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Styling Design of CBR250RR

HA i wle -k T

Kenji TAMURA Takeshi FUTAMATA

[ZR T A [l B

Hiroyuki MIYAZAKI Mai NISHIMURA
= = ABSTRACT

CBR250RR &, #i727% 250 cc 2 —/8—= AR =Y EF)L
ELTHR N ZOEFIZ, 250 ce L EDE— % —
YA I NHEMEEL L TWB AL Y F R T L, 250 cc 7
TANEHELZAA%Z L=y e Lz ZOETLET
YA VTR0 h7-0, KEIE—Z—F 4 ZNICRED Lk
WIHERR &R, BffIc K> TIE 2 2440 v 7 ][
5 e/ r—v Vv 2R ATVETPEL
2. Z0avk T b0y E, ZA44) VST A VITEW
Tl [Speed ShapelEWnWH F—T— FERELZ. ZTDHE
B2, HEOFOERE? L T4 v F — 4 L il
FF— L IRE A ER, BAFHBROLVA 7Y b2 5
FHEA YL 2, #5-) VB0 CE [%eEs %
ave 7 roRRICIEA, e Fio725 44 T7D74 v
Ty T, EEIEBBERDIEIIZZ /2727, Thb A
BRAVYITTFHA YR =) 72k [HKE S 2 24
VYT IEnI FHHOF A v HEEAERK L 7.

The CBR250RR had been developed as a new 250
cc super sports model. This model targeted Indonesia
where the motorcycle market of 250 cc or larger
engine displacement models is being activated, as well
as Japan where 250 cc motorcycle category has been
established and matured. In designing this model,
the basic concept was set as “Attractive styling,”
“Attractive equipment” and “Attractive performance,’
which are realized by its feel of presence, design and
equipment that do not look inferior compared to larger
motorcycles. Under this concept, we set the keyword
“Speed Shape” to the designing of its styling. In
order to realize that, the design team and the vehicle
development team repeatedly studied from the early
stage of development, and we designed it starting
with the layout of the basic skeleton. In addition,
this “attractiveness” was defined as the foundation
of the concept in coloring as well, and five types of
color lineup were prepared individuality responding
to a variety of customers’ preferences. Through these
styling designs and coloring we achieved the desired
design goal of “attractive styling.”

1. 13U®IC

CBR250RR &, 250 cc A—/S—ZAK—=UEFL L
LT, #7212 Honda I L 2EF L TH % (Fig. 1).
CBR250RR &35 ki, 1990 4RI HATHREE iz
T—RFZKRK=IUNA 2 THOSENRTWZEDTH - 7=
(Fig. 2). M CBR250RR &5 A X, Joifh ¥ R0 Je v
DA=IS=ZAKR=VTHA Vv EELoT, GHEDDHIN
NOEFALTH 72, ZOTFAD»EZFMAZDIF, B
BB ETTEEL, [dIHNDZX—IS—2A K=
CBR250RRI LWV EZSTZDEDTH 5.

* fi R&D v & —

https://doi.org/10.69239/hondatechnicalreview.2017 29 2 1

1990 420 5 U Pfd & WA MR O & & &1z, R
W TE—2 —H A 2 LTHOKRZ LELLD 7. F
D=2, BEMZEKBPITE L7V 7HEIZENT
250 cc AEDORME - —H 4 7 LDIRFENHEZ TV B
ZENFETOND. FHIKRE — & —H 4 2 i A bk
LLIEL® 724 Y FA Y76, FHOEBREETOIZ, A
Iz 250 ce @ — R AR =L 2RO 6N B &5 1
o7z

ZOA YV Py T OEERENCIE, MEORKIZXSHE
BDREAKR, Vv L4k EOEHEBIC I5 1 B M) 2 ik
Wb 5. ZOLS BEEOW AR FRELT,
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WHEOFRE, 27— 4 —KEDAI 21— 2R HDHB T L
EBB. TRIZEP 5T, EF 250 cc I EDE— 4 —
P A I OIRFEDEEM L TE TS HERKEHE 22T 57
WIZ, AETLORRICHZ>T, AV FX P TIZHBIT3
hiGHEx % 2 k> 7.

FPRAE, KUE—F—H 4 7L EFE 2 KEHOE
Wy a vy By E=IIZAMY, TTIHEE B 54 X3EIC
DWTHAEZ I Z & - 72 S IFKETEICELEVER
JEC, BENARAEIZ A D EEWY a v EV T E—LR

Fig. 1 The CBR250RR

K7 2 E, T — 42—V 7 NICFESTHEET ST
5. ZABNNA 23T 22T 4 IR T 5 4 73 (Fig.
) Tho/z WoHroDEHIZKDE, £V FX U TIZIE
D& EII =740, RETHIZEBRAMLEL T 5
EDZLTHDB. ThthofrTiNg, AT 5E—4—
YA N EAET S XS ICHN DI LW, ZEEE 5
L&, BIFEOEHERT L V-8 DThH 7.

Zofhie 7V v EORE,»S Y, Ao -4 —1I\E
ENBEAANDI I 2 -0 —F L, AOEFICMIHE
ERBLTEEEM 22— LT, ZOREIEDEN T
5P THo7-.

B2 AR 2 250 ce A—IS— AR -V EF L%
K212 hzD, KHUAR-YE—-4 =4 7))L ELAFN
TERBD LA, fFEEOH 5284 v o7&k
HIET Z MR FREE Ko 72, ZTOMH S OERIZZ
722578, 75 AW L% Throttle By Wire (TBW) &
Accelerator Position Sensor (APS) 7 & O JuE Ik 1725545 %
BHUZ 72, K2R =—YE—4 =% A ZILIZERH &
Ne&H5%, By 79 Y b T4 =0T AIZAAL VT T —
LBE, 0T AT EHKIIK ST, - =—
ZHFANL N T2 T O D 2R S 572,

ZhomigEiz k> CEE M L2 FatE, e
Fr I A O EMifE 2R 5, ¥ a—* 7 (AE
VoM L) DEENEVE—Z —H 4 7 LOEBTH >
2. ZTOHMI YT hELTIHES 244 V7 [
5% [ 28T =<3V 2D =D EED -

ChoHEBI Y27 MIHET S [HEE5 ] Evw) 5
13, XFEXFH250 cc BE— X —H A4 ZILEREL, BHIL
TWBHAD I —HFIZHWT Il Al 55 L0
By MmA, WMEOL—5%REL THRBICEF L.

ARICEWTR, Hfia vy St O—D [k 3 2 44
DL A VAN G AR

Fig. 2 The CBR250RR, 1990 model

Fig. 3 Riders of motorcycle community
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2. BEBZ3R214)2T

Ha v O—-DThb[HEr22424) 07|
i, YV a—F T TEOAZ4 ) Vv EEL, R ANZ[T
ZWOWNA JIZFH5TNDB | EBbENVWIETHS. L
Ly a—FT7LE-T3, FHELEMOYT I —
(Fig. 4) %, ELWVWI U -2 Xy FREINET XY H v
IN—F 247 (Fig. 5) & E, KFXEHH T3V MIHHE
T5. A—)3—AK—=224 7 (Fig. 6) DHF TV Ik

Fig. 4 Example of tourer type motorcycle with luxury
equipment (GOLDWING)

Fig. 5 Example of American cruiser type motorcycle
(VT1300CX)

Fig. 6 Example of super sports type motorcycle
(CBR1000RR SP2)

T, TP RTEELSICRASZ I L e B
L, BB NS ZDOER Lz Hi& S5 Z e AEE L
55,

3. A24 )% —7—FK
— Speed Shape —

[z 224 )07, $hbb4—ry b 2—¥FD~v
AV IRTHB[Ya—FT7 |OERE T, —FbrnR
FTVEKFIE LTA A =D LEDOBA—IS—Hh—Th->
7= A ERT AENS T =~V AERL, 2T A
TWBREZTTEDT I EIMEDb->TL %, RKICHOXRE
TELHIHNOMBINZ —)S— ) —LEF L 7=

BESTOWTEMDINT =7 2 ESBUIREL X
¥, MEHICRABZOENE, 244 ) v FF—T—F
% [Speed Shapel& L7z, Fig. 7I2F =7 — K& A A=V
T35S bAR—FERT.

CBR2S0RR
SPEED SHARPE

Fig. 7 Concept board of “Speed Shape”

4. FHALT7T7O0-FDOEE
—EARBRRED 5 DIV HAH—

AFTHBRB[ 24 41) Vo leid, WEbEarALIE
DOFHFA VREE L, /MO T ar—v 3 VITBE MTE
THREERGKRE TS,

A28 A4 v EFE—7— K& L7 [Speed Shape] D, \yb
W32 — FREOBEERHO—DOMAN, vy VL x
A TTH5D. TOITy Oy THEERTS-20121F,
B A 7y b =@ b7 —-LEb
DHBEE L KB (Fig. 8). ZDEBD7=012IE, SHERETRN
DOFLE, TV VOB EE Zh 6 2WARAL T L — 4
BED, HERER (Fig. 9 ICHARATT VA4 v 4 2 0H
N7z,
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WMEDOIETIE, HEMEREE R T 572012, Kk k%
DERE, HERLA T EHRRESTNET — 2R, R—2Z
ERBMMDOEFTLOEKBEMCE Y =205 5. el
[Speed Shapel] % BB 3 72012, HEREREREL F] 5 3%
FHHYR T X N 54 5 ED, FRF — 2 BRPEEREIE
DTFHFA IS, KW HETI2RERH D EELT. T
D7, T T E - 3 VITKE BT LA
NoETHA VT BHILE L.

ZIZT, HE->TOWTEMEIIIRADZ L, 12D,

Fig. 8 Image sketch illustrating front nose postured in
downward direction and vehicle tail leaping up
high
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F— LR TR Z 2 THRUBMICHGR L 7. [4I128 )
EMLZEI BB [[EZSICRAZBEER? kL,
Bl 5 2 F — 22 BICR 20 2. ZOHMTHZD
F2LEDLNIHERICKD, 244 ) VT THAL VIZHT
BEAT MG LT LN, BADRIEIZLE > TRKEL T
F Z 1@ 7-.
RAZBRELDTL — RO TAFTT 20 v F
EME LG L (Fig. 10), CFD @z H\Wian s, £
NZNOBRHOBEE & HRED R X b A llE 2D T

Fig. 9 Computer graphic of body structure skeleton

;‘H t,'_‘;h"

Fig. 10 Conceptual sketches for formulating frame composition
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CBR250R CBR250RR

Fig. 11

7= (Fig. 11). ZOBR X Y N2ABBEDbBEFHFA VT 7
O —FE, B F 2T = EER L, ¥EELTHRE
TEHEIEIEFLN—FLAEFRDBA, THIICHEBL T
WAV OFERIZHB L 72

ZOEKRFRIZKD, 284 ) v 2F—T—F[Speed
Shape |12 - 72T A VEEZERAL Th - 72,

5. X7y FEH

[Speed Shapel ZEKIHT 27200, ZZA4 VT ATy
FEEHL 7.

HEETMEE > TWTEHESICRASZE]Z, A7 vF
IZTHET L2, S Be L2k 59 F VI A4 —
FZAANR Mk EONAT, LD T & 7,
BEATRD ORI EDODTFTHA V5, HXDH 57T
YA VEBBE &N

P—F o bVETTEHBETEZ—/—Z2K=-Y 7T
DE—Z =Y A4 IiF, BROBELYDHEX LN LA,
Z OEEE A S Bk ANV 7 X T a—F — ATk T
WSRO THSB. 22T, BRAEVOHS vy VY 1
A 70EMA, a—F—=) v io#EENEL 2440 v o
FHEA VICKRB L, ZOFHFA Y FHRIZEWT, Mz
ICHZ BHEREERR L, HEZ S ICRAB VLT Y FDENT
NIERE B I k7.

51.38% 5 IR 2 2 #EESR 5

511. 71 L ERE L TORBEMRNDEES

S E 5 7-IRBEIC BT, A= FEWVS A K0
LOEMMLT 272012, EERTIZED LD B D ML
FERKLC BDMNIZDONTEEL /-

FIEDIZ, T— A —FA I NICB I 2HIDELETH B
MotoGP LV —> v 7= R, 600 ce, 1000 ccD X —73—
AR=VETFINDEREB k572,

CBR250RR

CBR600RR

CBR250R

Investigations through graphics drawn by conducting various analyses

AN EDONBOHIRZ T TidaL, 2 M)y TIKGE
DOFEMAEZ AR EHEL Ths7z. 20T, 2hb
HOME DA 2 —DUF, ED OMERBIZHER U 72 BREE
MHERTBENCESTEESNE D TH B L0 Hidn
WEL 72, ZORRERKE, HIMoOF S 2R 5%
b ORGSR, BEKIZHhH BB -> R EhE=T7L —
LARTF —, B LMEAMY. X BT IE—yn LT
MR E T 5. Zh b ORRER X, FEICIEEI L Tu
BOWIREET S, BOMREA ERMICIERC S8 5, Sl K
XRBEHREESTWS.

L7275 T CBR250RR DR IZH T8, EaE i
e A FERT 22 Lk, HMEHITRA BT VA V&K
T35 A TO, SHE EORR TR Lalik s .

512 #EERmOTY 1 L F&

E—Z =P A4 IV OHKERERT 2T XTOEMND, £
NZhoRE = HOBEESWmTH 5. ZOh LRIz
V—ALRT =&, 70V b T3 —ORAIA VI T =L E
DEEHLOIEL, Z—1—ZAK—VEFLOED 2% %
LZEBETATLTHD. KETMIZBWTIE, 24V
T—bL DI A v EAL VY TL—LDTL VESDYE
2281k, HKLD—KEEL A, (FE-5TNTEMH
WA T hma &, BEUCES BRI 24 X —D X
5, TO &S RSO TYEA Y EHEL . BRN L
FHEA VPOV, T4 T AT YA VDI
TH%ikd 3.

B2.BZOICRZ3YILI vy k

WIZE A 1Z, OB oo LTy MiZONWT
E-22 30

AEuiREdE 4 A —-VF 580 (Fig. 12), N#S) % 4
A=UF580 (Fig. 13) 2 LT, 2N 5 %L A 575K
a4 2—U9580 (Fig. 14) ZHhZHIZONT, KIS
55 &5 574 vERAM L.
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521. [RRENIHEEET L]
—mERT A==
TR R LS EBREAGT I 0Ty M, WEY)
DHXENOELIHXEZRBTES. T$Ahabb, HREM
TRZYIDHENTOL BRI R NIO &5 H&iE, RE5E0
IR THET 2 XA MM I EE T LN TES.

Fig. 12 Example of object that recollects image of
highest speed

Fig. 13 Example of posture that gives feeling of
instantaneous power enabling acceleration
in a moment

Fig. 14 Example of powerful body posture that gives
impression of legs grabbing ground and
kicking out forward

ZOY LTy bDEMKE, [0V ) =X)Ly k&
L7.

522. [—BRTIREL % 5 GLBRFENERL &)

—IMERAA A= —

BHA T, i EBRADT Y ILTy M, EDHLE
BOVLTy PEDBESERBTES. $hbb, £5
NEFMDIABIRIRT 2 EATOZLIZ, NSO EHEE &, &K
DR OMEFN S NEE RS2 DICHEBE T LN TE
507 ZOVILIy NOHME, [0 F T ALA4
L.

523. [ErtEmE OhH, BUHEL TV ABVE]

—EREN A A - —

BRI & F5 > THR L, 225 &2 0 H < H & 24 AN
T 729121F, O EIC TSN HE & ¢ A, D H 9 XS
TR TEE S KW, $4hbB [Speed Shape] DEBLC
WX HEGES T DO GAE AT 2 BB H 5. R & RET
5, gl UH LT 22 EbDEMmEMRIAT 2720, H
WHNCHKAE T V87 PlZL T &, 2RO T + L LK
HRIZBFEICE > TL 5. ZhIZX > TE % D72
A, O T RN LTy FERIDETZENTES.
ZOVILITy FDEME, [BET+LL]E L.

FEATRANR - HRBEE R D 4 A — Y OEHEEM L L 12, T
SHFHZ[AE =] H Masnit 35720 0&EE &
F—U—FEIA, ATy FEHEL 72
= A VS I
S OITYFUTARAIN
CHET LA

ZM 5 % [Speed Shapel #TEERERE L 27 v FDrh
IZERB L Ths /2,

53. Xy FADERL

531. ZREYWREEET I OLT /=X ILIy b
R AP AL O r T LTy &, [R5
FA =L R=ZOPTOPIZER]T NI ONTEEL

Fig. 15 lllustration of lines emphasizing long nose
silhouette
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72, ZORICHEREZBWIAIBBREO T A 77 2 v F%
Fig. 15187, $invr 4 7 U RWZE2rD LS 5y v —
T RYERIT (A) ZRTRICR S KIHICEE T % Z & T, 25X
EUIDRE LN ONMET ZPE 2 KB 72, 2HIZFH DR
IMDEITHE ST ) = IS T UV E =T IILDRKIEE T
DAY B, PHRODY v =T h T4 V& SIZBT
728, HAERE L TOMORr X E2RBL TS, Th
S5DTA4 VERERTPOISITHINZF»H I FLh
TNAZIPTTD A Y (C)IF, KD_DODF4 v & XD
SHIRDG, 25T 33D FTXRTEG D ZNTn A
A =VIZFG LT3,

532 —BRTINRELZ 5> EBREHERLDITVF T

A2A I

IIT9F VT ALANE KB 572912, CBR1I000RR
DFHFA VT 3L LDIF L & > T 5 RifE = A (Fig.
16) Z WL T2 7 v FRETE B Z o> 72,

Zhizkd, HIgS 259 F v o284 LVOERBFIE S h
T3 DD, SHRDENTVHBWMEIDORT Vv v
EBREC SH D722, & 5k B HiEREA O BN LI
LIEU . Z2°C, 70y b & A YIS £ T Az, B
ELTO=MEARBL, filHzHRHL L L &5
VY AN E, FRERIFREOT + L LAEKE X &

589 DO =MEL LT, WHIEICEERTZ 5 LD IChE

L7 (Fig. 17). 206 oD =ME0x Iz k> Tkt 1

MO RE&AERFAL, HEOEOET WIS FICBE+ 52

T, BETHRL Z 5 R RHTHTIENTE.

5.3.3. BV HEE ON A, BUHL TV HEBVER
e DIIN

Fig. 18IZmT &I B [HBE T+ L& OEBD DI,
Bk LA v 80 MCRBTAZ 813, b0 &5EH
FTBHZLIZKZLSEGTE. LrLars, HEDEF Y
Yy hEERTE) DOOERTH L[N [ O4 A -V E
B LIt nBd, Zo[hnREid, EfLOT SN
A — 7 (FERERL, NS 2L 5% I
TAAREEDTH 5.

ZO[NRX |ERBT 572012, SFLAYLERY Y
Mo HARPLEE, ML Ehsie UTRBL 2.
ZOBEOME N, iEHLOT 2 NmEOEKEL k>
7o e, HIKhROE Ry P T L= FOKRY 2 — LB
KLDOD, ZRIZEBR LTV b I ILRIFLAIL
VY AN L EDKmE ey v —T Ty VBIRE L
T3 (Fig. 19). ZHUZ X > T, HRRIEA & Funiic
M2 TCIABNERINTNEAL A -V X5 ICHFEh
T3, ZOKSIZLT, Higiaz@mdiL ans g, )

Fig. 16  Styling form symbolizing forward tilting
triangle

Fig. 18 Sketch showing trapezoidal design form

Mass center

Fig. 17 Two triangles demonstrating form directed
in same direction, which enhance forward
slanted posture

Fig. 19 Different design expression techniques
depending on distances from center of
mass
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MXERIZE L A= FEEARTRT VU v L a R
HeaZLEnpgs L.

NS FHEEE ST, A7 A L AEIRDT, i<
KGO 44 A=V E2RBETEIENTE.

6. N—F v ILETFILEEEICZ &L B,
T YA AR DIFTERBAREE

2R84 Y TOFEAER R FTHRET S E, TTUE
1/2 %4 ZD A —LEFILTOVIEBEIZA - 7= (Fig.
20). 1/2 4 X THE 2 B, R T OB ER i
BZEICMA, 7uR—=2 a3 VOEERES THH I Lk
ENFETOoNDE. ZThoOFEELENL, & F I FATIK
BMETT, 2441) V7% =9 —FTH%5[Speed ShapelD
KDB, EF->TWTEHEZIICRAZEEEEHL, 7
NAT =NV A4ETLOAFAEEED 2. XIZ, Ek
HESIZTL/2H9 A4 DA = LEFILOHIE %I T 7%
W, N=F p LEFALL . Zhicky, Kle=4% |
DOFEHEEHNT, A VNT A A5G0 X IFEFAT
T & DG, BMOWEEB I ko7 F72, Z
DTF—HEANDEZ&T, JifkL 4 7 F O CFD
Rt & 3tEsd B Z L S ATRE & 2 0, AR TR % K L
7= (Fig. 21).

Fig. 21

Analysis of pressure distribution on cowl by
CFD

7. 71 ETIER E2ETH A VRE

1/2 27 = LEFLOFHITF — # 7612, NC I T %
FHNTINL AT — LD LA BT L2 BT k572
(Fig. 22). S F Mt A ENR T — 2 Tldd - 724,
Hln 7Zahz2 v 4 =7 ILOHKRIE, Eilm ETHERL 727
NEFES LDTH- 7. B FEFRCTH 2228 L
et =TI F o< Rk BREEKU S8, 6K
B ER, WIRIZ K U shkhr -7z £/
FTAZNY — MDY FIL &R 2B U 5 &%
R, AR E DS 2R TRIKT D E—H—F A 7LD
—RENANE LTz (Fig. 23). 2hid, A7 —LEF L
BUEREE O HBOENR, FEEZIE 22N TE R0
A ZDORREELD. TZTHOISIFUVITAZALD
TaR—v g v OERE, YINWROFEOBEREEE B2 %5
Z &zl

Fig. 22  Production of full scale clay model by
numerically controlled clay trimmer

Fig. 23 Lack of sense of unity between rider and
vehicle caused by loose distances to
components around rider
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71. 70KR- 3> —BREHOREM—

R A v A= 20 NS AN N =¥ oWl S5 ) B s 4
vavERATOR-VavEL, SICBEELLEI L
0T9F VI AZANERBT B0, MEEHET 2 ) —
FDZZ = FEBEDT + —LEHAOIEDEREEZ
o7,

HAZ T, EHICRWEERE D DA FND )%
RS Z OB ATRT 27201213, #BAL» NI/
&, WA BTHEE L, A — FIROEBBARTR
Thot:. TOEWOIC, &y EEEBHOPLEL, #
IHhoHENBIZONT, HX, IXDERBNEEL T
Wl IFLIIANRET L =5, A4 VT T =L NE
DENDLHEORNIZED, LEShrEE2RELDD, ith
MABMOM T LN 2R L7z, vy —H ot
PR & CHUAZ A ISHIEL, B P20 ORVWEBTA L -
FEARBLZZ Tho kD, DENEUBERN T 3L
F AT 2B EY OS> 72TaR-v a3 d52
&N T X7 (Fig. 24).

72. 8> —ERWLEHES -

VR ETRENBRARBL 2084 Vv 2 BIRTH -
2. BV ONMEET 2 — F OMIER, BRIFHIZ /AT,
VK E 582, FIGWZERTHIDEE LerDn kS &
B M A 5 2w, BRI S 2 &L 72 (Fig

Fig. 24 Implementation of crouching style concept

Fig. 25 Shape formation of back portion of tank
expressing powerfulness (4-piece tank
coverings configuration)

25). £/, =) v I EmRETEERL L, &
Wk -7 ONELEB L ZOEBIZ, 94 XDEDX
PBOREE, ZR=YIFA4 T 1 V2 Ik g s = FHEEIC
FELTWS, ZOkH1C, M TCHORIKE,ND 5 4 v
IIROMEZE, &V o A= EEICRT S ED TR
12X DAREIZ L 7=,

73. 70> A0 —RADIFBEE—

7y P AINVICESIDRAALZF Yy T 04 —F 4V
RHy P ITA VKT, WELORNY O K5 LR %
5Lz X5, lK<MWAZ7ay b/ =KD & M
IKRE LNy F 74 POERE, BiZA7 Y MZTHZ L
T, B, T EBA DT BTEIRIZL Tw 5 (Fig. 26).

7.4, I RILAYIL —HIhbkEFEER—
EEROHPT—FIZHHAKRZ VDRI FLATLTH
5. MREAAKZNDZIZ, NRXOEBARD T X2 LHEH
ENLEDENSTLE S (Fig. 27). 2078, Elinr b i’

Fig. 26 Headlights that are gazing up from low
position

Fig. 27 Difference in impression of weighted object
sense evoked by turning point(s) of outer
line (ex. two points on the right side in the
figure)
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eV LTy MBI () KD, BT =il
2o Tk E ~5UISKDIADZET, IFLITILDOK
FOWmA FIAEIZAD, WOEEEES.

I7T7Y by ML, $RAR S DOTHELS ZSHS
hr-kd>alBE L, #EariEL TS

07— EOEGEBTIZB T B, S ADMAZ Y
4 YREEE, 7LD DR ERIFL, 94 £DkFE
FEEm ER, Ty oy r Y Xy MIFH5T 5. £z,
LAY DOIA Y ITBIKDEAEZRRETHZ S Z &
TIHNTIIE] 28I U722, SRR, MV 2 IR &
RELDFZHMOYIDBAAMFEICL ST, v —ThTy
VEBEBEOTY P T A MERSEBILE Zhoick
D, RME -4 =54 ZIVICET RNTHEREETIOH 5
ARAN) VT EERL T

75 . UY AT —BEROEH—

VXY HILDOHA FE2 -2V, Y — L =15
W BALENDDITA VITIbiERIT 52 LT, 612
T =3 kA Bt o - HEE & A 5- % 72 (Fig. 28). V¥ h v
MERIE, Ty a v ENLZ, KELEYH LA EmEm
L, A XDOMEAZITIED B Db B NI X1 & THE
LU ZheDRD i LIZE 5T, ¥ — METOHREAA
EOMLAERD, 75 AEMA 2R 2 — LEOFMIZD
K7z, &/, MiRICHM L2742 M2k, VYA
LD NS B AR 2 — LREE, YRR PO ERPLE O i
MAEEKL TWS,

76. 7L1ETIVDER

U539 F VI AL NERBT S, BAR»PNIHIA,
i & B0 e ), 2 — FERE WS & E, 7L 2
F—lLZuvA4EFTLELTCHEBULLZ. ThickD, 24
AV Y F—7— K& LTS [Speed Shapel # KBl 7
DA THIENTEZ, KO T 1Ly bk, B
EREDYDEDLDIZE->T, KOEMIRZ, Thizk

Fig. 28 Enhancement of expressions by clay model
for further providing uplifting feeling

DIRKREVORS KHI By —T & 2KBILZ F72,
NS RIRETTA FHNEITT S, [ERIN G IR &%
BLEZ2 Y 2OIRE, £—F—CiiEL 2 9 245
EEBUNEH->THS, ZheTNTOBEFIE KL 3
ZBAAN) VT INEDE NS T2,

8. TA4T—ITHALL

[EE2 22402 | O vET MIBRS, 74 T —
AT HA v OEEKE L FIRT.

81. Ny K4 b —HIWE—

Ny FI4 FFEDHDIE, [Speed Shape s EH LW EH
LLT, $IVWEHDOZXAAA—D LETHAL VEHIEL -
ITAREIRE, Ny FI4 PERY Y 3V T4 Mk BHar
L7z 4 KTOMEIZ & 0, M & AR A TR 5 7 %A v
Lo TW3, KYY a3y 4 M, BRICUNEN S
BiRE L, #HaE RS > EHPORKEO LI IZHRETHS.
INBPNEE O DT VA VBN Z D EF[ENT TS
(Fig. 29). ZOFWIEAE KRBT 272012, 54 P4 F
2k BM4 F TRAHERICARH L, A ORI % 55

Fig. 29 Sharp face demonstrated by headlights
design
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LCTW3. ANy FIA4 b7 2I121F, RROTITE LTy
F v REEC AR TS (Fig. 30). 2D &SIz, MEBHIC
T 52D OHIERIZ LA BN TR,

82. 7—IEbl) —HEMEEIORERE—

F=LI4 b=y ME, 7aY FOFFAL Y EDH
MEZZ, EF BOLVYXFHA v ARHBLE. O
T TA MCE, WEEKME - - A Z IR &
NdE5%, 54 b A FICK2mNETHRENEZERBIL
T3, FEOZALNyT54 M &2V TV E =44 127
5ZLT, FBEOF -S54 bED, BEHER DO
VAT AN EBEALZ REOEHE LT TES2E DI
THZLICED, EFBOTF—LI4 FFHA VAR
SFBIENTEBLTHA L L7 (Fig. 31). =AY
JUTIRER I %2 3%, EfTEDO~Y XD AV b ETPREREES
SHEle U, X &R (Fig. 32, 33).

83.LI1Y—Ky1>7
—HEERBRLEEETF 4 T —ILER—
[Speed Shape|Z#5EK & ¥ 2 7-0DHXDEBFTHEL L
T, IFMAINICOA VITBERERET 2794 v & #H

Fig. 30 RR logo on outer upside of extension of
headlight reflector

Fig. 31

Two tiered arrangement of upper and lower
LED taillights

L7z, ZhUE, 2—3—H—RF1l v, MotoGP v+~
BEDHNROMNETEH T — FOFIREAL -V L7
LEDTHB. ThoNEHE IR TS HMOINEUL, EfT
LA EBRADT IV A Y b M, SHUR T
DEML 72 BT HREA R X85, ZOu 4 Y EIROF
AL, [BESTOTEEZIIHZZ A4 4) v
FHIR S A EELERE k7. 0T —FILDH A K
S, ISP ILOmREYA VY ZIERE LT L%
MEORER, VY YEHROEROE LTEBREL T
W3 (Fig. 84). &, WA Y 7IBRARD AT A v
FiE, 7arv b EZbd, VU rEboRBEEL L TEEM
ERhTN3.

84. Y1775 —SMREERTIFER—

AT =V AEZRHMT VA4 VAL HiE, H
LR E L AT X B AR X ¥ B 2
WIZKEL L 29 A L Ui, YAV BATETHT LT
ZY) 2tz F e o WEHAEHAZ 5 Z & TNy o &R

Fig. 32  Air guiding intake openings on rear cowl

Fig. 33 Air outlets on rear cowl
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E, A== ZAR=—VITRDENDZT—F ) VIO
P25 LTWa, £z, 94 L VOl s 2B e
T52L7T, REzHOKE GFRE L7 (Fig. 35). 20OV
Av=277ic k> T, BHIORBE K B/37 =<V
ZZRKBL, RUE—42 =34 LI 2HLS Zvd))
L5 ZBZLENTET.

85 ABIINFIRILA—&

—INT =7 > ZOARAL & FEERIE -

ZDA—=RIZKD, 77 AREOH N EH TV %
BEAMREMICRBILZ. A=y v avdF—2-727FD
IS, A - F A2 PR EIHHTH > TUELWY. 20D
EIBRENWTTHA VENLZYT T ARKDORITI LTV
AN A—BE, AAX—F %A —42=y by KIHIC
BliE L7229 7 4 v & L7z (Fig. 36).

F =Ty ulmE, DTOFETERRENS. £9
472y arvd—rtipdlrax— 23 nKbiEkE T
Bkt B2 B, KICHEEEDTRTD YT XV P EIT S,
FOEBRPORET AV IR T VX LIZHATHL . &
#IZ[CBRIOUIDANKD 74 X & @5, ¥ —
Fo bEMTEE, ZR=VUIFIA T4 VT2 LD L EIC

Fig. 34 Layered cowl and rear cowl expressing speed
by wing shape

%, X — 2 OEREBFIFICTEARNS ZERRDOENS.
ZTDEDIZ, VB =0 FADA—IN—AK—=YEFIIZ
WA TILTF D AN A =2 RFEHEN, 5128 aX—-4
DOEFIZIE, LEDOY 7 Ty T A YO r—42%BLT
W3, ZNEDERIZE ST, REELFAT 4 V7T 4 —
LIFTE, A= ZDORTIHEREHBOIBIZEE B Z & p
THeEE A5, KEFNMZEHALEZAMILFT O 2L 2 —4
b, FMOEREEARA L TS, B hdlAT 1 271 A4
I, T OBEm AR A, M OO 2 4 7 & R
U, Bl AREH L=, £72, D28 TROEAER 2 ~
B, A== 33 EABEEROBIERE U, -5 DR
12272 A2 2 Ml &8I 7=,

86. Exhl) —UTREBALENDFE~—
U7 A% AT ED #BIELERH SN, B 7wy b

P g m 2 1M

Fig. 36 Large-sized fully digitized gauge unit
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T —=IRTNIZAA VT T =48, [BEBEZZL4L) Y
T EBRT AR E LS. WiETE NS, 5E 5
TOTEHm A B D H 9 1R & 0, R E 2Rk & % 4
A=V ERBD, A4V TT =L EWMOIA VEAL Y
TL—bDIAVEEDELETFYFA VAL, ZHICK
D, kLD REREFT DI L[V IV F VTR
AL DOEBUZK X S E#iRL 72 (Fig. 87). 72, &4 —JL
THA VG TARAR -2 #5FHTSZ LT, RC213V &
9 MotoGP v VDD, ML EZ DDA A=Y #HD
AN, M ORBREBFL 7=,

87. 7L—LRKRT— —fEE3EERH—

FITh 72K 512, KEF LD [Speed Shape] & KT
D722, THA S LRGN A, VORI AL
DL NI TOMENDETH > 72, [HEEN L DIFEL
<, ELVE DN TH % | &) BB O T, im
BEHNDZ LT, THA v EBEEA T S 5 RETOIB
HIgL 7=,

I, RN AEEZEZHFELT, 7V —s&2kidEpkeE LT
REBFHFA v Lz 22T, SMEEHOEN b 7 2%
WS4 T TV —LEFRHAL, b7 2EEERZIZSLT
5K5u Aty VHEOBRHAMRNEEZ /2. X512, HKRIC
SV ERKEEBESA T LA T REL, AUNVDHD
KT —KBEWREL L7

72, KAV AT 9T TS5y FOHYTTHE 7L —
LEMICHET 28 E, 7L — 45 TONE AL S 2
EDIANLSITHE L. ZhiCkD, EXRy T L — b
PEVXYAINIZDENRSEY— b L —ILDT 4V EERIC
RESZZENUHEE LD, [Speed Shape | DEBUIZFS-L
TW5,

IN6T A4 T—ILTFHFAL VIZEWTE, A0 EL T
-lkeEs 244 v | ORBEBB{LL, CBR250RR
OV &S 7285 Z S ISR LT 5.

Fig. 37 Expressing unity of vehicle body by aligning
main frame and upper edge of swing arm
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HEIZZ 722370, #o5—) v 73 c3F—=~, 5
A4 TEL, WENL—FOIFIZAbEEZITA VS o T
L L7
1. 2= ZAF—=UHT— (2447
2. V=Y VT AR=INFT—(2447)

3. ARV YT T T 4 v 2 H T — KABUKI

PTFIZZNZhons =) v 2@ -7 —v Lifsic
DTG,

91. A M= AKR=YHF—
HEOWHEINTZFA T4 VA A=V D728
2, A= AR =YAT—FE/ b=V HT— %A
AVISEY, EREAELTVEDT 2, &6, £/ F—
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NT—bLVRESZFIIL, HEOffHE W) Vv F 22—
VaVOHRTIRE S | FEERET L. ZOMER, £
b= BT —DRIZBEDOEN S T — ERRIICEE T S
FE MO,

911. vy " TFv ¥

v o MEEBENT, O M A 2 MY A E O & BRECY
5ZLT, EOMDAAREWNZ ¥R DD, AT
HaLoEMBIZEHH IR TS, PTEORHLOH
i, EEEENC B W, i SR LA 6 8 2
PR 2. BEHBICHEH S TE 2R L, Bkt
MEELOEED &, B, #EA, BN EBIERICK T &
V5@ THS. AEFLDAY+ T FEFL (Fig. 38) 13,
ERARHOEFLE L TE—2—Y 3 —ICHBT 5EA
NhoTz. ZTOED, #FOVESANKEEBL, 244
VY OBENRHEAERBRTIDIZHRNTH DT L
5, vy VT Ty EBIRLE. BINTIHEEB-Z LY
b, BEETNVTEHHTSICE -7 (Fig. 39). 7=
IT7A4 VT =0k E DK DI & G| & L B ANR
ERSWV, NN ADRAAZHEIZHEEOE KR ERIGL 72
(Fig. 40). BIZHROELEIE, AV O8O H 7 —1) v
ZIZBVWTAKDOEOVHAEEVIBEREHD, ZD7y
NIy o ET AT ENEDY, X SRT 4 b
Ty I L 72,

Fig. 38 Concept Model of “LIGHT WEIGHT SUPER
SPORTS CONCEPT”

Fig. 39 Matte black color applied to mass production
model

Q1 2. =T X&)y 7 ILIN—

A4V E=7Fy biBO—DTH B4V PP 7T,
WLAE ra — o)L 2 i & R0 s R O [T [ RN o Y
BRHIZB VTR Y AN =BARTH B ] &0 [EHAEEH
ENTEL. LAVAN—B R — KR EALDFL LT
DA A —=UnEL, MAFAOEDEGE L TOflifEIZL
Mot UL, ERRfwic ko MifEs By, Kol —
A—=DYNN—DIEGHEETHE T 22— 1AL LD T
W3,

ZFDEI B LIEHBEDD, E—X—H (4 7L 7L
TOANKEIIMARETH 5. BSR4 -V TRAS
NEO, FERhTWE20THDH. 512, “inhily, ¥
IZZAR=YRDOITFIVICENTIE, YIAN—D/N) T—
Vg viRFE AL L, I IR TIRIAWFEO fs F ik
EFH, WATICEG SN BN A RO 212, B, Ik
HEDFEG, L—H—L TV hH T -7, AKED
ARTTA vy T I BEAED RN,

ZDXIEHENS, KRETFTLTUYNN—ZREL
DENPEDF XY LYV VT TH 7N, 2—FOIEL LI
SDAT— bV E»EEHHEY, KN EA -V EK
BTx3TheE472. #7— LY FOMA»S, VL
IN—DEBIFIHE =T b=V ERERIRL. BT —H Y LDE
BESITIRWI L =X v 7 &2EY, RIROHR A5 %
DD, M N HIRD LB OG0 50 & B whR
ERE o7 AUNLOELEDEH R DIR LikikE, BEE
ORI BRI f T —iF, HOGH %K
LT3 (Fig. 41). BEOENA T —3, KL DA
BhEBHELOWI NG EMEMERRL, T
2T 4 TOHREN A X -V EFEBITESEE LTHE
L 7.

Red color inserted on recessed sections of
cowl

Fig. 40
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O BFEAHANSEZ ET, HEN»DL—F
DEHIZEESI T =) VT EREBETBIENTE
(Fig. 42).

92. L—Y 2T RR—YHT—
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-4 = 2R =VITEDLOEOBERICHET TIHRT 2
HTI—=V VT THDB. T—F—AR—-VIF, HANZES
O7 7V ANO#ERZ, FRZA ¥ F 32 7 TIREIRMIZA
KEL, WA ZIZFEBOATE AR — VBl LTE
LUK BRELRD EADERETHS. L—v Vo2
R=Vh T, T7 VIl >TEHIMELTWEF—L4D
BMTH, IATZILTT7 7 VDEEKED BT 50
SV ITHB.

921. LFVYILAHT—

ArvAEFe—-FL-2HRAETFHOREIERERTH 5
MotoGP 2 7 212 2017 F-BUE S B L, IFoRi & 5 L
BT T3, 2D MotoGP 7 7 Z12H W\ TIE, 1995 4 X
D A4 VD Repsol #AFK &F- L=V TDAAL Y AR
VHELESTWE. ZDT =T AR YR, FDHT—)
VIO EBBELZEETETIUWE, @Y YL S 5 — LR
N, V=277 IZHLENRTNS.

Fig. 41 Stripes arranged along contour of vehicle

body

Fig. 42 Color of dark metallic silver applied to mass
production vehicles

V=Y =L ) AhH T, FEFOL - v vk
ES TOHEMKIZ, KDFENWA A -V THHT S ZLNEHE
YWlkb. RepsolttdDT—2s 27w vDHhs—1) V7,
P —F vy bTOEITHTEVOEHTO»S &9, HReh ik
FLYVETED ST ER T3 (Fig. 43). HFEDOL T
HETMZENTIE, 2T v B EBHVZTET, 2O®ERD
I EERBTS. LTI A T DB FIFDIANKE
HHT 2120, GHEOKZEVWZT v A2 HOWBILERD >
7oo ATy A OMBEAKEL U 21EE, B0 HF1E
FEIlBTEmnEinwEE x5, L L, @iz s
TE57ALT R VE - ET—2 -4V FXVTIZETS
CBR250RR 424 ORTF 5 VB DM &85 Z &
12k 5T, BREE(LAFBL 72 (Fig. 44).

TDHT=V v IDHrarRRR L5 EICHHT S X
4 YF vy 7272121, MotoGP V' —% =D~ )L o - )Lr A
BEFRARMUZ, EEICA Y P v T THR 724 NV
FCETL, V—ZAT7 7V AERWNIED T 7.

922 M7 RNT KR H- LT hHT—

TANT RV B L=V Y TF—2F, 7VTU—FL—
ZBETFHE (LU F ARRC)IZEBHKL T 5. #Hit7 2 b 5%
VEL=L YT h T —IE, 2016 4 B HIICERE STz,
ZDIT—=D AL =2 Iy YDLVT ) A HT—Th5.

Fig. 44 Replicated coloring reproducing that of
original works machine
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TANT RV E L=V VT F—LDT =AYV
i, F—Lh T —ThbIKRADY - b=V 7 —%HEHE
LTER Hilt7 27 -Fvx-L—v s hs—i1
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Mz 23 Z&ickd, BROHR AT EHKiO T\ 5. JLikR]
BEBEL I 74 90 FHFA VI, BEEEE B8
Wk EA>728E, KD@BHFALTEBHL TS, AF
F=IZBWTCY, MROKEEZAT v A EHNT, HAD
TEBEEALSBD ST 2D LS IC/E, Bihad 2 -
EEBLE. ZhoDTHRIZED, LTV I H T —DR5
WTh DAY — FIROKBAEMK L 72 (Fig. 45).

2017 £ ARRC 7 ¥ 7u — F L — Z#F-H AP250 D
25322 BWT, TAMNTI RV X -T—K—1F, TDh
7 —%% & 572 CBR250RR T2k AR~z L~z HAET
by TEBER LSBT EARF—2DL TV I H T —EAT
2L, V—ZAT 7 VDI —FITL 5 TREEENRIID
BMHRoTWNSD.

Fig. 45 Coloring of Astra Honda Racing for mass
production model

9.3. ANV v IV T Z T 1y HhF— KABUKI

ZD[ARY v VT FT 4 w2515 — KABUKLIZ, 4V F
F LT HBATISIRETTFA Y LEzAh - ) VI Th 5.

AVERYTOE=Z—=H A4 2 LY TIE, 279 7R
TV T ANLEHALE, A5V VDI ALY
A ZNBATHS. DMLV FEREZIT T, KEFL
DHARRAZH T = A —=h—lr6RETE LS
VETET, TOHT—I VI TFHEAL VEIERL . RIS
BT =N VTTFYEA AR BRI, GEEORER R E
ERELTHA VOT = &I L. W DD T ¥ A
VA AERRZ T HhT, A Y RX Y TIZBWTY, A
DT AR [ DB |XFEDLE 5720 TT 4 vy ok E
M, =L L A EBO—D L LTEAEh T3
EWH ZEbh o7 (Fig. 46). 7z, HHAEMIZE [2 -
Dy SV]EWIEER, YT HLF DL Y FF—T —
FELTERBELTWS., 2O &6 [HA]EKE
BT—v& LT, THA VOB £ 7 (Fig. 47). Hifk4e
RICKIZ NI T 7 4 v 73R AEF—T7 L L
TWa, EF -7 LEEIEE (LIES L) J&n s

Fig. 46 Graphics with Japanese motifs seen in
Indonesian market

Fig. 47 Conceptual sketches on coloring developed from “Japan” as design motif
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Fig. 48 Coloring for mass production model with asymmetrically designed left and right graphics based on motif of

Kabuki

ML DOEFMET, FMEEARWWA AL, T4 E
AR A AR TFET S, ZOBHDOEARAEEF —
12, HARGE AN, EIEEE A VR T8 EL
THYE, FEAIEIRROREIN 2 794 » & L7z (Fig. 48). 4
D2 bua—rTEhrNi-& S 5, MAaAGbEs e, Fv
72 2 DEDTEO—HREWIIZDEN > T3 (Fig. 49).
ﬁ%btx%vﬁ%NXW®i5’ﬁ&Abﬁfﬁé”t
T, BN TR, IV lkae IS y ¥y L=
5749 DkS ~%A5§fﬂ’ﬁ:ﬁiﬁb7’:. AL VDTS
T4 9o NT—HERTILED, HiOFL —LT T —
EHERTEZSZ LY, F—HRTIINATY PS5 ANT
HZEBIK FHA Vit b7z 207, W TRZE =
12, ftflea€F—7 &L 5 749 2h, u—av + 3
2 FTEAIZHDIED 5N TWBEDNFEFHTZ 3 (Fig. 50).

Soar i
B

Fig. 49 Representation of contours of face and hairs
with brush stroke touch

Fig. 50 Graphics featuring Hanafuda (Japanese floral playing cards) as motif
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Development of New 3.5 L V6 Turbocharged Gasoline Engine for New NSX

G R

Takumi FUNANE Seiji FURUMATA

fti A R * #oEIA T

Takashi KAKINUMA Hirokazu TOCHIKI
7 = ABSTRACT

FBINSX DY v 7+ Tdh b E#HTrhfe = 2§
570N L, AT RICHS - 2856 % W
VY70, BrEfko 35 L Ve KRBT Y VY &N
FEU e, Eml L SRR AW T 5 7280, RINE & &
B Y TNER— P EHCTRBEZ Rt L, ZEh8 0y 7 M
MDYA VY AT A%, MNEE LR — - ES A OFH
TRRBHIE S 2 7 2 2 BRI L 72, BiliE SR O L4
HIgE LT/ — b LA YolgR, a2 v387 MEE{KEDL
LEK -7 72, @Jibicxis L, 2R —-YEFICE
it Z2 5 % W HPERE R AR E RN & IR 3 2 720, SRS
VY ERTREIAY VTR 2T 4, 3= T4 —
BV vy b, 24 VT T = XTI, VE sy a Yy
Fx— VB XA L 7.

Z OAER, e A1 373 kW (500 HP), Ak b L2
1% 550 Nm % 2000 rpm #* 5 6000 rpm % CTOJAFFH TR
A4 5 LA, B Eurobb 36 & O°US ULEV125 (258
HL7.

The concept for Honda’s new NSX was to
balance power performance achieving a high level of
dynamic performance with a level of environmental
performance meeting the demands of the times. A
3.5 L V6 turbocharged gasoline engine with a new
frame was developed to realize this concept. In order
to balance high power and high thermal efficiency,
combustion was optimized through the use of in-
cylinder direct injection and high-tumble ports, and the
engine applies a twin turbocharger system featuring
independent turbochargers positioned on the left and
right banks and a fuel supply system combining in-
cylinder direct injection and port injection. The
powertrain was reduced in size and weight and given
a low center of gravity in order to enhance vehicle
dynamic performance. In addition, in response to the
higher power of the engine, Fe spray-coated cylinder
bores, a dry sump lubrication system, a three-piece
water jacket, a swing arm valve train, and reduction
chain drive were applied in order to help ensure
cooling performance and frame reliability suited to the
demands of sports driving.

As a result, the new engine achieves a maximum
power of 373 kW (500 HP) and a maximum torque
of 550 Nm across a wide range from 2000 rpm to
6000 rpm, in addition to complying with the European
Euro6b and US ULEV125 regulations.
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Table 1  Engine specifications
Engine tvoe Developed Previous
gine yp JNCT JNB1
Cylinder configuration V6-cylinder V6-cylinder
Bore x Stroke (mm) 91.0 x 89.5 89.0 x 93.0
Displacement (cm®) 3493 3471
Intake system Turbocharged Nat_u rally
aspirated
Bank angle (deg) 75 60
Lubrication system Dry sump Wet sump
Qrank journal 7 70
diameter (mm)
Compression ratio 10.0 11.5
DOHC
Valve train Hydraulic VTC VTSECC)/HV%M
(Intake/Exhaust)
Number of valves 4 per cylinder 4 per cylinder
Fuel injection type DI+PI DI
Maximum power
(kW/rpm) 373/6500-7500 231/6500
Maximurn torque | - 554/5600-6000 371/4700
(Nm/rpm)
Front

s

Dry sump
(Developed)

Rear N Wet sump

Fig. 2 Overall view of engine

V6 turbocharged engine

Longitudinally
mid-mounted

Low center of
gravity

Fig. 3 Vehicle mounting layout
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Fig. 5 Performance of Fe spray coating
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Fig. 6 Bond strength results
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Fig. 7 Layout of dry sump lubrication system
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Fig. 8 Oil pump rotors
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Fig. 9 Visualization of air separation in oil tank
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Fig. 10  Oil tank shape and oil level
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Fig. 11 3-piece water jacket
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Fig. 12  Visualization of cooling water flow
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Fig. 13 Cylinder head layout
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Fig. 14 Layout of reduction chain drive system
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Fig. 15 Results of analysis of chain force



Honda R&D Technical Review

Vol.29 No.2 (October 2017)

Chain force
= Tensioner displacement

Chain force target
=

Chain force (N)

Tensioner
displacement (mm)

[ A
Optimum

200N 1 mm
¥ Lo |

Tensioner relief pressure (MPa)

Fig. 16  Results of study of chain tensioner
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2018 £EFJIL N-BOX BB CVT

New CVT for 2018 Model Year N-BOX

WAl f' o A0T
Toshikazu UNEYAMA

iE O KT
Hideo NIRASAWA

2 F

2011 FICEEAE L ZBABEH CVT ORAKRFIE
LD, mER A FEHICH CVT OB 2B 2 kW,
2018 4-E 5 )L N-BOX IZ4&#k L 7=.

AKCVTIZ 22 A ALKy Y 254, HTCVT
TL—FORHB LT =) ¥ b VIEOIBKIZE B4 4
LR Y TR ROEIRE, WK & 2 2 < A HEPTH]
WA EDEILT V) o v g HMEIRIZ K RERERA L2 X -
7z, TN EOFHZ & D 2012 F-EF )L N-BOX HH CVT i
KU TRERN#EE 2% ) L& 27,

B A HEEE$ 587 — b LA VIS LU
WIZSEHIETH % G-design Shift HIFHOFMHIZE D, F35
ANDERICER LS IB U, EONLEE OMiR: 2 FB3 %
T & TR D BER L 7.

ABSTRACT

A new CVT was developed based on the basic
structure of the K-car CVT that started mass
production in 2011, mainly with the goal of increasing
efficiency. This new CVT was equipped on the 2018
model N-BOX.

The new CVT reduces oil pump workload with
the dual-rotor oil pump system, new CVT fluid,
and enlarged pulley piston diameters, and enhances
transmission efficiency with reduced friction in
various areas, including reduced stirring resistance
due to decreased oil levels. With these technologies,
transmission efficiency was enhanced by 2% over the
2012 model N-BOX CVT.

In addition, powertrain cooperative control has
been adopted for better traction, together with the
new shift control logic, G-design Shift logic. These
changes provide quick response to driver demands and
maintain high acceleration to achieve an exhilarating
driving experience.
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Fig. 2 Main section of new CVT

Table 1 Specifications (NA model)
2012 2018
model year | model year
N-BOX N-BOX
Forward 1.605 1.605
Primary
reduction
Reverse 1.187 1.290
kel
§ Pull
ulley
(low — overdrive) 2.293 - 0.420 | 2.293 - 0.420
Final gear 5.176 4.318
c Overall length
9 [mm] 344.5 344.5
5
E | Pulley axis distance
a mm] 147 147
Weight (Wet) [kg] 59.6 56.9
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Design of Safety Factor for Slip of Half-toroidal Variator by Dynamic Behavior Analysis

Mo woOmE R T [E O NI I
Masahiro TANAKA Toshihiro SAITO Koji MIYAMOTO
= = ABSTRACT

IN—=T a4 2N T — & OBIRERME &R S
72912, WIMZEIFIICE > TZD NI 7Y a VEREE T
W 2 M AR L2 AFBRICENT, NV —-4DFE
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FREREARH L. P92y 3 VHilZBTI 552 3
VI — FOXAWRHEE KT 2 728, 4 & a5 %
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FTHIENAREL BT,

In order to determine the power transmission
characteristics of half-toroidal variators, a dynamic
behavior analysis technique was developed to predict
the traction coefficient. The approach uses the finite
element method so that the elastic deformation of
the parts in actual operation can be reproduced in
variator modeling. As the technique reflects the shear
characteristics of the traction fluid on the traction
surface, frictional force was identified based on a
four-roller test and used for the contact surface in the
behavior analysis model. To control ratios, feedback
control was applied based on the shifting mechanism
of the toroidal variator. Using this technique to
quantitatively predict the change in slip rate for the
traction coefficient of the half-toroidal variator allows
for the corresponding safety factor to be established.
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Development of All-in-one Smart Hydrogen Station
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An all-in-one smart hydrogen station has been
developed, using Honda’s original high differential
pressure water electrolysis technology. The key
components are packaged to be the size of a ten-
foot container, reducing footprint and simplifying
installation work. In addition, an interface was
created to be easily understandable for those having
no hydrogen refueling experience. In terms of
performance, the pure water production method was
revised to reduce water consumption to less than
one tenth of the previous method. In addition, high-
pressure water discharge technology was developed
to increase the durability of the hydrogen production
system. Furthermore, in order to expand the installable
area to include semi-cold regions, heater functionality
was added, preventing function loss from freezing.
With these changes, smart hydrogen stations are
being introduced by municipalities and private parties
around Japan as an effective approach for achieving a
hydrogen society and for promoting popularization of
fuel cell vehicles.
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Fig. 1 Locations of commercial hydrogen stations, as
of Jan. 2017

RN 2 Sy T = VWL 72 2~ — P AKRFE AT —
v 3 v (Smart Hydrogen Station:SHS) #BH¥ L 7z, %
72, SHS # KD IAWHURICRET 2 Z L2 HIEL, £
D RGBS 1E D x5 % 3B M1 U 35 i ] fE Hh sk & 8 IR oy Hh sk
FTHKL 2.

AL, EHEEZBHA TE R EKRTREZ T —
VgV (R 2 5V AT AR S LITRIBE B
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SHS O FEEFHIC% Table 11287, AEELERET)IZ 1.5
kg/ HTH D, FFEWIRAR 550 kg DARA#fETcE 5. —
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Zens, Bilj 1 B d 720 OFMETHEE% 10,000 km &
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Power Creator

High differential pressure
electrolyzer system
(No compressor required)

Renewable energy

Packaging

High-pressure 35 MPa
hydrogen tank fueling

nozzle

Fuel cell vehicle
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Fig. 2 Concept of SHS
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Table 1  Specifications of SHS
Max capacity 26'57k'3ﬁ3a/yh)
Hydrogen Production pressure |40 MPa
production | (dispensing pressure) | (35 MPa)
Storage capacity Approx. 19 kg at 15°C
Purity >99.99%
W3280xD2140x
) H2100 (mm)
System size Footprint: Approx. 7 m?
(10-ft container size)
Components

High differential pressure
electrolysis system

Double-bank cascading
200 V AC/tap water

Electrolysis unit

Dispensing method
Utilities

ZET, HREOHM A G L TRET 25AIC WY

ETIC KR E MG TE 5 X9 Lflbbk& L.
KENTFLE -G E LT RIIEL HibNs &5
127 2KEF 2O R W OIB &, BROBE i E B O

IR DY ALK OB %S 72012, FGEkBkEs» & T

LN &L & 7.

(1) 789 r = &k 2EADOFHR

(2) M TKRABEXEETIACEDIrDRT VL~

RN
(3) AIMEROHNIE L, EHEAKEH RO A M E
(4 ) UEFE U OIS O B E LK

3. EAEHERED 5 DL

31. /8y r—JEIC L B2 EADEREL

IhE TOFIERBHIL, AR ERHAREZT - 3
v ETRRICAKRRBOES, FHEd, T4 ARV EZhEh
M L7z2=y P LTRETSIFEEL ST L
L, 29V fEDHTETIE, A7 -V 3 VORE
WA KREL L3EARZ Tz (Fig. 3). 72, 77
FTH52=y AR T ARE AR A BT DOy b
THEMBEEL A2, RELHPE LT 23EEfx
Tz, Zho ORBEEMBRT 52 &N KROIEH#EIZD %
NBHEEZ, SHSIET VS8 y r =V baERG oAb nwe L

Fig. 3 External view of previous model

= 8y = VBRI HD b Ty JHED LT
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T A X EBEEED .

Fig. 4 12 SHS ONEBMK &R 3. 2 — 23 8T 57 4
ZXRY Y AFIICEE L, FC < BEFRO 4 v Fr84L
T 4 AT VA % BTGS2 B 2 XN R E TR R
INE 2B XS ITELE U 72, S KERELE BAMFET 5 Power
Creator L EEA/ NV 27U B AHO/ IV T 2=y b
—ORXMEZIHAL 72z, N T 2=y NGB ORI O
FE DY TIERAGICEE L, SEREREN Y 2T 4
ERTREFS KD LHITL .

Z ORI KD, IZITFR CAKREGERE ) & ARRIT R %
Fro SR iR B Y & Hol U CRRE A A K9 4 25 D 112l
WTE /.

F7-Fig. 5IZSHS DA ¥ A b = WAEEKRWZRT. L
WIS S 7 = DBEYENTE T LT 5728, REDE
TRAREELBREERT DDA TEANTTTH5. 2D
U2, AT FEHE T30 s AR i A\ D & A A B
Dz e Bz R E, EH%— 0 TREEGE A AT RE
A SV A

32. BB h1—vEE%

BN OKEFIEIFIZ 2 — F RS 5 D34 v F/8%
LT 4 AT VA LT LD 215 TH 5 (Fig. 6).

Ry FISFILT 4 ATV AL, 2—FRFREHEEL T

2100 mm

3280 mm

Touch panel display

Valve unit
ve unt Storage tank

Power Creator
Dispenser Inlet and outlet port
Control unit
Front Back

Fig. 4 Inner configuration of SHS
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Fig. 5 Installation of SHS
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Fig. 6 User interface
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3.3. KHEBEDHIK & MR £
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SHEEL T2, BRIFERKE UTHERT % AGEKD
STHD2FENREINDI VAT LTH T,

Z 2T, BRRAEMER IV E KBV RXLOREL &
TERR DRGSR, MRS FEE 4 4 v R s E s
L, 44 VisEKOBEEE & < §Z L AR & 7 - 72 (Fig.

SOwWRE 10 ke (Y00

TS

FEEFE) : 25.0MPa/ MAX 35.0MPa FEEREE 1 30.0°C/ MAX 45.0°C

Fig. 7 Operation screen
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8(b)). F7z, mIEAK S ERERAEL L THAATZ2 Y 27

LIZU 7z, EBIC, BEA & v 0 FEAD WA T &R »
6%"5‘/%’\’7%%1/7*:%:%, FERERREFAR I Z KO R % 10
SO1TLTIZIRS T Z EMNalfEL & 5 72,

Wz, AAREEE S 27 4 O AR Bi2mg T, &
JEARDPEH FIE OBE AR E -> Th D, Pl FiEoK
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Water purifier Water
(RO + EDI) separator stack

o ite

Water discharge M
Heat exchanger

(water-cooling)

Electrolysis H
2

Water discharge

(a) Previous system

= ater Electrolysis H,
- lon exchanger separator st_(a!ck
Ell)]iil
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Water reuse line
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Fig. 8 Comparison of water supply systems
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(40 MPa) moisture
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Electrolysis
stacl¥ Dry He

High-pressure
water separator

Microtube
Previous system
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Fig. 9 Construction of water removal system in high
pressure hydrogen line
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Fig. 12 Adding heating devices for semi-cold region
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Fig. 13  Effect of heating devices
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June 2017
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Development of New FC Separator for CLARITY FUEL CELL

X F & AT /Nl i *

Yoshihito KIMURA Satoshi OYAMA

® # = (- INEAR AT

Akihito GIGA Daisuke OKONOGI
= =1 ABSTRACT

CLARITY FUEL CELL O#RIEMZ 4 v 7 &7 0y
b7 = FNIZHIRT 5 728, /N DI O S 08
B/ SL — 2 A BT L 72,

INEED 728 281 — & D ¥ — VTR % 56K O ey
DIEVEE» S EBABIZEE$T5Z LT, v —LREIKK
L, 249 0 &M% 3 LEWRL =, 72, v SL—4%
Bl KO T & CEOMRNE R T 25 2 LT, i
Anwehzdzyru—2 v Ky o 2k L OFKRHFNEE
MATEL 20, ¥ E5KICY — LM EBIEL L
AL CTE - X512, Y=LK JERIZY — i FC T
LTS 2K 2 Z &2k, SR e TREf@R
b o72. £72, ¥/5L — 2 OGSO M)
WA RTEEIEDO XSV — 2 OFRAWHIT 5 Z & Tt
L U Il el

INOOREAHET B /5L — 2% 7L ZE, BilEKk
BhiUOTakErhshl TRETEE T 2HEMkE L,
K3 2 F oK EEFERE A BEZ BT L 2.

A compact and highly impact-resistant fuel cell
separator was developed to enable the CLARITY
FUEL CELL fuel cell stack to be mounted under the
front hood.

By changing the seal cross-section of the separator
from the previous trapezoidal shape with a broad foot
section to a rectangular shape for downsizing, the seal
width was reduced and stack volume was decreased
by approximately 3 L. Also, covering the separator in
resin and rubber to help ensure insulation obviated the
need for the waterproofing and insulating structures
commonly known as enclosure boxes, resulting in a
structure that does not require sealing parts in the
enclosure. Furthermore, the number of parts was
reduced and processes were simplified by forming a
flow path structure using the same rubber as the seal
materials during seal molding. Impact resistance was
also enhanced by providing indented sections made
of resin at the four sides of the separator to suppress
misalignment of the separator during a collision.

By integrating the production processes of press-
forming, resin molding, and rubber molding for
making a separator having these structures into a
single process, a low-cost manufacturing method that
can be applied to mass production was developed.

1. EANVE

BREFEM (FC) 13 CO: RAEFEME % 10 > VI L
PEE ) — ST — b LA v ELTHIE XT3,

1999 HFIZHALBHFE D FC 2 & » 7 Z R E M FER I 15
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2By 2 EFREZLEY 2006 FITIF X HIT/VUERRAL L
72V Flow FC 24 v 7 %% L 7%, # LT, CLARITY
% JUiii R&D & > & —

FUEL CELL OFRIZHWTIZFC 24 v 7 % X 512/l
FRLL 7oy P 7 - FRICERY T3 2L 2 HIEL, &
LD/ E 2 2y o ONERM R FEd BTk -7z, 25
LTV Flow FC 24 w27 &R, 24 o 7 EFEK 18 L
HIE L 728 FC 2 & v 2 % 2016 RIS % L 7=, Fig. 1(a)
12V Flow FC 24 » 2, Fig. 1(b) IZHI FC 2 & » 7 D4t
BlAERT. KT, I FC 22 9 7 ICikL =151 —
A (FFC FE/8L — ) I2DOW TS 5.
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(b) New FC stack

(a) V Flow FC stack

Fig. 1 Appearance of FC stack
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GDL CL PEM CL GDL Separator

Separator

Y
MEA

MEA: membrane electrode assembly
PEM: polymer electrolyte membrane
CL: catalyst layer

GDL: gas diffusion layer

CCM: catalyst coated membrane

Fig. 2 Mechanism of electricity generation in FC
stack
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Fig. 3 One cooling layer per two cells
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Fig. 4 New separator
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Fig. 5 Comparison of rubber manufacturing methods
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Technologies for Low Iron-loss in New SPORT HYBRID i-DCD Motor

[ (N oA I
Satoshi FUJIISHIRO Yuichi SUZUKI
LE I ST te B ook BT
Shingo SOMA Daiki KAJINO

2 B

¥1E—% SPORT HYBRID i-DCD HE—#1i2%
W, RSB Z &k B 3 2 MER & EA LT
VALY 27 A B k-7, A
7 — 4 2 T 2 ik & DER ORI 0.25 mm A 5 0.35
mm I IZZEE L7z WESEEZ S Z &0 & 2 8L
T, AT —2AT7OH Y AR EMNBEORE LIZXK DI
BIROEHIZ L > THIB L2, 72, 27— 2R LN
ISR T & fE U, fmfgs Hik s 27— 42 a7
ABORHIG N 2N 5 2 & T $RA Rk X v 72, &
i LM 7 ) BRI X B AmEEANOHIEE LT
1%, WA OBLE 2 FATIE A 5 1 — 4 3 7 NEATERD L
FVERBEICEHE X &7 ZHICA T, BADSEEE
W51 4 53 Elh 6 R 2 Ay ENCAE N, TR L4 3 2
BOENLREERISIZTE I ENTE .

ABSTRACT

The use of generally available materials for the
electromagnetic steel sheets in a new motor for a one-
motor SPORT HYBRID i-DCD has reduced costs,
while the application of heavy rare earth-free magnets
has assisted in the avoidance of procurement risk. The
thickness of the steel sheets employed in the stator
cores was increased from the previous 0.25 mm to
0.35 mm. The increased loss resulting from increased
sheet thickness was responded to by modifying the
number and position of the caulking dowels used in
each stator core in order to reduce eddy current. Iron
loss has also been reduced by machining corrugations
into the inner circumference of the stator holder in
order to reduce the contact area and thus reduce
residual stress from press-fitting. In order to help
ensure magnet heat resistance with the application of
heavy rare earth-free magnets, the configuration of the
magnets was changed from a parallel configuration to
a V-shaped configuration fitted deep inside the inner
circumference of the annulus formed by the rotor
cores. In addition to this, the number of divisions of
each magnet was changed from four divisions arrayed
in the axial direction to two divisions arrayed in the
circumferential direction, simplifying the production
procedure and helping to realize a level of loss
equivalent to that of the previous motor.
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Stator

Fig. 2 Motor components

Table 1 Comparison of specifications
Previous New motor
motor
Type IPMSM
Phase 3
Number of poles 6
Coil turns 55
System voltage [V] 173
Maximum motor power [kKW] 22
Maximum motor torque [Nm] 160
Volume [L] 2.57
Stator | Plate thickness [mm] 0.25 0.35
Number of caulking
. 2 1
points
Holder Press fit LOW'Con;id press
Rotor Magnet layout Axial: 4 Circumferential: 2
Heavy rare earth . .
magnet Applied Not-applied
Number of magnets 96 48
Magnet Br [T] 1.27 1.35
Magnet Hgj [kKA/m] >2294 >1500

N3 7 % 18 MTHEIRISHER L 722 T — 4 AL &
NEALUTHREZ BRI L T3 (Fig. 3).

—Jf, =& @F b IV Ay a YNMLIRET S
I, R A LA TEAOSHA S 22 BRI O 0 — 4
A7 =AY v 7 MIEALTHER I TS, kN
A, HAKKO -0 BB rElEhTe D, Hill
T— 4 Tid 48 DA % VT 5 (Fig. 4).

Table 1 (2t kT — & L HTLE — 4 DFEILERENT.

Stator holder

.

Stator core

R

Magnet wire

Stator component

Fig. 3 Stator component parts

Rotor shaft

Right plate

Rotor core

Magnet

Left plate

Magnet collar

Resolver rotor
/ Resolver collar

Fig. 4 Rotor component parts
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The usage and performance status of Li-ion batteries
installed in hybrid electric vehicles were collected
by means of fault diagnosis devices. Analysis of the
collected data showed the existence of a margin between
the Li-ion battery capacities in users’ usage conditions
and the estimated capacity degradation line that is
foreseen during development to show the most rapid
degradation. The distribution of the actual Li-ion battery
performances in the users’ usage conditions is composed
of the initial performance distribution, the degradation
distribution created by different usage patterns, the
degradation distribution of Li-ion batteries within an
identical set, and the performance calculation errors
made by the electric control units. The capacity margin
occurred as a result of the estimated performance
degradation line foreseen during development being
calculated under conditions in which the distributions
of the above performance factors were simultaneously
positioned at severe extreme values.

A formula, which reflects the actual distributions and
the correlations between the distributions, was created
to calculate the probability distribution of performance
degradations of Li-ion batteries. Usage data and capacity
data on 126,742 cars of the 2013 model FIT HYBRID
for the Japanese market were used to verify the validity
of the formula that was created. The results show that
the probability distribution of real capacity at 1.5 years
after a vehicle is registered agrees with the probability
distribution of estimated capacity after 1.5 years as
calculated using the created formula. This verified
the validity of the formula. This also successfully
quantified the position of the capacity estimated using
the estimated capacity degradation line foreseen during
development with respect to the estimated probability
distribution of performance after a target use period as
9.66. As it became possible to calculate the probability
distribution of performance after degradation, this
enabled optimal cost design of Li-ion batteries, bringing
out the maximum vehicle performance of hybrid electric
vehicles during the target use period.
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Fig. 1 LIB capacity of FIT HYBRID calculated by ECU
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Fig. 2 Factors of LIB performance degradation



Honda R&D Technical Review

Vol.29 No.2 (October 2017)

Table 1 Usage factors in performance degradation for

FIT HYBRID LIB

performance degradation estimation line

Drive | LIB . . .
temperature Highest operational limit
Charge and Follows hardest pattern
discharge pattern among all drive patterns
Charge and Longest time among
discharge time real-world data

Park | LIB Highest temperature profile
temperature among major cities
Voltage or SOC Highest operational limit

HUTS, 21, FIT HYBRID IZ#5#& L 72 LIB OR%

BRI AT U 2 PERERIE 7 4 v ik, Zh o OB HLIEHER T
IZDWTHUE SN D i d ik U S AR (S R84 4 5 5
THEH XT3 (Table 1).
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(Fig. 3, Fig. 4, Fig. 5).
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Fig. 3 LIB temperature during operation
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Fig. 4 Current during operation

O R & 7213 FRRIEE ORIZhWEELR H 5 Z & b
3. [ABkIZ, Fig. 5205, M & h TR e HLARE L W
EFEZHNS SOCIHE 22— FHEREETD SOC O LR
BEORNZPAWEERH B Z Ehbr 3

IhoDXHIZ, MEIhA2HPTREFAHM LV ES
A BN 25T LIB 2 ME6EREET L 22 BiHNE, H A AR
Hi, B MBS T LIB O HEMRE A e X B 20 5 7272
HThB.

—77, HEV i3, H R H A 2 R 55 oD i PR 4 42
fbEeghnZ L 2RI Hm %G S hs. 20728, &%
5T 5 LIB # il 4 2 54, HEMHBR%O LIB
PEREME A JEUEIC HEV 23383 & 5. RIS B R B R 4%
O LIB MEREZ /N EHIE L T L % 5 &, BB
B PERE A /MR E L T LE S T EIDk 5.

Al FH IR op o HEV PEBE 2 e KBRS | & H§ 720121
FI Rt P RS % 0 LIB PERE % IEMEIS PRI L, 2 bR 2 Pk
BEME 4 L UE IS Bl MERE 2 BRGT T B 2 L AR TH B, T D
72912iF, - FHHBREOFEICH L T LIB a5
D EOHERS A LRI PHEIL, #Y) & (S HE T HIEMH#% O
LIB Ml &GtT 2 08 H 5. LIB OMEE, SIS 4%

HMIZHRENT 572012, 2 —-FHIHEEICE T % LIB D%
LEMERE AR e L TR Z L AR TH 5.
0.3 - 1
: Theoretically most
severe case condition
during operation
0.2 f--mmmmmeemmmmeenec ol L

Frequency

o
o

SOC

Fig. 5 SOC during park

3. EEOR S

HEf IO HEV MR 2 ARGz 42 e 2 H
&L, 2—yHABREICK T 5 LIB HEEDER 534 D
FiLHiRe A2 H M 5. ECU MR #zE L, HIRETO
LIB PEREST VI 2 4 5 KT T2, LIBMBEZ D& DI

BHEABRIZXEVOT, AoEsgste L, UTF
3fiEEEARGVE L.

(1) LIBMREA KK T 2 =D DI 6D % (i) MIATEREIE
50%, (i)fHnFHEs D%, (i) MA%SL
50X A FMEICHET 3 2 L.

(2) Fad (i), (i), Gi) s> =MoMBEER GEkt
FEOMBEREGR S &) 2 LIRS 2 2 &,



BEENHA F7 LA F  BHMEEDOHEERS T OHEE & HE T

(3) (1), (2)&EKMLZIZE DDA ITEEMEL,
2 — BB TO LIB OHILEPERE % HE=R 510 &
LTHIIT2Z L.
4. HALRMEDOEE MM ELFEBE

41. 522 EH LV S D EXEOHEBEROIEETFE

MEDRSWEEKT 5729, LIB YR EZ KT 51E5
DEiB LY, FR6ITEDEHOMHBBGRAHIET 5 7
HOTE%E Table2 12F &9 7.

(1) FIHIMEREIE 5D %13, LIB 5535 20 804 5 4
THIZHT % LIBURMEOT — 22 6i0ET 2 Z 1R T
x5, PIHAMREIE S O F— 2 DY v S, BIRAR T
BTCTH B, TR TGP (356 v
Ml b RRRBUSAE, EREREIIIRED 2 6 Pl L 72, #1H
VRIE S DE AT A I L ERETH 5.

(i) HWHFHEE2 %, XU (i) & (i) DM
%%, HMETFILE LU LIBHLET L EZHNTRD 5
(Fig. 6). Hipfi€ 7 )3 EHMOYIHIERE & BRSO i, 4
S, HgHEZ2 Az s Uz Hiljiz ki 5 LIB
FIE e 2+ 5. £72, LIB&{LEF L& % OF
MEHHERIZIG T C, LIB OEIE, i, WE % WR45T
HH L, ZORMEOHER, S LIBOHLEE 1T 5 E
TILTHB.

HNHBES D E I X £ X AL TOHEBOM ST
IZ&K->THELS. Lo L, BREROEMIZ I 5 EIHE
Bossa —v #FEEO LIBIZHIML THILDIF 6D % %
KB Z e, BB ERS TREWED, TFLEM
WTCZDEEDE ML TS, b 2HHMHEEDEAD
HNHHIE S D E 23k 5121, WIHIMEREAEE LT &
FXE MBS EEETTLICANTS. 25358, %

Input

Algorithm (Model)

Table 2 Methods to find distributions or correlations

Distribution or correlation Method to find
Distribution | (i) Production history or
Initial production process
performance
(i) Models
Usage -Vehicle performance
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Aerodynamics Development for Bonneville Race Car Using Fluid Simulation
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Kazuma YOSHII Akira HASEGAWA Takashi SAKAI
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Masataka USAMI Koji OKABE Shinsuke KASUBUCHI
= = ABSTRACT

Honda i3 REZZ VL b LA 2V T 4 DRV XL
VIL T Ty YT 2016 - 8 HIZHE X 7z Bonneville
Speed Week &[A4-9 HIZHMH X7z Mike Cook’s
Bonneville Shootout (2, HAME 5 7 I Ot H H =D HE
S 658 cm’ TV UV ABIKL 2 HH TR L 2. B
mA7 T Chemd & %5 450 km/h 23EKTH5Z &% H
B, Roh/zx o /)T HEEEUE 2 368 T & %225
BEHOFERIBIR L ETLRENE LR T 27200k I 2
L= a VEGHL, L— 2802 R E B 2k - 7.
Ta A4 TEL A= RRLEDETNLEBEICHIEE
2 22D FIRTEIR & 8Et U 72, @dUEAT IR D Hifl D 2
v <h by 2l L OEfrREEEm 1457
B, V- ZHICE\EEE L AKRPFREEAID 72, B
T2 & L ETROMRAEN LT 25720 DJPREE N BE
Lo, Wi U7 a2 K0 5 C i o g
AEE L -HERBIROE L 2285 2N TER. ZD
FEE, Mike Cook’ s Bonneville Shootout [EIF5H @i B 24
i land speed record DA T IV A, FA—T1, 754
12T, 7 7 A MR AL sk & £ % 421 km/h 2R L 7=,

Honda participated in both Bonneville Speed Week,
held in August 2016, and Mike Cook’s Bonneville
Shootout, held in September 2016, at Bonneville
Salt Flats near Salt Lake City, Utah (USA) using a
special vehicle equipped with a 658 cm’ displacement
engine for a Kei car, which is an original Japanese
vehicle category. Fluid simulation was used to perform
aerodynamics development for the race car to create
a body shape with aerodynamic drag that enables
to achieve the target speed with limited engine
power and to secure driving stability. The goal was
to achieve a speed of 450 km/h, which would be a
new speed record for the participation category. A
body shape with the target drag was designed using
a prototype model, and models of record holders,
as references. Vertical and horizontal wings were
attached to the race car to suppress vehicle spin and
flipping, in addition to increasing driving stability at
high speeds. On site, it became necessary to change
the shape for increased visibility while driving, but
the developed process allowed for a rapid body shape
change, keeping vehicle stability in consideration. As
a result, the official world speed record of 421 km/h
in the Category A, Group 1, Class 4 was set at Mike
Cook’s Bonneville Shootout (International Automobile
Federation World Land Speed Records).
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Honda iZKEZ 4L b LA 2L F 4 DRV FEL
VIL LT Ty YT 2016 4 8 HIZHE X172 Bonneville
Speed Week IZEHOHKIZHAMED #5731 Th 5%

* R&D V& —X
% % UG R&D &~ 4 —
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HBE e R UK RO T Y Y v & #E#R L 72 L — 2 8l THk
kL 7z,

Sk T T VIZE T B iEEUEIE 2007 4 8 H Bonneville
Speed Week TF — 4 Costella Yacoucci 233k L 7=
433.686 km/h (269.480 mph) Tdb »7-. % Z T, HEH)E %
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Bonneville Speed Week (22 L 72455, HEE k%
HRTBZENTELEDN 720, EHWEH,» S 9 HIZhfE
X1 Mike Cook’ s Bonneville Shootout [E|[F5H B Hid
(FIA) AFE Land Speed Record 123t & h, #7573V A,
TN—=T1, 75 Z2412C, 75 A MBREELFHE LD
421 km/h 2N 45 Z ENTE .

KFTE, Ay I2v—va VaEBHLZLY — 28
DZENFFIZ DN THAT 5.

2. s¥AHT7 I CEEM#ET

21. g8prd) &L FaL—Y 3>

Bonneville Speed Week Tl3#i&i & 508-753 cm® #faH%
Ay b= ANy OV ERERTSEMERO S T T
iz L7 Table 1 128 L7=H 7T 457

28— MFEIZ Y — ZH & RS 5 IS T L 97
BEEIRL 72,

2.2. EiljFETT

BT 572912, SCTA official rulebook Y IZHI D, HEX
658 cm®, 171184 kW DLV UV AT 2Ky 26
JLELH O Hi % B % L, Honda S-Dream Streamliner & %4
iy 7=,

Z OHM DL % Table 2 12, FHM#l% Fig. 1 1I/R7.

Table 1 Bonneville Speed Week of participation
category
Body BFS class Turbochargers, superchargers
(Blown Fuel and any choice of fuel are
Streamliner) | allowed in streamliner car
Engine J class 508-753 cm?®

Table 2  Specifications of Honda S-Dream Streamliner

Car name Honda S-Dream Streamliner
Length 8,500 mm
Width 840 mm
g Height 1,185 mm
Vehicle weight 830 kg
Wheel base 4,800 mm
Tire size (front, rear) | 125/60R15, 115/110R15
Displacement 658 cm?®
Bore x Stroke 66.0 x 64.0 (mm)
2 | Power 184 kW (250 PS)/10,000 rpm
L,g_,) Torque 200 Nm (20.4 kgf-m)/9,000 rpm
Cooling system Water RAD, I/C
Turbocharger Garrett

Fig. 1

Appearance of Honda S-Dream Streamliner
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BRL 2y o vy Ei$dic, B & 20w i
TRAEERTE 522 IR B #3E L, MO % % 2
o7z,
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BT, HEDHE TOETEIUT S % x5 & 22 58
P&, MEI X0/ $ 208D B

ZERAPUTHEARDOIZIR, ke & oMY, HRPIC
WA T BFh e kLR & 225 OB TR Z 5 BIEIZ L 5
TAL, X (IR T XS ISETHE O Rl HH L THl
Mg %728, EdEITHHIC X225 8T D AR & 5.

D=1 pv>CDA (1)
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ZZT, p 3EXEE, vIdET
FHARDO RIS HE TS 5.

Z2ZC, v )I184 kW THEDLEE 450 km/h &
T 5728, 540 BT & B 72225582 CDA 0.09
UTekdZlsxBEICED (Fig. 2).
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Engine traction

Y P T——
Rolling resistance Drag
Engine traction:
184 kW

[
| Target: CDA < 0.09 |

Engine traction

Rolling resistance

0 100 200 300 400 500

Velocity [km/h] Target Speed:
450 km/h

Fig. 2 Relationship between engine traction and total
resistance
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Fig. 3 Stability factor model diagram
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Fig. 4 Wheel load variation of car weight and lift
force when pitching
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Table 3 Aerodynamics design requirement

Category ltem Target
Target speed 450 km/h
Specific drag CDA < 0.09
Aerodynamics
Body lift CL<O0
Stability factor Auero>0
Vehicle stability | wheel load variation AWt _o >0
at front and rear wheels | AWir_a >0

Z 2T, Witk T OHEM Ol HE A Wif_a, Wir_a, il
Bl B $ 58 )0% Lf a, Lra &3 5.

ZOTET/R L 7z HEEHE & Bl Pk & 2R T 5 72912
DR A 2 SIVERE AT R % Table 312 L ¥ 5.
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AATEFLESHMEFTL2 2T L, TubaA 7
E T OBERIZIR TR K TE R & 2 HAR DRI IZALE T

Top position toward front side.|Not good
= Increases CL of front side

() Larger slope angle
Not good || o |ncreases CL volume

(a) Prototype model

' Good |

" Diffuser generates negative CL|{ -

(c) Reference model 2

(d) Reference model 3

Fig. 5 Comparison of section pressure distribution of
4 models
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Fig. 6 CD and CL of 5 models

Fig. 7 Shape and section pressure distribution of
modified model
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%72, CLOBOH AR L2% % CLf 259% CLr %4
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Fig. 8 Comparison of stability factor of modified
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Fig. 9 Comparison of CYM/B of modified model and
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Fig. 10 Comparison of CLf and CLr of modified
model and race car model
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Fig. 12 Shape and section pressure distribution of
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Fig. 13 Relationship between pitching angle and wheel
load variation of race car model at 450 km/h
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Fig. 18 Relationship between pitching angle and
wheel load variation of race car model and
race car revision model at 450 km/h
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Table 4 Mike Cook’s Bonneville Shootout (FIA
recognized) participation category

Category A | Race car

Group 1 Otto cycle engine with supercharger
Class 4 Engine displacement 500-750 cm?
Start Flying start

Table 5 FIA Land Speed Record result

Vehicle Honda S-Dream Streamliner
Constructor | Team Honda R&D

Driver Hikaru Miyagi

1 mile record 261.875 mile/h

(421.446 km/h)

261.966 mile/h
(421.595 km/h)

1 km record

7. L—XABEER
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Intelligent System Using Beacon Model for Autonomous Wheelchair

HOA B &7 e o nT
Shugo MIYAMOTO Takamasa KOSHIZEN
C3 = ABSTRACT

Bluetooth Low Energy ¥ — 2V %& F\\\ 7z E RS B HLA%
FEHEBET 20O 2T 452K T 5. BLEEY -2
V66N B A5 IR IS A U, AL HE
DO —ayEFLEEKT S, Thickd, Afft
BHfl o SERL A 5 b, ZOMR, 6 »kE
17, B XU HWHBRER M ETE 3.

The system proposed is an intelligent system for
autonomous wheelchairs using Bluetooth low energy
beacons. A beacon model for estimating wheelchair
position is generated by applying machine learning
to received signal strength indicators from the
Bluetooth low energy beacons. This beacon model
reduces response lag for autonomous locomotion
control, resulting in smooth driving and improving the
destination arrival rate.
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ABSTRACT

It is necessary that robotic lawnmowers, the use of
which has recently become more widespread, should
be able to cover entire lawn areas. As the shapes
and areas of lawns are highly diverse, in complex
yards there will be areas challenging for robotic
lawnmowers, and as such, the completion of work
over the entire area may take some time. The research
discussed in this paper sought to make it possible to
complete work over the entire lawn area more quickly
by modifying operation control.

As conventional operation control has been set to
enable the mower to complete work in any possible
yard, it is very likely that specific settings exist
for specific types of yards which allow the work
to be completed more quickly in that yard. The
research therefore developed a method by which the
robotic lawnmower automatically discriminates the
characteristics of the lawn area and switches to the
optimal operation control setting. Simulations and
actual tests verified that the application of the control
developed in this research reduces robotic lawnmower
work time.
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Development of Surface Treatment Composed of Chemical Conversion Treatment
and Paint Coating for Black Bolts Used in Motorcycles

B OH oz Pl kT * b o

Hiroyuki YOSHIDA Hiroshi HIRAYAMA Manabu INOUE

momE s T /1 S I = M

Yasuhiro KATO Takeharu KATO Kouji TAKAHASHI
B = ABSTRACT

AKiF7EiE, “HEdIc WS B RIL b o) B LR
FHEOMBICET 28D TH 5. fEk, BEARL MIHL
bNTEALREUIIZL, L OHEANMZ L EfMHL
28D THo7. UL, Alir o s 3AEWEICIEE X
N, TOMHPHIRENERKNICH B, 2D, N
O L& O 2RI A R 2 i OB TR D 5 h
TWb., 25 LfREHIMD> 5, BaME %59 55
i DWW, MRS IS ERE N R S Tl b, Al
FHWTBE 2 (AT A PR E Tz, 25 LARiic s g
%7:8, “EaBHICA EHTE 5, KL ARGARmL
BEABHFE L 72, IR, Midhw > FIcBE@ = s o
LA B R i & BB A LA, K4 DEFIZDO N
THEM 2 W72 TR ARG Uz, & 72, BERMFIZD
WTEHbHE TR L& L7, ZOME, “dmfiHEE
A b & U TOBRMRE A < Ji)2 T & % &KL T4
HHEN. L 7=,

This research relates to the development of
black surface treatment bolts used for motorcycles.
Conventionally, the surface treatments applied for black
colored bolts have been, in many cases, the methods
using hexavalent chromium. However, hexavalent
chromium is designated as a hazardous substance, and
its use is restricted. For this reason, the developments
of technologies to replace the surface treatment using
hexavalent chromium are under way. In the case of
using such substitute technologies, the technology
for realizing black-colored appearance did not fulfill
the requirements, because of the obstacles to realize
required appearance and fastening performances.
As a result, those bolts were used only for limited
applications. In order to cope with this situation, we
developed black surface treatment for bolts which
can be widely used for motorcycle applications. For
the coating composition, a black trivalent chromium
conversion coating film and a dip coating layer were
formed on a zinc plating coating. The conditions that
satisfy the requirements for individual films were also
designed.

Moreover, the manufacturing conditions were
examined and set as well. As a result, we established
a surface treatment method that can satisfy the
performance requirements as a black bolt for wider
application to motorcycles.
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Table 1  Blackening surface treatments for bolts
Surface treatment Requirement
” Fastening Appearance quality
3 3 =)
835 Kinds of ss|Ts| § £8|168| 58
T = 2= @ ] s| 2g| 5§
N ®| surface treatment B E Q-3 T o8 o3 =]
< £ =g | €0 2 s2| 52| 2
T Co|kFg g 38|38 = §
Black Zn plating
o | using Cr (VI) 3 3 3 3 2 8
o
c .
g Bla_ck Z(? a\l}tl)y plating 5 3 3 3 3 3
8 using Cr (VI)
Black Cr plating
using Cr (V1) 3 2 4 4 4 8
Black Zn plating
el
& |using Cr (1ll) 8 3 1 1 2 8
©
S |Black Zn alloy plating
§ using Cr (1ll) 2 3 1 1 3 8
o
Z |Dip coating 2 1 3 3 3 2

4 = excellent, 3 = good, 2 = average, 1 = poor
Cr (lll): Trivalent chromium, Cr (VI): Hexavalent chromium
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Fig. 6 Models of paint adhesion and corrosion
resistance
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\Chemical conversion film [_
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1. The cutter advances along the direction of the blade.

2. Just after the blade touches the Zn plating layer, the
cutter changes the direction to advance horizontally
parallel to the paint surface.

3. The adhesion strength is measured by detecting the
stress applied on the cutter.

Fig. 7 Model of SAICAS and test method

Table 2 Storage condition until coating process after
conversion process

Storage condition

Finishing —
Temperature| Humidity
Storage condition A Dry 21°C under 40%
Storage condition B Dry 40°C 95%
Storage condition C Not dry 40°C 95%
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o N . K % -,
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o Adhesion strength
0 T T T
0 20 40 60 80
Time (sec)
Fig. 8 Model data of SAICAS
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600 @)
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200 - . -
With finishing process
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Adhesion strength (kN/m)

Fig. 9 Relationship between adhesion and corrosion
resistance with and without finishing process
after chemical treatment
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Relationship between corrosion toughness
and storage period with various conditions
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Fig. 12 Increase of zinc ion in solution and loss of
solution in chemical treatment using trivalent
Cr
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AR (L)EnNREL BEDEZInAF VIRENRD S —ER
WIS A2 AR LTS, ZOWNIEE &% Zn 4 F
VEEETS20IC, R (1) On2WMRAELZEZXD
MR AERS & (2) TRENh D

lim, A, = x((B - y)/y) (2)

EoT, n BT RECEED Zn A4 + VIEE Cynle/
LIdRX (3) TEEh 3.

Cnion = X((B=y)/y)/B (3)

R (3) D x &y OIEIFABEE O IRGE & YA o 2 i
FEIARATFT . Zn A A VIREIRAE B2 DI x BIRKT
YWIRMNIBE B EETH D, BRETRICTHEZhSZH
5O TRE L 72/ER, Zn 4 X VIEEORKAEIX 14.7 g/L
Lo

ZOMRXY, WEORMETETE, KHICREE > T
b, Zn AKX VIREN 20 g/LABABZ I VWEEZ,
Z ORI &L XN B RIRIRE O FR% 5 2 5 L To5M:
EL7z. ZOK%MMEFRESTSHZET, ThE CHEIZRH
U T 72 RN 2RI 5 e < VT 5 2 & A ETREE 7
D, AEEOR AR S Z EAEEE &S,

AL iR o B & 5 SR 5 729102, 2
A NGO bHEOREETH 5 L iz Hw5Z L
L7z 5k, LAEDVINEWDIE E IR A @,

In A X VRER, FIREEVEM S L TED 2 20 g/LI2#
U 7= (LR AL B A T A R U 7= BB e I oD B % 52 4 B
&, LI 33 Th -7z TORBRI D, A4 5
JEDRNE L I o 72 A OB E U CRIHZICHE &, RIETRE
HOBGENORG I85>k L.

3.3 EBbREERIE % T & T 2RI TORBDEET

3.3.1. BEBEDRTE

F9, RIEBREAB IS5 BOHEREARET S L
EL7 22, IRE ERMEOWREIESNE AL b LT
THREIZEZH SN B RNDO AL N TH DB M6 FRL FDRAL
K ORUE (JIS B0209) 4 5, &KL D B EEHRE % $RH
L7z, HRALLHRLOEOKE SR E /NS < 55 RE#
EZ, DR UCNELS TRMET, 4 U FEMMEL _ERRME &
BolzGawHo7. 20O %, MEIZ13 pm& k3. Z
DEBFTIZHNT, B LOERMUHOIEEIE 13 pm DI
ThHUENH 5. M - G LUK IERE ORI % &
92810 ;mTHBZ M5, BIKOE X1 3 um B
TThHULEND .

Ih&D, ARFKICH T 2EBEE X OHEAE 2 um IZ3%E
L, ZORZEELTE ]l nm EFHETHI L L L &bk,
AL b ORIEL L U TREFHED & 27547 v A kAL
PEEIZBWT, BFEEOFENEDR 2-3mTH B3I &b,
SRlEEE U 7 O HEMEIE %4 2 & O Th 5 &l L 7-.

Table 3 Assessment of base paint material for bolts

. . Organically-modified
General organic paint ; g :
inorganic paint
Acrylic | Epoxy |Urethane| Silicon | Polysiloxane
paint paint paint paint paint
Thin film 1 1 1 1 3
Corroswn 2 3 1 2 3
resistance
Pot life 3 3 1 3 3
Hardness 1 1 1 2 3
Coloring 3 3 3 3 2
Weather | 4 1 3 3 3
resistance

3 = good, 2 = fair, 1 = poor

3.3.2. ZREMDBRE
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Zho OBREM OB T, WEREMEKLS 2+ 1 um &
W HWEEDMR CE I DI Y P e — L BFHIZTE S
Ry vuadFgy REBHREHEME L TEELL. 72, 20
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&G T T h 5. TOHEKEE NV & —R @A
THIB L= Z A, L*EIZ 28T TH - 7-. k- T, Hik
OHIEAE L*E 28 LT &) 7=,

ZOBEEERT B 72012, wRrh o BEGR ORI
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THREAERI OIS 225 4 7= 0 & FH S U, W IEIE A 3%
ELZBEEDTETH2 1 nm&hbEH12, £5FD
ORERFIZEE L 72, B o 72RB 0 L 2 HlE L 72K
O, 5 KUK & /Ml 4 Fig. 13 128

HEGER O RAERAIZ 2.3% B ESH T L fiih 28 %
T2 ZEnbrd. ZOME» S, (LRI & 578
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Fig. 14 Relationship between pigment content and
corrosion toughness
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Fig. 17 Image of movement of paint in excess paint
removal process by centrifugal force
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Fig. 18 Image of excess paint flinging off by
centrifugal force
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Fig. 19 Relationship between rotational speed of
centrifuge and thickness of film for different
paint viscosities
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Fig. 24 Corrosion resistant confirmation result of
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Fig. 26  Appearance of bolts after tightening
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Development of Direct Three-dimensional Shape Forming Technology of CFRTP
by Film Stacking Method

e HT
Yoshihide YUZA

2 B

IR FEMMERRAL T T 2 F v 21F, HilfOBELIZ kX<
HEHTEDID, MR LICEET Z P ARV Y, 20
WHAZESNWTO . /4213, oMk 4 Zfiasic i < A
FHTTHEE § % 7= 8, Bk JiEmt 7o 25 v 2 %
MRS U, f8& & BRI BhE v RE & 4 2 i DBgE & % 2
5otz B, BOTiavERiNG 7 1 v & & R RHERR
EMEL, BTV ZATHIET S 74 VL A8 v k%
FHLDD, 770 7V 7 & R$ICHESLREIRERIET 5
LT L 7o, REGE A GRS, IS RE L 225
RIEMOME L2 SHOBRERERE TRT 5 Z & TRR
U, W& HMERE LD DM HED L D 2o LR 2 FEBL L 72,
ik, TSN 28E, CRF450 Rally OB I &
h, ZOFEMUDFEHE T3,

ABSTRACT

Carbon fiber reinforced plastics greatly contribute
to weight reduction of vehicles, but their application
has been limited due to high manufacturing cost
together with the cost of materials. In order to make
this material widely available to motorcycles, we
developed a technology that makes it possible to
manufacture the parts at low cost by using carbon
fiber reinforced thermoplastic as a material. For the
molding, a manufacturing method was developed to
directly form a three-dimensional shape without using
prepregs while adopting a film stacking method in
which a stack of thermoplastic resin films and carbon
fiber woven fabrics is formed by hot pressing. When
this manufacturing method was applied, issues on
the exterior appearances of the part were revealed.
We successfully solved the issues by devising the
temperature settings and shapes of the molds and
realized a product without irregularities of fibers while
maintaining the required strength. The developed
manufacturing method was applied to the parts of the
CRF 450 Rally and the practicality of the method was
proved.
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Table 1 Comparison of base resins
PMMA PC PA6 PS ABS PVC
(Polymethyl (Poly- | (Polyamide 6) | (Polystyrene) | (Acrylonitrile [ (Polyvinyl
methacrylate) | carbonate) butadiene | chloride)
styrene)
Melting point (°C) 180 230 230 215 230 150

Heat deflection

temperature (°C) 68 129 67 80 87 54
Flexural strength
(MPa) 73 91 127 89 78 64
Tensile strength
(MPa) 48 78 78 38 43 42
Stretch at break (%) 2 40 25 5 10 2

Numbers shown in the table are typical ones.

7 4V LIRTAFWREBL MBI O Al & Table 1 1287
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Fig. 3 Relationship between flexural strength and
molding temperature

Fig. 4 Cross-sectional view of test piece with good
impregnation condition of resin (TP processed
at 280°C)
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Fig. 5 Cross-sectional view of test piece with poor
impregnation condition of resin (TP processed
at 230°C)
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PN FEMC BT 5. Zhick > T, EREORBERE %
REWBHEAD, Fig. 710m L=k 5 LB IR
MR OAEREEH L1675, &561, Fig. 6 1Z/8T
9%, BOERERET 2 56101F, LTlNA, 1A
I O EIRE D% & S OBE 2 ke L, FAiZ x5
WCNHICRET 5. 22T, ERlL 28R I3R S 23 <
A & MR, B 2 VITRMEE S L ORITHRE A O & S &
BxE32. 20720, ERITF0 o lHED, SR
BEje & 25| EH- rhs.

Ihen7at 2% Fig. 8 1AM

I DFRKIZHRM T H 28BSO

Area where carbon fibers were torn off to some extent

______
.....

§ Area where carbon fibers were torn off in all the layers
5 and only resin appears on surface

i s i

Fig. 7 Area on surface with direct fiber exposure
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HURREIN, BIENE» EhEE0nS ZEi2h 5. &M
EIRTHRTIE, BHIET « LAREK I NS Z &3 a0
FBIEAE T, SAUZIE D ho T i Ui 5 | =
HhhadZlynnwesa25. 22T, WEMCEIESE
TS 20 %Pi< 72002, IKIROSHI TP HIRE S ¥ %
ZEEMEI L2, LA LMz E2Ds ) 7TV A
1L, IIERTORMIK 2H5DEAN B 5. Lich>T,
EMREZDEETT VL ZATRZ L TCELL, 72, &
ANTRHEDTEZ ARHEZ AR DNWT L 5. HEROERIC
&2 P E VL, ElO LS 5HERE2EWT S 2
ENTES. L2L, AR TEEROEA 2T, &
L FTMoERT, B LBIEEROONTNOLM R i
Tt O EHIRL 2. —MoeMTRET 51213,
—lOKIE T v ¥ Z DR THIlEE &R & &, EMOEA%
WETUEND S, £z, HEME L CREE RIS 572
WIZE, &M AEBEIC L, B2 AR X E ki e o &R
FTRREAFFL ZFE om0, SRAEEICT5 2
i, I TR L CXRRE 5 508, BHlEERICHLT
WBRHETHD, Thb EREEICHZTFHROMG 252
5oz,

4.3. £RBEEICL BHEBEMSE L

T4, WRIEIRANOIRE L BilED&RO, DD T
#EToSMICehZhplE g5 283 TEhnhre®
A7z BRI, ETOSMOBEIZEEDT 5 FikE
MEt L7z,

FRIOEE X, BIED H 5 2L, BlS DU I2E
ETH, ZhIZkoT, BHIET 4 L 4 &ED EFITik{L X
o, EMEREI LA TES. ZHISHLTTFRID
WREEIE, BEORSLI EICRE L, BiET L4 &R
¥5XICF5. ChoGAREARELEEE2HZ k-
e xo, ML BE / MHERE OB & % Fig. 9 12RAMIZ
N

ERNERIE T 4 L A B ST ERETH 5286 R
L, FM%a FARNZI LA 2. ML s h=RE, T
AN fili 222 63, TR D v Tn <, EALEER
MEETHEHD 2036 TR 520, Witz L

Upper die|  Resin film Upper die Upper die

/S

Lower die Lower die

Fibers torn off

Cross section where Lower die
shearing is occurring

Fig. 8 Schematic views of cross sections of die,
which show phenomena occurring while
upper die is descending

<0 BN % &, RMIE T S{5b > 7ziliE i
& o THHMENBIE A AR 5. ZOTFHETHREL 28N %
Fig. 10 1T F, SMEISHHED IR 0 OELIITEED 5
kv, 2z, JBIRIZH > TRO BOHFIRRZA-5THD,
TAEETHAHE AR DIAAZ L DIV A B L T3 &
Flrcx 5.
ZORE»E, ERIAERET « L 20BEGEIRTE 3
K OWREIZ, THRIEWHENOT G ABIEER/FEN S
EDOWEIZFRTET 5 T L2 & - T, HERED I ki
Wredz s L, B OREEE2 E35Z &8 TE .

4.4. AEREOER LM E

4.3. FiTR L 2 THRIC & > TRIE L 22805 O NER AL
DT, RO TP & RIBRICUIN LI O % 3 2 5 >
7. Fig. 112K OFHE 5 O Wi 2, Fig. 12 ISHEREER
Sy O &89, Fig. 12 1R &b k512, #5mic
&, BIEABMEROR E TRAAATHS, L L, i
WNIZKE LT EDRFMEL T DEELE b 5.

Zhug, BIEOBEE IER T ICE S HEME T L, M
DERDPTFICHBELIRETH 572128 b oS, ZT0
Farx Z2R@hCEILLE-DTHEEHELLENS. £7-

Upper die | Low temperature

m
Descent of die

Upper die | Low temperature:

m
Descent of die
Slide without
adhesion

¥l Carbon fabric

_Lower die

-Lower die
Highltemperaturel

Fig. 9 Phenomena assumed to be happening
between upper and lower molds while
processing by developed method

Fig. 10 Appearance of vertical wall side surface when

processed with developed method
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g —DDOWHEM: L LT, BIIgDERIGHER O RIZT
X o728 DD, ZOBBIEOERBERDIZL > TRTx %
HBUCZIRETHEEEZELENS.

4.5, HiteEDRSBAHER L

EIRIE, AL 72 BHIE 2 BRED & 2, MRHE R o LA LA
DITRTH S, ABEICBOTIE, 7L 28I X - THIN
X3 ETHAONERNT, B4 HEX¢27-007)
DREXHTNDE. 2070, AFHEIZH L TIZIZE 100%
DI H 0 5 OIZHE L, ERNETIE 2 OFFEIZIS T 7259
UAER Lo, EFHAEIC X B E KT 2 RIAA T, K
JBEHEELSHETEILIZE ST, ZORMIZHHIET S
FHEEALNDY, 25 L-THEEALTY, 1ZIFE
L2 AEREER T S R I BIE ERRDIE N % 1T 5
TERBENTIIAV. kB, BOMERWTRRT ST
e b2, LhLZoTHE, &MoSEMs A 37
W, WA W54 L LT, INTEHE 2 2 L8

Fig. 11 Cross section of test piece at top flat part of

product

Fig. 12 Cross section of test piece at vertical wall
part of product

MEMNES. £ Z0FEEERT 2561203, EELL 228t
eyl N EMOMIZAEC 2T ERICA DAL A ED
BEEEIOND.

22T, MHEANOBIREERPLTET DA S =X LIZDN
THHTHEELTAS. KAFHRIZEOTUL, &I
ELTHWOERZW M) A5 %F v ET 4 OARICH
2. ZLTZOEME, BE#HOMLIZ K> ThkEh?
ZD7=%, Fy T 4 O%EMERECACZBIRICT S Z
LRTER . ZHUCSINA T, Fig. 12128 L 728850 i3 55
DERIGIROHTHEEEIL 2D b ) 45 4 VIS AT
BELTHD, WELBIEN SRSl E 59 ) &8
WL, BEERICES TERENSRTIE AW
WHZENELOLNS.

L7235 C, BIROURH & P4 2 Z & 23T & dudighil
NDGREMET LI ENTE L EEL, MBI 45
AVEBED I )T T v AR DR E MG L. B
12, EFEMos ) 75y 2 E, R OE A E AL
ToABRERE & Tk, AU TR LETUAR L 2 BICEIED
o A4 5 X 512 L7z (Fig. 13).

Fig. 18IS L= EOMR L, DD S % fisd &
7.0, BE3MAKEET ST A HOER & HI{EL
7o 7 A NERIOKSE A, ARFEICH L 300, 45°, 60°,
88.55° DAL & - 7= Adt Lo DFhi & &ér &k 5 12i%a!
L, 205 b 88.55° DIZ Fig. 13 D EAWH L 7=, &
#, 88.55° DifiiE, 90° 1T/ LT, #hE /WAL 1.45° % LR
LD THS. ZOEMIL>TREENS T A FE—
243 Fig. 14 18§ &9 BIBRE &0, HR<INL 725603
SRINACY S &5, MR L 28R T 5 & 5
BE L7z, B PHOTBRIBHTE & U, iy 35 o &5k
(100 mm X 30 mm) Z 2 &Y ¥ 3 K> KX 220 mm,
M 35 mm DA L& U7z, F2&morhyus, st UEE s
MY ARET 2 VY ERLE L, K550 2 BIERO
F v YT 4 NWEDRMZALZTE L 7. FEEHlg, s

Original Revised

|
Descent of die

|
Descent of die

Trim line

Resin flows out Narrowed shape

Flow restriction

Fig. 13 Revised configuration of die with narrowed
shape at resin outlet
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OIS 5 kA B & U, MRS & ACEmiE o
12, ZOHITH 2 45° DEHDOEHSHEE L 72, 72
88.55° DK L Fig. 13 DR AZEH L Tz ngilg
HUEL, HEORFABGE L 72,

Kk, WmERLENOLMFIZOVTREEEFETS 5.
5E U 7= ORI HERS 2 DU N ISR g, Fig. 15 13K H %
AWMAHLZWE O, Fig. 16 13EH L= D& RT.

Z 2T, il 15 BREFEE T v HICNEBOWE
AEALL Tz, [EHERIL Tk, ZOREHE,
EREEBL TRV REBOBIRICEML, KE&IENE2K
M4 5. L =R EMoREIc L ERLEIZR
WICBE T4 5. LR, EMNENOFHIIL 2 5 7
D20 BEHEDRRERR E LT Z abhi.

9, FEEWEHT 50OX (Fig. 15) 27 5. 0° DK
SPHIZDOWTE, RO TR E & & IZHEINIIRERIN %
77 IWRERLAENS EH LT3, 45° OiiZDO 0
TE, APHICH LT NIHEHYDENTHBE L Th 5.
Fig. 15 22 5b» % & 512, MRS, NP RE L 7214
12131 MPaf2EDES L d s o Ty, —J, Wik

Closed end

Fig. 14 Cross section of test piece for verification test
of developed method

7_
. — 0 deg
$ 61 — 45 deg
% 5- — 88.55 deg
£ 4
3
g 3

L —

3 2-
£
£ 14

O T T T T T T 1

0 30 60 90 120 150 180 210 240 270

Time lapse (seconds)

Fig. 15 Pressures in cavity to elapsed time without

developed method

P 7= % ABIM L 7= Fig. 16 2 /.5 &, MRy OE D
&, 30 MAHET 2 MPa & 50, ZOMEAAMERF XA T 5.
100 FHEE AFGH L 2281213, 45° TDEHI XD & @il
2B ->TWBZEnbhb, 45° X, BIEO w2 ST
LT3 72OENHRAIIKT LTS EEL6NDE. &
5IZ, KAFEEFEHURELEZT X F¥—20, KFiH&
MErEm 2 & B A )0 L, 3.1, 8 &[RRI R AR A
BZlkhot. ZORREZNEThOWT% Fig. 17 1277,

0° DAY & 88.55° I DOMIT R X Z ik 5 &, %
DEF 6758 MPatdnw., 2RO T»5
Fig. 1212672 &5 BT ZIEFEL T, DEo
WRIMSDOMB IS, MY AEEEOER DL ) T 5 Y
2 &N BT & THIIEORM AR LIEN &R 5 2 L
12k -, BIgOERAMGE L, SETH > 72220 B
NEBRB AR T AN TER. ZOH K%L, 4.3./iT
WAz BRI S A T AR T L DR CEM Y 5
Z 2k, MEREES Sy OB 72 SMBLE IR VE & P S R AR
ERBETHIENTE.

7,
6 -

— 0 deg
- 45 deg
5 — 88.55 deg

4 -
3
P
14
0

In-mold pressure (MPa)

T T T T T T T 1

0 30 60 90 120 150 180 210 240 270
Time lapse (seconds)

Fig. 16  Pressures in cavity to elapsed time with
developed method

Plane Flexural
angle Number strength Cross section
(degree) (MPa)
#1 313.60
0

#2 304.16
#1 305.62

88.55
#2 298.17

Fig. 17 Test results and cross sections of test pieces
sampled from horizontal and nearly vertical
walls

— 108 —



TAIVLARZ Yy x> TFKICELD CFRTP D4 1 L U MK FM ORE

5. READERA LA FECH

A& T, 2016 ka7 —n 7 ) =125 L
72 CRF450 Rally (Fig. 18) DV ¥ 7 = v & (Fig. 19), i °
IZBWHN—DEUEA B T 5 72, T 6 O EIEEE:
A H—=ILT 1) —IZBWTRD 5N VR L I ANE % W72 9
ZLERLZ. ZOFEMIZED, X728k THYE X
Nzibimss, FHICEHH L 2&B WA TH S Z
ERTRE NS

Fig. 18 The CRF450 Rally

Fig. 19 Rear fender of the CRF450 made of CFRTP

6. £&O

W RE AL BE e, CFRP OBJE Tk % gt
L7z, ZORR, 7)) TV &R FIEBERIE 252k,
FAVI DT ANLAL yF v HEEM L, Z ORI
W T TFRIIR TR A E -

(1) EFoSRISHE £ A2 DTRIET 5 Z & T, MfE
MeaM e Z e h<BRIZHB->TNETS Z L
AUlpgL U, -l A ERTE -,

(2) fitRe D BIg O R Z 1M L X8 5 72012, BifgHHEso
ETRIE D2 ) 7 5 2 A &5k 7 G RURGE & L
FEMEIC BT E R LBl mR 2L, NEME
A b4 ENTEE

AFHEEZ, 5%, B SmENOBEHILKAHFI N T

W5, 7z, BRSO EENIC & RAVIGH A FEET &

D, SHOEMMEH NS,

SE XMk

(1)HPmE:F1 L XL - g v eFlinZE % Honda
R&D Technical Review, 1 Special (The third Era
Activities), p. 4-11, (2009)

(2) AR R, BRIERH:CFRPICK 2R T — FE LT
)7 ZKRA4 7 DA%, Honda R&D Technical Review,
Vol. 15, No. 1, p. 209-214

(3) ZIFAZ, AKHE, BIGE—, RAFHR, KAHE, &
Hs&—, mfRz, e B8 CFRP 2 VW H
ARSI N O 7L 2 BRI B8 2 WF%E, A )ITBR
TERBR e, 64 75, p. 1-6, (2015)
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Establishment and Experimental Demonstration of Distant Speech Recognition System
for Communication Robot

(AT NI * W | o - e
Shunichi YAMAMOTO Naoaki SUMIDA Kazuhiro NAKADAI
C= =1 ABSTRACT

ANEHRLHHTIIa=r—2 a3 v 3572000k y
b s b A R AR A B L 7. BREIE 05 0,
H I3 JE P O BB M D B uiofuuﬁﬁﬁﬁnﬁ’fﬁTﬁ‘é
ZEThY, THE TSR L 28N A T, FREHIE,
BUAEREM A BEA L TR AR &5 —DiF, Al
Ko THADOERNRERLTEOFT VNI L AR A S Z L
ThD, FEEFT)IZ Deep Neural Network &, SeEET
I E RS 20 OWE%#FE L7222 7 X N-gram % H
W3 Z & CadaktERem EAR A, £, Th OfiliE
Oy P AT AL LTHE L, ZFTHORZEM & L7223
FEFEEREAT 5 72 FERE UT, ZATHRGEK R 98.3% % %
Y5 &L i, HHmEOIRKO SN LD, MR
L7005 5 5B EEHS»IZL 7.

Distant speech recognition technology for a robot
was implemented to communicate with humans at a
natural distance. There were two issues to address.
First, surrounding reverberation and noise act to reduce
recognition performance. In an attempt to resolve
this, dereverberation and sound source identification
technology were introduced in addition to the existing
developed technology. Second, speech frequency
response characteristics and wording differ from
person to person. To enhance recognition performance,
a deep neural network was used in the acoustic model,
in addition to class-based N-grams accounting for the
properties of speech recognition tasks in the language
model. These technologies were then integrated into
a robot system to perform a themed experimental
demonstration taking reception calls.

The demonstration achieved a reception success
rate of 98.3% and, through analysis of the causes of
erroneous speech recognition, clarified further issues to
address for improving performance.

1. FANDE

NEHAFL, N2 -2 243 550Ky MIXEX
Bho—ia3ia=r—yavehcdy, Hime il
HXHEATHEN AT I 2= 7 v VEREO—DIZR
BOEHETORDENTH B VP KT, AR
BV N= NI a2 —va VIcHbEdH T3,
LHERBCBE LTI, S, 27— 7+ Ik A5
Rl Pl A v aRkyORMEEHEE LzEHE A4
VAT 2= ZANFEMLNLTRESATED, (222
ANENOO52 Y. Aba3a=r—vav$5Zen
RKdohsrukry MIE->TE, HiFseanid, k4 ZIGH

* R&D € & —X
AR Y H -V F=F A VAT A Fa— b DSy

N TE A EEABAETHS Y. L, Abuaky b
PHRLZWHET, SFTRDEDT572HI1C1F, aiRy b
IS~ A 2 St 2l CHRE I =&~ %
noak CERRE TH o) TE 2 MENH 5. &S ik Tl
Wik~ A v ar v A HHL-5A LR L T, ML ke
I2& D S/N MK L TEFGEEROMEREZZF L KT &
B LV RN D 2 Y KL TEN S MG, HR
HEOEFEUNDTRTOEDZ b%&iﬁé@afré ES
7z, HEOBIE CHMARM AT D HAITE, ME A &g
EDE f*awn‘@arbx)\h’éhéa)f ELLIEET 572
OICHREEDOEHF LT hUNDOEERE 35 05
WA d 5D PR AR TIE, M ERREED
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PEBEDME T ¥ 2 728, HAREORIAE L LT, HINEH
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Model: GMM) {= & % & UilRE 28 A L7z ),

(3220 Tid, HEHoREREET ML (LIT, &%
ETFN)TREAI, BERLELDOANDOR A KM
LRENDH D, ZDOETFNMGIITHRER, WA IEBRSAGIC
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Hidden Markov Model: GMM-HMM) @A\ 5 R T X 7=
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MWK ATH 5. K7L TiE, Deep Neural Network {2
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AEITIE, 2AXZ PLHT L5222 g IO FRE
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DERBIINE 20T, AR IEFILTETH 25 725
AP ERAER Z X P VREIER LTIl CE 2205 T
b5,

BB, ANEFEORRRH 7 — ) 224 (short-
term Fourier transform: STFT) X (f, t) & #%FREO(LE
BISCHL(f) 7B HEET 5. X (f, 1) ORFBZICEH 4 5585
D7V—40DSTFT §FEL T, FWEYE >~ f, K%l D
IR X, (f, 1) ORI Z <2 P UHEEGE % DL T OR Tt
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R I < ’
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IR E L2, ZOXHIZSTFT T7 L — AL Tl
TV —L&MHTEZEICKDBIED/NE VA Y T4 VAL
AELEBTE TS,

EEE LIRS A &7 — 2T MV IXe(f 0l %,
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{IX(f, =8IRS DR 0k KEL) ()
BIX(f, DP (% HLSH)
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ST A=A THB. §(f) FFANIHE L7224 ¥ Z2E
EhHOT, BBy OHEEM S (f) XL (f, t) & FE
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5.
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WTLITFDO XS IZEHET 5.

Xi(ﬁt)=‘/ﬁﬁ(ﬁtﬂzem“ﬁ” (3)

ZZT, ox(fi ) X X(f 1) ONMHEET.

3.1.2. FHMER

FREHNE ORI R AWML 5 720102, BREWNE 2 L /-
Ve &l L 2 nWGE O T DNN-HMM O HF#-E 7))L
EHEPH G TRV F v —2100d % HEE IR RIS O Mok
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FREEFIA Y 1.02 o= TuaRy P EHOTNGEL 2%
RO FEEE, Bl A1, THERFOILARLHL £, F
HXAMATELAETH]IEWD FHEE 26 A, ZHHEX
258 I, #RHLFHK 5629 364 gk U 7=, SR I3 B3R IR R
(Word accuracy) TITWY, T XTOHFED - L KBHEHIZ

W 2%2 7 2 Gill#E4 - 1Y E4, BhE - 4,
4% - g, DIT, BURREGES) Z L Of5R % Fig. 1
R BREIE AR L BA L LAVWEA T, T
HEE MRS 2 K4 Y b ELTE D, 2EAMHDED
B WISk D fERRER 5% THELERD 572, K2 T AD
HEEIEMRREIE 2 % LR 4 - M54, BHRT - MR
THHZRNR DB E 5 72 Z &b D, PRSI fRRSHE &
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DT, FREMEOMEHIZ K 28883 m LOIRR & -
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HFEECIE, ANEHFXBZ EICHNESA2»IEE NS
G, HEFUAAOES) 2 2B L, SOEBETH
YEF AL, TORICHG A REHITESZ L2 HNE
T 5. FEiE L U CATIE 2 S5l L7z Mel-Scale Log
Spectrum (MSLS) #fi%d 27 ot ™ 2R L, HEEH &
MeE &2 GMM TEF AL L THBNZHH L 72, AJTEHEX
I E A ZHD ZIE S W20 I X B D iE & #%IElic~ —
VVERHSTED, KHEBEBEIEEREEIZE > TARE
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B W/o dereverb. WY/ dereverb.
100
90836 856 g1.7 870 83:3——g2.584-3—|
¥ 80 A 72:8 —]
> 70- |
© 60 - —
3 50+ —
S 40 —
lg 30 - —
= 204 —
10 —
0 - T T .
Average Name of Organization Affiliation
visitor name name
or staff of visitor of staff

Fig. 1 Advance of word accuracy by using
dereverberation
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Fig. 2 Frames used for source identification
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K
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BREE T 5 EE, ANWEAEOFE YT =P, KD KE
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1
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IET,
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3.2.3. FHMEER
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FBRETa Ry MIEEERE LT EE 2 gk L 72 276
FOFG Xy b E2FHALZ. —DHIZEHRDEE 26 Al
K B2 ZMEBROFMHN Y Fv—2 57— 4, “DOHIZHE
IZBERRIZFI L Tz 20 22 2 A ERR LR FEER (GEAmE
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HEERT. BAEIL, HEH GEEMNE) & PIIL 2236656
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Table 1  Evaluation set for source identification
Evaluation Number of
Class

set sounds
Target speech 1,006
Benchmark
Non-target sound 239
Reception Target speech 829
experiment | Non-target sound 7,978

Table 2 Evaluation results of source identification

Evaluation Class Recall Precision
set (%) (%)
Target speech 96.5 91.1
Benchmark
Non-target sound 94.5 80.5
Reception Target speech 87.1 34.7
experiment Non-target sound 95.7 98.4

Table 2 12789, Z{HR T, BRFEA ISR L TEWEH
HEBRBBMHL B, &iHilit v P CEOWARELZFEBT
/., LL, NVFv—2 LU TRMNEIGKE T
HIE A OHBRENMEL o5 TW5b,. Zhid, ZNHKHE
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BB 24T > T2 2 BiEE NV & ZIZJHIHOHEE %
ZRBL L7205 ThH B, ZOXD EEEE LD DI
HUTIE, 95.7% &9 BB TIEH M &P L #
HEBZEeNTET.
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YL USRI U 22,
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B EDORNEL AT 5728 LT ANGEH» O MR B %
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Table 3 Training data of our acoustic model

Speech corpus Style Speech Hours
Commercially
available speech Reading Synthesized 329
corpus
. Reading and
Reception speech spontaneous Synthesized 453
corpus
speech
Reception speech )
corpus recorded Reading Reczécile\z/ldOW|th 122
with ASIMO
Total 904

EFN ATy FXEZIENEEI LV, ZD KD &k
TREDEET -2 24 5 Z L I3EHTIdhn. Lk
Mo, WAITERET T2 T, FajcilEL 2
A VL AEE TRy HOHEE % HO T SRR
BHOANGHEBBIL 25522 ) - VvEFPLAMLT
HIREE L M I OEE A U 725 (DURE, B &
M) &2 7 — 4 & L.
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64, 2,048 2=y F® DNN #F]H L 72. DNN O2EEHk
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Bir o7z, YT — 4 B3 5 MR LS O GR %
Fig. 312/,
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SRR Z R OBE WO L ENE L 2FiEIT — /S A6 0
7 A N-gram Sag €T NV aFEIE. —7, HEEH
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R U 72 2 TR S35 7L O HEERT, FaF92BRpd
W41 1,586 5, H L WEER#E S 2 & 2B LTI
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Fig. 3 Advance of word accuracy with increased
training data
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Table 4 Cause of error in reception experiments

Cause of error Word error rate (%)
Unknown words 10.9
Spontaneous speech 8.8
Non-target sound and VAD 5.7
Lack of training data 4.5
Overlapping speech 3.3
Total 33.2
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Lap Time Simulation Technology for Performance Design during Production Car Development
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HEEH AT O MR G ZISH L, ¥ —F v M ET
DTy TAAL LDV I ab— g VEiflia gL -, ;E«’é
HOEFLR=ZAFARICEOTHEHIN TS F— 2 &3
MU CHmETFILEER L, & 2ISETERM & k&%
EFIMULLTHAADESLZ LT, 797X A LD
R & 5350 U 72, BT 7 4 V120 TR IE IR & AkElithis
DDOEFLTHET S Z L&D, $XTOREHA
DOHPEFIZOWTHRERGHOEI TE 5 Xk 51CLz. 20
FEOR, EPEH PR OMRERGHC BV T, b —F v METT
DTy T84 LEEMBRETORNREH & UTHRS Z &h0]
HEIZ 7e o 7=, A48k % #78 NSX OBi%% CIVIC TYPE R
DFAFIZ B THLRRBRENZWEHL, 20 L FORY4MEE
A Y& MRRE L 7z

ABSTRACT

A lap-time simulation technology for circuit driving
compatible with performance design technologies
employed during the development of production
vehicles has been developed. The method creates
vehicle models using data employed in the model-
based development of production vehicles, and by
combining these with models of driving and road
surface conditions, reduces the computation time
necessary for lap time simulation. The ability to
define two models using the circular arc and whole
curve transition methods makes it possible to apply
the method in the performance design of production
vehicles using all drive types. The method enables
treatment of lap times during circuit driving as one
item in the study of specifications during performance
design in the development of production vehicles. The
application of the method in the study of specifications
during the development of the new NSX and the
CIVIC TYPE R demonstrated the validity of the
concept and the effectiveness of the method.
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Table 1 Characteristics of two methods

Method | Definition of corner | Tire slip conditions Characteristics

Contribution of straights

A Circle Pure LT
and corners to lap time is clear

Radius of curvature is continuous

Combined (Locus is close to actual drive)

B Transition curves

A: Circular arc method
B: Whole transition curve method
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Fig. 6 Elements related to road surface shape
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Table 2  Specifications of NSX and CIVIC TYPE R

NSX CIVICTYPER
External dimensions
Lx W x H (m) 4.490x1.940x1.215 |4.390x 1.880 x 1.460
Wheelbase (m) 2.630 2.600
Weight (kg) 1800 1380
Drive type Engine and Motor/AWD Engine/FWD
9 9

Maximum " 373/200

power (Engine/Motor) (kW) System maximum power: 427 228
Maximum torque (Engine/Motor) (Nm) System msafig/u?fgrque: 646 400
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Construction of Model to Predict Wear Amount on Exhaust Valve Seats for Gasoline Engines
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Noriyuki SATOU Keisuke ISHIT Hisashi HASHIMOTO
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Takeshi FUJII Seisuke TAKAKI Hiroshi OSHIGE

= = ABSTRACT

HUY Y IYY v OHKMNL T Y — b ERER A Tl
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ZEEFEGRBRIC KD, BEROETEERE L TVHIET L%
fEBLL 72, ZORRERIC & - THII BE & K7 & 9 JH % &
LRI, HoNTERET — 225 &K T O 24U L
72 F 7, MERELBZNSLTY — MCAEFLEREHL,
ZOWHMEEMERL 72, KEFLEWEHT 32TV ) v
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A technique has been created to predict the amount
of wear on exhaust valve seats for gasoline engines.
Through bench and rig wear tests, a prediction model
was constructed with multiple factors as variables.
Through these tests, the controllable factors were
categorized, and sensitivity for each factor was
determined from the measured wear data. The model
was also applied to valve seats of different materials,
confirming its versatility. By using the model to
predict the amount of wear on valve seats in the
cylinder head design phase, a cylinder head structure
was quickly devised to increase valve seat wear
resistance, shortening the development period and
reducing development cost.
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Fig. 1 Factor system diagram
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Table 1 L18 orthogonal table
Air- | Seat Seat Cam | Valve Test
No. fut_al face face rotation | rotation duration
ratio | pressure | temperature | speed | speed | time
[-] [MPa] [deg C] [r/min] | [r/min] | [hour]
1 (11.9]| 1241 240
2 [11.9] 10.1 240
3 [10.7] 121 280
4 110.7| 10.1 280
5 [13.1 8.1 200
6 131 8.1 280
7 (14.3] 10.1 200
8 (143 8.1 200
9 [14.3] 121 240
10 [13.1] 121 240 3000 20 6
11 [11.9 8.1 280
12 [11.9] 121 320
13 [13.1] 10.1 200
14 (13.1] 10.1 280
15 [14.3| 10.1 240
16 [14.3] 12.1 320
17 [14.3] 121 200
18 [10.7| 12.1 200

Mixture of LP gas and air ——]

Setting plate

Base plate

Valve seat

Lifted by

cam mechanism

Fig. 2 Valve seat testing machine

Wear loss [pm]

Fig. 3 Factorial effects on L18 test

[ € .\./0 *\./. ./‘\.
i
11 14 17 8.0 10.1 121 140 240 340
Air-fuel ratio [-] Seat face Seat face

pressure [MPa] temperature [deg C]
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g
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Predicted wear loss [um]

Fig. 4 Comparison between predicted wear loss and
actual wear loss
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Valve

Setting plate

Valve seat

Shim plate

Heat
conductive
silicon

Base plate ———s

Fig. 5 Methodology of valve seat face deformation

Table 2 Measuring machine specifications

Manufacturer TOKYO SEIMITSU ACCRETECH
Product name SVA Fusion
MPE; 1.9 + 4 L/1000 pm
Accuracy | MPE, 1.9 um
MPE 2.8 um

5.2. HBRE M & BEER
ARER T 22K, SV T Y — MIEIE, SLT Y — NIRE A
—EE L, WLT Y — BB SEREL AR S TH

Probe

Machined surface

— Valve seat
Setting plate

Fig. 6 Appearance of measured valve seat

. Machined surface . Deformed surface

90° i
--- CAE results for actual engine N N

[| — 3D measurement result 0 180%
g E $ 270°
— — O ~~ ~ .
s °  /\ VAN
£ VAN /, N 2
-§ 1/ \ Vi \ N 8 g
8 / \ 4 \ 8¢S
—— N 4
g -/ “\| ./ \NILE
*/ "N/ N8 &

0 90 180 270 360

Seat circle position angle [deg]

Fig. 8 Valve seat face deformation
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Fig. 9 Impact of seat wear loss on seat deformation
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W2 5ETH 2. Fig. 10 1ISREHREHIEE 2R L,
Table 4 |ZiABE R 2T
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Fig. 11 (ZBRBEA 2 DFESZEAIZHES YL 7 o — | BEFE
LA AR, BEAERITIREE A 2 OIE ESC e
TWB, F72, BRISET Z OIS ESIZE, REE S 2 O
& EHT 5. ZOBEREERMING, N ZOIET L EED
BEIMZAES 2L T ORuING D 23R LT3 L ER L -

KEFITHD E, BRIEH 2ES EWRE D 53L T DM
INEDIZES LT Y — MEEE CAE KDL, bk
HAENEREORDLD L L TETFTNIIKMT S, /N LT

Table 3 Engine specifications

Type of engine L4 DOHC
P 9 i-VTEC Turbo
Bore x Stroke (mm) 86.0 x 85.9
Displacement (cm?) 1996
Compression ratio 9.8
Intake 2
Number of valves
Exhaust 2
Valve head dia./ Intake 35.0/34.5
Stem dia. (mm) | Exhaust 29.0/28.5
Valve seat width (mm) 1.6
Valve seat base hard particles | Cr-Mo-Co hard particles
Maximum power (kW/rpm) 228/6500
Maximum torque (Nm/rpm) 400/2500-4000
Fuel type Petrol

Table 4 Engine bench test conditions

Engine Intake Engine Test
9 air 9 duration
No. speed power .

[/min] pressure (kW] time
[hPa] [hour]
1 2750 750 27 116.3
2 4500 2300 169 8.0
3 5700 1175 115 30.5
4 5700 1480 145 65.0
5 5700 1950 182 6.5
6 6500 1480 126 20.0

V- MNERAEERELEETLONLT Y — Tl
We 2L THUNE D IZPES SV T2 — NEE Py, 1525 D,
E 6, RikBEOEFER Wiw & TIHIT 2K (5) &K 72

Radiation
detection
machine

e&——— | ead cover

/= Base plate

Radioactive ray

Valve seat  Cylinder head

Fig. 10 Wear loss measured with radioactive rays
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Fig. 11 Wear loss ratio and combustion pressure
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Fig. 12 Wear loss predicted with response surface
model and actual road tests
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Fig. 13 Predicted results for engine with different
materials
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Enhancement of Accuracy of Tire Wear Prediction Method by Reflection of Material
Temperature Characteristics
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In order to increase the prediction accuracy of tire
wear, prediction error has been decreased by setting
differing temperature characteristics for each rib in the
tread rubber viscosity, characteristic of a prediction
model. In addition, though previously challenging,
calculation of the wear degree for each rib has
increased the accuracy of uneven wear prediction,
such as center wear in the front tires of front wheel
drive vehicles and wear on the outer shoulders of
rear tires. This prediction model will make it possible
to predict the degree of wear, including uneven
wear, from the initial stage of vehicle development
in addition to studying rolling resistance and wet
braking performances, which will contribute to
increased vehicle development efficiency. By reducing
the necessity of conducting wear evaluation tests
using real vehicles, the model will also contribute to
reducing the person-hours involved in testing.

1. FANDE

HOERBREE R RIS WIS U T, MREERE ED 720D 4 4 Y
DFEA D P HEA TS, —iRIZ, 24 VY OFEAD
YUK D720, EZF VY 2T ZO/NE WLy FTA4
EHVWBE, vy P T —FPEEETNT 5. 22T,
WRDH =Ry T 79 2ICMATY ) HEEHEL T AT
VY2 2 & KT 5L, vy b 7L —FMEA LY
L0, 44 YERFGIELS E->TLES. ThoMRT
544 YRR, PL oy FoSa—2 ) NERE, 2%y
v NG e EMORETER LA S DY Tl & 130 50
Wb 5. 72, T 56 OVERIZHMVERER GO R EN
K& L, FFEHOERETRE K < PRITE UL, dimfH
FROMFEIZKE L FHET 5.

ZOWT, BRI, Wi, 2y T, I AP

% Ufs R&D £ > & —

MR, B ET SRR L 2 < ORT LEIEZE D
WEEZ T L0 TVHNRES TV, 207120, Mikllk
WM OIFERER &2 BDE L LRI ENKE 5 7.

PERARE X T & - BEFEEHN T 0413, K& < FLEBEFERT
fili & 5 FEEFERHMIZ 0 5 h 5.

SEEERERHN CIE, FEUEX 4 Y LEHli R 2 A YA Z R
FIEBIEEE UETT 5720, EEEOM BRI
HECOFMIA T & 52, Bk, EicdE, SAA50RLH
WBEAHEORBBEA —EITMOZELNR S TIE RN, Z
D78, T 2 BFERHN & U-C, SR Bl
b, FFEYFERSICEHE SN S 2 &3 an.

— DG LERGFMTIE, &1 YRR TORE
FEIERE L, PEFET 3L — 3% 2 O 72kl & A v Rl
DEEFET L X — 534 & ML A1 TRHili§ 2 2. Z ok
LT, BB E ISR DO Z &N TE, K s
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W W28 BB IS O MGHI WG L300, K, it
BRSO E SRR E R D, 72, F 7 oK O5A

&, 24 Y OEENEL &5 Z L THRIEREICER A4
U, 2— ¥R TOEEEBHETELVWEAL S 5.
F 72, /IMESIE Schallamach BEGRICHE D W2 EE T 3L
¥ — & T L OMMEERENE & R 3B % LA 72 Pl F k%
BELY, varga@EDZ 22— FHIHRET -2 LB
SHIET AT L ERLE.

o103, WIS TE S TR O R RR ) &
12, bl R I 20 & Bitim o @& v 2 PllE
T ERREL, A (FF ) o[l O FEFeA i & K
FELSFMULE L LSS, BilidREFETH & i
OPFEFER i VIR 1S3 5 Z L &R L 7=,

AT, 24X bLy FITL0HEEHERE X DK
WRETOIT AL EOHEBEE O L0 FLs Yo
WAL, PHITT LD MLy F T AORFEMEREIZ Y
TR ZIREREA KM TE S KO BIEL, Hilid
G 8 - BEREFF T &, i EERE T I HY HE T B 8 (2 753
TELEEA LD L AR L 7=,

2. 21 VERESHEGTARX

AT T, 5 IER (1IN h 5 @0 TR O EFE
ARz IS U7z 2 4 YRR P HlE T L 2 R L 7.

uWL
Hoe

=k—— (1)
V: Wear volume [mm?

k: Constant [-]

t: Coefficient of friction [-]

W: Load [N]

L: Slip distance [mm]

H: Rubber hardness [°]

o: Breaking strength [MPa]

&: Breaking strain [%]

RO € FILTIE, Fig. 112830 i 1236 2 R
Li%k, V7T EDREFERE Vb Ly FTBEE D b &
P 274 VP r—4@mE16mm &0, X (2)I2&L 7.

2 x (Di—1.6)

Li=—1——,
V + Vj+1

(2)

D;

Wear indicator

j:1, 2,--,n , n+1

Fig. 1 Tread rib wear speed and groove depth

Li: Wear life [km]

i: Groove position No.

J: Rib position No.

D;: Groove depth at i [mm]
V'i: Wear speed at j [mm/km]

A (1) OFEERE u E, RERHE 2 ROl MiE=R E
Ltand ORBTERE S, AT, WMEFREEZET S
=3, W ES VOWEICHDE u AR (3) D XS ICE
L7.

u(T) = ftan6(T), E'(T)] (3)

u(T): Coefficient of friction at T (C) [-]
T: Temperature [C]

tan 5(T): Loss factor at T (C) [-]
E'(T): Storage modulus at T (C) [-]

T ZC, FEHRHE 4 A Y ORI IS T 534 %0 2% i il %
A, 44 Y OER L LU & OFERIC K % BT E
END. ZD7DH, )T T EOERZ, BTk b —,
FyUNEOTITARAY MKRFL, BubEFEL6hH
5. 22T, A(1)DuzaX(3) DFEER u(T) IE X
i, VT OEFARER (4) 2 EFHL 2.

i(T)W;L;
Vi=k H/(H;_g./ J (4)

V;: Wear volume at j [mm’]

k;: Constant at j [-]

u;(T): Coefficient of friction at j [-]
W;: Contact patch pressure at j [MPa]
L;: Slip distance at j [mm]

ZHZED, )T T L OREFERE V3R (5)10kE 5.
Vi=kif (Was, Wy, S, E/(T), tan 8 (T), H,0,¢)  (5)

W.j: Average pressure [kg/mm?]
W,,j: Maximum pressure [kg/mm?]

S;: Slip distance (calculation) [mm]

k, X (4)DH, o, ¢ IMBIETH 3720 RKHFTIEY
TONBEIZr DO —Ee Lz, £/, MEE W, 3
DRFLIET 74 A2 N OFEERT 5720 THEEIZIE
C7zfd W, L; %7z,

3. &4 ViEE

BWHICHE T3, )V T TEDEREA =X LDENR
Rl CHR 2 2 EFERR A P T NMICKIT 572012,

R(4)DYVTZEDW, L;, u(T) HuEPEL 7=
FFEBIZHEF SN2 4 Y2, ifs TRz L 52y
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REERE, BREGTA =V Yy LT IA AV MIZKB Y 3 L XJE
Fef 2R g 2 e L0, ZAIEE OIS ik KO
BUNZ &M OENERFFMICHEES L NEL. Z
DARTE % HfEH 8 2 728, RO IE A2 ME L7z, &
7z, BiRICAE U B 1 v 4 BEFEDIRIA & 7 2 DTsdig o 2
AW IO &G L 72, BB U5 Y 3 L A ERE
ZxtL T, b=, Sy v fE 5z RO 24 Y
FMRE 2 W5E U, P05 B ERET XL X — D50
IZDWTHRGETL 7.

3.1. & JoiEbmEE

MRz ZNOME, P —MABXOF v Y MR, Y
TZEDMEIZE A 3B AMRT 5720, EHE%
o UREE W AR 72, JlEiERo 6l (215/50R16
100S) % Fig. 21Z/8§. VU 72 & OFEYtmniE W, &
KPEHme W, OMEE, &6 st v &) 7O T
ElLELEBAEDOY) TZEDOW,, WlEoEIG %Dl d 5.

Fig. 2 &0, mifa& e & W, id2 v 2 8»E<, W,
By a MV FZEOTF A E AR U7 L F 72, Bl & %
OfE, 754 XV VEOEIZKD, BRIIHTZ WO
WHENT) T LIl e b EEL. Th&D, VT ZED
W, b W, #35ET 52 LT, BRETHEE BN M LT 5 &
EX A

32. &) TIRYEDEEE

FTAROEELIE, BREOMENES TEEN®, |
W, e TEAH T 728 ICE L7, MR
Table 1 (27177

Table 1 OFERH &, Rl CldEEOHILIZEL &5
EETRDERKREL, BTz 7y MISEL £ 31E8
TR ENREL BAMEMERL, Ak T2 48
e, BUHICHIT DY a LA EEFE S ERm AL 7>

Table 1 Calculation results for slip distance
Front Rear
Rib #1 #5 | #1 #5
No. |(outy| %2 | #3 | # | (in) [ouy| #2 | #3 | #4 | (in)

Slip
distance | 4.43 | 5.26 | 5.49 | 5.22 | 4.61 |10.14| 7.21 | 4.13 | 0.74 | 3.03

[mm]

3.3. 21 YEFRERS

FH R IRRE THRBY L 72 B §ii i O B & A Wi h %
Btz —-7 v F- 54 8D Force Matrix Sensor %
WCHPE U7z —fil& LT Fig. 3IChdmy, Fig. 4 123H0H
REDFER AT

Fig. 8, 4 OHEMERL 6, ALY 4 ) TITKE
AWM ET, WERER ) T e ICEEIZ AN
MWEL S Z &DERTE 7.

ZOFERIZ, Table 1 IR W D Eat AR & @2 —
U, FF HOnuilmA ¥ v 4 BT 2888012 & AL 7=

WIS, BEGD b —A, F v VOSNANBEHIIRE IS 2 5
WBEMERT 5720, 75 v bUL PR A Y ikERE A il
MU, oz 4 v Ly FIREZEHEL 72, Fig. 5
121 72 & ORENERSR, Fig. 612 b Ly Nl o
FE A E RS R 2T

Tangential force Lateral force
E 320 E 320
E E
c 240 c 240
9o o
Contour | § 160 ‘@ 160
graph | & o
8 80 8 80
c c
Q (0]
o 0 o 0
g 0 80 160 240 320 g 0 80 160 240 320
= Lateral position [mm] = Lateral position [mm]
. #1 #5 | #1 #5
Rib No. (out) #2 | #3 | #4 (in) | (out) #2 | #3 | #4 (in)
Force
[kN] -0.85]-10.02-30.39| -6.46 | -8.10|12.89| -0.25 | -5.25 |-11.34]-22.06}

Load: 4.3 [kN] Temperature: 25 [°C] V =34.3 [km/h]

Fig. 3 Contact patch shear force during vehicle

acceleration
Foot Tangential force Lateral force
print — —
€ €
£ £
c c
! S S
. #1 . #5 #1 . #5 Contour -g -g
Rib No. (out) #2 | #3 #4 (in) | (out) #2 | #3 #4 (in) graph a a
[ < 80
Load [kN] 4.82 3.55 = =
Toe [°] 0 0.09 (in) S o S o
: _ S 0 80 160 240 320 | S 0 80 160 240 320
Camber [°] 0 1.00 (negative) P Lateral position [mm] |~ Lateral position [mm]
W;[MPa] |0.36(0.36|0.38|0.37|0.36 | 0.37 | 0.36 | 0.38 | 0.37 | 0.36 . #1 #5 #1 #5
%) ©4) | 96) | (100) | (@8) | ©04) | ©7) | (95) | (100) | (97) | (@5) RibNo. | oupy| #2 | #3 | #4 | (in) | (out)y| #2 | #3 | #4 | (in)
Wy[MPa] [1.44(1.10|0.90(0.93(1.44|1.43(0.90|1.10|1.19|1.43 Force
iy (160) | (122) | (100) | (103) | (160 | (130) | (@2) | c100) | (108) | (130) [kN] |65:97|30.36|37.54|33.25|20.90|25.35| -2.64 |-18.92]-22.53-33.59

* Reference for maximum and average pressure

Fig. 2 Maximum and average pressure of contact
patch

Load: 4.3 [kN] Temperature: 25 [°C] V =25.5 [km/h]

Fig. 4 Contact patch shear force during vehicle
deceleration
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Fig. 5 OfER KO, 7 MUY TOWwEE A VY 7
WU 1LICENZ Ehbh oz,

Fig. 6 OfEiR &V, F Ly FHEMEAAETE 7 MR
VIR AR L 72,

AAXREITHE TS T A F-IE0E, $DIfE> T
LEWRIZE B FH I LF -, R (6) IR BN
B 27U Y ATHELZHI 3L E - O o L Fid
52 ETHDID., ZD720, TR EINKEWLIBITIE,
PNEBFEEIINZ S h, KT LK A LEL6N D

7, AAYO Ly P I LIHEEIE E ERESMTE X N
5. ZHCky, $RDEIKRE EERNKHT Y Ml
FEREN R E 5. ZORBE» L L, WET I FEEHEKY
TOu(T) BISRERGFT 2B EANS 2 LT, K0OK
EOEWERTHN I B A S I LR TE 2.

2z

Wi= [ © oédi=ne}E"= ne} E'tan 5 (6)

Wi: Strain energy [J]
o: Internal stress [MPa]

&: Strain [mm]

&o: Maximum strain [mm]

450
a3
388
356
325
284
263
231
200
Load: 3.55 [kN] Toe angle: 0.09 [°] Camber angle: -1.00 [° ]

Fig. 5 Measurement of tire surface temperature on

flat track
dl P K. Y
45 \\
. |Groove 1 | IGroove 2| IGroove 3| Groove 4|
© 40 !
o v
2 35 j\ N\ v_.f__ i\
g N I W
g 4
'9 30 k
25
0 20 40 60 80 100
Out Measurement position In

Fig. 6 Tire surface temperature distribution on flat
track

3.4 BETFHEETIVREER

A (4) D u(T) I, B TIE T=25[Click T 5%
=28, ARCIZ ) 72 & ICHERINIZ R 7= fowfil %
W3 Zhkb, X (2)DEREE V2L TOX (7) &
nEH L.

102V, = Coaj X Wi+ Croty X Wi+ Cyi X S+ Ci X S/ +
CL‘(E')j X Ej'(T) + Cc(tanb‘)j X tand (T) + CC(H)j xH
+CC(5)jXO'+CC(g)jX8+kj (7)

C.: Coefficient of average pressure

Cyj: Coefficient of maximum pressure

C,;: Coefficient of slip distance

Cs2j: Coefficient of slip distance (square member)

Ce)js Ceqans)js Ceyjs Ce)js Cee)j: Coefficient of rubber

RO D728, HikEEIZTY 72 LD tan S, E' OFF
PEIZEET & 60°C » 5 40°C DFEPHTZL X 1, HEF M
EB ko7 K DEEET IO THKEE & kR
RERFE R OMBREA IR E 2% tan 8, E' O %3k
7z. Fig. 7, Fig. 8 IZEHHUCHW 7 tan S, E' OiIE & AHBIER
Ko7 7, Table 2 1I2i & K& WHBIRE L Z DFEOR
FEAERT.

1.0 ‘

N - oA E
£ 08% . _,,ﬁ-;ﬁ,*.,f.xégg-xx*al-_iﬂﬁ(.\,,;
- Jo A ._.J
% 0.6 T e
3 ° — 1
5§ 04 eee@eeee #D
S 02 T
s - =#4
© [

0

-60 -40 -20 0 20 40

tang, E'characteristic temperature [°C]

Fig. 7 Relationship between tand, E' and correlation
coefficient for front tire

1.0
c
8 '..-.-.“.,.“...5
5 A=A g At
(o]
o
5
g e g et K
o ¢
S
(&)
0 20 40

tané, E'characteristic temperature [°C]

Fig. 8 Relationship between tand, E' and correlation
coefficient for rear tire
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Table 2 Maximum correlation coefficient and

temperature
" # #4
Groove position (out) #2 #3 (in)
0.766 | 0.802 | 0.800 | 0.844
Correlation | _ Current | “ios) | @t2s) | (at2s) | (at2s)
coefficient Proposed | 0-738 | 0.896 | 0893 | 0.859
[ p @35 | (at0) | (at10) | (at3s)

at

0793 | 0.311 | 0403 | 0.145
[tempfrature} Rear Current | o5y | (at2s) | (at2s) | (at2s)
rcl Pronosed | 0809 | 0791 | 0.683 | 0347
p (at 5) (@t0) | (at-35) | (at40)

Table 3 Results for multiple regression model
coefficients

Groove — Front yam Rear -
position (out) 2 3 (in) | (out) 2 3 (in)
Load

factor | Wa | 0.20(-0.05|-0.05|-0.25|-0.38 |-0.64 |-0.63 |-0.21
(Ave.)

Load

factor | Wb | 0.06|-0.02|-0.02| 0.02| 0.04|-0.05|-0.06 |-0.04
(Max)

Slip
distance
Slip
distance | S? |-7.22|-4.67|-4.67|12.59|-0.80(-0.97 (-0.83| 1.57
(Square)

S 8.51| 6.12| 6.12|-2.23| 1.78| 1.33| 1.17|-2.03

(tgfﬁ) 0.00{-0.35-0.35 | 0.01|-0.30-0.13| 0.10{ 0.22
((,ff) 0.62[-0.25 [-0.25 | -0.94|-0.63|-0.15|-0.14|-0.15

Material | Cc

property | (¢) 0.33(-0.20(-0.20| -0.52|-0.15|-0.04 | -0.06 | 0.07

Cc
(o)

Cc
(E")

-0.21| 1.02| 1.02| 0.61| 0.50| 0.39| 0.48|-0.16

-2.02| 0.66| 0.66| 2.73| 0.63| 0.05| 0.00|-0.79

Constant| k |[-3.93| 1.92| 1.92| 6.22| 5.43| 4.50| 3.47| 4.04

Table 2 k0o h7z, R (8)IcEAIhs k%
Table 3128 F. Zhkb, V72 DEMEHRERMNHET
x 7=,

4. F¥5EARALE

a4 YEFRRTMETLORE 2 MEET 5720, 773V
B25 DOREMELLVIZSUV 2 L 15 MO % 4
Y CIGEEEFEAB A 5 Z W, BiROET LB LUARD
RETTIICL D PHIRER L iR L 72,

4.1. BEHGTERER

Table 4, 512, fiffm & $finDI5ERERC & 5 FEFEIF &
BETFL TP -BEFETFR AN T

ZORE A, FERBRIC K 2 EEFMICHLTO
BETILOVHINEE 2 MR L 72, Fig. 9 11 D5,
Fig. 10 IZ#&fmDOFER AR T

Table 4 Front tire wear life

Wear life [1000 km]
TestNo.| 1 |2 [ 3 |4 |5 |6 [7[8]|]9]|10[11[12]|13]| 14|15

Measure-
ment

34.1(30.3|29.2|32.3|33.2(36.8(34.7|31.1|25.6|28.2(28.5|23.0|21.1|20.8(20.8

Current |32.4(35.1(29.8|37.3|39.7(37.1(32.9(32.9|33.3|32.7(30.6(29.9|24.9|24.6(27.1

Proposed|31.4|35.1|29.9|33.3|36.7(36.5(34.1|34.0|32.0/|30.7|30.1(26.7(25.9(25.1|28.6

Table 5 Rear tire wear life

Wear life [1000 km]
TestNo.| 1 |2 | 3|4 |5 [6 |7 |89 |10[11[12[13|14]15

Measure-
ment

58.9(77.6/54.9|85.2|47.3|75.2(52.0|45.2|54.5|47.7|40.1|40.3|57.6|45.9(35.7

Current |44.1(67.2|49.3|73.8|53.1/68.5(49.3|53.1|68.7|54.1(46.1|51.1|49.0(39.8(46.6

Proposed|46.3(72.3(46.2|67.8|52.8|65.3(48.4|46.8|67.4|45.7(45.7|47.8|53.3|40.6(45.4

Fig. 9 1T/R$ & 512, AilnDIEE BEFEREAE RISH T 5
THIE FOHEEIE ORI, RIHO T T IL T 15.7%
IZXF L, EETFILTIE 12.5% & 3.2 KA ¥ bR KR
L7z, ##iTid, Fig. 10127833 & 512 16.2% 123 L 13.8%
&£ 2.4 FA Y FEMEIR L 72,

F 7z, FERBRIC K B R FFm & KT TIC K B Tl
M OMBIFRE A RS L 7. Fig. 11 12ATlR OSSR, Fig. 1212
HlRORERERT.

s OB R B0 0.821 40 5 0.866, il 0.760 7 5
0.809 &AL L 7=.

° 40

= O Current

Sw 3071y Proposed 5

° = M 15.7
oo 20 1
52 10 M —l; _I_l_.s
2] I R | -

© >

82 1 Ol

EQ 0 =]

1 u o b

q;) = -10

? 2 .20

28

S ® -30

w40

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Ave.
Test No.

Fig. 9 Accuracy of prediction of front tire wear life for
current and proposed method

O Current
O Proposed -

_Wigl ]| Fm

12 3 4 5 6 7 8 9 10 11 12 13 14 15 Ave.

Error between measured value
and estimated value [%]
= N
o o o
|
—
g
T
[
[ pury
o
—T.
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Test No.

Fig. 10 Accuracy of prediction of rear tire wear life
for current and proposed method
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Ih&D, WEREEEIET 5 2 & TPURE A E$
5Ll L7z, ZOTMET I EFHEL A YHFECE
H L, RO E T IV TIEFEFRRGED LG AT X L2 5
2B AVORGET 2 M & HIRTZ 5 EEA 5.

4.2 REFZETAIMER

WSS A ZET 52 LT, Table 212 L7245
12, Rl & BEROW #2 20 5 #4 ORI EL 72,
Ih&D, WELTMOME,S LEMBALELEZEEZ,
il & IR OWEZ &2, FERBRMRESZSETLO R
TUME A i U 7z, f55R O —fil (Test No.10) % Fig. 13 (2
NT
ZOETLEMAWSZ LT, fifMOETLTIEY g Ly
FEREL B X MIE L PRIT X & 5 721ilm D £ v & FEFE

o 50 o 50

5 40 S_ 40
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- O 30 - O 30
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= 10 = 10
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Estimated wear life
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[1000 km]
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Fig. 11 Estimation and measurement of front tire
wear life
@ 100 o 100
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Fig. 12  Estimation and measurement of rear tire wear
life
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Fig. 13 Estimation and measurement of uneven wear
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Study of Curing Behavior of Urethane Clear for Short Baking

B A % HIF
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ABSTRACT

Curing behavior required for polishing repair of the
clearcoat has been studied with the aim of shortening
the baking time for reducing CO, emissions in the
coating process. The authors also studied curing
behavior that enables the transition of Isocyanate to
the basecoat from the clearcoat.

As a result, it was found that polishing repairability
is enhanced by increasing the storage modulus of the
clearcoat at the end of baking. Furthermore, it was
found that there is a correlation between the time
until the storage modulus rises and transition amount
of isocyanate to the basecoat. The curing behavior
required for a shorter baking time and directivity in
resin design were determined from these results.
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Fig. 1 Film structure of automotive bumper paint

3. BILEEILENEZLTS

Bl TRAC 3613 B 4B U6, SRR 25 2 25 7 R8Tl
%<, Fig. 2 ISR T XD ICRIBTREERELRH 51 L0
MNEZLTHED, INEAMRMEIEE LTHERT 28D
e XN 5. K OFEREREIE 123 % 20 3 D13 H A A
FEE A HIRT 2720 ThbLELLN TS,

Fig. 2 ™ & 5 &1 OB RESEIR AR KIS LS AT 5
B 50T, BB AB DRI IS k (AB) (k : K
IR ER) TE XN D, ABOWK AR 12 L,
NAETRIB L 2% OERM & AB (00), — RIS D FH#AAIRE
filzwdedsde, A(1)DLD A RDEE R EHS X
ns.

AB = AB(o0){ 1 — expl—k(t — td)]} (1)

BEf TFR COM LB O IR D 72 0121%, Bbh O4UE
BEEACOMNENDETH 5. G L o ERIR
REMIE L AL DBAIT T AWMREIRIC 5 5 728, B
KL LTRMX N2 Y, 2070, Wb Ol mE R
fboflEIz &b, B TR oML 2 0ETZ 5

PEfT TR T O MRk 2L & BT 5 728, Fig. 31C
AT & RO T AR E R (A st — T v
F-74 8 RPT-3000W) # il L7=. ZOREIZF 147
Ty U EREE LR T A I & B U 72 R RS
4, 2O O BROM AL L2 BT 5. R
Mo & R Jeri ORI Fig. 3 D K& 5 IRRET 2 U 7T HRIEAE
T 5 &, ZOJFNMEOZAIC & 0 IR OIREY I 2%
b3 2. IRTOIRBFMHA, 5, X (2) & U THXHTRBE
ErkkopZLncEs

E'r=/T* = UTHIQUT] - 1IT)) (2)
T, : Swing cycle without coating film
T, : Swing cycle at reference point

T : Swing cycle with coating film

R (DB ErOZ Y TREDTELD L, YKL
DFERGT 2IEZILARE, X (3) 1R ¢ — R B s KUY

Functional group pair
destined to react

A B — AB
dlAB] _
a —k[AB]

Fig. 2 Hypothetical 1% order reaction.
Concentration of reaction product [AB]
increases in exponential function.

_. Coating film

Knife edge

/

ey
Rigid body Substrate
pendulum

L

Fig. 3 Rheological measurement apparatus
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E'r= E'(oo){1 — exp[k(t - td)]} (3)
t: time [min]

E'r(0), k, td : constant
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Fig. 5 FT-IR chart of basecoat film
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Fig. 6 Storage modulus behavior and 1% order
reaction rate equation in baking process

Table 1 Result of spot repair and adhesion property
Baking | pojish | Adhesion| oSt
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