NH; [ppm] 200 200 NH; [ppm] 200 200
0O, [%] 6 6 O, [%] 6 6
H,0 [%)] 7 7 H,0 [%] 7 7
N, Balanced Balanced N, Balanced Balanced
Time [s] 30 10 Time [s] 30 10
Space velocity [1/h] 37500 Space velocity [1/h] 37500
Temperature [°C] 250 Temperature [°C] 250
kDB NOx HL B OHEE, D F & NO, LI
R O NO, e, 1 NO, JHIFO M |- C ORI Fast-
| i 30s . SCR & BRRES % 728, NO, ERAE % 1 7 LFBRO &M%
100 T 1High NO,/NOx LT NOx HHUMEREN DR B A Rl L 72,
o iratio condition
~ 80 : v Jl
= \ i [ 3.2. & NO, (& B NO, tLRTENRE (FF DIRAL
g 60 \ 7 ‘ I I NO, EHBFHIZ 5\ TR NO 2R/E L Al e L
= 1 1 \ -
®) - ! T, NO, lbFE%E 75% 7 5 50% DB OEHE & § 55 E &
< \J \J
5 A | Uik & OWLIIENOWE & MAL L 7. 7 2 b & (1%
20 P \{ Low NO/NOX Table 312, 7 % MESA Fig. 7 1R L, A kB &
Lo ! ratio condition A
0 1 L .
0 50 100 NO, WHEZE#EE 75% 225 50% NZEH L 72 Mode 2 7
Time [s]

Fig. 5 Cyclic curve of NO, ratio (Mode 1)

A b, @ NO, [k KK NO, e Fig. 3 1R
L 72 HABR T O NOx LR & IZIFFEFEDOEREE N L,
3.1. BT 7218 NO, b D B NOx Wb PERE A R i

100 80 100
—— — ——
£ g0 Y= ' [ /1 70 80
o = e - = & = = _—— e = =
f ik
S 60 [| High performance 60 X s 60
@ ’ ’ e B
g 40 50 & 2 =40
S . x 5o
o \ NOx conversion rate (ZD o®
3 20 NO,/NOx ratio 15 5 20
z z
\ ] \J z
0 - - - . 30 0 . . .
0 20 40 60 80 100 0 25 50 75 100
Time [s] NO,/NOXx ratio [%]
Fig. 6 Results of synthetic cycle gas test (Mode 1)
100 &0 100 R
2 70 80 TTT YN
] l _ ~-
§ 60 602 - 60
kel <5
5 VMJ w’ L"‘J g 9 \
£ 40 50 £ 240 >
Q Q
S NOx conversion rate 2 8 ©
5 20 : 405 x 20
@) =———NO,/NOx ratio 3 O
P4 = =z
O L L L | 30 0 | | |
0 20 40 60 80 100 0 25 50 75 100
Time [s] NO,/NOXx ratio [%]

Fig. 7 Results of synthetic cycle gas test (Mode 2)
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XNBENWT EWERTE . DD, K NO, HM % & H
DNO BFAELRWEIEE L0, Ik L7z NO, 2HE
TN E NO, RO RKFE NO, 2B TE AN 72D EW
Wb ERECE EVWEEZONS. Lzh 5T, Mode
2 DFFIE NO, JHEREH T v TV DEFER 258
DEEZD.

WIS, I NO, Al (NO, Je# = 30%) D &2 L
HEINO O EABIRXES Z 12X 5 NO, DEHD
Wil % 9206 L 7=, Table 2 ™ Mode 112xF LTI NO, =
WER & 5 FPIZJEHH L 72 Mode 3 % Table 412, 30 FMCHER
L7z Mode 4 % Table 51Z/8 L, NO, # 2 %8 % I #
T 270, %k Mode 123513 3 NO, H A O R4
% Fig. 8 IZ/8T.

i [ U4 TH % Mode 1 THD NO, JEE DO EE)Z
B NO, JEEAYEZ %7 BIEIZE NO, IE MKW £ T
HO, ZOHNO, I 50 ppm L% T LA L CiikE
(NOx LK 78%) &7 5. ZDEMIREL /572 NOx
{L#iL, Fig. 3 T/RL 7 NO, IbH 75% wHIREIZH T 5
NOx #ftHE L —FH L, BILRIEDOANIKE T3 (Fast-
SCR & Slow-SCR) Z & #/R L T\ 5. NO, IREE AV EH IR
REIZE 2 T OICKRZE EE TR B LIS & & 2 & h, KO
e & HIZNO, IREN EF-§25 Z 75 Fe-Zeolite fil
BEAND NO, DWRE R L HRA B Z LN TE S,

ZHAUTH L, K NO, FeE DR % %54 L 72 Mode 313,
EHIREIZEZ F TORBAERH IR TS ZEnbh
5. WK NO, RO % LR U 72 Mode 4 13, NO, U=
JEBN LR LG 5 2 TORM LR S h, 30 B TIRER
HREEICE S 2 E B X 7.

NO,/NOx ratio: 30%

\ e

Table 4 Synthetic gas conditions for cycle test (Mode 3)

High NO,/NOx ratio | Low NO,/NOXx ratio
NO [ppm] 50 350
NO; [ppm] 150 150
NO,/NOXx ratio [%] 75 30
NH3 [ppm] 200 200
O [%] 6 6
H,0 [%)] 7 7
Ny Balanced Balanced
Time [s] 30 5
Space velocity [1/h] 37500
Temperature [°C] 250

Table 5 Synthetic gas conditions for cycle test (Mode 4)

High NO,/NOx ratio | Low NO,/NOXx ratio
NO [ppm] 50 350
NO, [ppm] 150 150
NO,/NOx ratio [%] 75 30
NHj3 [ppm] 200 200
05 [%] 6 6
HoO [%] 7 7
N5 Balanced Balanced
Time [s] 30 30
Space velocity [1/h] 37500
Temperature [°C] 250

IN6DNO, ZBREOFERD 5, K NO, RO AR
WIEE, 2F DREINO OMHZELSZWIFEE R NO, I
DO NO, WEENIML TR EEZENS. ZOZENH
A NO (ZflEZ e L T2z NO, & JRFTIIIC Fast-SCR
MIBEEZ L, NO, #1845 Z & TNO, K&V 1 b &1k
EHURELIREICRT L E 26N 5.

P EDOMGERS R & R0 6 i CHIE L 72 NO, kg

NO,/NOx ratio: 75%

60 o

r—\

Mode 3

N
o

‘N

[\

\ V)

NO, concentration
[ppm]

)

&

60

Mode 1

A

[ppm]

N
) U

. 17
S O

| Mode 4 |

NO, concentration NO, concentration

0
60
— 4
g_ 0
K=} \ N N\
AN A\
0 — ‘ ]
0 30 60 90 120 15

0

Time [s]

Fig. 8 Results of synthetic cycle gas test (Mode 1, Mode 3 and Mode 4)
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a7 N EEBRNICHEIDDZENTER. DFD,
Urea-SCR ¥ 27 4D NOx {{tMBE & i KRRICH [ & Hi§
7291213, Fe-Zeolite fillfitdd NO, & H & %% L T NO,
N2y T HENZEXKMIZAE L NO % Fe-Zeolite fill
AT 2 FEIARITH 5.

WELIET NO, BB H I v v 7 A FEHEY 2T 412
JGH L, Z DR ERGE L 72 fERI2OW RN 3,

4. LEV- M ULEV50 N DX

41. EHE(ZHF S Urea-SCR ¥ X7 L

I3y ¥a vEIET ZRBEENICE 2.2 LEY] 456
AVA—FHA—RF 4 —¥LIY YV AEERL PR
FHHE (Inertia Weight: 4000 lbs) & W 7=, AEFFEIZ 51T 5
PHRRZDOLVA 7Y b & Fig. 9 1R d. TV Y V%I DOC
& cDPF, IKTIZ Urea KEWES T 54 ¥ 27 &, EEHX
N7z Urea KEWEITMBLIZHA S E 27200 IF4, %
L CTHf%IZ Urea-SCR il DIECTRliE X1 5. SCR il
ORNTIE NHy £ v 23308 & h, s NH, it & NH,
Z) y TOHl#EEREE LT3,

Ky 2T LOFREHIL, &% OB E % 5 L Tn
5ZLi2hb. VY VEKODOCIZIZCO BLVHC
DAL ELE ZDORIGEIZ X B2 A 2T 2 OPIAA M,
c¢DPF 1213k 7IR'E (Particulate Matter: PM) Ol
ft& B4 (Pt) RfliZ X % Urea-SCR I IZ %74 NO,
DK, Urea-SCR fiEIZI13 NH, 12 & %5 NOx DiEICHEL
OB EF =B T0E. K 2T L1F, ThETXRTOH
HIHHERET 5 2 & THEI A 2 b RISk &5 2 & h
TEAHRIEY 2T Lk 5T05.,

4.2. LEV- Il ULEV50 &#Hl 7 1) 7 D 7= & OFfiTReE

LEV-1I ULEV50 #fil& 2V 794 5%7=8i2i%, FTP-75
T— FIZBWTHEH NOx D 90% P %W b4 2 30 &
5. ZOEBWEREZ2 ) 735728, FTP-75 E— Filk
i} 5 NOx ¥ LA X 53 L (Fig. 10), &Hkizskd 5 h
2 OFERE % R E (Table 6)T5Z&12k3 T3y g
MKW E BET L 7z,

Fig. 10 DZFHIKIZ BT 2 F A H KD LB D TH 5.
I (A) TRl Y Z 5 24 & FENCHE R £ TR X ¢, H
3% (B) TiZ Urea-SCR il IZIlE LT\5 NH; 2F|H L
T NOx #3#ILHt$ 5. i (B) T Urea K& S L &1
DL, MY 257 L5 Urea ZKO JI7K 73 RIS IZ 3% L T
WEWEDTH S, ZOHKISH < fHik (C) ¥ & OV (D)
TIPS & 012w <, Urea KA W4 L C NH; #7E
B 95% LI EOEWHLET NOx #3E i b3 5.

TDEZFEEBRT 72912, DOC 125t L TId5EE (A)
T CO B LV HC DIKIEMILIEEES, ¢cDPF IZxf L TG
B (B) TOMKIR NO, Ee ), BLXUO TV Y VGG miL
75 A58 (C) 1281 % H A Wik (Space Velocity: SV) &
EFTO NO, ERBESIARD 5 5. KRB Cl3ETE—

Urea-SCR catalyst

NH; sensor
Urea injector

Fig. 9 Hardware configuration of Urea-SCR system

Table 6 Catalytic functions in each NOx reduction area

Catalyst Area (A) Area (B) [ Area (C) [ Area (D)
DOC CO and HC CO and HC oxidation
oxidation to keep catalysts active
cDPF - NO oxidation (NO, generation)
SCR _ NOx reduction NOXx reduction
by adsorbed NH3 by adsorbed NH; and urea dosing
Area (A) Area (D)
100 \ T T \

1 1
_ oo f ] : S
< 80} I !
g 70 ! ! | — Vehicle speed ‘
T 60 i
& 50 i i
s O i
g W :
> 2000 I

10 | !
0 : . ‘ ‘ ‘ ]
0 200 400 600 800 1000 1200 1400
Time [s]

Fig. 10 Image of NOx reduction areas in Cold Transient (CT) and Cold Stabilized (CS) phases of FTP-75 mode
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R 6 O NOx BHLURENEETH L 2 L0 5,
FEIK (A) B KOG (B), (C) OERMERED & BBLMERED
EWDOC & cDPFARE L7 ZTOLEDEELI v g
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Fig. 11  Vehicle emission results by using strong oxidation catalysts (DOC and cDPF) in FTP-75 mode (CT and CS)
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Fig. 12  Effect of new NO,/NOx ratio control in vehicle cruise condition
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Fig. 13 Vehicle emission results by introducing new NO,/NOx ratio control in FTP-75 mode (CT and CS)

4 775D NO, P RIFEIR S 1, & NOx fHbkpes
Hohd Z LRI N,

WIZ, B— FEFIZET S NO, LEEH IV 7 Dk
FED 7z, FTP-75 & — FEITKIZ NO, R iHl# % w6 L
7 AESH A Fig. 131289, NO, e HIf @ 112 & 0 ik
WEPES - FAEFIZBWTE 20— X4M L FRIZ NO,
PEH 2B X A, FEER (D) 123 T & vy NOx b HERE %
REL TR Z LR TES. DLEDZ kD, NO, b
LIFE T v 7 MIFEHBRE TSR IIR SN, fnboF:
MR E WIRT 2 AN A FETH DI L bhr o7k,

AN TR L 72 Fe-Zeolite filtiiiod NO, HeRiEmH I ~
7 b EHIAAA P Urea-SCR Vv 27 412k - T, FTP-
75 & — KT NOx HEti A 0.025 g/mile, JEA & Y HIEH 2
(Non-Methane Organic Gases: NMOG) #Efi 23 0.015 g/mile
L0, LEV-T ULEV50 L XLDLI v g Vg s
V7§ B EMNTE (Fig. 14).

0.16
~_ _LEV-II LEV
v —
0.14 ~ LEV-II ULEV
0.12 \\ S
0.10

A
\[ NO,/NOx ratio control effect ]

0.08 <
N Y /\ LEV:II ULEV70
0.06 | ~~ <

N N

NOx [g/mile]

N N
0.04 ~ _LEV-MI"ULEV50
0.02

0

0 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16
NMOG [g/mile]

Fig. 14 NOx and NMOG emission results in FTP-75
mode

6. £&®

Fe-Zeolite fitif:d NOx {{LFE) % {848 L, NO, JL#i%
avr 7t EHRIBL

NO, TS 2 >~ £ 7 M, & NO, JEIFIC Fe-Zeolite
AR NO, 23 L, K NO, LR IC R F NO & R
NO, 12 & D fildt 123651 2 5T & Fast-SCR RS AN %
5ZEEFALT, NOy lWEN 50% (&2 1ZdHh T En
NOx HLMREA FRBIE B LW EZ T THB. ZDaY
YT Mk D, NO, WWHREBIRZRE T2 Z & 4 < &N
IZNO, bR AL X2 Z LT, FHEEFIC W TEEHW
NOx HHLVEREA REL X B 5 Z L B AlRE L Tk 5 72,

Oyt P EFEFISHTRICH 72D, NO, H#E
I3 EGR R ARHE S CHIFWEETH 2 Z & #FLREL, 2D
FER, HEERE N TR @O NOx L2852 Z &8 T
x 7.

P k&, E7E— PR 6 h 3 BILEBED W
filfi A 30§ 5 Z & BN B MU R O K B IR IZ ko
1} 5 NOx HHUMEBEDC T & 5 Fifiafid & wili L, LEV-
I ULEV50 #2745 Z EnfREL & -7z

SE XM

(1) Wk setst, A, MaASE S, (rikM2, Hardam,
H., ILHIEfE, SfEAR, Scheurs, B.:US LEV-1I
SULEVODO2ZODA—IS—2 ) —VvF 4 —¥ILfg
i, EV B AR 2 Ay 2 ik 5, No.51-12, p.1-4
(2012)

(2) =S8, FOHET, saREEHE, IABEt, JulbEF]:

— 117 —



Honda R&D Technical Review

Vol.25 No.1 (April 2013)

JR3R SCR FRBEMNTHEAN (55 1 80 - & ITAIZEFEH -,
H By s bl 2 2l 2 a4, No.23-11, p.11-14
(2011)

(3) fFEL, /INE s, M, KREEZRIL, gikd—, £
HFE:IRFE SCR ¥ X7 4D NOx ¥ FICR¥ 5
7 (55 2 #) -NO,/NOx HA* NOx WHLHRHEIZ 52 %
-, HEHEG 2 AR 2 AR 5, No.143-08,
p.5-10(2008)

(4) FTHE, ANEts, SrvEal, KRBEZA, $ikd—, A
FRF SCR ¥ 27 40D NOx HtE i FIZBId 5
7% (55 3 ) - IKELB R IZ 551 5 Eh3 NOx b #
I =X 4 -, HE BN 2 A 4, No.143-
08, p.11-16(2008)

(5) Grossale, A., Nova, 1., Tronconi, E., Chatterjee,
D., Weibel, M.: The Chemistry of the NO/NO,-NH;
“Fast” SCR Reaction over Fe-ZSM5 Investigated
by Transient Reaction Analysis, Journal of Catalysis,
256, p.312-322(2008)

(6) FrleE g, L, RE=EK, #disc: NH;-SCR A
Fe/ZSM-5 il D L * v 7 2 2V ¥ =2 3 7,
102 [Olfildiatam 2 A PRI, p.157(2008)

mE =l

1 ke

.
——
‘

Ak e gt

— 118 —



A
af

FMEFZOFT T T EHWEKEEICL D

PARHE

S MDFEEILR

EEE b

Optimization of Fuel Cell Generation Environment by Water Observation using Neutron Radiography

T % & AT " N
Hiroto CHIBA Chikara INASAWA
= =] ABSTRACT

[ A o R E D FR BB IS, B MR E A A D 7 e
b EBWNAMERT S DICHE L RBUETH L. L
U, 7 AFHER0 7 2 LR 36 1F B8 2 A3 4 2GR
EEGIXHZITERNE LD ZENEZ SN, RETOBRE
EMNTBOREEYNZ T Y PO — LT 5 0ERH 5.

Kﬂwfiﬁ%*ﬁibéxﬁ:%&t%@%@t&@
FTRBANS ML ThREARBELIEARET S 2012,
W7 O 277 7 4 ISTRERIZB T 2 RE O
KROIRFEEBIE L 7=

WET o 0% 75 7 41 X B BIERIIBRIE O FE R
] AR ST 0D 2 S0 5 36 2 7% - 72, Mg k@t
TR LTS % 5 T e WK & B E) O MH BT %
BRI U7z, — 0, I S OB W 2325 L T
IR DFET 5 4 AFkg & T ORK 25 E L, D
HaE AR L7z, ZhoDORRE X 2T, KRB
REDBI A & el 2 FEBIREE A 3%0E U, FEHOHIHI 5w H
L 7.

Electric generation by a polymer electrolyte fuel cell
requires an appropriate quantity of water to help ensure
proton conductivity of the membrane electrode assembly.
However, excess water in the gas channels and the gas
diffusion layer is thought to be a factor impeding gas
supply, so it is necessary to appropriately control the
water inside the fuel cell during electric generation.

This study used neutron radiography to observe the
state of the water accumulated in a fuel cell during electric
generation in order to clarify the mechanism by which
water accumulates and its effect on voltage behavior, and
set the optimum electric generation conditions.

Observation using neutron radiography was performed
from the two directions of the through-plane direction
and the in-plane direction of the fuel cell. Observation
in the through-plane direction of an actual cell clarified
the correlation between the accumulated water and
the voltage behavior. On the other hand, observation
in the in-plane direction of a test cell determined the
gas channels in which accumulated water exists and
the reason for that water accumulation, and suggested
directions for countermeasures. Based on these results,
the optimum electric generation environment was set in
terms of water and electric generation performance, and
applied to the control of an actual vehicle.
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Fig. 1 Schematic image of fuel cell
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Fig. 2 Attenuation coefficient of elements

Table 1 Comparison of visualization methods
Method Time resolution | Spatial resolution | Observation region
Neutron 5-10 sec 10-200 pm Below 300 mm
radiography
X-ray radiography 2-10 sec 1-10 ym As required
MRI 5 minutes 10 pm 100 mm
. D|r.ect' - - As required
visualization
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Table 2 Neutron imaging condition of each cell

Imaging condition Through-plane In-plane
Pixel size (H x W) [um] 100 x 100 75x 15
Field of view (H x W) [cm] 25x 35 25x5
Exposure time [sec] 5 10
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Projected Texture Stereo Vision System in Sunlight

o TR
Chiaki AOYAMA

2 B

KBS T IZ 3000 T & Rk D 2 W IR T £ T HHEE %
JEFEART Y 7L & 4 ZZEHIITE B 2 IRNAREI A £ T2 2
FAERFE L2, BRARY LR R L Tnane
E O EE TR ARG g L, ThZhomg%
RN TR L, BENTESTEH AT ERFEL. I3
L ZFEHIZ L B HIZH L TRE % Class 1 B A & Z
DH AT EMARDLEDZEI2ED, 10 T lx DKEXT
THERHEN 5% DL EdH T, NROELH LM TH > T
LEREEZ T, 09 m~225 1.5 m OHPHT 1 mm D
R A 3B L 72

ABSTRACT

A binocular stereo vision camera system able to
measure relative distance to a non-textured floor in
real time without contact even under direct sunlight
has been developed. A camera that alternately captures
images with and without a projected texture at high
speed, integrates the respective images within the
pixels, and outputs the difference between them
outside the pixels was developed for the system. The
combination of this camera and a texture projector
using a Class 1 laser that is safe for the eyes for pulse
light emission has made it possible to measure the
distance to a subject with a non-textured surface even
under sunlight of 100000 lx if its reflectivity is at
least 5%, achieving a measurement accuracy of 1 mm
in a range between 0.9 m and 1.5 m.
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Fig. 2 Light-section method
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Development of Prediction Technology for Resonance Stress of Exhaust System by Considering
Nonlinear Properties of Spherical Joints
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7 =1 ABSTRACT
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TR REE & 5 7z,

A highly accurate and versatile prediction
technology that provides results equivalent to stress
measurement in the vehicle condition was developed.
The purpose of this technology was to predict high-
cycle resonance stress of the exhaust system in the
fully assembled state. The phenomenon of high-cycle
vibration of the exhaust system was divided into
the two systems of an input system and a response
system. The input system was accurately reproduced
by considering the multiple degrees of freedom and
multiple orders of phase of the engine excitation force
transmitted to the exhaust system. The response system
was experimentally modeled by conducting standalone
tests of the spherical joint and obtaining the stick-
slip characteristics. Application of the above enabled
accurate prediction for various exhaust system shapes.
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Oil Temperature Classification Method for Hydraulic Electronically Controlled AWD System

oo oah BT
Hiroki YOSHINO
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BRI = P AOFEREEHWE U, R T
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FEE I BE R 7L T LA AREE L7, AR LT3
2T L, BE— A #WEHAR Y Ik INEE B2 &
S AFLDEW, MR E— 2 BIROBIZIZHEBE S 5
ZENEZOND. VAT ADOWE &GRS 5 Z
&T, E— 2@ SR AT 5 ET VIIEIEET L
TN THIZLEEXL, uP 274 v rIFIZES
HHETFTLDORERE A B Tk o7z, X 510, FIHRERE & 8]
HERE O A FEBLG B 728002, M L 7= 8 8m o ) i p3 52
TINZBEOHRBIERE, oY 25 4 v 7 AGO SO
A ORI T 2 FEAMEL 2. EBEZY 2T 40615
N7 =21 UAFEETEH T 5 2 & T, SR ISR
DOHFIMNTTRETH 5 Z & &R L 7.

ABSTRACT

A low computational complexity and high-
accuracy method for clarification of oil temperature in
a hydraulic electronically controlled rear differential
was developed for implementation to a vehicle control
unit. Because the target system uses a motor-driven
electronic hydraulic pump to increase hydraulic
pressure, a correlation was considered to exist between
oil temperature and motor current. Theoretical analysis
of the structure of the system demonstrated that a
linear model was sufficient for clarification of the
state of oil temperature from motor current, and a
clarification model for the state of oil temperature
using logistic regression was formulated. In addition,
in order to balance accuracy and frequency of
clarification, a method of calculation of posterior
probability when continuous multiple clarifications
were executed using only the output of the logistic
regression model was developed. The results of
application of the method to data obtained from the
actual target system confirmed that the proposed
method was able to clarify the state of oil temperature
with a high degree of accuracy.
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Fig. 1 Structure of rear differential system
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Table 1 Classification rate of logistic regression

Training Test
Threshold (°C) - -
Mean Min Mean Min
20 0.974 0.973 0.973 0.960
10 0.985 0.984 0.985 0.982
0 0.982 0.982 0.982 0.977
-10 1.000 1.000 0.999 0.999
-20 0.999 0.999 0.999 0.997
-30 0.996 0.995 0.996 0.992

Table 2 Computing time comparison

Logistic ANN SVM
regression
0.14 ms 0.23 ms 0.41 ms
4. FED
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Creation of Technology for Prediction of Self-excited Vibration under Operating Conditions for
Multiple-plate Clutches

e g A" MmohE B ok % A"

Takashi HOSHI Takashi MINAMINAKAMICHI Keiji TOJO
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Isao TABUSHI Kazuha MIURA Shuzo SONODA
7 = ABSTRACT
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BEE AR L, WS, WEZ SIS TR EERGEEE LS
Ao, 72, KEIRD T ) 2y g VICk B MLy LR
TR EOFEZED) 2 FH U, F2HlE & 0 iR % ke
7o, 195 NI BEEM O BRI & 2 O & E RIS
TR 572002 5 9 F FEM 7L, & UHEIROMK
B A AAATZ VTV A3y g VA S HKETO b
N IEEREDRERT S S 2V — Y 3 VETFAEREEL
7o, REHROH MM A#ERT 2720, HIRS) Z #1135
5Ty FOMEEY I 2L —Y 3 Y TOREFL, EHIZ TR
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It is important to grasp the dynamic frictional characteristics
of facing materials, their methods of use, and the damping
characteristics of the drivetrain in order to predict self-excited
vibration in multiple-plate clutches used in transmissions. A
dedicated torque transmission characteristic test apparatus
capable of equalizing the surface pressure was built to deal
with the dynamic frictional characteristics of the facing
materials, which are affected by the temperature and contact
pressure of the friction surfaces. With this apparatus, the sliding
velocity dependence was found for each temperature and
surface pressure. The behavior of the actual vehicle was also
measured when vibration occurs and loss torque is generated
by friction in the drivetrain, and damping characteristics were
determined from the measurement values. An FEM model of
the clutch for the purpose of gaining a quantitative grasp of
the dynamic frictional characteristics and methods of use of
the facing materials obtained in this way was created, and
a simulation model for dynamic behavior analysis of the
characteristics of torque transmission from a transmission that
incorporates drivetrain damping characteristics to the vehicle
body was constructed. In order to confirm the usefulness
of this method, the construction of a clutch that suppresses
self-excited vibration was examined by simulation and the
reduction of vibration in an actual vehicle was confirmed.
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P BACITIEI AR 2 fA L0, 72, BURO diljfRE) >
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7250 0 2 2T KEETIR Y Ty FEEEM SO B R
R 2o iIcEH L. 25 9 F % Finite Element
Method (FEM) & 7L TIER L, BRE)ROWREERFEE &
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TR Ty T=) Ty 7 b RIZREHOER Y 5 5 FH
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Fig. 1 Main section of transmission
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Fig. 2 Self-excited vibration measurement results
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Fig. 4 Torque transmission characteristics
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Table 1 Conditions of torque characteristics
measurement
Contact pressure 0.5-6.0 [MPa]
Plate temperature 40 - 180 [°C]

Rotational speed differential | 0.5 — 600 [rpm]
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ZALE ¢TI RERERER A 55 T o 2. i BAE
Table 1 (2R 7.
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ORI A WE L7z, ZOillE% Table 1 1Z/R§HlE, W,
[EHE R D S T TRl Z 75 - 72,

WIZHIERGER A B Fig. 121284 & 5 aEME T & 0B)

Facing model

Clutch FEM model — o &

Engine  Fly wheel  Pulley

Differential gear Tire  Vehicle body

Fig. 9 Self-excited vibration prediction model

1
Thermocouple
g P Guide

Piston

Fixed shaft
Rotating shaft

Fig. 10 Test apparatus for torque transmission
characteristics
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Fig. 12  Friction characteristics
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Fig. 13 Influence of pressure in dynamic friction
coefficient
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Fig. 20 Torque characteristics (oil without friction
modifiers)
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Research on Dog Teeth Wear in Dog Clutch Transmissions

BoH R ZF
Hiroyuki MAKITA

2 B

FyZ 239 FRAINTVAIy v aviZksng, Ky
RO KABEREIZ NS 23 9y 3 VOBRICHE LS
A, AL—AETEHETIERNE LS. 22T, B#
KOFF7 Y23y Y a VOEHFMEZMEUTT, Fy 2 Hko
JEREA = XL EWREIZ U, 72, Py s HICEM SR
B EEANC I ORH R TFEAME L, HASTE Ny RO
FERICEHOHMEASE NS Z & 2 EREL /-

ZOFHEEHCNS Z LT, REHUHHERIZ VT Ry &
PR D BEFEIZBI 3 % K O R O ARIRE AT ATRE & 75 5 7z

ABSTRACT

In dog clutch transmissions, the excessive wear
of dog teeth affects the functions of transmission
and becomes a factor to obstruct smooth operation.
Therefore, a study was conducted to clarify the wear
mechanism of dog teeth by analyzing the operations in
transmissions during dog clutch engagement.

In addition, a method of estimating the contact
stress applied to the dog teeth was developed, and it
was confirmed that contact stress is highly correlated
with the degree of dog teeth wear.

Use of the developed method enabled accurate
investigation in the early stage of designing on
specifications which are related to dog teeth wear.
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Fig. 1 Dog teeth wear
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Fig. 3 Axial force on dog teeth
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Fig. 5 Time history of angular velocities and torque when dog clutch engages
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Fig. 15 Angles of dog teeth
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Fig. 17 Behavior of angular velocities and torque when jumping in and out
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Fuel Consumption and Performance Prediction in Outboard Motors
for High-speed Planing Boats using CFD Simulation

G T
Shunsuke KURIOKA

2 B

ARWFFEITINE SR W E RN 35 0 B AR S D AT BRI
EBNIVERE A BRIE £ 5% DI TRUERIC PRI REZR > 2 o
L— 2 OREAANET 5. 2 FE TOMIMERFE D5
o T a7 OHEEVERE A WUITIFERE & B S EREIC K &
<HE4 5 Z L2 H L, Computational Fluid Dynamics
(CFD) f#Mric & b Pl h/=7 v X FPERE 4 BRI 12 HL
"Lz r Y vl KOBEREE R~ v T L HllAED
BT - R=Z2 e b Tk o7z AMFRTHELZY I
L — & & T, ASME OB HERE % T3l L AR ORAT R
BRAE R & PR U 724528, iE Mo VIR 13+ 2.79% (£
1.7 km/h) Tdh D iRBASR E RO—3ER L. 723800
ML & B MUTREIRE 3 AR R U+ 4.55% TTPHIT
EHZLRMERL, KWPROHETH 5 VillliR%E+ 5% %
HH L7z, oD PSRN TRELZY I 2L —
203, ThE CHRZEVIBIERE TN, BREISEE LT
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ABSTRACT

The research discussed in this paper set out to
develop a simulator able to quantitatively predict the
cruising fuel consumption and cruising performance
of an outboard motor used for a small, high-speed
planing boat; the target accuracy for prediction was
within a range of +5%. The research focused on the
fact that the thrust performance of a propeller has a
significant impact on cruising fuel consumption and
cruising performance. In order to evaluate the accuracy
of the fuel consumption and performance simulator,
simulation results were compared with the results of
a full-scale cruising test. This comparison suggested
that the simulator was able to satisfactorily predict the
cruising fuel consumption and cruising performance
of outboard motors. In particular, prediction results
agreed with full-scale measurement results to within a
range of £2.79% (x1.7 km/h) for maximum speeds and
+4.55% for cruising fuel consumption. These results
indicate that the simulator is able to quantitatively
predict the cruising fuel consumption and the cruising
performance of an outboard motor. More importantly,
the results demonstrate that the simulator can be
used to identify optimal propeller specifications and
gear reduction ratios, which have traditionally been
based on experience. It was therefore concluded that
the simulator possesses considerable potential as an
effective tool able to be used in the development
of environmentally friendlier outboard motors with
outstanding cruising fuel economy and cruising
performance.
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Fig. 3 Computational domain for propeller simulation
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Table 1 Principal particulars of computational mesh
for propeller simulations

Propeller diameter D

Outside boundary surfaces D/

Propeller surfaces D/200

1%t height of boundary layer D/1000

Number of boundary layers 15

Growth rate of boundary layers 1.05

Growth rate of volume cells 1.20

Fig. 4 Propeller CAD model (left) and computational
mesh (right)
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Fig. 5 Propeller performance curves compared with
model test results
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Fig. 7 Propeller performance curves compared with
model test results

Table 2 Principal particulars of propellers used in
evaluation of simulator

Propeller | Photo | Diameter | Pitch Gear
name [inch] [inch] re?;ggon

A-1 15.0

A-2 “i 14.7 17.0 2.00
A-3 19.0

: 2.15

B ;ha 16.0 185 2.33

T 2.53

N 1.85

C ﬂ 14.3 15.0 2.15

2.33
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Fig. 8 Small planing boats used in the simulator
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Development of Secondary Aluminum Alloy for Diesel Cylinder Head
by Mg,Si Precipitation Strengthening

prEk W HoOoA 5T R OR P
Kosuke DATEKI Takuya TAKAGI Ryohei IKUTOMO
= = ABSTRACT

EWEYERRIENRD ENE T 4 —EILHY Y v EAN Yy
FOMEE UTHBL7 L 3 = 484 & 6% 0BG Y7 i
EAATAHAERT LI = 2085 L. T4 —F
Ly FRHERER, St 7L I = 2842 MW TEIC
ALCu Mtz & - THBHEE b S h 2 & D& L
T3, #7212 Mg, Si Mt & 2 & 3 2 b i s LA %
FHLU, 7L I =9 256 L [FE OB 78T & &l
W AFAEBT LI = A58 THER L 2. X - ARBATEM
DA ERREHT X 5 BULPE O R O MPRHRAL R 22 5
Yy VAN FOMAGEMIZEEL RETHRAISN S,
K 30% DA RS 5 re.

A secondary aluminum alloy that achieves an
identical level of thermal fatigue strength to a primary
aluminum alloy has been developed as a material for
use in the manufacture of diesel cylinder heads, parts
for which high levels of thermal fatigue strength are
demanded. Conventionally, primary aluminum alloys
are employed for diesel heads, and their material
properties are enhanced mainly by means of the
AL Cu precipitate. The developed alloy newly applies
a precipitation strengthening mechanism that functions
mainly via the Mg,Si precipitate, realizing an
equivalent level of thermal fatigue strength and high-
temperature strength to a primary aluminum alloy in a
secondary aluminum alloy. In addition, the softening
property of the developed alloy during the solution
treatment process of the heat treatment, realized
by means of the material’s composition design, has
reduced residual stress, a factor affecting the durability
and reliability of cylinder heads, by a maximum of
30%.

1. FANDE

AR CO, PRI R HI 4 & BRI AR R 6 5,
BBk 5N 5 2 23, £ FIMRE RN ETh 5.
FDEHIYYVIZEWTER, VAPV IItk b E
VEREAL, T V32 MEASHELED SN TH D, ZAUikSH)
LTy Vv ENy FBREDI YDV RERGER S S R
BTk B8 580 (C A M EABEE > TET
W5, —Jf, ABHEENERO T 3L F — KIS xHg S
MERE T ETEE->TN D, ZOZDHBHEH LY Y
VEBEICHIDN B TILIAEII AL Ty FTEMALTY &
AN EINDE 2WEE (FERTLI)PHNEhE Z LN
—fRTH B.

* iz R&D £ ¥ & —

FHEIVO VR THEY ) YAy FIZEHT 3 L
Z O BEERIE, BBEE O, TR & HEXGRBE DT
B, WrHIAGEEE DT, BB EOX_TH 5. 2Dy )
VAN FOZLIET A ILGEEENE (Gravity Die
Casting: GDC) ®1&HE$#4E (Low Pressure Die Casting:
LPDC) TR L 72D 5 BVILFL 4 F5 Z 7\, B A4S %
MR L7725 A THWA Z & Th s, 2OHTE
TA—¥ILHTY V&Y R (F 4 —HEI~Ny P, &Ho
fRINIE & RS BREEIC & 1, FRICEIE I RIS & SRamg 23K
Wohp P vy vy FHERT LI OREN K
MEHIRLZ Fig. 1183, MEFIC3IsE7 LI~ Y
2 240 (AR, afl) &3 SifH, K6 &MiEh b Al-Fe-
Si REBHELAEMO SRR S, AT L IIZHENT
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NEEh, #EI A LE —AMAENZD, S0, ¥ T
T4 =Xy FICHAEST LI OEH 3L 72
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Lo i = ?,_-_f__ e
B AR AN 4 5D
I “:“‘ht » i \ Eutectic Si
! r 2 ./ ‘ \‘./1/
_‘“ \ . o \{* a phase

Intermetallic compound

Fig. 1 Microstructures of secondary aluminum alloy
for cylinder head
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(2) PERMEFEDOBNEFREEFTEHI L
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3. MHEMRAEE

3. MBI A EETDEA S

Y vgANy FIZXLS &S Al-Si-Cu-Mg RO#k
ERRL7 L I = A BHE, —ARIIZ « N Cu & Mg
TCR OB HARAIZ & 0 BB MR AR T S, B
WAL X H = X 4103, Fig. 2 1283 & 512 T6 BLE
OERACLBEIRED 7L 3 =7 5= b ) 7 ZHIZ {2 4L
fAHET 5 Z e 2 MAIL, KRB 50 T2 D722 4LIC
WILILERTH % Cu, Mg HHLELL T 2 TZK$ 5 Z &
I2&B85DThH 5. FERMIZTIC Cull & BHTHIHD AL
TREEMBREEZRTE D, ZOMBHEED o HDZEE
TR 1S $E (Transmission Electron Microscope: TEM)
BIEHEEA Fig. 31RF. o HHZIZ P9 4 X 118 nm
O ALCu HIHPFIEST 2 Z &8 bh b, —FH, a b
Mg,Si tHD TEM #%21% % FLT A % & ki 5o < P-4
4 X34 nm O Mg,Si iR FET 22 Lnbrb. Z

o OGBS 2 S BB T L I TR o HANOHTH % 1
MINZE 2 Z &, mnmais 2 e U, B0y 2 m Fg
L5720FM AT N EekbLHE LT ORI
LIz Al PO JEEGERE A Cu & 0 &0 Mg OFFME % 16

Solution treatment

“:Water Quenching
Ading

Temperature (°C)

Fig. 3 Transmission electron micrograph of
conventional alloy
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TV I EE ST &M & DORPREYE D 2B A I S 2
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Fig. 4 Relationship of Cu, Mg content for Mg,Si
priority precipitation

3.3. EBAE
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Fig. 5 Shape and size of specimens
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Table 1 Test temperature conditions
Test temperature (°C) tisnggk(il?g)
R.T.| 50 [ 100 | 150 | 200 | 250
Tensile
strength @) O|O|O 360
Fatigue
strength O|O|O| 8360
Compression 0.2%
proof strength O|O|O 360
Thermal fatigue o
strength
Residual stress O

3.4. BEXRRHEHE
PERAF & BT DFENK 57 & Table 2 18 g, FEILHK
T%éCuMg@ﬁT%é% IhE oM AE~R—-2IZL
BETHERL, BRELTIONYT. £ TRIEITEE DR
%:ﬁbfd@@%ﬁfﬂ%bt.%@@m&bf%ﬁ%
WL, O AR KE L, RAOT AN T
T3 ENEL, BYEIHE L MORHEICHBEY 5 % 720
Th 5. Fig. 6 & Fig. 7 IZABRRE 2 FHIRD Cu, Mg WM
BT 2 PUE N E MOANOERERY. Cull k3R
WL, RO E PR ham L, 2 o5
13Mwa%,@U%ﬁd‘“ﬁTb ZDRBNZ -0.4%/
wt% TdH 72, —H Mg 12 X 2FER2UL, Cu L EERICTHR
meEome cprRh»mbEL, ZoxhHE1E 83 MPa/
wt% THo72. HHETFIZ 0.2wt% 7 5 0.4wt% D Hil[H

400
$ 350 |
=3
e
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Ko}
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'_
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Elongation (%)

Table 2 Chemical composition of developed alloy

(Wt%)
Si Cu Mg Fe Zn Mn
Conventional alloy | 6.5 3.0 0.2 | 0.10 | 0.01 | 0.01
Developed alloy | 8.0 1.7 | 040 | 045 | 025 | 0.2

TR ST EL TWE Z e DRI R, ZORIE
1.25%/wt% TH 72, YLD Z &n s, fEM i3 8
LR TH - 72 Cu lEMORHER Lo H I TR MIE % (KK
L, ZORb 0 IcoRittom ERhR 452 LT E5(b
JLEAE Mg & 952 LT, WEAMHERL LN LMORHES
M ETXBZE0bh5

RS B PERM L L 3572812 Cu & Mg DFNIE
ERVE L7z, Fig. 7 0D, 3 1E Mg iR 0.40wt% T
V=27 &RL7z7%, Mg imlElE 0.40wt% & iE L 72,
Fig. 8 IZHERMIAIS DM #H 3 % Cu & Mg ORMED
m%%%%mﬁwhmﬁ@i TRIE D3E KM & RIS 2
5&5121.7wt% & L7, IZHRE DB K D EE L7
CmMg%MiT@@@ﬁﬁﬁ&iﬁ IOWTHGE L 72,
Fig. 9 IZHEKkH1C Fe 285 L 22358 0 Fe &4 & & OV
HORRERT. Fe AFEZHT I & THORHEIIK
T4 5. ZOMEERHROEEBLAMOEIZL2E 0
Th5. %hFﬁbF@10‘ﬁ*MkﬁE@ﬁﬁf e
L7227 IAEOMOREERT. AT L3 75_
& CHOR IR A DS A, Tk Fig. 6 & Fig. 71
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Fig. 6 Relationship between Cu content and tensile strength, elongation
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Fig. 10  Effect of elongation improvement by Cu
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Fig. 11

Distribution of Si, Cu and Mg atoms by three-
dimensional atom-probe
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Fig. 12 Tensile strength, fatigue strength, and

compression 0.2% proof strength
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Fig. 14 Effect of developed alloy on residual stress
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