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2014 Model Year FIT Design Based on New Honda Design Concept

I 5 % W el i
Yoshiya KITAJIMA Atsushi MURAKAWA
= = ABSTRACT

SHOTLEFLF 2 vV T3RHEAS 2014 FEF
JLFIT 2 [The World Best Functional Compact] %25
Kyt M2, RE, »->Z k& (FHA4 v kD)
EHAMAZMATE S L FNTHEAZ T30 I —
ZHFLTHIEL 7.

2014 &7 )L FIT D7 %4 % Honda 7% 4 » DFi7=
732+ 7 b [Exciting H Design] ZH(D AN 7255 L
55,

[Exciting H Design| & iZ A LDy v F T v A4,
A A I = ABEERIC, NCELWEEEEZ 55T
[High Tech.], B1Z Db %54&% & 5 53 [High Tension],
FHIEIZB B E H 5D [High Touch] D =2h 5 Kk
Eh3.

[Exciting H Design]® 2t 7 b #HD A5 Z LT,
HMHROPT LD BN L AR E TRTH I LN TES
2014 £E TNV FIT DFH A4 ¥ PEBITE 7.

The 2014 model year FIT is the third generation
of the model having undergone a full model change.
Under the grand concept of “The World Best
Functional Compact”, it was developed with the aim
of making it the world’s most convenient compact car
to use by offering exceptional space, fuel economy,
and coolness (design and cruising).

The design of the 2014 model year FIT is the first
to incorporate the new Honda design concept, “Exciting
H Design.”

“Exciting H Design” consists of three facets: “High
Tech” (people-friendly advanced technology built
on the human-centered “Man Maximum, Machine
Minimum” concept), “High Tension” (dynamic-looking
framework), and “High Touch” (texture that appeals to
the senses).

By incorporating the “Exciting H Design™ concept,
Honda has achieved a 2014 model year FIT design
capable of asserting stronger individuality and presence
in the world.

1. 13U0®IC

2001 FEEF L Fit (MR Fit) i, v g4y o0v 470
WS EEH Sy — Y v SR AERIC AT L —
R AR L, 2008 €7 FIT(21CH FIT) 134
RFit DR X Z5kE 5085 20 b L 7=, RN %
AR ) AR TOE LY VY4 Vv rofheicke y
b A& e, BEHER 123 0 E, HRIRGE G2 487 FHIC
LA, KEL L DB ERIZEINGT 5 E k572,

* Ui R&D £ > & —

https://doi.org/10.69239/hondatechnicalreview.2014 26 1 1

SREE %% 2014 TN FITCHM FIT) 12 H AR
QYT =MD A== A TDEIIZALDHET
HOHLEXA, BEMROBHICEVE S 25 THARDOR—
vy =L LTABELZZWEEZ, [The World Best
Functional Compact] (Fig. 1) 225 Fav 7 & L7

A E =)L Iy — D 2o il & 22, RE, o T K
IZED, TNEFNABEOLARLIZETH [ E LT %
HEELHEA B 5o 7.
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Fig. 1 Grand concept

2. F¥qa Tk

MR A 2T -V — TGO KTHFZHWALT 5
T, 794 VIR L ZWEWVHBNEARETH B, %
ZTHonda TH¥A VvOHEzzarytv 7 b, NZELWE
HVEA & 53 [High Tech.], BIZDH 5 8HE%2H 5 b7
[High Tension]), fLRRIZ#E B %A & 53 [High Touch]
D =D7 S E N7z [Exciting H Design] (Fig. 2) D%
AERDANT, 2227V T7TFHAyDa 7 Mid
[CROSSFADE MONOFORM]J (Fig. 3), 41 Y T U 7T ¥

Fig. 2 Exciting H Design

CROSSFADE MONOFORM

Bullet L'at:ﬂ;m/_
/. |

(-

Driving Body

Fig. 3 CROSSFADE MONOFORM

4 03 v+ 7 M [Sophisticated Futuristic Cockpit]
(Fig. ) 1288 7=.

Ja— N TEWVHMENEERRT 272910, Loy
Honda DM — N2 T7 2 A ATHA Y, V) v N A
YT 2 A ADRARE#A 47 2 — 212K 3 [High
Tech.], #4F 3 v 7 BBER/)S—=V F kT y 2y b
H#D [High Tension), Z &=L 5 A& A -5\ VB
% ¥ [High Touch|#JH L 7=,

Sophistidated

Futuristic Cockpit
e i

_"__._____.__—’-—-'_‘__“-'—

————

-

Eihe Quality Versatility

Fig. 4 Sophisticated Futuristic Cockpit

3. XyF—=TL1477 b

B FIT O/ Sy r—Ya v+ 7 FME[SMALL MAX
PACKAGE] (Fig. 5)IZE®, vV ~vF v h, AH3I=<
2 (MM) AL 5 Honda [ZORMREED & &, 512
R A, MR Fit, 2fRE FIT 281 354 & L
e BNEB AR TS5 Z & A HIGL 7=

2fXH FIT 12X LA T55 mm, K4 —ILX— 2% 30
mm ER L7 ECRBHIGAMONRE (4 VT AT 4 24
VA)ERA = R=ZHEES Y LD 80 mm ALz )
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Forpersonatuse SMALL MAX PACKAGE  ror Famity use

Man Maximum Machine Minimum

—— 2014 model year FIT
2008 model year FIT
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3955 (+55

Unit : mm

Fig. 5 Package concept

YH ARV Y g VOIBRREMICED ) VEE2RET 50
O2XUNEFRAENBEL, VYKL —-LT—FDT TV
VHEIMHLR ) ¥ F 7 OROEKRIZED, )V YVEOFEDED
DILRTEEEESI L LA VT LT 4 ALV %K
L 7.

IE A OBNZEM S 2T 2fH FIT &[T & Lad
58 P74 =V 7OIK, Y4 Fo4 vV FoOREE%
ABL5ZLTRAFEDLODIARS ALK L 2. FEBOMA
MIOFEEE (7 TILF 4 22V Z2) 1320 mm AT 05,
JHEDDIAZ LHIFE T35 mm, HBFET20 mmyaikdsZ
ET2MCH FIT 2l A 55422 B A EK L 7=

4. TUVZXFTUTTFHA >

IOZAT VT THA VTEHMEFITOZ 7 Favt
7+ T® % [The World Best Functional Compact] % 28
T 27201, INNEREFERH S ORBTH 5~ E D &
IBRTHFAV(TVE=Va Vv VILIy M) EPRFit, 2
fH FIT 2 532 k72,

M ORBTH ALYy T —FEZ L=
IDHHEL 2R v Y TR S BB oBie, 214 YA
WHTDELo00D L LETEGORAIDH» D G- Tl
4% [CROSSFADE MONOFORMJ%# Yt 7 bz, 75
2 EBA IR E MR THEAT 3 BEkE LTOL A F
Sy XEBERLUS 72, I FIT 2 545 % % [Exciting
H Design|/® % & 12, [High Tech.], [High Tension],
[High Touch]D = DDERAHD A, FEEEMRINT
7% A4 v % BHHEL 7%z (Fig. 6).

[High Techid, HrILWFHFA VY TAF VT4 T 4&L
TY )y Fu4 v s 724 2088 tEHIEL 2= (Fig. 7).
THEHMFITICHEB LT3 EARTH DREAMS
TECHNOLOGY 12X % 7 J R i ia/KUEDIRE: % 35 % Mkt
ST — b LA v ERET AHEIER ST 5.

FMFITO79Y b T 24 ZTFHA VIZONTE, VY
DV RoA YT 24 2DFEA %S EIZTHARZT TIEAL
sua— L TCHEATIEREAHBELTT YA Y& L H
RFit 256 2fRKH FIT £ THWTWES LW
ZEP S, NELTERIETHELELVIA A VYD THED

Fig. 6 Final exterior rendering
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ko nEEERSWE L7 (Fig. 8). ZHIZIFMHADR L
WP R T B D 20 OMEN LR A7z d 56
WD 7o MEAMERFATIICH 2D, BRTYy— 7
BB LA T RO ANy FIA4 e, LY XL
BEGDETO Y PY LML THRIET S 2T
AFIv o4 A=V ERIALEZT7 Y F FHA
vE LT

V) ¥4y 724 2R3 [H]v—2 Ty T Lokt
PMZ U THEEIIZIAT B4 A=Y Th D, Honda D
SRR AR I PNE 72Ty TER LWV &0y S B s
ADHOENTZEDTHD. P-4 KB$HI12iFT7ay b
TIONNENY FIA4 FETEOEDDERD ELTTY
A VT ERERD 7. Ny F T4 FRMDL VX DOEIK
ETUY NI DBERERDTETATTHARTH
375, BEHICEICBERICT 217 ay b2 ) L OB
BEANY K4 FERIUEIICL VY E Ay FEEINS
NG DN IREREEIC T IUITRET B 5.

L2 VBRI S OEDPEESLIZ Ao Ta v
b ) IAZHARELL EIZ 2D, B FIT ISR 5 Tnb
PREVERE RS IS 22 ITL T L E D Bha d - 7=
ZZTC, KOBBETIZPEWAENERE > T B HEIK
ERBTELEVWIEEZLER, Juy )L EHE 3
mmEDAE -2 727 VILTL— b (B@EDDH 5 D)
2L, TOHEMH? S X o FEFIIRAIBZIT A4 VI EE
ERiL7z. 20720V Y TELIZA v FREHERLID L0
ANy BT 4 bORBEBRISENRZ BN E k572, &
BIZ7 27 UNLTL— OEMINFIEZROMEDLBZ
ETC, XL RZE3 mmEOT L — F L3R BWRT
XAhRioEVBERO 7Y Y ILRERTXE -,

HEEDOERELTIE7a Y P ) YDNNVIRFHA

Fig. 8 Change in facial expression

VIZEREEZADTED, LAY —FuAf v 70k
PINEBEDAITF—TTEELZ. ZHIEH LV AR -
TAROEREHBLTED, RO/ -2 REDT 5
LD TIEA L, ARRICH 28 & FIH U THEME ST & £ A
LT AA=VEHEL /270y bV D1 Y
AR LN VISR E TE TN THEHwWSI—YIZ$5 2
ET, NN ONERNERITE R > 7294 VTR E &
DS/ AR R T B (Fig. 9).

DX B ENE AR XA E ) Y S v T
T == MICEE XN v F 7V I TREL %,
LED X E L7254 VIRISRKET 5 2 K085 4 —
TEMEN, TS5V TELTHLES T & TR
o TCEOEHTHMEFIT 72 L 58T & 2 LM CIHEAE
BB BT VA v AEFBL 72 (Fig. 10).

[High Tensionlix, ¥)fX Fit, 21CH FIT 2 5323k
FIVE=—VaVy LIy bEFAF Iy 2ICREEZL
T, AN EE LT aR-v a3y, TR - T
L ADFEBREHIEL 72,

YA FE2—DOY LTy b T, R BT A 2
FIT E LTHEFRIZBOLLTESTE L) 2DOMERE
DENRDEZEE L 72 FTH ALYV VT —-FE
B REZTHEELT, Ny FI4 b 2RO AEICRE
LIV YV 7 — PO S #E< Bl L TEAZHR L
72, ED T BEEO 5 &R Rz H EOROE A FER A
7RBLE LT

BWI YDV T — FEs»s —FEHXTEL S5 TL

Fig. 10 Rear design
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L—=TFAVIZEFAFT Iy ZIZREDTEAERD AR
72— T 54 VO—FEWE E RO FI2EET T,
Z I SHRBEDIEERIL —T TV FANERALIZTEAD 5H
BHITNKIT T 54 VT, HETH D BB ERINED
HEFTHUARE L TOBE EF-72 L —T T4 v EKBL
T3 (Fig. 11). EBEIZZOY LTy F O, 22k
BEDOR LIZEBL T3 nTe b b, 7294 F2b i
ZVYZIYEFOYILIy MBI X 245785 Tkt e
L7z, 7= = MZH BV Y74 Y Foo EERiHIC
EoTUTE YA Y P 2RifEERETHZET, L—TF
4V eI RIANREEEA TS KBV Af FEa -V
ATy bEFEBELE #4739 73235105
FAVIFELT, Ploair s R 20y & flo%k s
ME7zE EO%AMD ICEARBIAHD A/,

D E, ROV ) v R4 VT 24 ZALIERDO
brE»rELYyY YT — Vi, VKEDOHE70 Y b7 x
VEEELZETEA S Iy o nRBlERELZ 2(H
FITiZ7uey 7z v A ElICEFTRELBVRAD LI &
RKEBENY FIA4 FPHPRBIN T ZTDEHT &
DT WA VIFART =Mz TERE N T CEFEH
JEW Dotz ZFZTHBFITRY ) vy FoA4 VY7 T >
AZ2EFHATHZLT, Ny FIA4 2237204 F@ICE
TRVADZ L L, ki fiifs & - 723kl a 7 a
VT2V & (Fig. 12) 2FEBTHIENTE, v 7 A%
ABEAFT Iy XL T4 FIRERBTHZ ENTE L.

HAWMD L, HERE A RIS 7201 EllE T =D
OELTRER L 72, Lllo* vy oBfid, +v v EKD
AT ETIBEWEMOU T VA A -V hEEMEE5Z L
ARbne L7z THIOERF -0, FHElE oxt it
N KELRDHLTRES Z L THED DREKAE KBS
Z2REVHH L. REREMNT DI, FrrrkhaA
T EIMINCEE LT, 24 YHBREARE > TRAZZERKIZL

Fig. 11

\J
h‘
D14 model year
. HT

7z WAES 7244 Y RIS, RV 2a—-2DHB) YNy
ISERAFIE O DTENEIZIZT 5 2 & T, JIRE 7210 Tld s
CAE—NI =56 LWERAEED DA A=V EEDHL
T3 (Fig. 13). LT o0 oOMKIZZ Yy oy 7 —F
MET =T — M MIEBZET, 75 A5 WA B EF
MaEAIL, EARDOBITH S, £4F3I v 7 &8
T+ = VALK X85 ERPRER LR L 7=,

[High Touchl)i®, 57 V3% 4 X (&E 1695 mm) &\
FRENIT=2H A XDOHRT, ADOLEDEMNIT RO DTN
MO 2HE*FEHTE NS~ F vy o —T7 24 X% H
L FI9FurH—TJ4 2R, Vv —FThTy
CLEEAKTENMETEIET, AU EEIZEA
RIERHEAHIEL T 5.

Juy Mk, ey bES—-BT VYV T —-FH
IZBARSYDAATW Yy =T hTyVI54 vk, %
DIy YEBT 570y MES—DOERITICH 5 VKN
THHZEDO » 5 HEDENTERILZ, 2 VA4 ETLTHE
EBLAEEERENS, KEAF Y E V2L AR
MHEEAF Iy BN @RERC 2 IMEEEBL /-
(Fig. 14).

AT —HA4 FPIX, Ny Fr—=Y v AT b BV
AT PEDEDEZNTH 72 /Sy F =YL AT YL
TIRZEMOYAEBIEL 7272012, 2IEIZRY 255 5 Bk
FIT Tl & NRIOD &\ 7Z DBEDJEA DL T > T
= BEREWE WS ZLE, T AT YT TFHEA VDT H
AVAR=ZRAH VAT I PDAXR=ZEHEPL T3
ZEEBHELTWS, AHLATYFTE, FTORYY
MY LMEZEICHIB L2 — 4, ZRIZHA P4 Y Foo
FHEEBRR ¥ 7Ny FIL O E s & OBROBER P BIRL
T, VAT P ERICHERLAERLEDTFYA UMEEL K5
o, AAVATY P DT HERBET 220D T4 ViR
MWL VT =T ERESTINYA ZDI LA ET L

Side view silhouette

Fig. 12  Front fender

Fig. 13 Rear design
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Fig. 14 Engine food design

k24 v E&8l%, Z2DF4 V& HA FIZLTo LA 2K
D720 720 LTl I 5 >72. WIEEKAZ 5
EOVLAEBTIIZUNIISD T 4 L L EIRD AR, BV TE
TUORZFTREEETOMREL I R >72. ZD%,
EmCETLEMELAAVLA T RSy =YL AT
U EDTWEAVEMRT S, Lo fEEEFMTEAL L
DR L 7.

FRZH A PSSV OGO s 574 v e, FTe vy
DAHVATY bORLEITHEL» 7208, 4 oD
FI~vF v orH—T x4 A5RHATEIRT s 3V
KZFIS, 2O ERGEE L ODOERNE v T
8 —F4 YOE»SPMBTNTIMINIMT, Z2ITH56TF
AN - TS A& DT 506 AHNZERDIZA D AA,
e R THMI TE 2R & D0 THIIIC A > T
L EVIAYUNYDFRNART =1L 3V (Fig. 15) &, *
VAT —IlH B LETICHRESINZ F T ey DO FIRE
IZTHE LLERUH B LW R Z 72, 2O A YN

Fig. 15 Side panel design

Bzt Y a VORBUIH FIT OREIE% i3
LEBELEREA VI THB. ZZTTHA v TlRITho I 4
VERTRYVOEENEEMRETT 572012, K7 -4
APIZHETRTOITA VRED/INT YV ZAEROEL,
FIBUTH A FE2a—DY LTy MIETRENT VR
OHDELAZBI%S Z&T, 4081695 mm &3 - A &
WA YN EEICEAZMBE AR EEZ, ZThickD
ZEB—NA—0 T ZEREHBAIZLAFT Iy 7 ELED
A VT A =i B FITOZ 2 257 ) 7% 4 v
M5EH L 7= (Fig. 16).

5. 1T UTTFHA

AVFVIVTTHA VT HEICERTE ZHHEA
VAT -2l XhedsA N e HEE < KRBT
% [Sophisticated Futuristic CockpitlZ vt 7 M2
[Exciting H Design]® =D2D% ¥ [High Tech.]J[High

Fig. 16  Exterior design
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Fig. 17 Final interior rendering

Tension][High Touch|Z#HWN ANT, ZE—-ILT 7 X%
AL PE S A#RBUZ (Fig. 17).

[High Tech.]id, Zetfeffi# M Ad, B3R
TWT FNVARA VR T 2 —Z%BRL (Fig. 18). 2
E—Fx—2DOHBEKEFEERELS L, Hor LKMo 4
VIF A=V a VT4 AT A B A= 2 HHNCEE LT,
Jete & BRI R EIME & S 72

2 ¥ = F A =i, gelosr—-ny vy
(Fig. 19) N O k2D, Ji&d S b 7FH 4 v & L

7z, A — Z OFEHOIE L D FEANC T — O A Bl iE
L, ZaE A= F A — 2 OXFHICENT THRYE$ 2 5%
FRT, T—DY) v I BREEFEOFELL RIS TR
N3Z T, WITERO H 5430 R R AT &#ERK L /-

YU ANRNIATBIZBNTEFETr =y a vy AT 4L T
AMA—b-ZT7AYT4 Y3t EmEADL v F/81LIC
FRHLTH T, 7V v 28fEkE A~ — b7 x VIAKD
B4y FCEIEEE A FEBLL 72 (Fig. 20).

TG —b-T7AVF 4 Y a3 TN 7O

Fig. 18 Advanced interface

Fig. 19 Meter panel

Fig. 20 Center panel
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LN % 3% T B 5, ZOERROMNEIZEDETID
T MM AT T s, ZHUTIE Tl > 222 2 4 o F
ONEEHENDEIICETRLEFTH 5.

[High Tension]i¥, 2R —F 4 CZE—> 3 F LK/~
Vrrasz¥y b EBELT, §1E 2RR[%E R T AN
IZIEPIEE S AR $ 5 2 L THEEL -

FSANEIEED * — 2783 )L iz, RIS,
2EBHMEiEHD Lo 5727y b Ly F EREL-ER
TEREIANFDLDAL VAP RAY FISTILTFHA V%58
L 7.

VARSI EFEMANAET 5 Z & TF 74 3 h g
HUIZEEEL R0, 2S—v I ay s ¥y F2EME KDL
L7z, MERIZHERTE S, $5% D & LA 2RSS
T2OIZA Y A M XY bSO BlliE 2 ) — VTl
3L, 7ANOEIENEZ 70 Y P 7 — F I
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ZDEII—D20LD2DTHE DL DIAATEVWVERE
FHLL 7= (Fig. 23).

Fig. 21  Silver decoration panel

Fig. 22  Soft pad panel

Fig. 23

Interior design
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Honda Smart Home System @B %

Development of Honda Smart Home System

A NS I + A& 2

Koichi TSUNO Takafumi KOTANI Manabu DOBASHI

N 3 BT o oEOE T EEI= I 57

Fumitaka KOIDE Takahiro FUKUSHIGE ~ Tokitomo ARIYOSHI
E3 = ABSTRACT

FEEEETHE &5 COx 124 L 2000 4EH 10k % H 15
L 72 Honda Smart Home System # [%& L 7z. Honda Smart
Home System |38l = 3 )L — 5 & U TR FE/ S
EHAA=V 2L =Y a VP AT A, BT AT et
LTRIHMREE ) 7 4 THHEXEBHED/ Yy 7 ) 2 FIH
L, BEBRDODIAINT —EHEY A=V AV LTS,

Honda Smart Home System C!3 Honda JHH D#fE X
FLATHEA VA —FTEY AT LOHM/N Y T ) R &
FEer—a2FEHRAEMBELTWS. 2759 =334 v
#—FEEREROBEERA LML, ROFTEPH%E
BRI 5. BEPHRERICED S EIEIEAIZ LD Smart e
Mix Manager 2S8{E L, CO2 F 7213 6B E: A (B2 112 2
%E— N CEFFRICHIZTZ 2(EMlAERMEL -, ZofL
MMAIZ KD HEAMHL =2REEWm» 5kt &5 COx &
2000 F-LEERGE K D RA B % 1572,

The Honda Smart Home System was developed
with the aim of reducing CO, emissions from
household living down to one-half the 2000 level. The
Honda Smart Home System conducts integrated energy
management of heat and electricity by using a solar
power generation panel and a gas cogeneration system
as an energy creation mechanism and using the battery
of a next-generation electric vehicle for energy storage.

The Honda Smart Home System uses vehicle
battery information and navigation data from Honda’s
proprietary Internavi communication system. A cloud
server assembles the Internavi information with
household heat and electric power information to
calculate household demand prediction. The Smart e
Mix Manager functions according to operation planning
based on the demand prediction results, and it was
configured to allow highly efficient operation in modes
that give priority to either CO, emissions reduction or
utility cost reduction. This method is expected to yield
a reduction of CO, emissions from a household using
a car by one-half relative to the year 2000.

1. EANDE

HFRRRE ORI BRI R A 2 O PEH I3 4
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5 St EZST B H L 72 (2015 4F 3 AR & TIZ[E# 2§
). ZOFIAZERT 2 ITIEEKE - EREFTO CO. HEH =
* YPUHR&D kv & —

* ok JERERfI 2 v & —

https://doi.org/10.69239/hondatechnicalreview.2014 26 1 2

Hk A E B A ETH 5.
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N2 KRR A TR RIZT A L AT Tn B P,
Xy b L 3EEOHREK, BiEOE T 2 EREOm F,
AT RLE-OWEHEIZLD, FEBTO R 3L
FHBENE (xy M) TY¥uFdbbsthto sk
5ZEE0VI. —HT, 2011 FORHARKREFKIZ X 3
THREIAEIEIC K OBEBNARRYEL D, (FBIINT IR
D, RENOELL EFE 5 TS, IhDOERA M-
T2OIZEAE A~ — by ZEAHIZID A TR D, TS
EhbhE > T 5.
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2. OB SV
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M CFE M RE At 20 FEB A3 v T MCEE Y T4 &
BOERENOLILE - I =V AV by AT LORE
AHME U7, Fig. 112 2011 SFI8 ISR EH 5 R4k X hts
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Garbage, 151__Water, 107

Heating, 700

Hot-water
supply, 692
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Total: 5,060

Fig. 1 CO:. emissions from households (fiscal 2011)
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Fig. 2 System configuration of HSHS
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Table 1 Prediction accuracy results Table 2 Machine specifications for simulation
ltem Average w/o w/ MCHP
3 days clustering clustering Heat Electricity PV panel EV battery
RMSE 0.267 0.225 0.215 2.5 kW 1 kW 4.6 kKW 20 kW-h*
Correlation 0.069 0.591 0.647 *EV battery can be used in V2H mode from 20:00 to 8:00.
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»H5b.
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Table 3 Assumptions regarding annual demand

Number of Heat Electrical Mobility
people demand demand mileage
4 7028 kW-h 5250 kW-h 8000 km

- Calculation conditions -

Electric power consumption rate 0.69 kg-CO,/(kW-h), Gas consumption rate
2.31 kg-CO,/m?, Gasoline consumption rate 2.32 kg-CO,/L, EV efficiency
(JC08 mode)106 W-h/km, Fuel efficiency 16.6 km/L

L 3B O# AT, Table 3R OEREE L X
CHOETHHBE O BIR M 2R3, Al 1 b a2 ¢
FTHYY VHEEMHAT 35 TO CO i ED X — 2
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=
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0123456789 1011121314151617181920212223
Time of day [h]

Fig. 7 Example of vehicle and MCHP operation plan
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Fig. 8 Simulation result of annual CO: reduction rate
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Development of Highly Functional ECU for Next Generation of Inline-four Engines

ok " 1T CI - H B & E
Makoto MURAKAMI Tatsuo YAMANAKA Yasumasa KAITANI
= = ABSTRACT

QU AMOTEN: - i N N I - D]
RV UyBXON 7Yy VEXRBEHEHAL Y D VAD
WHEHME LT, B aliemkoz o ryay ba—
Na=y FERFEL . BEEEHRICH D, MmO T
BT BB e L B DI % 5 Z 7 5 72, 7 OFER, fEkD
Iyovayibua—Lr=y MIERTREEEL, ¥
s B A& 30% Ml L 7=,

7, AR T VY VICBWT, A VY 2 &N
RO D =0, 4 VY =22 ZDHF L4 I V7 &R
THZETT 4 =Ny ZlfEBZ W, fEkoy 25

IZHWARTA v ¥ 2 o 2 BRENE 5 R O iR/Mil & 46% (KX
WTE 7.

We developed an engine control unit having a new
functional composition, with the goal of applying it to
the next generation of direct-injection engines, port-
injection engines, and hybrid electric vehicle engines.
To achieve these functions, the heat generated by the
components and the number of parts were reduced. As
a result, we decreased generated heat and reduced the
number of parts by 30% compared to the conventional
engine control unit.

Also, in order to reduce the minimum injection
quantity in direct-injection engines, feedback control
was performed by detecting the close timing of the
injector, and we reduced the minimum value of the
injector drive signal time by 46% compared to the
conventional system.
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Engine Transmission
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Fig. 1 Power train variations
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|
|
|
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|
|
|
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Fig. 2 Diversification of power train variations
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Demand by
software

[ o J Mult-stage
DBW | injection
1 Digital knock
i —
DBW: Drive-by-wire
DC-EGR 1 E-WG: Electric wastegate valve
SVC: Shutter valve control
INEXVTC ~  DC-EGR: DC exhaust gas recirculation
;} IN/EX VTC: Intake/Exhaust valve timing control

Fig. 3 Engine device and demand by software
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Table 1 Engine technology

Technology Device and software
Lean-burn engine technology
Engine with supercharger E-WG
technology DC-EGR
Downsizing engine technology
Atkinson cycle technology INJEX VTC
PM reduction technology Multi-stage injection

Dual injection

Knock detection technology Digital knock filter
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Fig. 4 Application of highly functional ECU
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converter
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Analog MUX
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SPI: Serial Peripheral Interface
INH: Inhibit signal

MUX: Multiplexer

CAN: Controller Area Network
LIN: Local Interconnect Network
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Fig. 5 System power supply IC
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Fig. 6 Integrated driver IC
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Fig. 7 Analog filter characteristics
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Fig. 8 DC/DC boost converter
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Fig. 9 Relationship between switching frequency and
loss of DC/DC boost converter
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Fig. 10 Ti-Q characteristics
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Fig. 12 Ti-Q characteristics after feedback control
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Development of IPU for SPORT HYBRID i-DCD

N S S
Norihisa KOBAYASHI
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C

2014 €7 )L FIT IZ##ko SPORT HYBRID i-DCD
F Intelligent Power Unit & B L 7=.

Intelligent Power Unit Z K9 %/%y 7V & Power
Control Unit ZV-E Xl L 35 Z & CIREELEEKT
2LE3I, T —LBLCWHIL s MEEORE LIZK
DN WAL A SRBLL 72,

SPORT HYBRID HIICFA¥E L 7@ ), KERE Y F
TAAF YNy T YDOERRICKD, ERETFTLICHL T
INF—HT L5 EOMBEZEEK L7z, & 512, Intelligent
Power Unit DR HERE T IIZK LT 23% 1K1K % Z
LT, TALF-FE L LU 250 EL 2.

{&4 5 Intelligent Power Unit OFEBIZXD, bV o
AAYXINVDERBMO/NZINAWD 12/ L T8 2WD &
{t. L 7= Intelligent Power Unit D#E#iAwJgg& LoD, fif
BEEEOLAEZMAFEH L5 LS mm AR L .

ABSTRACT

An Intelligent Power Unit for the 2014 model year
FIT SPORT HYBRID i-DCD was developed.

The total height of the Intelligent Power Unit
was reduced by the flat installation of its component
battery and Power Control Unit, while achieving
miniaturization and reduced weight by modifying the
frame and cooling duct structure.

By adopting a high-power, large-capacity, lithium-
ion battery developed for the SPORT HYBRID, an
energy performance 1.5 times greater than that of
the conventional model was achieved. In addition, by
reducing the volume of the Intelligent Power Unit 23%
compared to that of the conventional model, energy
density was increased by a factor of two.

Reducing the total height of the Intelligent Power
Unit allowed it to be installed in both 2WD and 4WD,
which have limited spare tire well volume, minimizing
cargo room height and ensuring a sufficient cargo
volume for practical use.
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Fig. 2 Volume and weight of IPU
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Table 1 Specifications of battery
2011 model New FIT
year FIT
Battery type Ni-MH Li-ion
Voltage 100V 173V
Output 10 kW 22 kW
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Development of 7-speed Dual Clutch Transmission for SPORT HYBRID i-DCD

oA HE AT A H oW AT QNG I S
Norikazu KAWAI Koji OHTA Yasuyuki MASAOKA
AN Bh IET IS S
Hiromichi KONISHI Heisuke KOBAYASHI

= =] ABSTRACT

NI ERh# A A Bve LC SPORT HYBRID i-DCD
M7HFT 27N 0T 9 F TV AI vy a VORBEELZ
Kol MHLIZEWTE, E—4 %5 b7V A9 gV
N L, E— 20Nz, 1#%2Kd2 7554 F
TEBRELZ Zhickh1E—27T, BE,rOIV IS
PEMTVAIy v a UiEEL, AE-LH—DFIT I
AT L7, I KA P L 2132190 Nm % THRIGTHE
L7 BRIV TE, BWREEEELZ LN
TEBHVZaT7hbETVAI vy a VOREERALE L,
BT 2 F 2T — 2Ry Ty FOERMIZ K DR L
ER ko7 EDOMTS, A EE L MEEHO R/
DY Ty FEFT, BANIZROF Y EAHEREBIZLTE
E, CDODU Ty FERAICBEEZ TERT S I LIZK
D, BEHRED X4 45 7 HNE L, W& &g R
TEBDLFFIZ, =275V 239 avyDkok
ZAV O NEDODH BMBEAEFEBL 72,

A 7-speed dual-clutch transmission was developed
for SPORT HYBRID i-DCD to achieve the aims
of compactness and efficiency. For compactness,
the motor was built into the transmission, and the
planetary gear that makes up first gear was located
on the interior side of the motor. This created a
lightweight and compact transmission structure with
one motor, which was optimized for small-sized
vehicles like the FIT. Maximum input torque of up to
190 Nm is supported. For efficiency, the structure of
a manual transmission capable of high transmission
efficiency is used as the base and its efficiency
enhanced by using an electric actuator and dry clutch.
In terms of driving, the transmission has two clutches,
one for odd-numbered gears and one for even-
numbered ones, and the next gear stage up from the
current one is put in standby in advance. Alternating
between the two clutches while shifting through the
gears reduces the time lag when shifting so that
power transmission is seamless, and at the same time
it achieves acceleration that feels direct, as with a
manual transmission.
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Fig. 1 Main sectional view of developed DCT
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Fig. 2 Perspective view of developed DCT
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Table 1  Specifications of FIT
Engine Type In-line415L
Port injection
Max. power 81 kW
(6000 rpm)
Max. torque 134 Nm
(5000 rpm)
Motor Max. power 22 kW
Max. torque 160 Nm
Transmission Type 7-speed DCT
Size 420.8 mm
Weight 70.6 kg
(Without motor
parts)
Gear 1st 4.148
ratio
2nd 2.007
3rd 1.481
4th 1.098
5th 0.810
6th 0.605
7th 0.446
Reverse 3.221
Final 4.842
4. FEF M
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Pulley thrust control, changes in the trajectory of
the belt as it winds around the pulleys, and the amount
of friction transmission were focused on in order to
reduce transmission loss and increase the transmission
efficiency of CVT. In the case of pulley thrust control,
making use of the linear relationship between the
rotary speed fluctuation transfer characteristic and the
torque transmission capacity between the pulleys and
the belt, it was possible to reduce the excess safety
factor of the torque transmission volume. Due to
pulley tilt, the trajectory of the belt displays deviations
with the theoretical geometrical winding radius.
The structure of the pulleys was modified in order
to reduce this deviation and increase transmission
efficiency. Optimization of the additives in the CVT
fluid increased the coefficient of friction, decreasing
pulley thrust and increasing transmission efficiency.
At the same time, the application of a carbonitride
heat treatment and a zinc electric discharge coating to
help prevent wear in the parts of the belt elements and
pulleys making contact balanced a high coefficient of
friction with wear resistance.
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A new CVT that is lighter in weight and more
highly efficient than the previous CVT for use in
compact vehicles has been developed and used in
the 2014 model year FIT. The allowable torque
capacity was expanded to that of the 1.8-L engine
class, making this CVT usable in a greater number of
vehicle models. The ratio coverage was also expanded
and the transfer efficiency was increased to enhance
fuel economy and drivability.

Integration of hydraulic control system functional
parts and reduction in the number of case component
parts were carried out as structural modifications.
Pulley side pressures were also reduced by the use
of new CVT fluid so that the pulley could be made
more compact and lighter in weight. These measures
achieved a weight reduction of approximately 10%.

Enhancements were made in cooperative control of
the power train and in CVT shift control, providing
a more linear acceleration feeling than in previous
models.
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Table 1 Main specifications

2014 model 2008 model
year FIT year FIT
Type 1.3L/1.5L 1.3 L/1.5L
Max. 97/6600 88/6600
power (15L) (1.51L)
Engine [kW/rpm] ’ ’
Max.
torque 155/4600 146/4800
[Nm/rpm] (1.5L) (1.5L)
Low 2.526 2.419
oD 0.408 0.421
Secondary 1.266 1.266
Ratio Final 3.941 3.875
Reverse 1.119 1.024
o I 12.60 11.86
vera 2.036 2.065
Overall
length 368.5 368.5
[mm]
Di . Pulley axis
IMension | istance 156 156
[mm]
Weight 69.4 77.6
[kg] (1.3L) (1.3L)
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Agile Handling Assist D FAH

Development of Agile Handling Assist

AR ET
Takeshi KOJIMA

R A T KA — T
Tomoyuki FUTAMURA  Kazutaka OHMURA

2 F

B D SEME & PORM &1 E X4, 22— IS henr D%
BNV EY) v ERET 22 A RS 0E LT, Agile
Handling Assist ZFJ L7z, 3ERKTFEIE, Honda JHE D
Agile Handling Assist @ v 2 % GH%HE Vehicle Stability
Assist (ISEMT 22 L Th 5. RAFHKL» ST S
Vehicle Stability Assist (2L, & HEA &, $#HAet) 3
U BRI NSRS, U100 R LRI IS, F T 45550 H
NBENVEEOFWT L —F 22105 2 & T, HljOIREME
ENCRME A L X ¥ 72, 2014 4FEF )L ACURA RLX % /¢
Y0 IZHPEE B U 72,

ABSTRACT

Agile Handling Assist has been developed in
order to increase vehicle responsiveness and stability,
offering users handling that is both exhilarating and
secure. To realize the new system, a unique Honda
Agile Handling Assist logic was incorporated in high-
performance Vehicle Stability Assist. By contrast with
VSA, which goes into operation in the limit range,
Agile Handling Assist operates from the daily use
range, applying light braking force, unnoticeable to the
driver, to the inner wheels when the steering wheel
is turned, and to the outer wheels when the steering
wheel is returned, in order to increase responsiveness
and stability. The system has been put into mass
production in the 2014 ACURA RLX.
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Fig. 7 Linearity control test result

Test mode of dry slalom at low speed
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Fig. 8 Dry slalom test result at low speed
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Test mode of dry slalom at high speed
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AHA off _ 7.45 sec AHA off _ 118.3 deg
AHA on _ 7.16 sec AHA on _ 101.4 deg

____________ Steering|—
| _angle

Lateral
acceleration

Steering angle [rad]
Lateral acceleration [G

Yaw-rate [rad/s]

Pressure [MPa]

A A
10:03:07.5 10:0E£10.0
Time

Wheel pressure
(Front right, Front left, Rear right, Rear leff)

10:03:12.5

Fig. 9 Dry slalom test result at high speed

Test mode of low u slalom
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Fig. 10 Low p slalom test result
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Test mode of lane change in turning
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Fig. 12 AHA effect with P-AWS (part 1)

Test mode of low u lane change
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Fig. 13 AHA effect with P-AWS (part 2)
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Noise Reduction Design in Printed Circuit Boards

oo R
Takashi NAMBO
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WENRA b 5 T & DR E N7z,

ABSTRACT

To reduce the amount of high-frequency noise
generated in automotive electronics, we have compiled
circuit board design techniques that are based on the
physical properties of high-frequency signals into a set
of circuit board design guidelines.

These guidelines were created according to a
fundamental approach toward noise reduction, which
dictates that high-frequency noise generated as a result
of electronic circuit operation must not be allowed to
propagate widely through the printed circuit board, and
noise radiation sources that resonate with the noise
frequency and act as antennas must not be created.

To check the noise reduction effect of the circuit
board design guidelines, we used them to redesign
the printed circuit board of an information-processing
electronic control unit that normally has a large
number of FM bandwidth noise suppression parts
mounted therein. Using this test ECU, we examined
the noise reduction effect resulting from using the
redesigned printed circuit board.

As a result, we were able to confirm that an
information-processing electronic control unit using the
printed circuit board that was designed in accordance
with the design guidelines exhibited a noise reduction
effect of up to approximately 10 dBuV/m in the high-
frequency bandwidths at and above the FM bandwidth.
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Fig. 1 Return path of signal on printed circuit board
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Table 2 Removed noise suppression parts

Type Equivalent circuit Quantity
Three-terminal —_yrT—
) 4
filter T
Capacitor o | 4
CR 2
Ferrite bead 6
Ferrite bead array 13
Three-terminal
) 5
filter array
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Development of Material for Lightweight Catalytic Converter
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BAEHET, Cu il k0 RAELL oStz #El L 7-
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&, 7V ZABIERTOFEM ORE T EREIC BB Cu &
(VA X85 Z & TENZMITEEMER L, HER%oOEBD
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FTEIEMNTE.

ABSTRACT

High-strength ferritic stainless steel HSS430CU
has been developed as a material for use in catalytic
converters. This material has superior strength at
elevated temperatures and excellent press-forming
properties.

HSS430CU does not contain the expensive element
Mo that is normally added to the conventional high-
strength ferritic stainless steel that is represented
in Type444. Instead, Cu is added, which achieves
equal or better high-strength properties. This material
combines both the workability and strength properties
required for catalytic converters. These properties are
achieved as follows: superior workability is ensured by
incorporating Cu, which is required for high strength,
into solid solution when the materials are still raw
materials, prior to press-forming; and high strength
is ensured once the part is mounted in the vehicle,
when heat energy is received as a result of exhaust
gas, causing the Cu that was incorporated into solid
solution to precipitate as fine e-Cu crystals.

When this material was used in the catalytic
converter for the 2014 model year FIT, the high-
strength-providing properties of the material were
utilized to reduce the plate thickness by 20% or
greater. In addition, that superior workability enabled
parts that had previously been formed as two pieces
to be integrated into one piece, and it reduced weight
while simultaneously cutting costs as well.
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Table 1 Chemical composition (mass%)

C Si | Mn | Cr | Mo | Cu | Nb N
Developed steel |0.007| 0.8 | 0.2 | 17 - 1.3 | 0.5 |0.007
Type429M 0.008| 1.0 | 0.3 | 14 - - 0.4 |0.009
Typed44 0.009| 0.3 | 0.2 | 18 2 - 0.4 |0.010
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Table 2  Pitting resistance equivalent (PRE)

Cr Mo PRE
Developed steel 17 0 17
Type429M 14 0 14
Type409L 11 0 11
Typed4d4 18 2 25

PRE = Cr + 3.3Mo (mass%)
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Table 3 Test result of r-value

Thickness r-value
(mm) o 45 90 Im
Developed 2.0 1.38 1.23 1.98 1.46
steel 1.5 1.74 1.26 2.36 1.65
Type429M 2.0 1.15 0.88 1.49 1.10
1.5 1.30 0.96 1.85 1.27
Typed44 2.0 1.01 0.96 1.29 1.06
1.5 1.30 0.87 1.69 1.18

I = (Fo+ rgg + 2r,5)/4
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Weight (kg) 0.646 0.428
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Weight (kg) 0.412 0.270
Number of pieces 2 1

Fig. 12 2014 model year FIT catalytic converter
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The DY2 heat-resistant alloy was developed
with lower nickel content than in the conventional
heat-resistant nickel-based super alloy for use in
exhaust valves. In order to compensate for the
diminished strength that accompanies reduction in
the nickel content, steps were taken with this alloy
to optimize the additive elements (carbon, nitrogen,
phosphorus, molybdenum) that contribute to solid
solution hardening, increasing the quantities of these
elements within the range that would not impair this
material's hot workability. DY2 has reliable high-
temperature strength and wear resistance, can be used
to manufacture valves by hot forging, and achieved a
20% reduction in materials costs.

1. EADE

IV VORI T, EREEOBREEH 212X 6 &
NP SRBEEORE RO H 2 Fib, UM HE
bNBENTHETR Y Y v OfRs h 425 2Kz HEE
BB TH B, PR VL THIIE, BRE L, SR
EMRPEFENE Jo & ORBEZE NI 3o 0 B A Pk e it g (L A
FREhb.

— R, RO PR L TI2iE, B v A Rt
Bl SUH35 (21-4N 8il) BWIAL S T & 2. 20K
X, B TOME S RRS TRV ZD, SR
VIZEWTREBEIZE U T, WNLT T 2 — AANOARER
B RS #ML 20, SREEARTd 5 = v o LSk
BAEEE TN TW 3,

Honda O FPER L 780EHE, 1979 4 LIRE— B
* MUz R&D £ v & —

L I NTIEST7 S 7 Srvets I8
% %k ok 0 BRRAS

https://doi.org/10.69239/hondatechnicalreview.2014 26 1 11

LC=y r VEMEG S RAL TR D, ZORKD=—
UG U 72 HE50 OV TR R B L C % 72,

s s PR L 712, = o r VEEIR BV S AR L C
P A FaiomRd
(1)L T 7 2= AWIZED SRR E LR Z &,

(2) BRSNS LT 2 7 L DML A TRE R Z L.
(3) Mt fttEicBh s Z L.

Wi PR L TS/ Lo a 2 MMERD 728, S
#1213 NCF3015 (30Ni-15Cr) %, @MEfET v v v iZid@E
= FILINEE 4 NCF440 (70Ni-19Cr) 2R L T % 72,
WA PRSIk U CHE T Z BRI o sR bR, KB R
OUWED L PEXIRE ORI EA TH S, BIRFIZE W
THEEBICAT 2 EmEll=— X2 b %Ki, AEHEL
R, K22 MepALER TS, B2 IV THT
RIV I bu=s ZOKEEN DL 7 X 2T R



Honda R&D Technical Review

Vol.26 No.1 (April 2014)

BNy DELSTED, TOEREEIEES2 - HTh 5.
L2 LD 6, BEMABIH OB &, & &3 H I, U
PA TN S A EE LR E k5> T 5.

INSDER AN 729728, BUFED= v 7 L ELi G
4 NCF3015 iz L= r b ma ks ¥, 22 ME#%E
X% &4, [F% O EmmEE L it EEFeE 26 3 2 a6
DY2 #FFE L 7-.

2. RO 5L

K=y 7 MLAEK B ET, 7L TR BB 3R I
frEpEM (NCF3015) D= v 7 Vi G &R & L7z, K
= I VIERTEAG BRI BE L CLAUT D 4 fid F 3o
Wwe L7,

) 800°C D FETilhIE I7 IR, MiFERENE

) it

) T

) B A

o~ o~ o~ —

1
2
3
4

3. BEE

PEROE = v FILVINEG S, Ni;(AlL THDOH Y~ T T
A LA S8, SR TOME B L O EREE2 &0 72
MWETHh 5. = r VdE LTS 25 v~ 7 5 4 L8
HEMKT 2HATRCH 2720, =y X LEEKKT S
ZEICkD, Hv~T 74 AMHERH L =S58 23 K #E
a0, BEMETT 5. ZOMBEICNLT, BRI DY?2
1, = IV, SRR, INEEREE, fo K OSBRI
PEDHER A FIHCIE T 3 728, LI 2 ok 7k
EHOTAEHREL 72,

DY2-D: Y 7 F VIRINC & 5 [HEGRIL & e i

K= THMNC & B R R b

DY2-H: U Vi#RIMNC & R AAr i asit

3.1. DY2-D #

MR & UT— I 24 — 2 7 5 4 b SR 240 o B
EAIE, Y TF R & v 27 v kB EEEL, AL
Mz ks pitsRib s EGRTh 5 .

T TFVRABEITEWNT, FEBRILIC X 0 S
EEO BN, LML LB T2 KR <&
2% Fig. 1k, EVTF Y TE35%, 4V AF VT
123.2% #8225 LRALIHTH 5 5 — X ZHOM 1 &
AN, 72, BASLTTRO BRI A% iR
EBIRL, RO TRT LSS, Y 77 VITHIRL
R E/N 2 ThI 4V AT VIZAEREETH > T
L EVETRLORBIIN 1/2EE K%, 2D, DY2-D
TRV AFVHME LT 77 v EDOERTRINC
R, RO KENEY 757 VHMRMEZRIRL, ) 7

FURE32% & L7

7z, AT AL 2 TR S 5 728, R A RIS
22 LT MyCe B (AL 27 1 2) DAL H A TS L, &
TR 5 X O EEREVEIA FICHERI TH 20D, CANS
WP EAWHIHCREREDRET I2MLEN D 5. LAtk
DY IZDRO=F THRMABERTH 5 2728, DY2-D
TIE=F 7 E%E 0.1% B UREO %A MC A (R{IL=+
T) DRACH CE XA 7. RERIZ0.6% 2EA 5L
MM TMEME T 5. Ko T, WERIIAEEELEEL,
0.52% & @ L7z, MC BUBALINZ YL 77 = — 2853 Ol
FEFEMESGREICARITH D, AAEOREIE, Fig. 21007 F &
512, DY2-D Tid b i 238 L, & 6 ISR
iz X 28GRI K D ENEWEZ R L 22T dh 5.
ENVTFY, A TR T 254 VRENITTHETH 5 7=
B, = r LEEKKT 2 L EMEEREDO T L4 7 £ T4
FMHDER A EI NS, TR T 274 MEMEKRT S
&, WIS LTHEENIERNER T v — 2584
L, EMNEBIZ R A RA§ 2 TREMEA B 5 7280, HZRE
PEEK T X B aWBERH 5. Fig. 3 13Nz = v 7L,

Mo+1/2W = 2.0 Mo+1/2W = 3.2
4.0+ I 1 1 1 1 1 1

354 L
\ ¥ +MC+M,,Cq+Laves

3.0

2.5

2.0

1.5

W content (mass%)

1.0

¥ +MC+M,,C,
0.5 \

0 T T T } T —0—
A 0 05 10 15 20 25 30 35 40

Mo content (mass%)

Fig. 1 Phase diagrams of Fe-0.52C-
0.1Si-9Mn-6Ni-0.1Nb at 800°C

13
& 12 | |[EMc
2 [ [E MyCq
e 11
€ 10 |
3
E 9
5
T 8 F
Q
°© 7F
IS
2 5 F About 0%
= F theoretical
5 ‘
DY2-D SUH35 NCF3015

Material type

Fig. 2 Theoretical amount of carbides at 800°C



BNV TRIEZ 7 IVIRER DR R

Table 1 Nominal chemical composition
Composition (mass%)
Material C N Si Mn Ni Cr Fe Mo Ti Al Nb P Other
DY2-D 0.52 | 0.40 [ 0.10 | 9.0 6 21 Bal. | 3.2 0.10
DY2-H 0.33(0.18 ({0.10| 1.0 [105| 20 | Bal. | 0.5 0.12 | 0.22
SUH35 0.50 | 0.40 [ 0.10 | 9.0 4 21 Bal. - -

NCF3015 | 0.03 0.10 [ 0.10 | 32 16 47 - 2.70 | 1.20 | 0.80 0.004B
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After solution and aging treatment

 After 800°C x 400 h
(a) DY2-D

After 800°C x 400 h
(b) DY2-H

Fig. 6 Microstructure of developed materials
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Fig. 7 Fatigue strength at 800°C
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| Seat temperature: 300°C
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Aerodynamic Development of 2014 Model Year FIT
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Aerodynamic development of the 2014 model
year FIT achieved an approximately 7% reduction
in aerodynamic drag compared to the 2008 model,
giving it among the world’s lowest drag coefficients in
the hatchback category. Based on wind tunnel testing
and simulation results, a vehicle body with high
aerodynamic performance was realized. The Honda-
created CFD system was used for the exterior design
development, helping to optimize aerodynamic shape
while supplementing scale-model testing. For the
platform development, CFD analysis of the flow field
established a direction for enhancing aerodynamic
performance and helped optimize the shape in
detail. From this process, it was confirmed that to
inhibit total pressure loss in the vehicle wake, it is
important to ensure uniform flow velocity and pressure
distribution in the vehicle front (including the engine
room) and rear end.
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Optimizing shape of floor, engine undercover

Adding rear engine undercover
Platform —— . - - -2.8%
Optimizing engine cooling airflow

Smoothing underbody shape

Fig. 2 List of aerodynamic items of new FIT
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Fig. 4 Simulation results on styling development phase
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Previous model New FIT

(a)
Front bumper

Slde View

(b)

Roof section

Down View

(c)
C-pillar

(d)
Back pressure

Pressure

-
Low High

Fig. 5 Surface pressure comparison of previous
model and aerodynamically optimized styling
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Fig. 6 Pressure coefficient on roof and rear side
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at front wheel center section

fKoTTvaTurhrb Ty kA4 =y ZHlNO T
FLX — /N E i (Fig. 9(C)) A sl 5 128 »nh 5
ZOFWAUTHE % TORFRIIGK % Fh B2 E
BINXEs, 2Ny sa—Fe 7 v 2 7a7 DI
NOAECBEHTHY, 70V b kA =S Zh 5D
Wiz & 3 FERLEWHIT 5 201X ZDFESIE N E L
THRIENRLETH 5.

Fig. 10 12EREF L ORI A% RS, FIT i34
REF LI D MM BV ZTay b=y o)
HWT A L LAERHELTEY, 20D T7aY kA —
LTy ¥ (Fig. 10(A))EFETHWAIENE LTS, L
NoT, MHMIZT Y2707 EDESEIKEL LD,
FA =T 25 OFMOEENRKRELL H->TnS. Z
ARG 272012, T2 2570 774 VIBIRO o
fbickb oy hNVISTORTEZRDEEZ L L 12,
JaY b Ty A TaT TCOENETTEIENFIT DL
BNy FNy TR TH 5. &k, FIRET LK
DFIT THRHINTWBEF Y ARA S (ZT7HL)13Z0D
B ARG > TEEF SN TS,

INSDERET L EHOCIMBIERE S &2, HM
FITTIR7u Y 7Yy 24707 COREL X HIZHED 57
WIZ, TP VTV EIN=KIICHRO b 555 E R
7R SR L 72 (Fig. 11). 79 ¥ bSVIS TR 5O
WM Z /N EOIHEELEE & - 2piiz A Rl D Z B
MEN 2720, ZOHRTAIEOY -2 24T 5. Fig. 12
IZHII FIT & BRETFT L EDR FIEO 2R3, #

Pressure
N e - .
Low High

(A)

Fig. 10 Low surface pressure region at front bumper
1,

corner (previous model)
- A

e il

- U

(a) Previous model (b) New FIT
Fig. 11

Shape of engine undercover



2014 F£EFIVFIT DR HFREE

BMFITTREOD TV EAN—TORENBD LN TV D
ZEbnb. TyEFTarTETa Y FNVISEDIENZE
ZHBT 2728012, XISIR-> 722N Z ORI D50 %
Fig. 181IR 7. M FIT CRIY VT YA HIN—DH

FEHIR T Fig. 12 ISR L2 & IZAER D 5T .
LI AT )T THA yOmuEtick)zay poxyoia—
FTOENOE =2 BREFLIZH L THER»TH O,
fERELTTIRY bR Y g v COMMER FOIESZED
INEL TS,

Fig. 14 IZHM FIT E&fREFLED T VY F 7 u T OH
HDIIIC B 2WE A M A Rd. 70 FEH)OE
FEEGROIRIC XD 7 £ 707 TOLEEHEEL D L
TED, FERITHR FIT O S HRENEL 5> T\ b
ZEMNRENTNS.

H T O AR OWIX % Fig. 151083, 22T
WAMTILE — 5o TOBHHRSRE TR I TS,
EREFITHUTH A FIT IXRIZ 70 Y bk =y
256 O AR XTI v (Fig. 15(A)), HMlitk i TOD
HOGE G /N X, ZHUTFig. 13 T/REN TS 71 b
oY a VTORENOE—LORIZLZEDTH 5.

Jay bEbYDEHEFEIZONT, ThE ORI
ALYV V= LB (7 =0 VI Ty ) KIRIZE

Pressure
H|gh

(a) Previous model b) New FIT

Fig. 12  Surface pressure distribution on engine
undercover

e 4’

Bumper section Underfloor section Bumper section Underfloor section

% 10 === : Bumper section g 10 === : Bumper section
o === : Underfloor section S === : Underfloor section
= =
2 0.5 [ 0.5
o o
p O o O
3 3
2-05 2 -0.5
o o
a -1.0 a -1.0
| | | | |
-0.8 -0.6 -0.4 -0.2 -0.8 -0.6 -0.4 -0.2

Location of x [m] Location of x [m]

(a) Previous model (b) New FIT

Fig. 13 Pressure coefficient on front bumper and
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WoMAZ. 2=V VT FTy ZERODIZETa Y b
NS0 ALTENE R L L 792 2 FOmHIES
ICEE, ZOREEVER/NMNMRCIT I ZENEHEETH 5.
ZOEDBERRARELTCI VO VL — bR TRH
M IZFH T 2 R 2225 A M U, WA R E m e 7z

(Fig. 16). ZOfER, 7V ARO&RuE{LT5 Z itk -
To =V VT 7 &ERRET T 19% Bl L 7.

IO OBEIHRREL LITH T T v 7+ — LK%
B 2w, BRI S L TRAEPRRAER 572, 2hb
OREFRZFEEDT 5 v b 7+ — L&MW S FIT IREHAE
2 I,

/

= : New FIT = : New FIT = : New FIT
— : Previous model — : Previous model — : Previous model
03 03
0.25 02
0.20 0.20 -
.g. 0.15 .g. 0.15
0.10 0.10 \
0.05 0.05 !
0 T T 7 0
0 20 40 60 0 20 40 60 0 20 40 60

Velocity [m/s] Velocity [m/s] Velocity [m/s]

Fig. 14  Flow velocity on underfloor section

Total pressure loss
[ |
Low High (A)

(a) Previous model (b) New FIT

Fig. 15 Total pressure loss comparison of new FIT
and previous model

Fig. 16  Air guide devices in engine room



Honda R&D Technical Review

Vol.26 No.1 (April 2014)

3.3. EREARDOLES

HR I < B5UEPTO BRI, A O < H ok
B CTORITHINEANT S Z & &, kRO Iz
X0 Y, Z KRR AFEE &, M (X il
o) s oha ZEIiZKklEhs. DEDHTI
SIZEH UHIE FIT O HESEH % LRET L &K T 5.

3.3.1. £EBXRONH

BRI Y Z W2 36 0 2 RIEHEKO 554 & Fig. 1712
R ZORNE, Bl THREAOFIRA NS 2B T &,
ZOLNUMEL D Z L CRIFEEEN NS BB L%
IMLTW5S.

U FIT OBERBZRTIE, AT —BEORBIZL 54
JEFEZE (Fig. 17(A), (AP LTn5. ZhidA ¥ T —
ICHHREL 22T = —= 9 v 2DREEFELLN S,
F-HRY A FEIZBWT, 70V b R4 =N Ah5
OWHEEKST 2T 5 5 7 —20OFRIZ&D, A
JefEsk A /N LT B (Fig. 17(B), (B)). ZO—J/T, H
HHUDMEIZ B W TR HR FIT O 7 8608k % 0 (Fig.
17(C), (C)). ZHFHMFIT kT F LIzt —7
B 6 O TAE TN (KE T A L) S HARFLETHIH &
NTW5728, ZOMEETCIRREANENZ LICk 5.

HAIFIT LR ETIL & DOEREMNEIZT S 7201,
Fig. 18 ICHi 5 m %50 Y Z Wrifi COLESRELDES %
R ZZTEHMFIT BERETMICH L TRERK
ANEOGEER, T4b B BEEBR TORII DL L DIK
CDALIZHFL LTV A oA HFBRTREIN TS, AKX
D, AT —(Fig. 18(A)) & XU 1 F& (Fig. 18(B))ic%
WTHI FIT OAEREAVNE L, Wi 2A TO KK
WML TWBZERbhd, IThk)EEEEDKKRIZLS
RHRFHFEHEL LTAY T —LHkY 4 FATIZHL L
TWBZENERTE B,

3.32. fitiAD AT

Fig. 19 IZHM FIT & BREFILTOHIT YZ WrikilZk
2 X HiliE DD OWED %R T, KA TR G
D, HEAREED OWMENRKENZLERLTNS, A Y
5 =250 (Fig. 19(A)) & & &2, HIRBE T O—xt Dt
i (Fig. 19B)) A A SN B A, HHFIT TIEZh 6 Difh
INEL TR Z ERbrd. ZHET A Vi To
L—TDEIE =21k, CE¥F —fiiE, Vv FI4 bEKE

Total pressure loss

Low High
A)

©) ©)
(b) New FIT  (B)

(a) Previous model (B)

Fig. 17 Total pressure loss behind vehicle

Romtiz kv, SERKEOIENHGAYE—tEh, $H
MU TOMNDOBZALBH E 72720 Th 5.

Fig. 20 IZHiATL /57D YZ Wil 51F 2 iz ng. Z
MTY, Z g0 2 FHNSEE A F U 72 & O CHAL
Fid 720 OEBROKICA F55, #Hilith i THiih 2% A
T EICEBEBOKNELRL TS O HAFIT Tt
Fig. 20 ® (A), (A) IZR SN 5 X5 ICiikPiavhe < & -
TW5. Fig. 21132 D#Ep %L 572D THD, T T
B EFIT AT 7 uxt U Cishi /b X <& CD 1t
IZHG L TR EFRTREIA TS, HIFIT i
SREIE TP IR X TR D, FrcdifkrhiclsnT
ZOERPKEV, ZHIEREFVICH U CHEEERTE
NN EN/Z T, FERELTL—-T25DIKE T
ALEZRIZES MMM 5 T\W5 Z L2k 3 (Fig.

i

=

I
T
-

-

.:li .1'1:_'.\=: HH |T

Difference of total pressure

Higher total pressure loss in new FIT

Fig. 18 Total pressure difference of New FIT and
previous model

X-vorticity
Clockwise 0  Counter- (A)
clockwise

(B)

(a) Previous model (b) New FIT

Fig. 19 Vorticity comparison of New FIT and previous
model

Vortex drag
[

Low High
(A) (A)
w’ "’ Y
(a) Previous model

(b) New FIT
Fig. 20 Longitudinal vortex drag behind vehicle




2014 F£EFIVFIT DR HFREE

21(A)). T ZI3AEJEHEICOB & e MEIA b L — R4
7 LB TH B A, Fig. 18 & Fig. 21 k0, B FIT
DJi AR, MO & €12 b — 2 )L T2
PIWWNEL Lo TR ZEhbr3.

3.4. FHE FIT O HERE

INFE TIZHARZHA FIT OZE)1%RERA_EOHLD #lA
I3 U CRREREM & DM i A & D g bRET & B
otz ZOMRECDEORMEDITIEFig. 22Dk 512
A, Hinl B XY bovy Fo3y ZI2B W TR
by 7 T ZORZE BB A R L 72, AER, JC08 £ —
F 36.4 km/l &9 @VREMEBEICERA L 72

Difference of longitudinal vortex drag

Higher longitudinal vortex drag in new FIT

Fig. 21  Longitudinal vortex drag difference of new
FIT and previous model
1.05
*: New FIT
®: Previous model
* ®: Competitors
3 1.00 T— g ©
o
c [ [ (]
g S o8e o ¢
< ®
3 095 o b s
(]
[ ] ()
(I [
1)
0.90 ‘ ‘
0.9 1.0 1.1 1.2
CD/CDprevious model

Fig. 22 Schematic of CDA

4. £&D

FRIFIT ORI BT, THA VY ET Ty P T+ —
LRGBS LY I 2V - 3 ViER%E
FIZEOE R E AT 2 BARORBLE I k- 7.

ZORRIIUTOL I EDHENS.

(1) =227 )7 FH4 VH#EIZBWT, CFD ¥ 27 4
EJRIA 7 2+ ORI AERIZ KD, HEEDH D O
M, BN GO — e T A VAT AR E
B L 7.

(2) 799 b7 xr =L HBIZENT, TV P VIL—-LALF
TT 4 VITRT VAN FIRERELTEI LT
7y MNYSEAORE S &b U, 794 v aik
DN L OF & /NRICH Z 728k % PR L 72,

(3) ki &5 w22 kORI L b efleT L
oL E 7% Kk L, JCO8 £ — F 36.4 km/l &
V) BB MEREICE R L 72,

SE XMk

(1) iz, tugfE %7, Ahillfgz: 3IREZ7 Y 7 20
Z2 14 VE _E45Al;, Toyota Technical Review, Vol.57,
No.1, p.20-26(2010)

(2) KRPrEst, RIARE, hikdse, BASE, MR, M5
Wl &7 57 VP OZIVERERISE, v Y £ TR,
No. 26, p.65-70(2008)

(3) Takiguchi, T., Ogawa, K., Tateyama, H., Oda, T: The
Automatic Aerodynamic CFD Framework Employing
Vehicle Specifications at the Concept Stage of
Development, SAE Technical Paper 2013-01-0604(2013)

(4) b3 th, HN1E:H L Honda 7 ¥4 YO E %
I2HEDWNW2 2014 FFET L FIT DT %4 ¥, Honda
Technical Review, Vol.26, No.1, p.1-10

(5)Hucho, W., Sovran, G.: Aerodynamics of Road
Vehicles, Annual Review of Fluid Mechanics, Vol. 25,
p.485-537(1993)

mE Enl

— —

O J

w

=N
& 1o i N HORE

NI R




https://doi.org/10.69239/hondatechnicalreview.2014 26 1 13

FATHRET

2013FEF )V Accord & U Accord Hybrid DZE /1A%

Aerodynamic Development of 2013 Model Year Accord and Accord Hybrid

L VI N KO 2T o omo &
Daisuke NAKAMURA Yasuyuki ONISHI Yoshiyasu TAKEHARA
Ci3 = ABSTRACT

22 IVEREDIEIE T H % CD- A DI ki, & Eo—[K
L -5T0W3, 2013 FEF I Accord 13, RIET I Accord
12 LT, LXZL—FTCD-A % 1.3% Il | &+, Accord
Hybrid T, AiET )N Accord EX 'L — NIZH L T,
CD-A % 8.3% Il kX ¥7=. ZHFFIZKLSE, MiTTL
Accord # W72 BKE ) OWRNIGOBIREN 2 & L 128
FA—BAZT 4 &k TN, EERIEPURIR IS B2 5 R
ZBAFEBRAART D/ S or — O F WA VISR L 72, 22 SRR
IZBWTIE, 25% A7 —LiHllET L2 HWT, 7% 4 ~
BLEAFETHT 2 V2B I8\, T2 AF YT TFHAL Y
IZhW R Em Ex w7z, £72, IRFZEJJF/54 2
IZOoWTiE, e MICIA T, CFD, u—Y v a—
N AHEGE 25 E D — L & BT, 22RO i b & 35 Z
Ko7

Improvement of the CpA, which is an index
of aerodynamic performance, is one factor in
improving fuel economy. Honda has achieved a 1.3%
enhancement in the CpA of the LX grade of the 2013
model Accord relative to the previous model, and an
8.3% enhancement in the CpA of the Accord Hybrid
relative to the EX grade of the previous model Accord.

Based on an analysis of the phenomenon of the
flow field around the car body, parameter studies were
conducted using the previous model Accord before
beginning aerodynamic development. Aerodynamic features
contributing to the reduction of air resistance were applied
to the package design before development was begun.

During aerodynamic development, aerodynamic
performance of the exterior styling was enhanced through
wind tunnel testing using 25%-scale detailed models,
conducted jointly with the Styling Design Office.

The aerodynamic performance of the under-floor
aerodynamic devices was optimized using CFD, a
wind tunnel with rolling road, and other such tools in
addition to the detailed model.
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Fig. 1 CD-A distribution of 3box sedan category
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Fig. 10 Roof end and trunk height comparison
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Fig. 15 Static pressure distributions
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Development of Side Curtain Airbag Deployment Simulation Technology Using CPM

Hon oM BT B2 D 2 Hif AT
Hisaki SUGAYA Kazuo IMURA Hiroyuki MAE
G = ABSTRACT

YA KA =T VTN ZIERIZDWT, %Y 7
P X7 LS-DYNA OKi7E#HWT, 7 Afih &5 L
ey Iab—3 g VEREREL 2. KR TIZZ 7Ny
T DIEFAZFEO X H = X LEFHT S Z LT, @WhET
VY SFEEEBEKL, BREY I AL —Y 3 vOTIEEF
M EXE7 WODEFY Vo857 A — 2 % HWT, EH
NN L COREE ORI L /8T 2 — 2D ATTEDIH
e, TT7TNy TR IAV—-Y a3 VY TEI BT,
ZTOFER, WEBEOENET) VIS A—RIF Ay ¥
PAXEEALAT T THDHIENHENI LS R
EENIST A=A OFRANEE, ¥4 N h—T 1T
N T DA VIS 2L I L —Y g VICHAL, B
A Vs 4 OATEENFHEOMHEIZ B W THER & FRI%D
EE S

A technology for the simulation of the deployment
of side curtain airbags that considers gas flow has
been developed using the corpuscular particle method
available in the crash analysis software LS-DYNA.
The research developed an appropriate modeling
method by elucidating the mechanism governing
the behavior of the airbag during deployment, and
increased the predictive accuracy of deployment
simulations. Selecting four modeling parameters, the
project analyzed their degree of effect on the behavior
of the bag during deployment and identified input
values for the parameters using simulations of airbag
deployment. As a result, mesh size and time step were
identified as the modeling parameters with the major
effect on bag behavior. The determined computation
input values for these parameters were employed in a
side curtain airbag impactor simulation, and results for
bag behavior during deployment and the impactor load
displacement characteristic corresponded well with test
results.
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Table 1 Parameter survey conditions
Parameter Survey conditions
Time step -100%, -70%, -60%, 200%

Self contact setting
Number of particles
Mesh size

3 patterns
-10%, 200%
-50%, -75%

BIXNT A—=H1F, 44 62T v 7, HOEMEE, KT,
Ay vaY A4 ZONDOTHS.

ZIZT, ZNHMDDIIT A — & |ZDNWT, Table 1 121
TR T SCAB D RERFEH % Lbik L 7z (Fig. 6).
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Fig. 6 Effects of each parameter on deployment time
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Fig. 14 Deployment behavior of sedan-type SCAB (Model B)
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Investigation of Demand for Electric Vehicles in China

(ERP SIS HHE BT Bt T
Junya TSUNEISHI Yoshitaka TAKASUKA Yoshiko TAKAHASHI
=z = ABSTRACT

Honda {&HIE DA T B, IAMAEHEERME WL T,
T 3 ILF —HBHOY 21T ¢, kML) 7 4 &
LCHff e h T2 BREBH 4 i > 21t 2 FaE TR+
Fhii U 7=, FLEEFBR TOMEGRAER & 2 — FADRARE R
5, BREHBERH V) VHIDEFI V=V TR A
, o xnF—HEHICHT 2EBEEEZToNh S
Y, =PI R <, IS TR A R

ICARERC T, BAZZDE 5TED, BEIZFIAL
TWBZEeRbhrolz, Fz, BAEBHHIZHH T h TV
50 F Y LA LY T REMOREMD, 2 —FICHRiIZ
<IN T ENWZ L gL 7z, lETEXEEH
DFEE A SAEAL X 1 31203, WiweEEEEZ & ovErgm El m
A, REA VI ITEEGL, VF ULty IREMD
VBT ARG AT 52 L METH 5.

Electric vehicles (EV) are expected to play an
important role as next-generation mobilities. Honda,
in cooperation with the People’s Government of
Guangzhou Municipality in the People’s Republic of
China and the Guangzhou Automobile Group Co.,
Ltd., has conducted a social field test using EV with
the aim of popularizing new energy vehicles. The
results confirmed by this field test and the results of
user surveys showed that although EV have lower
running costs than gasoline vehicles and are also
eligible for preferential treatment as new energy
vehicles, users feel some unease and hesitate to
purchase EV due to short driving ranges and a lack of
charging locations in urban areas, so demand remains
latent. In addition, it was also found that users do not
fully understand the technical safety aspects of the
lithium-ion rechargeable batteries used in EV. In order
to elicit demand for EV in China, it is necessary to
enhance performance such as driving ranges, construct
charging infrastructure, and address unease regarding
the safety of lithium-ion rechargeable batteries.
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Table 1

(1) Traffic jam route in Guangzhou city

Driving route and distance in Guangzhou area

Route name Driving route Distance Via points
Traffic jam route 1 Inside Guangzhou city area 20 km Pearl River
Traffic jam route 2 Inside Guangzhou city area 14 km Garden hotel
Traffic jam route 3 Inside Guangzhou city area 31 km LiuHuaHu Gong Yuan, Pearl
River
Traffic jam route 4 Inside Guangzhou city area 32 km LiuHuaHu Gong Yuan,
Garden hotel
(2) Commuting route to suburban work place
Route name Driving route Distance Via points
Commuting route Guangzhou city to Guangzhou Honda factory 58 km Guangyuan Expressway
(3) Baiyun airport route via highway
Route name Driving route Distance Via points
Airport route 1 Guangzhou city to Baiyun airport via highway 76 km Garden hotel
Airport route 2 Guangzhou city to Baiyun airport via highway 130 km Garden hotel,
Guangzhou Honda factory
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i, §%24 DX O HE A S U ORI ELE A 20
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Fig. 1 EV driving range
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Table 2 Nominal electricity rate and gasoline price

City Nominal electricity rate Regular gasoline Ratio of
CNY/Wh price Gasoline price to
CNY/L electricity rate
Guangzhou, China 0.610 7.69 12.6
Shanghai, China 0.617 7.75 12.6
Beijing, China 0.483 7.81 16.2
Yokohama, Japan (25.19 JPY/Wh) (149.2 JPY/L) 5.9

DEHET, Wil TiE 157.4 Wh/km, REATiHHE D1y ABOPEESE YLD kx v, %72, Table 2 kD

T3 166.3 Wh/km DT 3 )L F — Z BB CHE L T\ 5.
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Fig. 5 Fuel cost reduction from EV in China AT yHOREIZXD, KEICHHT 2EHOELIT

7N,
7,
I \

4.*.%;/ 10,000 V, 50 Hz (3-phase, 3-line)

400 V, 50 Hz (3-phase, 4-line)

(a) 3-phase transformer (10,000 V / 400 V) (b) Power factor regulator

Green: L-N voltage at A.C. outlet (not scaled)
Pink: Output voltage from CCID (not scaled)
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(c) Transient phenomena

250090

CCID: Charging circuit interrupt device

Fig. 6 Transient phenomena of voltage from power factor conditioner switching
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1. Transient phenomena of voltage from load

change of other electric equipment /\/\/\/\,
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220V -
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N <
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2. Superimposed
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— Earth wire
E N
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Charger Inlet

:CPL signal

3. Induction noise from transient
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In case of earthing by TN-C type,
N wire is connected to PE
conductor via earth wire of other
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PE: Protective earth
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Transient noise %,:
!
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‘
“CPL-signal

v w L

CL: Control pilot line

Fig. 7 Induction noise in CPL-signal from GND voltage’s transient change
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Table 3 Issues of EV dissemination found in preliminary survey

(1) People will not be satisfied with EV in terms of driving distance and charging time.
(2) People will have uneasiness from seeing almost no available charging facilities.
(3) People will have uneasiness about technical methods for battery safety.

(4) The battery is expensive, and thus EV are expensive.

(5) People will think that the EV acceleration and maximum speed are insufficient.

Tl EZEZ T, LT - T, EVOFE
BN EBHIIBIEL TV A2 DffER L, B h7-ifEo3
REA AL 7=
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B Guangzhou §20-29
) @30-39
O Shanghai 040-49
O Beijing 050-59
(b) Age group
H200,000-299,999 CNY
0300,000-499,999 CNY
0500,000-999,999 CNY
01,000,000 CNY or over
Unit: %

(c) Yearly household income

Fig. 8 Basic profiles of persons for survey (n=1,500)

Table 4  Frequency of driving (n=1,500)
(1) Frequency of driving (%)

Almost every day 72.4
4-5 times per week 223
2-3 times per week 4.6

1 time per week 0.7
2-3 times per month 0.0
1 time per month 0.0

(2) Monthly driving distance (%)

Less than 100 km 1.6
100-499 km 151
500-999 km 225

1000-1999 km 33.4
2000-2999 km 14.9
Over 3000 km 12,5

WIZRLT, AL TWA AV ) VL RIS OMiTE TH N
X, BN C 5 2 e < AEZMET§T5 01 5.

EV OFHEBNZE L& Fig. 11 1283 & 512, OF]
AL, SR L2 EZF LTS 2—H)82.6% &

50
O Purchase price of

40 4 prlmary car Change Of ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
O Purchase budget of purchase

30 || next vehicle i

20 £~

0 ’_l:

0 = T

Less than 100,000 - 150,000 - 200,000 - 300,000 - 400,000-  Over
100,000 149,999 199,999 299,999 399,999 499,999 500,000

(CNY)
Fig. 9 Purchase price and budget of vehicle (n=1,500)

50 -
O Purchase price of
40 | primary car
O Purchase budget
of EV 1
30
S
T2
10 ﬂ ,,,,,,,,,,,,,,,,,, ‘

Less than 100,000- 150,000- 200,000- 300,000- 400,000-  Over
100,000 149,999 199,999 299,999 399,999 499,999 500,000

(CNY)
Fig. 10  Purchase budget of EV (n=1,500)
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Fig. 11

Willingness to use EV (n=1,500)
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OHEV
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OEv
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Fig. 12 Power type of next vehicle (n=1,500)

Table 5 Significant points for EV purchase (n=1,500)

Significant points %
Driving range per one charge 72.6
Battery safety 63.5
Availability of on-street charging infrastructure 62.0
Short charging time 60.9
Maintenance cost 50.1
Availability of service in case of battery trouble 46.1
Low charging cost 40.7
Can charge at home 39.1
Low purchase price 33.1
Design 27.3
Subsidy and support from government 20.9
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Table 6 Perception gap between Honda and prospective users

Concerns Honda Users
Driving range per - 100 km per day is sufficient. - At least 80 km per day is necessary.
one charge - 200-300 km for 2 or 3 days is ideal.
On-street charging | - Number of on-street chargers is insufficient | - Number of on-street charger is insufficient.
infrastructure as main charger. - People don’t know where available chargers
- Charging from electrical outlet at home is are.
recommended.
Shortening of - Short charging time may be necessary for - Shortening of charging time is necessary.
charging time emergency. - People often forget when last charging was.

- In case of emergency, fully charging every
night is recommended.

Safety technology | - Technologies to use Li-ion battery are - Most of people don’t know safety
of rechargeable established. technologies and information about Li-ion
battery - Manufacturer’'s warranty is provided. battery.
- Sometimes people hear news of battery
explosion.
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Research on Engine Controll to Make Effective Use of Bioethanol-Blend Fuels
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U, (ICEMGEREE TS V) v &S 2 HIE & S
Wy VI LE. 2OV 2T 51280 T, BB
FREIAIZIB U CRiNA 27 & Al (=4 7 — LIEGHHEIE) &5
KIEFHOIEAR AT L, ZOBOTY Y VEGIRIZA
bt T ¢ RIHR R & Bffis e B & 5 ik A a4 5 1%
Brvx oty VElEOT Yy 2 EREE L. ZORRE R
M Iab—Ya VICKDIERLZEZ A, —HNICEA
TR DEWEIEE— F & LTHISN S US06 E— FiZk
WTC, TR ) —LAHARETEZ L ETVAREL LS T
L&EMRL7z. £72 US-COMB. @ X 3 2K EAff Ozt —
FliZbWTid, L2 ) — L EHEMHHAT 22 &
TIREERE 2 IR K C 26.8% M BT 2 ATREME 2R L 7=,

ABSTRACT

Research was carried out on engine systems
and control that increase both thermal efficiency
and maximum torque by making effective use of
the limited ethanol content in E10 gasoline, which
contains ethanol. Control that separates E10 gasoline
into high octane number fuel (high-concentration
ethanol) and low octane number fuel (low-concentration
ethanol), using the ethanol effectively under conditions
that tend to cause knocking during high-load operation
and using mainly gasoline during low-load operation,
was applied to a high-compression-ratio engine. A
fuel management control logic was created so that,
under this system, the basic characteristics of ignition
timing and octane number (ethanol fraction) inside
the cylinder are determined in accordance with the
residual percentage of the fuel, and the gear ratio is
cooperatively adjusted to yield an optimal engine speed
and load matched to the engine's thermal efficiency
at that time. Confirmation of this result in vehicle
simulation indicated that in US06 mode, known to be
an operating mode that generally is frequently under
high load, the system is capable of operating without
running short of ethanol. It also indicated that in a
low-load operating mode such as the US combined
mode, the system was capable of a maximum 26.8%
increase in fuel economy through the effective use of
separated ethanol.
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Table 1 Fuel specifications
Fuels Gasoline Ethanol
Density [g/cm®] 0.72 0.79
Boiling point [deg C] - 78
Calorific value [J/g] 43.3 26.8
Octane number 91 115
Table 2 Engine specifications

Number of cylinders 4
Displacement [cmS] 1755
Compression ratio 12.5
Combustion chamber Pent roof
Valve control systems VTEC, VTC

. Port injector
Fuel systems of each cylinder Direct injector

HLREOEHHIETI Y Y VOEKEICHB T 5 RS L
72, 1XfM 720 2 RO BRIE SRR & £5 5, ORI O AR
HAWAZESBIS U TRmERA IS & 5 & 5 18 ing
IZHEDHE T 2HBOBHEG ZERICHIE T 5 > 27 4
L7z A= MYz RICT8 =), HEA VY 2
R HI) VEMGT B HARRK S, RS L TEHE-
AV ZICHY )V, HEL VY22 RIZT R =)
AT AR E D 288 — VIZDOWTHREEL 72, TV Y
TR & A, WK N L 7 OB A FTZ5 8L 7Y
7 MM (VTEC) &ifgnl 2/ L7 44 3 v 2 (VTC) I
Ko THIEATHE TS D, FEHIGAFIZID C TRE/ YL T D
FHEHIREH] 2 258 LI A 225 E ARG L2 28 2 ¢, ks
T hERVI VA s GHEENARE L AL L7z

Gasoline

Ethanol

Gasoline Ethanol
tank

Fig. 3 Experimental engine system set-up
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Fig. 4 Comparison of injection system
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Fig. 5 Effect of altering ethanol fraction
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ER=(EC, x RQ, + EC, X RQ,)/(RQ, + RQ,) (1)
ER: Total ethanol residual rate [%]

EC,: Ethanol concentration of fuel 1 [%]

EC;: Ethanol concentration of fuel 2 [%]

RQ,: Ethanol residual quantity of fuel 1 [L]

RQ,: Ethanol residual quantity of fuel 2 [L]
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Fig. 7 Overview of fuel management control logic
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Fig. 9 Operating range with ethanol fraction and thermal efficiency
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Optimization of Driving Force Distribution Control in All-Wheel Drive Based on Wheel Rotation
Speed Difference Between Front and Rear

KAK 7 b E
Shoichi OHYAGI Takayuki SEKI
= =] ABSTRACT

RIHREREI N — 2 OFE 7HIf AWD ¥ 27 4T3, Btk
[MldiR R 22 D A IS U TR ERE T & % & &
52 LT, i AEMNAZSZENTE S, — KT, K
By O sy wCHMO FERIRF I ZNT 5. ZDOE LA K
T & PEHEE MK T 2 720, Hil i i [ s 28 Aok % <
5 B HEMIREO L A ZE L 72 R DT Hh 5.

Z 2T, lEmRe 2 4 YEFEORX ORIk TRET S
715 i [ i 2 & FRGRAIC B U, 2 OOl 4 H gl & 4
522 IR O E % I 2 75 o 7=, ikl i g 25 o
FAETN A AR s e 2 h DA & TU D 55 2 LT, Hil
2R C & B AR R O AN A X8/ B 2 & A
ATE/.

Electronically controlled all-wheel drive (AWD)
systems that are built on a front-wheel drive base can
control spinning of the front wheels by increasing the
amount of driving force distributed to the rear wheels
according to the speed difference generated between the
front and rear wheels. On the other hand, the turning
characteristics of the wheels change with the amount of
driving force distributed. When the magnitude of this
change is large, vehicle controllability may be degraded.
Driving force distribution therefore needs to take into
account the effects during turns that involve a greater
wheel rotation speed difference between front and rear.

A spin suppression control system was therefore
created that performs theoretical calculations of front
and rear wheel rotation speed differences that occur
due to turns and tire radius variations, and that takes
those values as the target values for the system. The
factors that cause front and rear wheel rotation speed
differences are divided between front wheel spin and
all others, and it was confirmed that this would enable
convergence only on front and rear wheel rotation
speed differences that are due to front wheel spin.
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Development of Carburized High-strength Gear Steel with Less Rare Metals Added
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Masayuki HORIMOTO Syusaku MAEDA

7 = ABSTRACT

PERDEHRIE F Y HHE, Ni, Mo DRMNZ & D, BRBEA
NTHERT 5 F v REORTEBANMA(KIRL, v
FTUHANETETETEVIEIRE AERL T L
PLEDRS, NIiRMolZL T AZLDVEDTHY, ZTHh
SOLBEFINCX3MBIaz o ERIEMHTE 2L 55
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In conventional high-strength gear steel, the
addition of Ni and Mo reduces the non-martensitic
structure at the process of quenching the gear
surface after carburizing. This makes the gear surface
martensitic and thereby guarantees high fatigue
strength. However, Ni and Mo are rare metals, and
it has become impossible to ignore the increase
in material costs caused by the addition of large
quantities of these metals. Based on the mechanism by
which non-martensitic structures form the mechanism
by which non-martensitic structures form, we have
developed a method for producing carburized high-
strength steel in which the application of cold-oil to
the quenching process improves the cooling speed and
the chemical composition of the steel is optimized.
Using no Ni and reducing Mo to less than half, we
have developed a new gear steel with a greater level
of fatigue strength than conventional steel. In other
words, it was made possible to reduce the amount of
rare metals used while simultaneously achieving high
fatigue strength.
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Fig. 3 Relationship between depth of non-martensitic
structure layer and bending fatigue strength
(SCr420 gas-carburized = 1.0)
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Table 1 Chemical composition
(mass%)
C Si Mn Ni Cr Mo
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Conventional
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Fig. 9 Scanning electron micrograph of steel surface
that was gas-carburized and cold-oil quenched
(Arrow mark indicates non-martensitic structure)
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Development of Two-sensor Crash Detection Method for Motorcycle Airbag System

A T R *
Yuki KOBAYASHI Takumi MAKABE
= =] ABSTRACT

THRHEHI TNy Y AT AIIBWT, kY AT 4k
DA 2{HO NS & v CERMEE R I kS kg
BAFE L 7=, #ER Y 27 & TIZ A HDONHRE & 4 A EdE X
h, HBORHESEHVWTY—T7 4 VI HEE B k5
T3, R LETFETCRE Y IO REBIZER T
5212k —7 4 YIHEAKSL S, 2{HO1 VY
DATY AT LERK L. 2T X0 IS & v il
IZRE R ANR=- 2 EfiNEE, fREARE R ET5Z 8
WTET.

An airbag system for a motorcycle was developed
by establishing a crash detection method using two
accelerometers, which reduced the number of sensors
compared to the previous system. In the previous
system, the Safing Judgment method was employed
based on signals from four accelerometers. In the
newly developed system, the judgment method was
established with only two sensors by utilizing the
difference in characteristics of the waveforms of
sensor outputs. Installation freedom for the sensors
was enhanced due to the space for installation gained
by the removal of two sensors.
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Fig. 1 Configuration of first airbag system for
Gold Wing
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Table 1 Specifications of test motorcycle
Length (mm) 2,630
Width (mm) 945
Height (mm) 1,525
Wheelbase (mm) 1,690
Curb mass (kg) 425
Engine displacement (cmd) 1,832
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Fig. 2 Block diagram of previous crash detection method
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Fig. 7 Oscillation waveform of front suspensions
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Fig. 8 Spectrogram of waveform of deceleration
measured during rough road running
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Fig. 9 Spectrogram of waveform of deceleration
measured in steered collision
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Fig. 10  Approximation of oscillation of front suspensions
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Fig. 11 Approximation of deceleration of steered

collision
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Fig. 12 Displacement-Deceleration curves of
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Fig. 13 Block diagram of Safing Judgment for
two-sensor crash detection system
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Deceleration
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Rough road (R-LGS) ~ -------- Rough road (L-LGS)
Steered collision (R-LGS) ------ Steered collision (L-LGS)
Threshold

Fig. 14 Displacement-Deceleration curves and
threshold of two-sensor Safing Judgment

Table 2 Evaluation result of two-sensor Safing

Judgment
Result

Main Judgment Safing Judgment
Configurations Previous Two- Previous s-tl;:s?c;r

method sensor method
R | L
Rough road OFF OFF OFF |OFF|OFF
413-0.0/13.9* ON ON ON ON | ON
413-6.9/13.9* ON ON ON ON | ON
Steered collision ON ON ON ON | ON

*Impact configuration codes defined in ISO 13232

Table 3 Specifications of large scooter

Length (mm) 2,185

Width (mm) 750

Height (mm) 1,180

Wheelbase (mm) 1,545

Curb mass (kg) 204

Engine displacement (cm?d) 248
4. tRAE

3BMTHARZZAAY — ) ¥ 7 F )L G T O NIE
AHHIESR & W, fEk T 2 v Y R HE TR TR T
NOYERERE I L 72 (Table 2). WFhOL&MA TR
KT HERZEORRNE SN, X612, K2y —212x
LT3 ZDTHEORIE AN L /2. Z OG0 3 FiE
JC% Table 3 12/

KDY =) v rEFLEERLD, K22 — 4Tl
by TNy UL IMEDKRA =L AL TV 5,
L2 LD S HEET T 2 F T8 6 h 2 I RO RE
R AR L T3 (Fig. 15).

iR R D ZE L0 & I EEIRB) D87 X — 213 Mk B
DD, KR — ) ¥ 5 FIL[ARED ZE R IR HRX A5k
T2 — 212D T 8517z (Fig. 16).

INSEDORERIZKD, KFHEFIKMZA Y — 2 447 i
HIZLWEHATRETH 5 Z L AR S iz,

0.05 sec
e S—

Deceleration

Time

—— Right suspension Left suspension

Fig. 15 Oscillation waveform of front suspension of
large scooter during rough road running

— 127 —



Honda R&D Technical Review

Vol.26 No.1 (April 2014)
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Rough road (Right)
Steered collision (Right) ------ Steered collision (Left)

,,,,,,,,, Rough road (Left)

Fig. 16 Displacement-Deceleration curves measured
in large scooter
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Development of High-performance PUF and Organoleptic Evaluation of Polyurethane Foam for Car Seat

FEREE T N N VAN NI H Jil
Naoto ISHII Tomoki MATSUMOTO Tsutomu AO
=3 =1 ABSTRACT

JED DHE, 0 DM, REOMER LT X O L e
fbERbnbk Lz, HilifHr— 29> avyDzH0, K
VLAY T r—LERIELZ. ENEERETH 2D O
HiZOWTIE, &, <602 EMA 2K, Xk
DWTHERIIZ B Z AV, KeHlifEEE R L 4 v
7 4 — S OBIR AR Uz, 72, B atERET
HBFHOLHIZOOTIE, AMROIREFEICHEAL, KV
LA YT — LFHEETET S Z LIk DR M R T
EHZLEMOMILE. ZhOoDHRPERY YL A Y
T r — LD TREML TSI N TE. ZORKETF
EEHOT, B O, O LHICED, REBPSS5DE
D, POBRBLEY -V ERBRTEIENTE -,

A polyurethane foam for a vehicle seat cushion
was developed in order to improve seat comfort
and drivability , as well as to reduce ride vibration
and weight. An organoleptic evaluation of seat
comfort, which is a static property, was performed by
examining hardness, wobbling, bouncing sensations
and the bottoming feel, and the correlations between
each evaluation marker and the polyurethane foam
property values were clarified. For ride comfort, which
is a dynamic property, emphasis was placed on the
vibrational properties of the human body, and a clear
determination was made that adjusting polyurethane
properties improves performance. A method for
designing the polyurethane foam was established using
there results. Using this development method, it was
possible to achieve a lightweight seat with superior
seat comfort and ride comfort that produced little
sensation of vibration or wobbling.

1. EANDE

HljH Y — bDr v Y3 VI, FBEEELL XA YOE
BEED DM AER T S 2 &, R iRB) 284 5 2 &,
SHOPFHIRLRTWNWI &, BENRDENTN S, &
72WES OBRBIRENDOEROE L 0 » 6, BREVERERA o

12, BRLDERE RKE L Lo T 5.

SH, gy — FD s v Y a VHIZIE, KL ey
7+ =4 (PUF)AELflibhTna. PUF ®E—L FK
TEHELEIATIE 1960 FUIZHENY. X4, Honda IZH W T
1974 FERFEDWHC CIVIC DY Y 27w ¥ 3 VIZHAY) Tl
ALz BIfEida— )L F+ 27 (HR)PUF %, BB TH
7. TE S L &, BET LT =D
ELEFEE ST S,

V—tDr v g vERELTSIC
* Uk R&D & v & —

13, PUF 0% %

K<FTB2ZLNHEMTHY, -FOFWHBHELELE DY —
Wb T2 H, G AMERE TS DPED DIz & % i
T ZeNBETHD. T, BN TH2HEHORED
D EOBRIZH UL, @EE L PUF & v TR
A IESLZETHIGLTWS. Ko T, IKEE CEE
£ PUF 23K 65N T 5,
Z 2T, £FEN D DI BT AR OB RE ST
& PUF ORMOBGREHS L, B atoa v b
u— L FikEED, PUF DO XE RO T aE %
EW7. WIZPUF OFMOERBIZENTE, KFY LA
YRS, F-S Rtk £ &fE PUF R, PUF O X
MEIC K >Tay b u— 3 3BT EEIAMIZL 2.
ZOPRTFHEIZL, RETEMELY - 2 v a Yy
H PUF #3352 &R TE /.
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2. FHMEEED EREFHME

HHHIMERETH DD OHICBE L, XK, <5 D XK,
A & IXRRO B REEHEEIE S PUF FEE OB HR %
SIS T 5720, 8y L & 205 TR 2 R o
T A b E—2 (TP) Z1E Uk B REGHIl B & 36 2 7 -
7o, JERWM 5% 2 )7 % Fig. 1 1R T.
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NEZNOMEMTHS. DF D, 25% ILD IFHHHD %
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e BITRONGAITEEIZIR S 2 WRHEAR L, & 8105
WIGA BB ISR k5. £72, 25% ILD WAL
< 65% ILD BEREWIGAE, P4 » FI13F5 200
Z b= LIEA RIS S LB 28 TH6D &
2 WREE D, 02 25% TLD g 23 < 65% ILD fi
JEBMR AL, P2 F AN Z b a— 212k LA
ERVE EBRDIZLL, 6D k5.

IO LHIZBIL T, 25% ILD M & 65%
ILD Wi D/NT v 212 W TRl 2 FF P & % & &
A, BERERHMEASE A 5 Z ko 7e.

21. BT

REEHY VT d, ZIHEERA S TR L 2 D %
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Widony R e L, 70 I8 A2 BV € 25% 10D fiff
A I8ON 5 300 NIy ba—)L§37=0i2, K7
oLy sy a—) (PPG) O P51 & (Mw) Z 4000 2
5 7000 OHEIPHT4HEHDOUSTA VP T 2= 4V Ty
o A LI A% L7z (Fig. 2).
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25% ILD hardness [N] ———> greater

Fig. 1 Material characteristics of polyurethane

o s BHO#%, Fig. 3, Table 112784 akBi /7 ik CHAERE
fili & 2hE U 7=, & 7= AGABRIE, WAt anf BER B 2 D KGR
32 CHEEL 7.

2.3. BRERHMlRERIER

231. WL ILD BE

—HEEIZ 25 %ILD WE A HBHEHY -2 v a v
7%y FIZPUF O X DFEE LTHWSATW S, S,
BMRAAL T PUF O A4 L7 PUF 12X %2 BRE
A K A1 SRR & TLD M OB AR L /2. 2 D&
R, Fig. 4D & H0 65%ILD #HED A, X0 HEIREA
%ﬁ‘of:.

232. $HLOERMEY T I F IR

SHEDEZE, 25%ILD W L 65%1L.D WL TH %
P27 72 2 OB%R%E, TP TRGEL 2458 % Fig. 51271

400
350 Density:
= 300 sskgm® — |
= N
— Density:
2 A GgT(ZI/ %3 ]
o 250 S
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B N ——
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o\o — /
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0
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Fig. 2 Hardness controlled under different density
and indexes

Feeling of hardness
Wobbling sensation
Bottoming feel

Bouncing sensation

Fig. 3 Organoleptic evaluation method

Table 1 Procedures of organoleptic evaluation method
Feeling Test method
Feeling of Sit still on a seat and make a sensory
hardness evaluation on a 6-point scale.™
Wobbling Based on urethane test piece equivalent to
sensation the reference one, swing upper body back

and forth and around to make a sensory
evaluation on a 6-point scale.

Bottoming feel | Stand up from urethane test piece and sit
down to make a sensory evaluation on a
5-point scale.”

Bouncing
sensation

*1 (To correct feeling change with the passage of time, compare
seating comfort with reference samples and other test piece.)
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Fig. 5 Relationship between wobbling sensation and sag factor
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Fig. 6 Wobbling sensation and ILD hardness
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Fig. 7 Relationship between bottoming feel and sag factor
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Fig. 8 Relationship between bouncing sensation and
hysteresis loss rate
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Fig. 9 Hardness of polyurethane test piece and level
of comfort
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Table 2 Feelings and urethane foam characteristics

Urethane compression Physical property

Ventilation volume

25% ILD
hardness

65% ILD
hardness

Sag factor

Hysteresis loss
rate

Impact resilience
rate
BR%

Ventilation volume

25% compression
Reaction force

65% compression
Reaction force

Value obtained by

dividing 65% ILD

hardness by 25%
ILD hardness

Rate of mechanical
energy loss during
1 cycle of
compression
deformation and

Height of an iron
ball bouncing back
when it is dropped

<Vibration
absorption>
Approximate
energy loss due to
ventilation

recovery resistance of
urethane cell
Feeling of hardness O ©
Wobbling sensation ©
Bottoming feel (O) (O)
Bouncing sensation © © ©
Comfort level O ©
O : Good © : So good

IZEBAET 2 DITH L, 65%ILD AL TIEMEIEE & PRl
DY I B EZICAREE K AR R6 N ok
N5, kA, 5D 25%ILD MERREICINA 65%ILD fifl
EREIEE L THG Z Ehbh 5T,

2.4, BIMEREE PUF SF1ED T & 8

FR B D Ot & PUF RfEDOBItR% Table 2 1I2F & 8
5. KD ABUEZED 5N BORRHEHE & o 7 8 BRI
ZWIR L Y — b RTEORHR & RpE W LE & X 5 2B
H%.
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Fig. 10  Input acceleration from body

(Attachment point of front seat)
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3.2. BhRYMERE & PUF 4514
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m: mass

k : spring constant
C, : viscous damping
C, : viscous damping

_J#  Ventilation resistance
= 7% of urethane foam

0T 2xm
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Fig. 11 Viscosity mass damper with spring model of

PUF
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Fig. 12 Movement by spring rate of resonance
frequency
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Fig. 13

Sag factor and molecular structure
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Conceptual diagram of urethane resin

Hard segment (island)

Hard segment is crystal structure which
consists of hydrogen-bonded urethane and
urea groups formed by NH group

Soft segment (sea)

Soft segment is non-crystalline
structure which consists of
polymeric polyol component of low
Tg (glass-transition point)

B  Isocyanate

[ Chain extender

—\_{ Polyol

Conceptual diagram of stretch urethane resin

e -

Fig. 14 Schematic diagrams of polyurethane
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WRDEALR Y 2T 7 & 2 DEAHITERE N TN 5.

5
W High molecular weight PPG
4 /

Low molecular weight PPG
2 ///
| \

Vibration transmissibility (A/A0) [ - ]

Frequency [Hz]

Fig. 15 Molecular weight and vibration transfer
characteristics of PPG
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Fig. 16  Air flow rate and resonance magnification
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Fig. 17 Hysteresis loss rate and molecular structure of PPG
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Fig. 18 Hysteresis loss rate and resonance frequency
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(4) =

5.2. B% PUF 04
B PUF 123504 Table 31287, BA¥ PUF (2, &
PEDIKEE L 2 v &R U 63 kg/m® O 7B TS »
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BA%E PUF @ L & VftgiId e 20 2B KL £ 5, K
/A -LOESTRPPG ZRHL, <562 EKEIRE)
YD NS v 2k & 572, BERNIZIE, 80 THPPGIC
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Table 3 Specifications of flexible PUF (400x400x100 mm)

Unit Development Reference Reference
existing mass- | high density
produced low product

repulsion urethane
urethane
Density Dcore kg/m3 63 63 83
Hardness 25%ILD N 250 245 250
65%ILD N 730 700 675
Hysteresis loss rate % <15 19 14
Repulsive elastic core % >65 65 68
Resonance frequency Hz 3.3 3.6 3.3
Resonance magnification (A/A0) - 2.6 2.6 2.8
6 Hz transmissibility (A/AQ) - 0.6 0.8 0.65
10 Hz transmissibility (A/A0) - 0.2 0.3 0.28

Fig. 21 12J£& 100 mm @ PUF % HW = 4RI M 201
¥ KO A TRS PR, K EER TR ' EDR
By L & v k0 & ARG <, 2D ARG H
BIMVREAZRL TR, ARPECR T4 Hz 25 8
Hz O T OIRBZELE2ME . P HFHR TR 5D
F R RANIE, IREYMEWT A D TRV, FY — b TS

Conventional

Developed

Fig. 19 X-ray Microtomography ¢3 mm 3D View

1000 —  Appropriate softness and
900 || reliable roll rigidity
800 Urethane
characteristics: Hard, Optimum range
700 -+ Easy bottoming P 9
__ 600
Z, Well-balanced
o 500 urethane
3] L
o characteristics
-
400
Urethane
300 1 characteristics:
200 Soft, Easily
becomes unstable
MDI
100 -
0 Soft initial touch
0 20 40 60

Stroke [%]

Fig. 20 Compression load characteristics of flexible
PUF 400x400x100 mm

Table 4 Specifications of trial seat

Cushion frame Pan frame
Cushion pad thickness (HP) 105 mm
PUF density (core) 63 kg/m?
Hardness 25%ILD (Pad) 245N
Hardness 65%lILD (Pad) 790 N

5O ERMKE SRS BHEEL 572 PUF OFEZ /R L
TW5,

5.4. Bi% PUF ¥ — M OD'BEBEETE

HijljiZ Table 4 |2 $E#ICOFERY — b 2O T, 7
Z b 32— ZEFTOIEZS— MK B EREEHITIZ BT
Table 5 DHERAE72. PUF @ PPG Oy FREFIZL 3
Rt — N EF33E KA b e — 2 EOME KL $
% 2 & TORS » ERIRBPILFEME O o w —ILRIE (<
50X O EAROEN, NT VY ADE WY — FRT
= 7.

4.0
3.5
== Development
3.0 JAY.N == Mass-produced low-repulsion PUF |
\ = Before improvement
2.5

Vibration transmissibility (A/A0) [ - ]
¢ - o~ N
o [6;] o
&\
-
—

o

Frequency [Hz]

Fig. 21  Vibration transmissibility of PUF

400x400x100 mm
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Table 5 Organoleptic evaluation of test track driving

Structure with spring Full pan structure
. - PR . - PR High resilience and high-vibration
. Foam with formulation to reduce High res'!'ence and high V'bra.uon High reS|!|ence and high wbra_tlon absorption foam before reducing
Mass-production foam . . absorption foam after reducing absorption foam after reducing " .
wobbling sensation " " " " wobbling sensation
wobbling sensation wobbling sensation .
- baseline
Soft-touch feelin - Felt 0.5 | - Slight permanent set -1 |- Felt +1 - Felt +1 - Baseline Baseline
9 x |- Felt x [¢] [¢]
- Choppy road (US) +0 |- Choppy road +1 |- Choppy road +1 - Choppy road +1 Baseline
80 - 100km/h less vertical motion O | less vertical motion O |less vertical motion [e]
large vertical motion - Vibration absorbed when - Vibration absorbed when - Vibration absorbed when
: ) - Vibration not absorbed suspension fully stroked suspension fully stroked suspension fully stroked
Damping feeling when suspension fully - Unsteadiness of spring - Slight stroke observed and - Slight stroke observed and
stroked. hardly felt sufficient thickness of foam sufficient thickness of foam
felt felt
- Rolling observed when +0 |- Movement of spring feltbut | +1 |- Good firmness +1.5 |- Good firmness +1.5 Baseline
Rolling stiffness feeling | turning corner rolling stiffness sufficient @] © ©
. - Hardly felt +0 |- Not felt other than atbelly | -0.5 |- No =0 [-No =0 - No Baseline
Shaky feeling .
. - Felt -0.5 |-No +0 [-No +0 [-No +0 - No Baseline
Fluffy feeling x
Rebound feeli - Slightly felt -0.5 |-No -1 - Firmness, felt thicker than +0.5 |- Firmness, felt thicker than| +0.5 - Greatly reduced elasticity| Baseline
ebound feeling x - Felt thinner than actual x actual [¢] actual [e)
-No +1 - No +0.5 |-No +1.5 |-No +1.5 Baseline
Bottoming feeling o) - Slight vertical acceleration o |- Right amount of stroke, a o - Right amount of stroke, a o
felt at suspension bottoming sense of fullness sense of fullness
©: So good O': Good x : Poor
P %
6. T&H “EHERT (2008)
2 h=x . BEimEx
(3) FHHF&=, mAKE, e ARFE2, FHHA—, SBHE

WA -ty v 3 VHELTERZEED PUF %
PR L7z, &5 15 PPG O4% i & POP EA O EH
WARWETZ LT, oL, BRREECER, <6
DEEB DB CRE ARG B FEPPGEY ) VK
RO L UORORELE 7 5 v v v RO REL
FHAADE S Z LT, RIS 2 REK 0 R 0 Wy %
157-.

ABEFPUFIE, SV 7L —20AE56T, IThATL —
LDV — MIHWTEED LIl KOFRD LIIZERT
W3,

RIS AR 22 28 U T FOMRALBE S h iz,

(1) FRERH R 4 P4 2 PUF Rk oo i s A BE 1,
I, 25%ILD Wi, 65%ILD i, v 2u 2HK g
JERMER, MRETH B.

(2) PUF ¥EiE, PPG O T &EX POP & OFLA DR
BRREL, MELZDAZRNT Y7 724, 20
ZATKT B RPEFRTRE O,

(3) HRENEWH o\ THARFEB A A PPG O &A1=k
KOMEERIZY 7 b4 5. V) a v BB oRES &
CRombe 7 5 v Y v 74t ibic kb it
RIGER KL 5 Z & &, MRIZRPL &M O RE) S
FER AR WA B 5D EHET 5.

(4) D Dl KOIRD DHIZHEDO KE W L &
MaRaH s BB A R E A HIEIZ 2 PUF OB
kU7

SE XM

(1) http://hdl.handle.net/10069/24818
(2) BBy HE LA 2 M 3 BB Lo — 2 O RFrdedf, 3.1
BRI, a. > — b ORETFEIRAE, EE)H O AR T

@Ry — b2 v v a vosy FORISE, AB)HEE
fiti, Vol.60, No.7, p.62-67(2006)

(4) P idips: HE)HE T AM B3 E kDO k),
p.65-66(2005)
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Life Design and Evaluation Method of Type 3 High-Pressure Hydrogen Tank
for Fuel Cell Electric Vehicle
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7 = ABSTRACT

Type3 BEARFE S v 7 OHEIEIL, 74 FOOE0MF
RV AP R L ASEEL, 4T EE
WEBZLITk->THEL S, DI, FHETHOHK
BEILK > TERERENC A D [REMED . ZD720 Y —
2 £ TOHFMmIE, FETOBEREZME L7225 A2 Tl
TH2MEND L. 22T, BHEEHACRHARERIC
K BHEIGENEE SN 5 G 2 W UNCEHn U, a8
BAH =X LI DTk e b MR L2 X512
Type3 BITEAKIE S v 2 & O 7z ik Bk R & oMM %
5ZLT, ZOFLEORYENHERTE /. 7z, HET
EINZEEERBECORIT R A2 ZR L7 Typed AT
KFE& Vo OFHliEER L 7=,

Ul

RN

Failure in Type 3 high-pressure hydrogen tanks
occurs as a result of the growth of cracks in the boss
of the liner or the cylinder until the liner is penetrated.
The boss of the liner is prone to exposure to corrosive
environments, for example by being splashed with
water during driving. For this reason, it is essential
to evaluate the life of a tank until a leak occurs with
consideration of the corrosive environments in an
actual vehicle. A life design method based on the
mechanism of failure of the boss, in which evaluations
are conducted with consideration of stress corrosion
cracking and sustained load cracking, was therefore
developed. The correlation between the results
produced by the method and the results of tests using
a Type 3 high-pressure hydrogen tank was examined,
demonstrating the validity of the method. This paper
also discusses a method of evaluation of Type 3 high-
pressure hydrogen tanks that considers their fatigue
characteristics in the type of corrosive environments
occurring in actual vehicles.

1. EANDE

TR W S A B O TGS, 2 OF%E & et
PAHBEEREZFOIED ST 5, BREFEBEXEE)
HOEEEMREZD DL LTKERKY 27 405
3. TR, 1 EOAKREFTETHENT T E BN O
KR, I EER LIC KAy 2T 403 V80 MuE
THEL T 5 70 MPa K& v o WY 2T A0
WChHb. HMHOBEAFE L v 2&, KFEH 2N T
TH3I4T &, TDI A FOI %S 5 e Kl
LG (CFRP) & CTRICHK S NS, 72, 74 F2E
JEEL (T T I8 OBAIE Type3 BEAEZ v & (L
T, Type3 2V 72), ﬁfﬂaﬁéo) A3 Typed EIEAFE & v

2 (LUF, Typed 2 ¥ 2) I Eh3 (Fig. 1). 5560

* Ui R&D £ v 4 —
* 3k FILIERER

https://doi.org/10.69239/hondatechnicalreview.2014 26 1 21

ﬁ%f@ﬁyﬁé,$Wﬁ%&&bfdkﬂ#0%ﬁ?%

, BEAR I A MY UAFETH .

%g,ﬁ% T, REMRED 2 v 7 ORI
Type3 v 27 & Typed 2V 7 TR, Rt THEE R
5. 2Dz, 8o OB A = 2 L1250 L 7-5E

CFRP CFRP

Metal boss,

Valve Valve

Metal liner Plastic liner

(a) Type 3 tank (b) Type 4 tank

Fig. 1  Structural schematics of Type 3 and Type 4
tanks
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fliE sk 5N 5. Type3 g2V DEEE, TLIAEET
AFTRELZEAPERL, 94 F2HETHZ EIC
K o5THEULB. Typed & v 27 Tld, BEILDZDIZHEITIZ
k% EEGERAE SR LG (HIRFakCat) 5.
7z, MEARRS VI OBBOTEIZE K50, 2o 00
S, FEHETROB KL EICK > THBREICA S
RV E . RRCD Z e 6, Type3 & v 7 Ojiif AVEGE
DOFHINE, FETORERFEEZEZRELDODOB I 45 BH
N 5.

WIZHER S KOBUS IS 2 EEAKRE Z v 7 O
fliEDFRBEIZ DWW TS, 1990 %112, A6351-T6
TAIBEHDZF 2 = /NHEY X (Typel) D ZE I
R T P ZomgE, ERIC O TIIB IS
f#l (Stress Corrosion Cracking: SCC) MK & ffR &
NTH D, W TIRIEALTEHI (Sustained-Load
Cracking: SLC) 2[R & EhTwb. 2D &S il
728, W28 250 MPa 244 %% Si % 6000 & 7L
IAEOMHHAZILEL TO B EER RS EET 5
¥ 7=, ISO7866 Annex B IZiZ, MIEX ¥ 7 OWNILEAMHFHER
BCRMMAMINZZZORETY, *HOMIBIZKD
BHRIC W22 Z e WK ST 2 729 D SLC ikl
BEshTnd, LaL, 7000 %270 I5&TIE SLCH
PEA ERERBREE (BRBEITh DA ISiRAT§ % &) e 4 )
EEAS L, WEEBRELEZNVAKKXPTTOIMETH 3
SLC Bk, HliHEE % ¥ 2128 U Cat]) 2 319t 7k &
TV A, £/, SLCiklEA2 58 IS07866 Annex A I
Bl 2RISR L SCCHERIL, AR TCOT

IEEH L VI DFEORE S L CHINORE % 7§
BB TH S5, MBHIRT28GHEMORBR TS 5.
ZD7-¥, 1S07866 (2L & 117z 3HliadEE T I3 E B BRI O
Jig L & RdFmakat EORMIBIZ§ 2 @ T & L WikEs
bY, ERE L FaEI 2 ZE L7 35S
JEERNHESLETH 5.

Z T, SMBEREIICE 5 &, SCCHKIUSLCIZL?
WGP E XN S Type3d & v 7 43 2 WHUNZEHI T %
LIFmiRal P EME L 2. 2512, ZOFEOEWM 4
FERET 5 729128 T o 72iABRDAEFRICOWTHIHT 5.
7z, Type3 # v 7 ORI LIKT 2 MU L 2 RFRIEBT
57200 7av2& LT, Type3 2> 2o2D74FHE
LCNEDO H¥ O Te Ml SN T B EmE 7 L 34
A6066 1 & 2 fithrfiil & 7~ 3.

2. BEKRER >V ORESIR EERETDERS

2.1, BEME & FHf A &

ZZT, mHEAkEL V7 DI OWTE LD TE
. FTEHANTIIREGAEE A 70 MPa £ TR L 72
i AK E E BY ERORRS I A s O B R E (KHK S0128) 7

2013 FITHI L7z, ZOREIZK S &, HHATRE A4S
IR EAKE A 2 h Oy g O R E T L IS
4 A6061-T6 B L U2 7 » L 28 SUS316L IZFRE x T
WA, T, A CII OB i EE S B B H ot R
HIl (Global Technical Regulation: GTR) O frEt xh T
5. GTRDEEIZ " DOD7 2 =X THED, Phase
17T, # /70)%7&9']%%75&73&75 Tk h, &8
57z, ZMAEO A BT &2 %9 2 B4R 12 B 3
BEEMER 1%, Phase 2 f%ﬁgfﬁﬂl%%éhé ZEIZh->TWn
%. GTR ONFIZ, I T hICENEELZ S D
BHZENBEINTHNSOT, ERETHS. GTR OFF
RIS A3 5 % v 713, ME Lk X UkHE Loy
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HIR D & 5 1 EIEM RO AR E A1 O3t /71513, GTR
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F O TS ERIAVRE G WIS L Tl < 2 & EET
»H5.

BAE, BEX Y 2 HDO TR DG I3 T 28
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BZAhbNT\5. Annex A DI, RiIRE RS CEREIEL
AR HET 2R AR ERBR L, EAROGZEY 4 7 i
Ko TR NEE#HINEFHET 2% SCCHBRARE ST
3. Zhoid, HABRRICEIS 7L IAEHE v 7 0E
BOREL LCHNOKEZHI T2l E L 51 5.
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Fig. 3 Schematic of fatigue crack growth life design
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Fig. 4 Size and shape of specimens
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Fig. 5 Simulation model for stress analysis for
calculating stress intensity factor
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Fig. 8 SEM observation of A6351-T6 fracture surface
caused by SLC (Kupe = 17.2 MPa y/m)
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Fig. 9 Results of K test

w
o

| Tank pressure: 87.5 MPa

e

N
o

—_
o

—

0 0.2 0.4 0.6 0.8 1.0
Normalized crack length from thread groove a/t

Stress intensity factor K (MPavm)

o
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Fig. 11 Result of fatigue crack growth analysis
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Fig. 15 Corrosion fatigue crack growth characteristics
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Robust Optimization for Windmill Airfoil Design under Variable Wind Conditions

SO v R Daniele Schiavazziz **

Hiroki TACHIKAWA
A OB g gt Gianluca laccarino ™ ***
Toshiyuki ARIMA

C:3 = ABSTRACT

JRH R WHATZIR O a3 2 b E%EHE, 28 5 ARESE R
MECEEXNS. ZOiRGHE, BLENZx U R
mexm AL LoD, BEgEOZLidR/NMET 5 L 5I2%H
Wi bIZ kDRI NS, BE)§ 28I & D EMEICE
b4 2 EPEREIE, CFD AMEIZ & » TR 5 h, AiEFEMED
FHICHW S 5. BIRRE L 7 L — 47 — 2713, #Eirmm
FEARZE B A R H O KB IZ & > Tl b3 5 3850 7 L
T ZLICE>THAVTENS., ZERI T ICH T 5
DO MERE L S L, RNMEOF R R TRD D Z LN TE
XMLz Dok, MEREH DTN Z b %
FHANOTEIS AT REME AR U 7z

Robust design of windmill airfoils is carried out
in the presence of uncertain environmental conditions.
The formulation follows a multi-objective optimization
approach, where the mean aerodynamic performance
is maximized while sensitivity to changes in wind
conditions is kept to a minimum. Due to the complex
nature of the physical processes involved, a non-
intrusive collocation approach is used to quantify
uncertainties, coupled with a RANS solver for the
fluid flow. A robust design optimization framework is
thus assembled, where Genetic Algorithms are used to
iteratively evolve section parameters toward optimal
designs. Expectations and variances are computed with
a Smolyak sparse grid approach combined with nested
Clenshaw-Curtis quadrature, leading to a minimization
of the number of deterministic solutions needed. The
results show the potential applicability of the proposed
methodology to the robust design of industrial devices.

1. #5

RATEREAM DA VAR XL F —~DORLO
MEODLD, BRZXIALF —D—DTh BMSJT 3L+ —
FHEET O RT OORALE L THRET 58I EE L2 EH
ENTWDE. BRI THIIREEZIT S 2012, KLrdlc &
Z 89 5 AEREE (R T2k B B e BN TE S
WA IR S B L 75 5.

ZH)$ 2O K D ISAHEFE 2 & O & BUAERIZHLD 5
S, AEFEMEE L (Uncertainty Quantification) & L
COIAEHRMICEH S w5, ZEd 30 Ttk
WTHEMREOREL AT 2T &%, KRTIXa/ Y2 b i
b LTESHETS. (kDT Y F Hruaihic k3 mEtT
Wi, PHESELBREL T T O RMERERHMIZ I K L3R 2 b

* FERESAI S v & —
* 3k University of California, San Diego

* % % P R&D £ ¥ & —
% 3k %k % Stanford University

ML, MEEIZH T % REHRELE LIE LIRIRE 2 h
7RI T DA TOREH & 5> T 5.

Z TTAMRO HIZ, Z8)§ 5 0l & AEF T R AL
DD T & TR LTS A iR T R L,
JE W N OISR 2R 2 & ThH .

2. BRBEHETE

JRCE BT 0 U CHRAME Va THRA L 72 JRU, 0 o
KO REREORBIHEE U b X OEE Vi3 h, 20
JIGE Vi OBRICEE ¥ 9 M & ULTHWS (Fig. 1). K
7% ¢ —FESEO F 1 TR B i R O ot (b & 175

B2 pEkoEb & LT, MELEANTRA T B A —E
U CHBET B, ZOMEL, BRI WSS
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Wit A K3 2 B H s b s U TEA ke h 5.

BAcunz b b T, WAE v o N BE RS
12985 Ml 2 EA B a B LM & LT, 8RN LB
T 5. a2 MMpElk T, Z OO ZE B CEMRE
DN & I RAL U T, BURALADIEIE T b 5 (R ZE
/M E B8 2 BmEtiE e L TeAfbEen 5.

% 7z, BTG K ORI IR S TERL,
NIRRT A 2 NE U, #MaEE2 CEFDIZ& D Re
5. ZZTHRNAYHE—EDL A /L XEE LT Reynolds
Averaged Navier-Stokes Simulation (RANS) fifric & 0 &t
55,

JRHERITEIR & BT RS E = (&, .., ), ETSE S E
BRIy, b2 D TEFK IR PLEED I
T, MEEWRIERE ER T LWETS. &/, 1%
TNEN, £ S B TRER KO ERMEART. &
7o, FEHRZEM (Q, F, P) 2 E# 75, QIIEKREM, FIi
w8, PIEF OWERNE 2R, Z DD H NI
SEA 3 AR AE 5 BER A BT K - T, [R]IRE AfE =R % 15 B 4%
P = pulet) pu(M):R* >R 1Z, a, M: Q— R TEFH X
NB IR Py=(a, M) I2kbhFEEhb.

Btk AR 2B . DX Q—-RIZ, fEE~N2 bLy
EEBELTHES, yIVY Uy I B Em L, i=1,.. 0
BTy = (@ M) 12k 5A RS, FOEKRTH
BFWA V8T A =8 EBIUBRBEAER Y =@, M) 12
RANS fi#fric K DiHii E h 5.

ZoomubET TRIC KD EREE NS,

(a) R DL Tk e LT, RIS & 5 AHEFER %
b, X (1) 2029 E&'eD #5445 HH R bk E
ELTEALT 5.

& =argmaxeenf (£, y") (1)

(b) @ 32 Mg LE LT, ZERIUC LB AEREE B
FIETIZHNWT, S'eD #HFET % L LR E L
TEALT 5.

ME{fE 9} ol{fE )2 MEfE 0} olfE 0D (2

vEeD )

72720, E{-}, of-} 3 Zh 2Pt K OEHER 2 O B
Z/NL,

Rotational
direction

Fig. 1 Schematic representation of velocity triangle
for windmill airfoil section

E(f (&) =Ly [ F () pa(@) py(M)dadM (3)

o{f(& )=
Ui L5 (f2E ) = B E D) pule) py(M) dardM

172

Th%. ZZTM:R = R, #HEOHNERERET S
ZHMBEREET T TH D, R (2) Mz hb L X,
ENTRED E BT 3 L0\, T0ET R L TR
5.

PlEorEAtid, vz btz &0 & ToZE RN
REIR IS 5 WO TR Ml & ek b U, B 25 0 /)
b, 2 0lfL~ 9 NBOEEZI T 2 EEO KRS %
R/MET 3 Z L &Y.

22T, [a,o] B EC[M, M1, Bfa [deg] ¥ LU,
7y NBM OEFRIRAETRT. ARIZLL TP 2 v 5.

[an, au =[ao—2,00+2], 0= 10 (5)
(M, M) = [Mo—0.05, Mo + 0.05], My =025 (6)

X (2)TERILLZ&H 12, ZOMEITEHEREESLMN
TTOVFHEMERES L CRED SO HNBEKHO b
V= FA 7R &R DL HNWREILTH 5. FFEF
Z&id, B 3EBEAMOBERIC KD Rk > 70 R
BohaZeThs. B, G261 _DOHMNEH
o1, 0:eRIZHFL, M (01, 02) = 01 & TR E
KILT 2%, M (01, 02) = — 02 & FTHUTIEE % /D
b 2R2/M[2ZENTESE. —F, MEMBEES 72D
M(ol,02)=\/(01/n1)2+(02/n2)2béﬂiﬁ_§“€% 5. 227, IE
FULIRF ny, ny i3 0 DKL E 00 DERIMEEZETZ 5
EELB30LT5.

3. BirEMRDOET IVE

AT#:TI13, PARSECY 12Xk b, #IrfEIROEFILAL
EiTo7z. ZOETFIE, B LR E FEIEIRE (x,2)
i RO PARSEC 0L HAIC LD EHEI NS

z= 26 a.x 12 (7)

=11

¥ a3 Fig. 2 TRTRMPIREZWET S EED TH
AONBINT A= TH 5. THZAHEEE, BB IO
TERDTHSEM E s K M, H%EhE (k=116 %),
IOKHIE, i A, BB E A0 11 OBRGER» S5 5.
PARSEC ORBEER L L, Mifg L < v ORI
% Table 1 IZ/R7.

PARSEC ®/37 A = ZIZHWIZHEIBTH % 728, F2E
O TR ANIGEH T 21285 4 — 2 OYIRK & 17 5 5d
2, HOCOMHEFEHOEZESLE L & 5, 213 Fig. 312,
218y Zio + Zup ST NTENEE Bl A5 2 720 F BT IR
ENT
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Table 1 List of parameters used in PARSEC and o, M
ID Description & &
I Radius of leading edge 0.005 0.02
Xup X at crest of upper surf. 0.3 0.7
Zyp Z at crest of upper surf. 0.12 0.18
Zevup Curv. of upper surf. -0.4 0.0
Xio X at crest of lower surf. 0.2 0.6
Z Z at crest of lower surf. -0.07 0.02
Zexlo Curv. of lower surf. 0.3 0.9
Zre Z at trailing edge -0.01 0.05
are Camber gradient at -13.0 -3.0
trailing edge
AZze Thickness at trailing 0.0 0.0
edge
Bre Wedge angle at trailing 4.0 8.0
edge
a Angle of attack 8.0 12.0
M Mach number 0.2 0.3
A 4 ZXXup

ZXXIa

Fig. 2 Graphical representation of input parameters
for PARSEC

0.20
0.10 r

0.00 f

-0.10 L L L L )

0.20
0.10

0.00 f

-0.10

0.0 0.2 0.4 0.6 0.8 1.0

Fig. 3 Change in airfoil configuration as a result of
adjusting zre (top) or zo + z, (bottom)

4. CFD 5t¥ & FfamE t

BIFHIIBIRZ S5 A =21y b EICXK o TEFK S,
PARSEC 2 &K 0 EITHEBIRA LR S, RICHE) A »
VakTur s stk xy v ankEng. 2ok
TRICOIEEMEF E T A b =2 2Rk DL 4 X
B10° D&M THNGEFHT 5.

i L7 CFD VN B o msnaid, MBI

MEORMES 2 RN E LR (FLaEX) o
fRik P M SR, xEE O GG 2 1 E A2/ 3 KR O
Chakravarthy-OsherTVD Z & — 2 W 5@ X 3.
ALt IE e R AL A IRE L, Menter 12X % k-omega
SST fiLmE T O @A 2 h T\ 5.

Tt b & UCEERI I 1 5 kD motfbitE &
LT, (a, M) = (10, 0.25) DJESAFTEWrmIZIR O ol %
FEhE U725 R % Fig. 4183, JBIRL 7200 i [me
T, SRS AR U, JERISE ORI & 2R L
7z, ZOEMWmIZKIZE WA IV ERE 2 FEBL L 7228, Wi £REL
DAY TH 572 DRENICHERNEN RS EIND. 22
T, Zup DFEHZFIIAD [0.08, 0.18] 225 [0.12, 0.18] NZEEE§
52T, BOEAERL, 221Gl K ORHEMERE D #
Zimi7z 9 K DUZ, BeETAECRME D ISR AL 72, HilKY &
N7z F%ET 22 HRFR S /2, HilfIRE 4 Fig. 5 1S8d .

1

0.5

-0.5

Fig. 4 Pressure levels for unconstrained optimal
airfoil design under certain wind conditions
(a, M) = (10, 0.25)
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0.715

0.720
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Fig. 5 Pressure levels for constrained optimal airfoil
design under certain wind conditions
(o, M) = (10, 0.25)
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5. ANX bREIEFE

AL TIE, BB 7L T Y X4 (Genetic Algorithms:
GA) ZERRELFEE L THWZ, ZOFEE, E#K
Ok 5 75 2 RO MATERIZ K D R %2 FR T 5
AT LTY) TLD—DTh 5. fiKIEZENEFNEN
MR ZPEDNT 5 11 DFFEI YT # — & & B Yk e
LTHB, ZNICMA TRWERTHAL KO~ v K
YW=@",M?),i=0,..,m%EH>. ZOHEHKL X hz)mi
ZROT, R T B 5 WM A BEEIL L 723Kk THh 0,
ZOMTCFD RT3 Z LMk s AT 5.

e DI TIE, BINOMEARMEE f 2 FE < 7z
PWTIEZDWT I W2 G247 5. —J, a/vZ bl
T, ZH)F 20N PIck T 2t AL EE TS, T4
bbb, BRI S AR B K B 2 Emlo CFD &
BAETDETINE S 50,

ZIZTF(E, y) &, EEOMERENRY Ly ZMTERKE
T 2B ¢ (y) D, MEAHREO— KA TELT S
ZIHA S A+ 2 &R (polynomial chaos expansions) 23 HJBE &
KET 5.

FE =Y a(E)6,0) (8)
E{f &, )} BEVo{fE, I TR DEFETE .
E(f (& 0= 3 o f (€ y?) (9)
o{f(&, y)}z{ZJ’?;lw,- [FE YD) -E(F (& P)? (10)

AL, 2" 0=1Td 3. ZZTnHORKRIZ, K
Bl g (y) ¥t b5 ThHs .

AT 7TlE, Clenshaw-Curtis sREEE 71281 5 5Kk
HAEHWS Z 212Xk, K (8) 12 Chebyshev ZIHA A R
L7z, fRHENHCS A2 5T A WE, Taylor O X S
Te— % 7 Z AR & B U C, Chebyshev ZIEAUL[E
ClEPIRE TRV %2 5425 Z 08T 5.

GA7NATY) ZALTIZETOMEIZT, ZORKHE%EH
W (9), (10) T/RTEMEREEIRE S, IUER ST
% (Fig. 6). BYEREDRHIRFD & 512, £ RO PO
32 MR, fESRZAE R ORI A SRR RO BRI 2 8401 >
BB, 2O EAZ MR RICOWLN” LI, KAF%E
TOH|% Table 2 D EEHZRY. 72 £(E, y7) DMl
72912, G 2 b ASEW RANS @M #9204 5 720, Bl
FER AR T N2 Pl a7 O 729121, m/hROG
ST £ (& y") ORHiiA 4TS BEN D 5.

AFHETIE, ZOMEEROINMNAE S R OHNI
* LT, nested Clenshaw-Curtis >KFE%1Z Smolyak 27 5—
ZMET HMAEDE D Z LT, AEEHMOEMN 21T - 72
(Table 2 TEY). SlulFk 4%, 13 MORFME2 D T
® Smolyak 23— 21 ZHW7z. Fig. 712 Ca-M

Table 2 Increase in multivariate quadrature points
with dimensionality for fixed one-
dimensional polynomial accuracy

Dimension 1 2 3 4 5 n

Full grid 5 25 125 | 625 | 3125 5"

Smolyak | 5 | 43 | 33 | 89 | 253 | 3+2n

sparse grid

Tl CHEIR N5 RBE T 287, kg0, 1, 20
B, Zhehl, 5, 13 O E &,
RFBISMHERN A ZHEFIC/H LT, CFD VLN
WEEMA D BENENZ EXEFMTHE. 2D LT
RANS ORGSR A, BETRBNTREB G2 —EmTH D
HWONTHBHZ LY IS,

Step.1 Select the initial population of individuals at random.
(1-1) Select PARSEC parameters &* uniformly within the design space.
(1-2) Select quadrature locations for angle of attack and Mach number.

Step.2 Evaluate the fitness of each individual in that population.
(2-1) Calculate E{f (&%, y)}, o{f (&, y)} for each individual.

Step.3 Repeat on this generation until termination.
(3-1) Select the base-fit individuals for reproduction.
(3-2) Breed new individuals through crossover and
mutation to give birth to offspring.
(3-3) Evaluate the individual fitness of new individuals.
(3-4) Replace least-fit population with new individuals.

~Teminas? =

Yes

End

Fig. 6 Genetic Algorithm

0.320
0300 f 4 o a
A
0.280 |
3
£ 0.260 -
2 o A o A 0O
S 0.240 |
=
0.220 |
A
0200 f 4 o a
0-180 1 1 1 1 1 J

7.0 8.0 9.0 10.0 110 120 13.0
Angle of Attack
Fig. 7 Two-dimensional Smolyak sparse tensor quadrature

grid up to order 2 accuracy. Level 0 (O), Level 1 (CJ)
and Level 2 (2) incremental grids are shown.
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Table 3 Sensitivity of optimal design to GA parameters

Population size 20 50 100
Optimal C,/C, 38.20 37.70 39.22
Cross probability 0.2 0.4 0.6
Optimal C,/C, 37.94 39.23 39.22
Flip probability 0.002 0.004 0.02
Optimal C,/C, 39.22 39.58 38.22

6. AERENZEFERER

RN, GA D3 T X — & (iR, LR, RRE

TN A fcitd BT IR G- 2 % B a4 % 72012
JEIE T 247 S . 2 U 72J8E (o, M) = (10, 0.25) 12TH

L 745K % Table 31789, 22T CLiddil, Cplddi
1, CL/Cp 3L HL AR, ZORE, Wik % o8y
My, RUHRONEFELIRohEr 72 KT, 5
El3fE AR, 22 XA, FRIRARMER % 22 50, 0.4,
0.004 1Z5%E L 7=,

WIS, PEROEEAL L aN 2 b I & B Rk
NI X=REBIVE B#ETNENEKT 5. Fig. 81C
(Cp, 1/Cy) “VFifii LI KD imfbic & 2 BIEREO GRS R
T, OIZ& > ORENAERFHICK D RELEh
T8 F A =2 ELW, [BE XN T T CL/Cp &k
T HREEIN X BB TH 5. KIIRS AT %+
OZEEEN T TR SERER, E(f (&7, y)) = 30.46 B K,
o{f(&Er,y)} =253 TH -7z (Table 4 EFY). 22T, i,
MR EI A, BEER L. BEISEADOEREFHOL
WA Z i, fOMRSMOBSELGIZTN TS, DF
DAADOWHENIEITRNZ EEFKT. 2D Lid, R
ZEDORMUIZ E D O EMOBE AT § 25 Z & A TH

0.14
0.12 |+
0.10 |
S 0.08
0.06 |

04
0.0 6

002 1 1 1 1 1 1 1 J
06 08 10 12 14 16 18 20

1/C,

Fig. 8 Individuals generated by GA for single-objective
optimization not accounting for variability
in wind conditions. The optimal constrained
design (O) is highlighted.

Table 4 Comparison of results for traditional and
robust optimizations

Design Statistic C,/C,

" Mean 30.46
Traditional

A Max C,/C, SD 2.53

optimizations SK 045

Maximum Mean 32.68

average SD 1.64

efficiency SK -0.40

Robust Minimum Mean 15.96

optimizations combined SD 0.24

P metric SK -0.04

Minimum Mean 2.35

sensitivit SD 0.10

Y SK 0.12

SD: Standard Deviation, SK: Skewness

g, pheERoFEME EF2 2 i kb %
BIRL, Z oA R biEE e B

Fig. 912 u/ v 2 MR bic & » T & 7z BPERE 2R
9. 22T, AWV U THMBERE DT O =01
E, BRI IR L 1T - 72,
(1) PRkt (OTRT)
(2) Pt AR L 2 D e R/ IME (A TRY)
(3) &g Mgt/ ME (LITR )
ZTNETNOER%E Table 4 TEITRT.

kEC (2) TR U 72 Fa i i R At 2 D i P RE i/
b KU (3) TR L 22 MRe i /ME % B U 72 i 3
WK, 6K O ol MR & iR U T, 288t
T BRIE MR A L X BB I N TER. L L)
T, WMOTPHGHUME T L7222 & 0390 5.

F72 (1) TR L Pt kb B U 22 Bz

10"

100 |

a(C,/Cp)

10-1 L D J
102 10 100

1/E (C,/Cp)

Fig. 9 Efficiency-sensitivity tradeoff resulting from
robust optimization. Designs with maximum
average efficiency (O), minimum combined
metric (4) and minimum sensitivity ((J) are
highlighted.
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i3, 28§ 2 WA IE D, Pt kL 727200
T, ZBRPUITY 2 REVERE & [AIRfICm L Th 5.

DEED, ARTREL 2032 M@ bic & 0 Fa
PllbimoR b 2 PR3 U 7 BB IR, 9k 0D dre el 2 [ i 12
e LT, MPDZCITN Uil s EREZ /R g Z &
NTET.

7. &
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AW, AHEF L & O 2 BAERIZHLD )5 AESEHEE
wBILOHi EHAED I N ZBEEN T LT Y XL &/
T3 2 LT, BHRAN M2k 2R EEOEE AL
EWMIEIRO /N Z MMk D 7V — 4T — 0 B %K
L7.

R 552 5N b ZEIEM AT, RANS fi#fr
12 & > TEMEBEDOFHI 2175 72912, —RIKEETH 5
nested Clenshaw-Curtis 3kf%i % Smolyak Z/%— Zf&+
IET 5 Z 8T, RICOBINC & B EHER OB % SR
LahbmxotftLz. 2L canz MewEftizkn, %
B9 B AHESE 2 B TS $6 1 2 HER O ot E I ia R o 1
HeA BB Z MRS T L AL 2. 5%, KEHO
JEFIC &0 LRI R 2SN TELEE R
5. FRCHBEHO X512 F X AL HBRESM0 T O
I3 TERRBATANSH SN2 Z &AMt & h, GHliHE
AT A — 2K L THAW S »ICEBT 554,
ARFFCBOCEHHE I Z L 2HKT 2 Z & A0HEL £ 5.
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Development of Inverse Problem Analysis System in Electromagnetics

E N AT AN AV I Bl A T
Masatoshi HARUMATSU  Katsuya YASHIRO Kensuke SEKIHARA
=z = ABSTRACT

Brain Machine Interface 53 % T & 415 Wik D
RIERAT > 2 7 & &A% U 72, GEREH TIX AR D vESES %
IR U TG 2 170, MBI E %K 5 7
ERBERHA SN T 5. RO T E 2B RIEHR Tl
PR DTETEDO TR LW EE A B TE L VWZTT
<, ERIER A OB R AR TE L OVHERH - 7.
IS DA RIS 5 72DICBEREDVOEDTH 5
R (Boundary Element Method) (2 & % # g5t
RAEARHL, GHRICRELE B ANEX 9 Y2 ET L E Ay
VAR E A DY CHFE L 2. £72 Minimum-variance
22 7 4 2 W REREICHRH T 2 £ LI TS
Vo N EhT A U B RIS R S FERIRE o B8 &
A 72, BNICIRGE L 2= B & B 3 2 Bl 3 =
L= g V2K DRRGEEE TV, BEEBHLER O IR Wil &
ZRELUZBRENIAR S 2T LK ORI TE 5T & &l
L7z,

An inverse problem analysis system for
electromagnetic fields, for use in the field of brain-
machine interfaces (BMI), has been developed. In
the conventional technique, a spherical approximation
of the human head is used for the calculation of
the electromagnetic field in the brain. The spherical
approximation presents the issues that the shape and
electromagnetic properties of the human head cannot
be considered in the calculations, and that the currents
normal to the surface of the sphere cannot be detected.
In order to address these issues, we used the boundary
element method (BEM) as a numerical method, to
calculate the electromagnetic field, in addition to
developing the mesh model and mesh generation
method that were essential to the calculations. We
employed a minimum-variance spatial filter as the
method for inverse problems and applied a sub-grid
technique to minimize the increase in calculation time
of the numerical method. We verified the effectiveness
of the method using a numerical simulation problem
to reconstruct the hypothetical electric current sources
in the brain. The results showed that the system was
able to analyze inverse problems with consideration of
the shape and electromagnetic properties of the tissues
of the human head.
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R HM S 2 BET 5 Z & B REIC 2 5 & BEE A L
TELETTHLIBEROT A VRN OAME AT
5T LNTES. 2, GURPAAMAANZS A GDMED
Doy & 1 E T & 2 ATREVEDNAL B 7= O fE ML BP D EHR
LI I T 3. BRI ST T BMIT o S fi
DA THI TS, BMIITRE O REENCIE U TS
*  SERERGNIE 2 v & —

% % A A

EHELZTNE LS BV ThEE &y v v T 51
MAHETH 5. TG %24 % 72012 AR ORKNIC £
VA EMDALDIIBEN T W2, AR 2 6 K
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S % EAZGNEFU E & GHRT 2 R & 23 B
55,

I B 2 FEAR R T RIS 2 Heifr i &, Maul B oo i
M4 2 A BB SR % Jii 2 5 Near Infra-Red Spectroscopy
(NIRS) %, Functional Magnetic Resonance Imaging (fMRI)
2d %. NIRS 3RHe 2RI L 22 fiiii <, MR (358
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Sphere

(a) Side view (b) Top view

Fig. 1 Human head and sphere
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| Cerebrospinal
fluid

Fig. 2 Mesh model of human head with four shells

(c) Two division

(a) Icosahedron (b) One division

Fig. 3 Mesh refinement
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MRI data Mesh MRI data
for skin for brain

(a) Single-step projection (b) Multi-step projection

Fig. 4 Projection of spherical mesh

(b) Trimmed grid

(a) Full grid

Fig. 5 Grid for inverse problem calculation
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HP 5 N7z MERRIR 4 & BRI 0O SO % R R
SRKDAZENTES. 7270 v FEART 58I,
7'y F RIS 351 2 BRI O 4710 O — Bl 53 23 RIS
%5 MR 721k, BIIERIE O @ ONE T — @2 # &
LTR® 7z, 7257 o FElT & o BRI EA L7227
T—F v — % Fig. 6 1289, 2Z TN, &% 7259 5 F
DK REBKTH 5.

START

DATA INPUT
I
GRID GENERATION

>

INVERSE ANALYSIS

ITERATION
< Nmax

SEARCH PEAK-POINTS

|
SUBGRID GENERATION

END

Fig. 6 Flowchart of inverse problem analysis with
sub-grids

4. VAT LOIRRE

VAT LDORGEED 7= D IZFEEEO NI R R OB % 78R
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T, TEBELDEEF S TH 5.

R ERAT IR D 2 T 27 ) 5 R & W TENE A ik
L7z, WEhgiwhs) v FE Y F13 25 mm TH 5.

Table 1  Position and direction of sources
Source No. Position [mm] Direction
1 (5,-17.5, 57.5) (1,0,0)
2 (5, 20 , 57.5) (1,1,0)
3 (5, 12.5, 20 ) 0,1,1)

Table 2 Waveform of sources

Source No. Wave form
1 +0.47Y). .[2a*33*(p05560
e _
Xp[ (1.2/5.9” sn 12
2 [1‘—0.54J2 . [27:*6.3* (t—0.492))
exp| - sin
1.2/3.8 1.2
3 sin | 277 7.3 (t-0.455)
1.2

(1) By F225mm DY) v FIC & 2R EmHT
(727 v FERET)

(2) ¥y F2 10 mm DF Y v NI & 25060
(727 v FRE% 20047 5)

Fig. 8 IC2FfHD 7 ) » FERT. UEE A v ¥ 2 ND S
Vy FEMITERRL TS,

Table 3IZHIEIMER AR T, EB65DZ Y v FTE =D
DBEFRIIINGE U 72 EISTHER TETW5. 770
FOBEHIZEZDE Y F210 mm OFWZY » FTEE Y
F 2.5 mm DF Y v & A UK TR i
BTE 72, FHEIZ 4101 o LT 190 BT T L,
9 1/22 OFFRIFBIEEO N R D B - 7=

Sensor array surface Waveform

Current
No.1

Time

(a) Pitch: 2.5 mm

(b) Pitch: 10 mm
Fig. 8 Grids for inverse problem analysis
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Table 3 Results of reconstruction of the sources

Pitch of grid [mm] 2.5 10 (+Sub-grid)

Position No.1 (-5,-17.5, 57.5) (-5,-17.5, 57.5)

[mm] No.2 (-5, 20, 57.5) (-5, 20, 57.5)
No.3 (5, 12.5, 20) (5, 12.5, 20)

Calculation time 4101 190

[sec]

Fig. 9 23ISR AT, RO ORI ETREE A &
WZ L ERL SODOBHRESFHHE N TWBEZ by
%. Fig. 9(b) IXEHRIEDFHPHIZ 2.5 mm OH T2 ) » F
HEAERENTWBEZ L ERT

Reconstructed currents

(@) Uniform grid (b) Sub-grid

Fig. 9 Reconstructed currents in brain
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