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ABSTRACT

The CBR250R was developed as a top-end model
for the rapidly growing motorcycle markets of
Southeast Asia and India and an entry-level model
for the mature markets of Japan, North America
and Europe. This development was undertaken
under the banner of offering more customers one of
motorcycling’s attractions, namely the “joy of driving.”
The model has been launched in 22 countries as a
motorcycle with a “sporty full-fairing exterior,” the “joy
of operating” and a “reasonable price.”

With a model concept during development of
“sports quarter for one world,” design proceeded on
several fronts, including concept and determination of
specifications. The purpose was to develop a package
that is lightweight, compact and easy to handle so
that sporty cruising is enjoyable, and to do it all with
globally common styling at a reasonable price.

Carrying on the styling theme of “mass concentrate
proportion” that underlies Honda’s sport motorcycles,
designers from Japan, Europe and Asia discussed
the styling that evolves to fit the times, and working
together, they created such a styling.
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Whoo! Base: 1369 mm.
Owerall Length: 2030 mm

Fig. 1 Riding posture (body height: 155-190 cm)
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CBR250R CBRGOORR
32m

Fig. 5 3D model: Gauges and switches
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Fig. 6 Styling concept

Fig. 8 2010 CBR1000RR
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Fig. 10 Concept sketch from Honda Motorcycle R&D
Center Japan
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Fig. 11  Final sketch: side view

Fig. 12  Final sketch: front view and rear view
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Fig. 15

Front view
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Fig. 16  Front quarter view
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Styling Design of BRIO
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METROPOLITAN JET] % 2721, #lii civog -y
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T A5 ) 7 TFH A Vid [Efficient Energetic Exterior]
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T—BXVT 7TV vy ERRL .

Wishing to build a new small car suited to the
coming age, Honda started with the grand concept of
a “Micro Metropolitan Jet” and developed the BRIO.
The size of the Brio makes it easy to use in urban
areas, makes it is more efficient, and offers a striking
appearance and spacious interior.

The exterior design creates a presence with an
advanced form based on the “Efficient Energetic
Exterior” concept. The interior design concept of
“Efficient Impressive Interior,” achieves a refreshing,
high-quality ambiance. Furthermore, colors and
fabrics were developed to better bring out those
characteristics.
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Fig. 1 Grand concept
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Fig. 2 2011 Honda Brio
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HEDZENTELIPNRETH 72, ZZTENEKERTIE
%<, APEREEBUERTVIFICHANIZOED & & 72
B 57 L) R TENZER EBE L 72

J—r\ A
2345 mme—
1680 mr» 3610 mm

- WIDE - - SHORT -
Minimum Radius of gyration: 4.5 m

Fig. 3 Package layout

HHMAETIE, 4 v FAZSGRIZHLTENREWZ &8
bhrotz, FTTAVAILAY PISILEND 7Y 2%
VIMED=—=2)T 5V A%PK (JAZZ 77 A 60 mm),
BETETa Yy by — Ny s B LT =2
VT T v AR L 72 (Fig. 4).

%77, RIERES ) —EHOKMOBRA» S, %FEOF
THIOORE X AUEE bh - 720 T, Hii btk 2 8
OIS Y 2 YT — 2RI LRI O FefEtE: % 1m
Xy

Va— FRTFT-2E L TWMOBILOLXIIMA, B
MR ERRLROEREED. 702 bET —0DWr
mWEMS U, ¥4 Fo4 Y Py Pimzd FiF=2&ickD,
FORIH AWM 7 v FERBIEN O, AP 5k
Wb TS ERL LR T WA A FEH L 72 (Fig. 5). 51
KK T 20Ny FEERATHI LT, RIFA%THENE
LR L 7=,

fIBIZB WL, HEENR O E AR EHERL
2. BV 2 - LELTIREZ -V — 2 (750 X 540 X
280 mm) B—DOUITE 3. ¥ — b 2@ D 72724
Flisd & PN TTRE T H 5 (Fig. 6). £724 5 2/ vy F13,

Fig. 4 Interior space

Fig. 5 Good visibility



BRIO DT H 1 >

BFETHHAZ LT, MUONEFDOL S Em EE4E
TW53,
PDEDES>BT7ATT7E2#HGADZ T, u—T7V FUA
FOYa—=FRT—=ThDENE, Sl 613G E T
KN & OBENER ARG L T3,

Fig. 6 Luggage compartment

3. IVARTIVTTHA >

I AT TIALHHE T L L1 K o THEAERE % 50 R
4 % [Efficient Energetic Exterior]Z 27 b & L7
(Fig. 7).

Fig. I 27V T7TH¥A DAy T VA Ty Fk
NT

[Double Triangle Form]&7—~<Ii2, u—7 > F7 A4
FEBEEODH LT 2y HE WS EBBO LIS, ¥4 F

Efficient Energetic Exterior

S etmicient > - 5rong

presence -

Man maximum,
machine minimum

Vitality
Energy

Fig. 7 Exterior design concept

Double Triangle Form

Jumps rearward,
focused on the rear fender

Swoorty Triangle

Sweeps forward,
focused on the nose

Dynamic Triangle

Fig. 8 Exterior design concept sketch

DFEXYITIAIAVEBIZLT, #4739 7 &L AKR-
TAEERBELE DD SA T VI ERELR Th
EUWINZRLZONY A FE2—Th 5.

Juay b= REHLGICHET 252D L5 LB DH 5
B [Dynamic Triangle] &, V¥ 7 = v & &FLHITH AN
DHE 2D &S B[ Sporty Trianglel, 2O ETD DD
BWAMBICT ST I LT, EVEVCETTRITED 25 B
WEHSNEY A FEa—%AAHLEZ £z, “DO0=
A EAEC DT 2 MR S, AR THNELmE L L,
FAERE M L XT3

Fig.QICZ s 27V T7DT 7 A F L V&) VT ERT.

TRV b a—TIEIA FIREREERD D 54ED %%
CXHBEFYFA VEHELE. 2072012, FHVErs g
LoD ELEEADSD BT a Yy N A5, X
BIZ7 2V AREDHEE, §4F3I vy XELRBL ..

ANy FI4 PRKREVIVETFHFALA L, B A
LWEBEBEILTWS, 7ay by SgEOE AT
BZEIZEDTIA FREZAZ VYV ZADREEMBELE. X5
279y P MIZEWTY, AT - AbE B0 H
iR L, BROBW IO — LA 9 FHRHTEZ &
T, B E BN 7 7z,

JXYE2—TF, 7—L TV TOHRILL ¥ X &S5
MNCEEST 228 T, VA N&EBRFALL. 512704
VY ZAMIDIBIRIZZ w D& 72852 L &I, K7 —
A FEDOZEROWNE Rt $ 2 Z & T, 22 )tkgen L
IC3HF5 X 24T 2y FOEOHAEKROIR X
R, HAOR L L VS 2R X220, 75
A2X) 7 ERARIER L. 2O LT, 7y b7 LTH
EUYDHRELILS REEETHIET, Y4 FTHD K
NEAMB L BV R ER LSS ) Y-k L
(Fig. 10).

Fig. 9 Final rendering
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F7 37 —13, Witk FiE &< 5 2 & Ttz &
L 7.

FEMZARTF — A -, iy YDdb 5
Be§rZLT, vy —TELAE— FREEEEL -

F7z, WilHT 2 P AGEORLEDE TFHA v EEE B
% Z LT, BINH LG HH%6eME & ARG a M A i X
7z (Fig. 11).

Fig. 12 12TV TV AFH A ¥ &R,

Fr 70874 VIIRHITTORT LS ICBIZDH 5 KIHZA

Edge shape,
| aerodynamic outer lens

Fig. 10  Tail light

Long housing from front to back
with advanced look

' Sha;,b edge suited to body image and rich
cross-section presenting high-performance look

Fig. 11

Door mirror

Bold character lines
___appealing with motion _ |

Continuously changing negative and positive faces
and highlights evoke sense of precise workmanship

Fig. 12 Emblem design

EBIRAH S - BIAHIZ 70— 2429 FEEFET 5L
LB, KT - MERE LR VML & F 1% FD
MO s 2MMkEKE L, KEZT5Z LT, F7F7 LK
STREES L7

4. A2FVTTFHA >

AVTFVTTFHEAVIERSEAOOH K X & EOie E
%8B K& U 7= [Efficient, Impressive Interior]% 2 v &7 MIZ
BASE L 7=, 2 Vs bR F — 2R A HIgEL 725
7=V O A RRIRS & M LSk Ay A I D EE L3
2 ¥y bR ISR 2o flifil % BB L 72 (Fig. 13).

OB FRU 2 & ORBEA A DTIA X D7Z0IZHID
HweErLZAENHID, RAZAL EDOIRE#HEL DO
BILDO 720, #itZ ezt Vv 2 b X v FOSHT LD
RGO > v TIALRIB &R SBHIAR &2 Z 55 72,
ZHhiEA YV FOBERIZEZEORWE A1 %4 L, HROEHA
A N — 22 L T =itk o [H IR D 2 ' — L 5 — D
IO O TEAMHA LS EIATE 720, Thz
fEM L7z Bar5Th 5.

Fz, BEROB WL L THETAET 2502/ 0E
W T ENB o7 FITOLYEALELZLIZEDE
WA & U T2 202 a s ¥y FED ICHEBER
s il % %A L 72 (Fig. 14).

VY RN K D EIE & SIS T 3 AR O ST AR A i

Efficient Impressive lnterior

-Snacidus Feel - - Quality Feel-

Fig.13 Interior design concept

Fig. 14 Final rendering



BRIO DT H 1 >

L7=A—2%1F0®, v 233 0ofimizgbe-—Fk
BETTBIRDOBH BT )T Ty 7 FMB TR E &R L 7
BRIO HifH & 7% % 2DIN 4 XD USB 4 — 7 1 & % iRE
L 7= (Fig. 15).

Ty b= PrE LoD E LRI N A7
Ny FLA P —~RHIE L, E5I1I2) VEREO=-21) 7T
TV AEMRT B0 — b3y Z AR L 2R —
TARTYEA &L vy vaviBicbnwTidzay
b, VYo —bEBIZELS L EERBEY O EZFLBIL 7
(Fig. 16).

Drivers cockpit

Fig. 16  Seat design

5. h7-8&0T77TVvITH1

51.T7ZxAFUY7F

Fv I IANT—ERT =P A THPNE L THfICHE
e, Fha A EROREEHIEL /-

[Energetic Vivid Color]% 7 —~I12, ¥ v —7I12Hi< N
454 PEBAFERRHETA YIS L H2EBEN T —
L7,

LAl kD 2@OF vy 728407 —%RELL
(Fig. 17).

< Z2bo72DINE WK T - TR FERE RS S
FBOWHERERBTZ2ETH S, BH A2 ) v 7 BED
BT —ZHDYDIZ WY = — FIETREMEL & 514
AZH 5720, ¥ x— FETOBVWVBEREF -7 5%
B E I k-7

& A a1} D Fresh Lime Metallic IZFHEDE 4 L & & 4
A=Y LI7iBM&Hins 74 670 —v b L7

EHETILI T L= T AN T4 N ERBL .
FHA T o — R EBILF & v TEWED 2HER0H X &
V- FOBEFDEAERBLE N 74 b vx—
iz A T a—»15627) = Ith -7 T 55 %E
Ho.

4 v RN @D Energetic Blue Metallic 1378 AYE - 7272
EAXA—VLEEEETL—-E LT

BRI 7L 3 LRI 7L — RO AR HETA
FA4 POKELY Y v R H 5 —OENHIE &l X472,
e T —DHFIZRR R VIS —= A T4 P
2R A Fio.

FTA L, VIN—= TS5yt s ARDH B N—
vy o H T — (BRAFE) &AL HOIEITIZ & bY@ & I
A7ZMENH 5 —54 v F v T & L7z (Fig. 18).

524707

AYTVT AT —3iEhd PR BNV T 2%
B 7=

[Efficient, Proud Coordinate]% 57 —~<12, F&Z&~X—
VarHFHE LRI T AT -T 4 2 bEBE ST
5. TT790ER=VaD2—=VDA VARV N

ZrELDERICEL ) IFRT

Fig. 17 Exterior character color

m— 5 COLORS LINE UP

Fresh Taffeta  Alabaster  Crystal
Lime M i

Cerulean
White Silver M. Black P. Blue M.

B 6 COLORS LINE UP

Energetic Taffeta  Alabaster  Crystal Urban REIYE
Red

Blue M. White Silver M. Black P. Titanium_ M.

_: G‘ ?E:— e ‘& s fpe=

Fig. 18 Exterior color lineup
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Fb, BAVMHIZIZT TV T — ERGREY R E A
AhEHERPIZFE - 72 (Fig. 19).

V- M REEI AR U REA A=V L AR —T ¢
BF w88 =V EFHLZ e srr — Fick
DEeE) b=V Ea4 7L, KDAR=—T 452 =V EAT
AHEIN T3 (Fig. 20).

I B AEFENROE KD T EMGI L, F Y — i c s
ISR B Y Y TS g — v L —iicE o s
SRR U@ TROMKNE X > 72, ZO/R, a2
NEKIEIZHZ DD, 2R—F 4 TREEHERLE1ES
ZeEUBEIZL .

YTy LR D LW T, 3L 2R
Ny FOBLHHICHRETEHOBETIZLENS (Fig.
21). BV —FFHALZLBERLZ A Y T, ) =2
Glomm iz < kMR LIZFHS T 5.

ZFHELOEHIC & V) IR

Fig. 19 Interior color coordinate

Sporty Pattern Seat Fabric

Mono tone Type

Two tone Type

Fig. 20 Seat fabric (1)

Smooth Touch :
V=]

Seat fabric (2)

Easy Cleaning ’

Fig. 21

6. £&O

4%, [Efficient Energetic Exterior|& [Efficient,
Impressive Interior]Z 2t 7 MZFANAEB I k-7 £
DFER, IiE T 5 ANDDEW72T, FIEKE EERD Sh
SlifEi % Z OHICEEHE T 5 Z LA TE 72,

EOIART —RGITbREDEINIZbD, BREMREE
&, R TOMNR T, M LR T SITONTEEN
T2 AE'—NT —HER S H e

HYLO BRIO K [JLA AL WO BKRD A &) 7% %35
JiE LCw5. BRIO 2%, BFMRIZRTIANS N, Hi2ED
ZEICLBELIRTLRE VLD, ~ATELLOD
BEMIZAD ST NBZ L 2HIFL TS,

SZ XMk

(1) http://world.honda.com/Fit-Jazz/

mE £
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ExX

ZAHEEH _HE EV-neo DFEHRE

Development of EV-neo, Electrical Motorcycle for Business Applications

& il Z* A H O FE-mT koA B BT
Toshiyuki CHO Koichiro HONDA Masahide MIMURA
= = ABSTRACT

AR, HUERBRIRREAN OB & LT CO, HEH RNk 1A
2B AT 5 T, BREEHE (EV) N0 Ry
HEE->TND. LarL, I EVIZt5 Akt 2
%ﬁ?é&ﬂvTU%ﬁ§#§<&h,%<Tmﬁ&é®
Lo TLES. 2O LRWERE A, 40, Ny TV
B aR e L, Y x 2HB AT 58 inH
EV-neo % Fi¥E L 7=.

9, VXA ZAMARICHTIMEVBFOREL B I &
W, BT K OBE S 2 — v 0B K OHBE L § 5 MR
ERTE L=,

Y AETOHEMRE 2 KT 572012, /RO
Ny T )R E RN —a =y PRSI K SRR
VIS N kEtE U7z, B — A RIEFEMIR IR T 75%
Plev, ssad e Td 52— AFD +30 ke FEHHED
12 EBIRFEEVERE A L8 5, Al 34 km (30 km/h
TEHEATIRE) & FEBLL 7=

F 7z, EHICH A S MAKMREE S 7 ) W AHWERE O
VEFRBLEZVF AL XU Ny T YOSy 7REEB X O
Ny TS 2T A KB RMER#A I A Z LI
&0, BV ZH@ICBELRINK -10C 2 5 35T Toff
FZTREE L7z,

FCIZINZ T, éié‘i&lﬁ‘“‘/“fﬁxl—ﬂ:“ﬂfﬁ“@%é
L, Ny T UEE0% 25 80% T4 204 TRE
SEAERE XAV P TCA-TF 4 VT4 Ky Y
VU AT HE 72 i e EE A & B L 72,

The acceleration of attempts to reduce CO, emissions
in recent years in order to deal with global environmental
issues has heightened expectations for the electric vehicle
(EV). In general, however, an EV needs to be loaded
with a larger amount of battery to realize sufficient
range. This ends up making the EV heavier and more
costly. Taking these circumstances into consideration,
EV-neo was developed as an electric motorcycle that
satisfied the requirements for business applications
while keeping the amount of loaded battery minimum.

A study of usability in business applications was
first conducted. Classification of travel and operation
patterns as well as objectives for performance were set.

In order to achieve the performance objectives
for business applications, the EV was designed to be
light in weight and compact by keeping the on-board
batteries to the minimum necessary and having a power
unit with an integrated configuration. The electric
motor was made to be at least 75% efficient throughout
the practical operating range. The vehicle was given
the required driving performance defined as 12-degree
hill-climbing departure performance when carrying
one person and a load of 30 kg, and it also realized a
range of 34 km (traveling at 30 km/h on level ground).

The package configuration of lithium-ion batteries was
designed to realize both of battery cooling performance
and waterproof performance to stand up to actual use. A
battery monitoring system was also included for control
of charging and discharging. These features enable use
of the vehicle in ambient temperature requirement range
from -10°C to 35°C for business applications.

Furthermore, the quick charger capable of charging
a battery from 0% to 80% of capacity in 20 minutes,
in addition to a standard charger compact enough to
be stored in the utility box, was developed to support
various business users.

1. EANDE

VAR, BABTEAIIRICR LT, ¥ X405 THD M
ABBZEbh T3, :%i“bwfé%ﬁ%cmﬁMﬁ
EAY T THHEIMEANDOHEREE > TS, LirL, Bl

* fi R&D v & —

https://doi.org/10.69239/hondatechnicalreview.2011 23 2 3

Ko, o afibiriiEz KB4 2 &3y 7 ) Bl
L5, S CaEfizdDes->TLEI T LTHS.

CORBEERE A, Ny T VEBEIRNELED VR
T AR & T DIGEAHIEZRE & &bt TGS L 72, 2 O
R, —RIOMiREEEED & 2 FERERGE &, &7z, BRI
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Fig. 1 External view of EV-neo

DOIERP IS T X AELEEHIRE SN S Y X 2 %I
ARV B B Z L b5 7.

ARTIE, ThEORAERERE 2 THE I NAED)
i EV-neo NOFHEAM AT 5. Fig. 1122 D5t
BlAERT.

2. ESX XHEDHE

21. EYSx ZREDO A

FmT VSIS TRE A L Cn 3 YR B E
Bl EDFEFITOWT, —AlED 72 0 OEITHHE, il
DRSO Y 32 ZHRIZE T 2 ibIAIZ DN T
FEAEB I o7 FRICEED X, B3 % — v LRI
A —VIZkB5HER I ko MR, Fig. 21284 D0
A4 TIZHIET B ENTE.

FT44 71 LT, [EREHEERDER ] L ITEh 3
JEREDET/NZ =V ThHD, Zhideyelidh E1oiFkKx
N2 AET/88 — 2T, IEFR St SR DNE T, JH
PRt AROETTH 5. ZOEM/ Y2 — 12X, ZOhlE
TEIEHRAMICH S TRB LW Hi H 5. 727
DR S 5 — 1203, Bl & Bl o [ Fa 78 23 T HE 20 RE(E]
NHDENIRHLDH B,

Type2: Sequential multi-destination type of delivery services
Operation Operation
Delivery Standby Delivery

\ ) Shop (Base)
Delivery Loading and Departure

Return
M Delivery
I Return <, ,
Delivery

L
o 2

Delivery
Operation Operation Operation
Standby Standby Standby

Type1: Short round trip type of delivery services

Standby

Fig. 2 Classification by operation patterns and travel
cycles

KIZHA T 20, [VNOEGER L HEN 5 JEREDELT S
A—VThb. ZOaA4 T, FilfiEs EiIcffEsh s
ELT/88 — 0T, B b N = BB BE S & XK 0 #1205 &
RERITR B 20, ETHEEL D S CoMETE 5ET
ISR =V ThDB. TOBM N4 — %, KNk, ROFE
$CIZ 4L EORES 5 5 &0 S B - Tn 3.

WEho a4 7T, JElivaSttdidih 52 % & E
BT WIARE I WA ibh A TH S Y.

22. EVX ZEEDMEEEBZ
ETE—FEPBEL 27— 2%, flibhh =i onTo
PFAEERE D, O3 2HBOBH fH#EE LT, RO
B H A G E U 7=

(1) fchirhp

MEL XN D MikiEEE R E DD ST L3, hosvy
FTURTY AT L% T 5 LT, JERICEELAZ ETH
5. Bk 2 24 o=, 1[E0HBEET R —
£ X0, Fig. 3k XU Fig. 4 ISR EITIEIE A2 55 Z
ENTE

KA TOETEHA LD, WTho 44 TOHAT
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Fig. 3 Distance traveled per one operation in type 1
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Fig. 4 Distance traveled per one operation in type 2



EDx XHEBEEZHE EV-neo DHEFE

Y, —HREDH =D 15 km YA EORTReHEEEZ Wi/ Z &N T
2T, ABFROHETH Y 3 2B CHHT 32—
PO A NIN—FT B ENTEDLEE LT,

F 7z, FlE-RIEOBEN L <, HikirEEE2 R < & 5 [/
CEGEM ] 2 4 T D2 -5 Ok T — 4 K0 EIIHEEE
B L7285, 30 km/h @ HGEFTRFO B I E RIS LT
W_ kb Zenbhrolz. Th5IZKDATEEEDOH
A, 30 km/h EHIETIZ T30 km A EE L7,
(2) By itkae

ARD 2 —FOETT -4 LD, 92 ZH@IZEWT
WFE S I OBE R L <, BOE TORPRES T
FEETHLZ b -7 Lo TARBERBTIE, FHiA—
FREOBEH Eie K Td % 30 kg BERIFIZ, W2 5 20457
VI VY VHEISD 12 EEIGGES RS 2 & AN
BEDHREE L /-,

(3) M B

PR EAOWREZ R RIS E S hFIHHTE 5
K90, IMEREED HEEZ, S5 -10C 22 6 35C TOfH
A HEE R Z &, 2D KR7zF 0 EFRMRET A e R 2
L7
(4) B

RRORME) 4 — v X0, [FEREERER] 2 4 7
Bl & FOEOMICE R LAEET B2 LT, REDH-
D OGRS & 3 &L EICiERofH LT o h b &
Z A, BEMOGHEIEE CREAREE L5 K512, Ny
TUVER0% 75 80% FTH 200 THRETELZLER
B O HIEE U7,

3. EVX AHEEH _HENHE

3.1. EEBHET

EV-neo D FHFEICA Table 1 12, <k (R X208
X 45E5) 12 1.830 X 0.696 X 1.605(m), Hiii'E % 106 kg
ThHO, kO X ZEAT YY) vV Y VL [ES%
EL72 Ny T ) DOAREIEIX 72 V, AFEEIZ 12.6 Ah
EL7 &/, T2 0% IIE0.58 kW, eI
28 kW & L7

32. ZEREL AT b

EV-neo DRIV LT MR [T THABZEY 3 2
EV]E U, i s micma, v4 7Y Mick
WTE, UEVFR X MGEHE LTOHWR$ X 258K L 72
Fig. 5 ICFEEFRMOMD fHF L A 72 b &7

PR TR LRE L ZETATES LS, REEEAEN
HWMTHBNy T8y ZETa7 PICBRL, seciE
DETFTT 3R REH 7287, 2R, REFOELE
3, FY A Z0HF V) vy vHEEIIRLT, 6% (K
{TBHZENTE.

Table 1 Specifications of EV-neo
Dimensions Lx W x H (m) | 1.830 x 0.695 x 1.065
Wheelbase (m) 1.25
Ground clearance (m) 0.120
Seat height (m) 0.756
Rear deck height (m) 0.630
Vehicle curb mass (kg) 106
Rated power (kW) 0.58
Maximum power (kW/rpm) 2.8/5000
Maximum torque (Nm/rpm) 11/2000
Cruising range at 30 km/h  (km) 34
Main Type Lithium ion
battery | Battery (V)/(Ah) 72 V/12.6 Ah

Front 90/90-12 44J
Tire size
Rear 100/80-12 56J

7, M=y NIy TSy s AICEEL, /Y
J—F3472=y b (PDU), T—%, ABELY T v
F, WHEY 2= KL, 23X LX—hFEom Lk Lo
Voo MbEBZ ko7,

CY R ZAMEOWE, BEEB I A B ESh
5728, HljORE(L A FE L CHRERITIEHEKE Lz,
Fig. 6 1283 &K 512, Ul AE & W EAEHRO _FEHDO
WAL, ERIZK D HEOKE) /S5 — v DEVLR
BROBENT -ROAREREIATEI L, FZhH0
HABHLETOMME E 2 —-FHRIZADET, £EHOD
TR & B & EIRTRE & L 72,

KETIEDL, VA —T 2 — AL BREIX T 213,
2= FAH S FefE T BRI D T & A HLKR A
IZHCE U, ZSas ik 4 DIZ/A S /Nl g 0 & B
L7z, &7z, a3 7 43N E 2O ) » FiZida v 78
W&, Toay 7 ESBEEDO» "B 21— 4 ) T 4
Ry 2 ZANEL, Wd 6 E2IIET 2 ROKEE L.
Fig. 7123 3 7 2 ¥BIER & 7”4

]

Lowered center of gravity

BMU (Battery Management Unit) PDU (Power Drive Unit)

Fig. 5 Layout of components
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HRD Y FAUFRERIZIZ Fig. 8 ISR T A — 4% LA T
b L7z A—=2ERICIE, FUAMEMEGE DI, Ny
TYVOKEA)ZTIZKRTE5X7 20 FO/Ny T
WRERNTART 7. 512, Ny FVEREIED 10%
LSBT, 1 ¥/ AV AT D LRI T
F—%ES L, BIREHERIZL) 2 -FORMERT. £
72, Bl B HJIHIBRIE 213 4 — % PNICECE L 72 IR
WHERRAT & AT X 8, 2 —HIZHbH 2

3.3. VAT LBE

VAFLADT Ty 7K % Fig. 91N, RO GV ) v
IVUVHIZEDENRZATEFR 20k H, K
KEEI A V) vy D VLRl BB KV AT A
AR L2 A4V 24 9 FEONIZTEES TNy T
DEENS PDUICHIINX A, ¥ 27 2583 %. PDU »
SDEFTHEY VL2 L—A08EL, KEREHIZ12 V
REBEEOMG AT I &S, ZHITKD, ITABREP A — 4

Fig. 6 External view of chargers (standard type and
quick type)

m
N\ .( =

Fig. 7 Charging connector and lock of charging
receptacle lid

Charging indicator Power restriction indicator

Speedometer

Fig. 8 External view of meter

Li-ion battery
G2 T
|!§g i 4
Light
Converter - PDU | dimming
72V=>12V Ma':\sbw circuit

DOWN REG

Meter

Auto power E L
P indicator

save relay

o o

12v
battery Electric
El equipments
Antitheft

alarm unit El | Turn signal lights |

[_HL |

Fig. 9 System diagram

EIIRERDA V) VI UV VEHAOEHRAFHT S 2 N
TZE5. A0y PLT) w THIEICL D 74 5OBEE T
s ITL—AERDY g v v (APS) NEEESICE
LPDUIZHHT B, /Ny T U8y 22— RICiE S h 7z
NyFUwtxY Ay b=y b (BMU)I, /¥y 7 ) &EE-
B IESED/Ny 7V %A Controller Area Network
(CAN)#fEI2CPDU IZf£4 %. PDU IZ APSfE5 & £ —
a2 KOy T ERE DI £ — 2 M1 &5
WL, TE—242HB45%. £, PDURKEGAAZTZ L
X —EHMNEHT 5720, HljfE ERFICIE Pulse Width
Modulation (PWM) HlfIZ & D AT KEFDWNEE F6 Z vy, X
512 37U Lo HjE LRIz IE A — b STy -k —T ) L —
ANOHSIA OFFIZL T, Y A7 44 HETOFF 2T 5.

4. —FEERE)I — v b

WL = FDOKEHE, Ny T UNSEDIT R F — %I
Bk CEREj T AL F —IC£ T 5 Z L 2 FRUTENTE Z
Ko7z,



EY X XAHEH _HE EV-neo DHIF

BRI ER/MET 2720, SRRSO E S #REI2T
LEmEE S L7 Ny 7Y, PDU, &— 4 & s
FEO, Ny T YD 6 E—4 T TORSERSEA 895 mm
L7

41. E—2

— AR = F O A Fig. 101587, E—41F
O— 4 %8k, AT —4%12 A0y TR L7 3MT
7YV ZAFRERAL 72, F LJEE A & L 72 Interior
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Table 2 Quick charger specifications

Size W526 mm x H400 mm x D274 mm
Weight 18.8 kg
Charging time | Approx. 30 min (at ambient temp. of 25°C)
AC power source Single-phase 200 V
Charging current 1st stage: 28.4 A= 2nd stage: 3.2 A
Input 200 V 2900 VA 50/60 Hz
Output DC86V:142Ax2 DC14V:2A
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Table 3 Standard charger specification

Size W244 mm x H189 mm x D172 mm
Weight 3.2 kg
Charging time 3.5 h (at ambient temp. of 25°C)
AC power source Single-phase 100 V

Charging current 3.2A
Input 100 V 275 VA 50/60 Hz
Output DC86 V: 3.2 A

Fig. 20 Storage of standard charger
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Development of Midrange Outboard Motor BF60 with Equipment for User Comfort

H F x B WOk HI FnF (AT N i

Mitsuharu TANAKA Norikazu SHIMIZU Hiroshi YAMAMOTO

Wom B % H w* 5 B ET

Shigekazu SAKATA Koji YASUDA Masahiko YAMAGISHI
7 =1 ABSTRACT

HELY T 2 ORI, 5 2 PR O TR R
BRLIGIZED, BEMROBELZIZHNTH 5. iRl L
7 A BF60 Tld, © v ¥ v ol it 5 sk
W OIEPURIKIZ & 0, [2 T A% L Hbig U CiRmk
%8.6% ML, DV — v — v flEREER % Lk U CHE
S -13% OIRIRE 2 LR L 7=, 7=, AR <Y
EREEDREMMAT TV VY 2T LAI2& 5HLD [0
Ltom B, #fEtsm i vzvLrF7 7022 3
T4 TNV FLOFEE, KENERET 559 —-27 %
b EY S — 2 OBEMEE, NMEA2000 BRI X 2 i
SR * — & ORI A e & OHh & 50 AL, RN
DEVEMmE L7z, £, Y2y Vv a4 TTFHAL VO
MIZ& D, Honda WWHF YA Y HBDF —~Tdh 5 [HERE
K| EHBYELL -

Midrange outboard motors are installed on a
variety of different boat types and used for a range
of different applications, and customer demands are
diverse. The newly developed midrange outboard
motor BF60 was given a top speed 8.6% greater
than outboard motors of the same class by increasing
the engine power output and reducing the drag of
the underwater portion of the motor. Fuel economy
was also enhanced by 13% by expanding the range
of situations where lean-burn control operates.
Handling was also enhanced by devising the first
wide-angle steering system for a midrange outboard
motor, and the product was made highly convenient
by incorporating such technologies as the newly
configured multi-functional tiller handle with enhanced
operability, the configuration with added Power
Thrust gear case that yields higher thrust force, and
the expanded range of options for attaching outboard
motor gauges by complying with the NMEA 2000
standards. The adoption of the Wedge Shape form also
gave material form to the concept of beautility, which
is a theme common to Honda power products design.

1. 13U®IC

Honda Ol 5 ZfMEDH LW I 4 v F v T L L
T, BF75/90'Y, BF40/50 126 T BF60 % B L 7=.
Fig. 112 BF60 DA &R

1.1, RO S T £ BEDLE

PRl 5 2 EOfibh i, 74 9 v %o L
Vy—2—=ZAhbL VALK b, WEFEOIV-T L
2—-AFTEHEMEEMTH 5. BN 2 ERS 7L I HE
B (B R 100 — 500 kg) 25 K vy — VlE (BE & 400 —
1200 kg) EFRFAA L <, MER T & ISR X h 5 BRERMERE
NI 5. DINIZ EEREAOR % il
*FHR&D ¥ % —

Fig. 1 External view of BF60
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Table 1 Specifications
Code name BF60A L-type
Overall length (mm) 777
Overall width (mm) 417
Overall height (mm) 1397
Transom height (mm) 521
Dry mass (kg) 110
Engine type 4 s_tro_ke water_ cooled
in-line 3 cylinder
Displacement (cm?®) 998
Bore (mm) X Stroke (mm) 73.0 X79.5
Compression ratio 9.2:1
Valve train SOHC 12 valves
Maximum power (kW/rpm) 44.1 / 5500
Maximum torque (N-m) 79
Recommended engine
speed range (rpr?]) 5000 - 6000
Trolling engine speed (rpm) 850 (750 - 1000)*!
Gear ratio 2.07:1,2.33:1*2
Fuel supply system Prog.ra!mn)ed fuel
injection
Ignition system Programmed ignition
Charge output (A) 22
Exhaust system Through propeller hub

*1: (') under variable trolling speed control
*2 : Power thrust model
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Fig. 22 The top cover of the BF60
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Development of Micro Combined Heat and Power Generation Unit with Extended Expansion
Linkage Engine

it

=N %
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WowoE P

Yoshiharu TAKITA Shohei KONO Hideaki TAKADA

o B oBAt | BH* PEA S N A

Kunihiro KITSU Atsumu NAOI Koichi TSUNO
7 = ABSTRACT

BB e 3y sy Meowi A HIEL T, #Y v
KREgkibt~ Y ¥ v (EXlink) 25 L 2Kgfa -2 =
Fl—vavaz=y bERFELE MADHEY ¥ o %
HWTT b F YV Y H A I LEREBLNMIT Y YYDk
PEALIZ IR & 7 5.

WA TERR T RE RS LR HEXATIER 2 U v o Bk
IZTHERL, A SRR T 9 EXlink & RKEH T —
Vrxplb—Yarvazy MIEHTAZET, 2006 FE
FAZKL 3.8 KAV F 7 v 7D 26.3% (A7 R FLHE)
DORENEEREKT S L &SI, BOFhOREHRGH
K DBERIEY 6.5 FA Vb7 T D 92% (A7 R A
HE) AL 7.

IV YV OERIFEIZ X B EOBRIZ LD HHER
BEARM, 23—V rLb—Yvaryazy b OEEEE 43
dB(A)/1m (H AR & L7z

HERDELRE DY DPNZAR— ZANDRE & E L RLT
%298 mm A3EK L 7. by CHMEE L RE L, 2006
HFEFNATHL 33% D F & 5 IKRERICIK, -11 kg OFRE
L& L 7.

A micro combined heat and power generation
(CHP) unit that uses an extended expansion linkage
engine (EXlink) has been developed with the aim of
simultaneously enhancing fuel efficiency and reducing
the unit size. This is the first mass production known
to date of a compact engine that uses an original
multiple linkage system to realize an Atkinson cycle.

EXlink increases the power output efficiency
by using a linkage system to extend the expansion
and exhaust stroke lengths relative to the intake and
compression stroke lengths. Use of EXlink in a micro
CHP unit increased the power generating efficiency by
3.8 points to 26.3% (lower heating value: LHV), and
optimization of the heat flow design also increased
the overall efficiency by 6.5 points to 92% (LHV),
compared to the 2006 model.

The increased engine efficiency enabled reduction
of the intake air amount which reduced the intake and
exhaust noise and achieved a CHP unit noise value of
43 dB(A)/1m (Japanese specifications).

A depth of 298 mm was achieved in consideration
of installation in the narrow spaces around a typical
Japanese house. In addition to revision of the parts
layout, this realized a 33% reduction in chassis volume
and an 11-kg weight reduction compared to the 2006
model.
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Table 1 Comparison of 2006 model and 2011 model
engine specifications
2006 model | 2011 model
Engine name GE160V GFV110
Bore diameter (mm) 962 ¢53
Intake/compression stroke (mm) 54.0 49.8
Expansion/exhaust stroke (mm) 54.0 741
Intake/compression volume (cm?®) 163 110
Expansion/exhaust volume (cm?®) 163 163
Compression ratio 12.0 12.2
Expansion ratio 12.0 17.6
Rated speed (rpm) 1,950 1,950
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T YUY (GFV110) OFEIC%E Table 11373, JEMELE
132006 FEEF L L[S E U, BRI 17.6 L3E L 7=
Fl2AE-NRTICKOMBEEEL 382 MEL, &5
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Swing rod Crankshaft

Eccentric
pin

Crankshaft
main journal

!
lag, - Eccentric shaft
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Fig. 3 Configuration of EXlink
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Fig. 5 Block diagram of interconnection inverter and alternator
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1.0 kW

Electricity

Heat 2.5 kW
Power supply Grid connection by inverter
Heat recovery 75°C hot water

Output

Efficiencies | Electricity 26.3%
(LHV) Heat 65.7%
Dimensions (LxWxH) 580 mm x 298 mm x 750 mm
Mass 74 kg
Noise 43 dB(A)/1m (JIS B 8627-1)

Starting system Starter generator
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ABSTRACT

The 2011 Odyssey development team targeted achieving the “Best Family Vehicle” in terms of functionality,
safety, and efficiency. In the area of efficiency, the overall goal was set to achieve “best-in-class” fuel economy.
This goal was achieved through a total vehicle approach that involved efficiency gains in the following areas:
engine operation, engine accessories and accessory belt drive system, chassis running resistance, and aerodynamics.
In addition to hardware efficiency gains, aggressive weight reduction activities were conducted across all vehicle
areas that contributed to the overall fuel economy improvement while meeting the functionality and performance

targets.

1. Introduction

For the 2011 Odyssey, the development team
was tasked with increasing fuel economy while
maintaining and refining the minivan characteristics
that consistently made it a top seller. During the
planning stages, the need to increase fuel economy and
maintain Odyssey’s marketability was apparent as fuel
prices increased to record levels and consumers began
seeking smaller vehicles. In addition, the Odyssey’s
improved fuel economy was necessary to help meet
increasing CAFE requirements. To maintain overall
marketability and achieve CAFE, the development
team targeted “best-in-class” fuel economy while
providing minivan functionality with V6 passenger car
level fuel economy.

As shown in Fig. 1, label fuel economy targets
were set at 18/27 miles per gallon on 5-speed

297 2011
__ 281 Odyssey _ ¢
2 Tourin
g 27 9
g . LX~EXL
§ 261 Ti)l(Jrli_ng
§ 25 2010 o
= Odyssey Comp. F
< 24 | Comp.
A/B/C Comp. E
Hoo3 ° P
LX~EX Comp. D
22 T T T . )
15 16 17 18 19 20

EPA city (mpg)

Fig. 1 Fuel economy competitiveness — EPA city
versus EPA highway (mpg)

* HONDA R&D AMERICAS, INC.

automatic transmission (5AT) models (LX~EX-L)
and 19/28 miles per gallon on 6-speed automatic
transmission (6AT) models (Touring and Touring
Elite). Achieving the label and CAFE fuel economy
targets required a total vehicle effort that encompassed
the engine, transmission, chassis, and body-related
areas as shown in Fig. 2.

Pumping/Frictional Aerodynamics
13% 12%

Weight
Thermal 13%
24%
Rolling
resistance
6%
Drivetrain

friction

7%

Accessory  dle /Pecel
22% 3%

Fig. 2 Fuel economy improvement breakdown —
Touring model highway mode

2. Engine

The power train development focused on “Smart
Efficiency.” Based on this concept, the targets were set
for “best-in-class” fuel economy and “best drivability.”
Best drivability was retained by increasing power
and mid-range torque. Fuel economy improvements
started with applying the 3.5L V6 engine with
Variable Cylinder Management (VCM) on all grades .
Engine improvements were made in the following



2011 Odyssey Fuel Economy Improvement

areas: engine pumping loss reduction, internal friction
reduction, thermal efficiency, accessory load reduction,
and idle/deceleration losses.

2.1. Pumping Loss Reduction

To minimize pumping losses, the Odyssey uses
Honda’s VCM technology, which allows for dynamic
downsizing by deactivating two or three cylinders to
allow the engine to run on three or four cylinders
instead of six as shown in Fig. 3. As displacement
decreases, throttling is reduced to achieve the same
torque, which reduces pumping losses.

The VCM operation area was expanded through
enhancements to Honda’s Active Control Engine
Mount (ACM)® and Active Noise Cancellation systems
(ANC)?.

When the engine operates in 3- and 4-cylinder
VCM modes, the engine mount system must inhibit
vibration transfer to the chassis in addition to normal
6-cylinder mode. The ACM system compensates for
operation on reduced cylinders by adding movement
back into the engine to create a balance similar to
6-cylinder mode. The engine mount displacement has
been increased by as much as 20%, which allows for
higher torque operation in 3- and 4-cylinder modes.

For the 2011 Odyssey, the subwoofer size was
increased and the low frequency performance (gain and
phase) of the ANC microphone improved as shown in
Fig. 4. Making these changes improved cancellation of
the low frequency noise and enabled expansion of 3-
and 4-cylinder VCM operation at lower engine speeds.

In addition to producing more torque and
expanding low engine speed operation in 3- and
4-cylinder modes, engine losses and vehicle running
resistance were reduced. These changes reduce the

| 3.5L V6 | | 2.3L V4 | | 1.7L L3 |

@98 - 8 - [NSe

Fig. 3 VCM system operation: 3-4-6 cylinder modes
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2 microphones located in cabin roof

Fig. 4 Active Noise Cancellation (ANC) system

gross engine power required to move the vehicle. Due
to the reduced power requirements, the 2011 Odyssey
is able to operate in the 3- and 4-cylinder VCM
modes approximately 50% more often. Overall, VCM
(as enabled by all the other reductions in losses) is the
single largest contributor to the Odyssey’s improved
fuel economy and key to balancing performance and
fuel economy.

Another major improvement for the Odyssey’s
reduction in pumping losses is an increase in Exhaust
Gas Recirculation (EGR). While EGR is often
considered an emissions control device, it can have
a considerable effect on fuel economy. By allowing
exhaust gas recirculation back into the cylinder,
pumping losses can be reduced in two ways. First,
since the exhaust gas bypasses the throttle and flows
directly into the intake manifold from the high
pressure exhaust side, the flow is not throttled and
pumping is not required. Second, in order to maintain
torque, more fresh air must be admitted into the
cylinder to compensate for air that was displaced by
the exhaust gas. This means that the throttling must be
reduced, which reduces pumping losses.

For the new Odyssey, the mass ratio of EGR to
fresh air was increased by up to 10%, which reduced
pumping losses and improved fuel economy. The
primary enabler for this increase was the application
of Dual-Finite-Electrode spark plugs (Fig. 5). The
dual finite electrodes guarantee a strong, clean spark,
allowing an increased EGR ratio without introducing
combustion stability concerns.

Overall, efforts taken to reduce pumping
losses through enhancements to the VCM (engine,
transmission, ACM, ANC) and EGR systems netted
over 7% of the Odyssey’s highway fuel economy
improvement.

2.2. Internal Friction Reductions

Reducing engine internal friction was another
strategy for improving fuel economy. This was
accomplished by reducing piston sliding force and
using OW-20 engine oil.

To reduce piston sliding force, the two main piston
sliding interfaces were analyzed and improved. These
interfaces are the piston ring-to-cylinder liner and the
piston skirt-to-cylinder liner.

The sliding friction in the piston ring-to-cylinder
liner interface was reduced by changing the piston
ring coating and the cylinder liner honing process.
To achieve a smooth sliding surface, an ion plating
hardening treatment was applied to the piston oil ring
to help maintain the ring’s smoothness and reduce

1
:> Iridium electrodes

Fig. 5 Dual finite electrode spark plug



Honda R&D Technical Review

Vol.23 No.2 (October 2011)

wear. To reduce cylinder wall friction, a secondary
honing process was added to remove any high
peaks from the initial honing process, which creates
“plateaus” with valleys in-between (Fig. 6). The
plateaus maintain a smooth sliding surface while the
valleys hold oil to lubricate the rings as they slide by.

Figure 7 shows modifications made to the piston
skirt-to-cylinder wall interface for reduced friction by
removing small “dots” of molybdenum coating from
the piston’s thrust surfaces on the skirt. These “dots”
hold oil, helping to distribute the oil up and down the
cylinder wall to further lower the friction between the
molybdenum coating and cylinder wall.

Changing the piston sliding friction reduced
engine friction by 4% and improved fuel economy by
over 5% in both city and highway modes. To reduce
friction under cold conditions, the engine oil was
switched from 5W-20 to OW-20 viscosity. This change
contributed to over 10% of the engine’s fuel economy
improvement in the city mode.

2.3. Thermal Loss Reduction

In addition to reducing pumping losses and internal
friction, changes were made to reduce thermal losses
in the engine. As shown in Fig. 8, the first change
addressed the air entering the engine by applying
a cold air intake system, which reduced intake air
temperature by 21°C during the highway fuel economy
test mode. Application of the cold air intake system
improved highway mode fuel economy by 16%.

Second, EGR lowered combustion temperatures
by displacing some of the oxygen in the cylinder
with inert exhaust gas and netted an 8% increase in
highway fuel economy. Overall, both of these changes
advanced ignition timing, which converts more of
the combustion energy into moving the piston versus
escaping as heat through the exhaust gas.

(a) (b)

Fig. 6 Cylinder honing showing normal hone (a) and
plateau hone (b)

Fig. 7 “Moly-Dot” piston skirt coating

2.4. Accessory Drive System Reduction

The accessory drive system was another focus
area for reducing engine pumping losses. Reducing
losses in each of the engine’s accessories allowed
for an overall reduction in accessory belt tension.
As shown in Fig. 9, the first and most fundamental
change was made to the alternating current generator
(ACG) by adding an Override ACG Decoupler (OAD).
This device replaces the standard ACG drive pulley
with one that incorporates a spring to absorb engine
torque fluctuations, which yields a smoother operation
and more consistent speed. As a result, the overall
tension of the accessory drive belt was reduced by
approximately 50%. Together, the OAD and reduced

Air intake tube

Intake air enters through
front grille and is sealed
off from hot engine room air

' = _':._'__:__:\ _',._ “-:"\"C‘__T_r: —.N

Belt tension
Belt tension

Fig. 8 Cold air intake system
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Thrust plate

Limiter
Spring

Carrier—@

Clutch assembly

Fig. 9 Accessory belt tension and fluctuation shown
without OAD (a), with OAD (b), and OAD
components (c)
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belt tension yielded a 9% improvement in highway
mode fuel economy.

The largest benefit to the accessory drive system
reductions came from changes made to the power
steering pump. While Electric Power Steering (EPS)
was investigated, applying a Variable Displacement
power steering Pump (VDP) emerged as a solution®.
The VDP system came at no additional cost from the
previous Odyssey’s power steering pump and provided
most of the fuel economy benefit of an EPS system.
This VDP contains an internal cam ring around the
central vane pump. This cam ring is balanced by a
spring and the pump pressure. When flow is reduced,
the internal pressure shifts the cam ring closer to the
centerline of the pump, thereby reducing the fluid
displaced. By reducing the pump displacement, pump
torque is decreased, thereby lowering engine parasitic
losses. Overall, the VDP accounted for a 13% highway
mode fuel economy improvement. As an added weight
reduction benefit, a power steering cooler was not
required on the towing package due to lower power
steering fluid temperatures.

The final accessory on the belt drive system is
the Air Conditioning (AC) Compressor. While the
compressor remained essentially common to the
outgoing model, changes were made in the AC control
logic to reduce load on the compressor and hence
the engine. This control system monitors a variety
of parameters, such as humidity, and controls the
evaporator temperature, air recirculation, and condenser
fan speed for optimal performance and reduced
compressor run time. This system yields fuel economy
benefits of up to 5% in real-world driving.

2.5. Idle and Deceleration Reduction

The final area addressed in the engine was idle
and deceleration losses. When the engine is idling
and the vehicle is not moving, fuel economy is zero
mpg. Conversely, when decelerating, if the vehicle
is moving and fuel is shut-off to the cylinders, fuel
economy is infinite. By reducing the idle speed,
the impact of zero mpg operation was reduced,
and optimizing the Deceleration Fuel Cut system,
increased the time of operation at infinite mpg. During
deceleration fuel cut, the Odyssey further applies a
regenerative charging and cooling system to make use
of the energy produced during deceleration to charge
the battery and cool the engine. These changes netted
a 9% increase in city mode fuel economy and a 3%
increase in highway mode fuel economy.

3. Transmission

In addition to the already optimized 5AT, the
application of the 6AT further improved fuel economy
in multiple aspects”. The 6AT improves city mode
fuel economy by over 4% and highway mode fuel
economy by over 1% through reduced drivetrain
losses.

3.1. Close Gear Ratio

Figure 10 compares the SAT and 6AT gear ratios.
Applying 6AT allowed for closer ratio gaps between
gears, which resulted in better use of the engine’s
power during acceleration in city driving by keeping
the engine speed in an optimum operating range. As
a result, 3-cylinder VCM operation in the city fuel
economy mode was dramatically increased.

For the 6AT, the 6" gear ratio is higher than
the 5AT’s 5™ gear; however, due to increased mid
range torque, there is ample driving force during the
highway mode to allow for 3-cylinder VCM operation
while lowering the engine speed to reduce overall
friction.

3.2. Multi-Disk Lock-Up Converter

Figure 11 shows the higher capacity Multi-Disk
Lock-Up Converter (LC), which allowed for expanding
the LC feedback control area. This expansion reduced
unnecessary torque converter (TC) slip; which was not
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possible with the 5AT single plate LC. The expanded
LC area reduced wasted energy and provided the
majority of the city fuel economy increase and
enhanced dynamic driving feel.

3.3. Long Torsion Damper Spring

Figure 11 shows the special torsion damper
springs inside the TC that was selected to increase
vibration absorption during VCM operation. This
allowed for further expansion of VCM areas without
compromising overall vehicle quality in terms of
noise, vibration, and harshness (NVH) and improves
fuel economy through reduced pumping losses.

3.4. Low-Viscosity Automatic Transmission Fluid

Applying low-viscosity automatic transmission fluid
(ATF) reduced fluid friction during the critical warm-
up phase, which in turn improved overall efficiency.

3.5. Transmission Calibration

Transmission calibration focused on more
aggressive transient tip-in control to decrease
unnecessary TC slippage. Shiftmap tuning was also
optimized to maximize VCM operation before and
after shifts. Continuous fuel cut (F/C) during natural
deceleration downshifts also contributed to overall fuel
economy by increasing F/C time.

4. Aerodynamics

Aerodynamic drag (CdA) is a function of
the vehicle’s coefficient of drag (Cd) and frontal
area (A) and has a direct impact on highway fuel
economy. Reduced running resistance through reduced
aerodynamic drag lessens the required engine torque to
maintain highway speeds. The 2011 Odyssey’s overall
CdA was reduced by 5% compared to the previous
model and contributed to 12% of the Touring model’s
highway fuel economy benefit.

Enhancing the functionality and usability of the
interior packaging increased the vehicle’s frontal area,
even with a lowered roof profile. The main contributor
to the increase was reduced tumblehome to increase
head clearance for the second row seat’s wide mode
position. Also, adding turn signals to the side mirrors
on Touring grades increased frontal area. To overcome
the frontal area increase, the entire vehicle exterior was
considered for reducing the coefficient of drag (Cd).

To improve engine room and underbody flow,
air guide plates were added to increase the airflow
efficiency to the cooling system. The cooling open
area was then strategically minimized to reduce
drag while maintaining cooling and heat resistance
performance as shown in Fig. 12. To control the exit
flow from the engine room, the front inner fender side
wall was optimized by extending rearward.

Under the vehicle, the front lip spoiler and front
inner fender strakes were designed to work in concert.
As shown in Fig. 12, the lip spoiler and strake
position and shape were optimized using computational

fluid dynamics simulation. The airflow was diverted
lower and toward the inside of the vehicle. This
airflow change reduced the high pressure zone on the
front tires. A rear undercover was added on the left
side to reduce the drag of the rear fascia.

As shown in Fig. 13, the upper cabin and tail
lights were shaped through extensive wind tunnel
testing to control the airflow separation. The tailgate
spoiler and side spoilers were shaped specifically
for aerodynamic drag reduction. The Touring grade
side sill garnish shape was styled to push air out and
around the rear wheels.

The Touring grade’s side mirror is larger than the
base grades’ side mirror due to adding an integrated
side turn signal. Consequently, extensive wind tunnel
testing was conducted to reduce drag induced by the
mirror wake. Wind noise reduction was also completed
in parallel during the testing.

Finally, the seals on the front and rear quarter
windows were designed with a ramp shape to avoid
separation and reduce wind noise.

Cooling opening
strategically optimized

Strakes and lip spoiler

Fig. 12  Front aerodynamic components

Tailgate and side spoiler shapes

Tail light and rear bumper shapes

Fig. 13 Wind tunnel development of rear flow
separation

5. Drivetrain Friction Reduction

Traditionally, chassis-related efforts to improve
fuel economy performance were limited to reducing
tire rolling resistance. While the contribution to
overall vehicle fuel consumption among chassis parts
is clearly dominated by tire energy loss, every part’s
influence was considered during vehicle development.
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5.1. Bearings

As total vehicle coast-down testing has improved,
the bearing drag reduction benefit to fuel economy has
been quantified. In an effort to improve fuel efficiency
wherever possible, an effort was made to reduce
bearing drag, even though its effect on fuel economy
is on the order of 0.01 mpg. Two key design factors
influencing bearing drag are sealing against water
and the required preload needed to achieve bearing
stiffness. In the past, improvements for sealing and
preload have directly resulted in a drag increase. For
the 2011 Odyssey, the chassis design team targeted
an 18% drag reduction without affecting sealing or
stiffness.

The front wheel bearing drag was reduced by
changing the bearing type and optimizing the seal
lip geometry. The front bearing was changed from a
GENI1 to GEN3 structure, which reduced the bearing
preload by eliminating the variation from the outer
race-knuckle interface and the inner race-hub interface.
Optimizing the seal lip involved changing the lip
material and modifying the seal geometry to reduce
contact pressure while ensuring equivalent sealing
performance. These changes reduced front bearing
drag by an average of 24% and increased bearing
mass by 9.7%.

The rear wheel bearing drag was reduced by
modifying the bearing layout and optimizing the
seal lips. The bearing layout was changed from a
symmetric GEN3 layout to an asymmetric GEN3. This
change reduced the bearing weight and increased the
geometrical stiffness, which allowed the preload to be
reduced while maintaining overall bearing stiffness.
Reducing the preload reduced the rolling element
contribution to drag. The seal lip optimization strategy
matched the front bearing approach and also reduced
the overall bearing drag. These changes resulted in
an average rear bearing drag reduction of 48% and a
mass reduction of 6%.

From a total vehicle standpoint, wheel bearing drag
was reduced by 37% with a nominal mass increase of
only 2% and contributed to over 2% of the highway
fuel economy increase.

5.2. Brake Drag Reduction

The 2011 Odyssey increased the brake package
size from 16” to 17” to enhance brake feeling and
performance without increasing mechanical drag.
Several countermeasures were required to overcome
the increase in effective radius. The target was
achieved by changing pin A and B locations, applying
V-springs to the pads, changing the pad retainer
shape, and applying grease between the pad abutments
and retainer.

Pin A and B positions were changed to better
control the caliper body tilt angle. The 2010 Odyssey
previously applied the tighter fit Pin A to the trailing
side and the guide Pin B to the leading side. During
the 2011 Odyssey testing, it was determined that due
to the additional weight and center-of-gravity (CG)

location of the caliper body, the pins needed to be
swapped to better control caliper body position during
retraction as shown in Fig. 14. It was also decided
that the body position could benefit from increasing
the guide Pin B bushing volume.

Figure 15 shows the pad v-springs that were
added to separate the pads from the disk during
off brake to reduce parasitic drag. The v-spring set
force was determined by checking the post durability
vehicle test brake pad sliding force to determine the
minimum force required to separate the pads from the
disk. However, due to the application of the v-springs,
it was determined that the pad rattle noise rating
exceeded the development target.

To offset the rattle noise caused by adding
v-springs and to maintain a good drag level, it was
necessary to change the pad retainer shape. The pad
retainer was changed from a P-type to a C-type as
shown in Fig. 16. The P-type retainer was initially

Disk
rotation

2010 2011
Fig. 14 2010 and 2011 Odyssey pin A and B locations

Fig. 15 2011 Odyssey V-springs

P-type retainer

Fig. 16 2010 Odyssey P-type and 2011 C-type retainers

C-type retainer
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applied due to its ability to aid in pad retraction;
however, it was not able to meet the pad rattle target.
To meet the pad rattle target, the C-type retainer was
implemented to maintain enough spring force on the
pad to reduce pad rattle while reducing pad sliding
force by approximately 32%. Pad sliding force was
reduced by limiting the contact surface area between
the retainer and pad interfaces. In addition, Molycoat
M?77 grease was applied between the pad and retainer
interfaces to reduce the frictional forces and further
reduce the pad sliding force.

After applying the aforementioned brake drag
reduction items, the vehicle met the brake drag target.
At 55 mph, the vehicle has an average 5% reduction
in brake drag allowing enhanced brake feeling and
performance without sacrificing fuel economy.

6. Rolling Resistance

The 2011 Odyssey uses 17” and 18” wheel
fitments, which are one-inch larger over the previous
model’s wheel sizes. The 2010 Touring grade
P235/60R17 tire was chosen as a reference tire for
2011 model tire development. The target was to
reduce rolling resistance 6% versus the reference tire
without degrading important performance areas, such
as braking and snow performance.

For the 2011 Odyssey, the LX through EX-L
grades applied P235/65R17 tires while the Touring
grades applied P235/60R18 tires. An iterative approach
was used to develop each tire’s cavity shape, tread
pattern, compounds, and materials to optimize the tire
performance.

Compared to the reference tire, each tire improved
rolling resistance by 7 to 8%, which contributed to
6% of the Touring model’s highway fuel economy
increase. In addition, each tire developed for the 2011
Odyssey achieved all dry braking, wet braking, and
subjective performance targets.

7. Weight Reduction

For US Environmental Protection Agency (EPA)
Fuel Economy, vehicle weight is critical in determining
vehicle running resistance and EPA test conditions.
Vehicle weight is categorized into equivalent inertia
weight ranks (IWR) based on vehicle curb weight.
Furthermore, the certification inertia weight rank is set
based on power train and the model grade comprising
the majority of vehicle sales. The certification IWR
for the 2010 Odyssey was based on the EX-L grade,
which allowed all variations to fall within the 4750
IWR.

The 2011 Odyssey required a separate weight
certification based on 5AT application on LX through
EX-L grades and 6AT application on Touring grades.
Achieving the targeted fuel economy required
all grades to fall within the 4750 IWR. This was
especially important on the high feature content
Touring grades. Overall, the vehicle weight was

reduced by 47 kg and the 4750 IWR was achieved for
all certification models offsetting a 13% reduction in
highway mode fuel economy.

7.1. Engine Weight Reduction

Engine weight was reduced by 5.5 kg while
reducing cost, increasing horsepower, and contributing
to improved fuel economy. The main design changes
responsible for this weight reduction involved
converting to lightweight materials, such as magnesium
and plastic; optimizing material thickness and size
for stamped, cast, and molded parts; and improving
system efficiency.

Intake system weight reduced by 2 kg through
structural optimization and system efficiency
improvements while improving performance and fuel
economy. The overall number of parts in the intake
system was reduced by integrating parts between
the air cleaner case and intake tube and between the
resonator and cold air intake tube.

By applying a lightweight radiator package, the
overall cooling system weight was reduced by 1.4 kg
while increasing cooling performance. This was
achieved by combining a new thin radiator core design
with dual ring fans and changing the sub shroud
material from steel to lightweight nylon.

7.2. White Body Weight Reduction

The 2011 Odyssey body is a conventional
steel body with targeted use of advanced high
strength steels (AHSS). It is 12.5 kg lighter than
its predecessor and has increased body rigidity and
collision performance.

Each component of the body was reviewed during
development with material grades and thicknesses
chosen to meet the functional requirements within
each body system. A collaborative approach between
design and manufacturing groups was used to refine
the white body design. Each structural change was
evaluated through extensive use of CAE tools. Crash
simulations, body rigidity, and spot weld durability
simulations were conducted to help ensure structural
changes met all of the functional requirements. Part
thickness and grade changes were cross-checked by all
simulation groups.

Another challenge was to enhance collision
performance by reducing side impact intrusion and
increasing roof strength. Both required structural
changes from the previous design. A typical approach
would be to increase the size of the body sections to
increase strength; however, this can reduce passenger
space. The team chose not to increase the overall
section sizes and looked for opportunities to use AHSS
grades and enhance the section efficiency.

The Rear Roof Rail is one example of section
optimization. The rail spans across the vehicle from
D-Pillar to D-Pillar and forms the top of the tailgate
ring. This part has functional requirements for body
rigidity and safety performance as well as providing
the structural base for the Tailgate Hinges. As shown
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in Fig. 17, the previous design rotated the tailgate into
the section during opening. For the 2011 Odyssey, the
Tailgate Hinge design rotates the tailgate above the
roof as shown in Fig. 18. This allowed the Rear Roof
Rail section to be smaller and more efficient. The
third row seat packaging was improved and the more
compact design reduced the weight by over 0.35 kg.
The enhanced strength of AHSS allowed for body
system construction changes that further reduced
weight. As shown in Fig. 19, 59% of the Odyssey’s

Roof rail

Tailgate

Fig. 17 2010 Odyssey rear roof rail section — tailgate
closed and open positions

Roof rail

Smaller, !
l more efficient

<€——— -11.5 mm ———>

Tailgate

Fig. 18 2011 Odyssey rear roof rail section — tailgate
closed and open positions

2011 Odyssey HSS content 59%

2%~ 4% 4o,

270 MPa
u 340 MPa

440 MPa
® 590 MPa
u 780 MPa
= 980 MPa
w 1500 MPa

26%- ..-41 %

20%-

60/0

Fig. 19 2011 Odyssey high strength steel usage

Table 1 Seat assembly weight comparison
Seat assembly weight comparison (EX-L)
(Excludes level-1 plastics and bolts)

EX-L 10M 11M Difference (kg)
FR RH 35.85 28.58 -7.27
FRLH 33.65 30.39 -3.26
Mid RH 28.50 25.10 -3.40
Mid LH 27.00 25.10 -1.90

Mid CTR | 15.10 18.60 3.50

RR 40% | 24.40 22.68 -1.72

RR60% | 36.60 31.98 -4.62
Total 201.10 | 182.43 -18.67

white body structure is composed of steels with tensile
strength over 340 MPa, which is a 68.5% increase
in AHSS usage. Building upon Honda’s previously-
developed models, 780 MPa, 980 MPa, and 1500 MPa
AHSS grades were used for the first time on the
Odyssey platform. Examples of AHSS usage to reduce
weight on the 2011 Odyssey include the front floor
frame (-1.3 kg), second row seat mounting crossmember
(-0.86 kg), and the roof side rail (-0.75 kg).

7.3. Interior Weight Reduction

The majority of interior weight can be attributed
to the seating system. Seats in the 2010 Odyssey
EX-L accounted for approximately 60% of the
interior parts’ total weight. Customers’ desire for
versatile eight-passenger seating arrangements along
with higher seat performance targets can result in
higher seat design complexity and additional weight.
The challenge for the 2011 Odyssey development
was to find ways to reduce the seat system weight,
enhance the seating arrangement flexibility, and
exceed existing functionality. With this in mind,
the focus was to optimize the previous seat design
and maintain a high degree of functionality and
performance.

As shown in Table 1, regarding the complete seat
set, the seat weight was reduced by approximately
18.7 kg compared to the previous design. Considering
the addition of new features and regulation changes,
the weight savings is actually higher when compared
to an equivalent design specification. For example,
the 2011 Odyssey mid center seat adds a comfort
slide adjustment, ISOFIX child seat attachment, and
a dynamic damper, resulting in a weight increase of
3.5 kg. Mid row outboard seats added 1.66 kg due
to dynamic dampers. The rear seat weight increased
by 3.22 kg due to upgrading the outer headrests to
comply with FMVSS 202a, adding an ISOFIX location
to the 40% seat, and adding new cargo load floor
flaps.

In the front row seating, weight was reduced
by a total of 6.53 kg. This does not include a 4 kg
weight transfer caused by replacing the passenger
seat-mounted folding table with a body-mounted
removable center console. The majority of the front
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seat weight reduction, which is approximately 5.05 kg,
was achieved by replacing the complex welded
stamping seat riser assembly with a more efficient
design. The new seat mounting concept consisted of
a body-integrated rear mount structure and a taller
3-piece stamping for the device front mounting foot.
These changes eliminated the need for a separate
seat riser altogether (Fig. 20). An additional 0.88 kg
savings was achieved by applying the latest generation
passenger seat occupant detection system. The
remaining amount of front row seat weight reduction
was obtained by applying the latest generation anti-
whiplash front seat back frame and an 8-way/4-way
power device.

In the mid row, the outboard seat combined weight
was reduced by 5.3 kg. The majority of this mid
outboard weight savings resulted from applying a
new low-effort slide adjuster device and an optimized
recliner and walk-in mechanism. For the 2011
Odyssey, a dynamic damper was added to each mid
outboard seat; however, approximately 95% of this
weight increase was offset by deleting the inboard
arm rests and their mounting brackets. To compensate
the inner armrest feature loss, the larger 2011 mid
center seat applied an integrated arm rest and cup-
holder, which is accessible when the center seat back
is folded down.

In the rear row seating, a total weight savings of
6.34 kg was achieved by optimizing the seat frame
and mounting structure and reducing the lock quantity
of the 60% foot comp to one using latest generation
locks (Fig. 21).

For the 2011 Odyssey rear seat, the pivot mounting
structure design was changed to reduce weight and
simplify factory assembly (Fig. 22). For the center
pivots, a lightweight welded steel stamping design
was applied to replace the previous generation’s bolt-
on cast iron structure. For the outboard spring-loaded
pivots, a lighter level-2 bolt-on design was applied,
eliminating the need for the factory to install it to the
body prior to the seat installation. Optimizing the rear
seat pivot mounting structures reduced the rear seat
weight by approximately 5.54 kg.

Body integrated mount

Fig. 20 2010 and 2011 front seat mounting system

Single 60% foot comp lock

Fig. 21 2011 Odyssey 3™ row seat structure and

60% foot comp single lock

/ Qutboard

Outboard pivot Center pivots pivot

Fig. 22 2011 Odyssey rear seat integrated mounting
pivot

8. Conclusion

The 2011 Odyssey’s overall fuel economy
achievement involved a total vehicle effort on a part-
by-part and system-by-system basis that encompassed
the engine, transmission, chassis, and body areas.
Fuel economy improvements started with applying the
3.5L V6 engine with VCM to all grades. Changes to
the engine design and calibration involved reduced
pumping losses, increased EGR usage, air intake
temperature management, reduced internal friction,
reduced accessory drive losses, and reduced idle/
deceleration losses. For the transmission, internal
friction was reduced and gear ratios optimized for VCM
usage. In addition, 6AT was applied to the Touring
models to enhance drivability and further increase fuel
economy. Changes to the chassis focused on reduced
running resistance through tires, brakes, and bearings.
Changes to the vehicle body focused on aerodynamics
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and weight reduction with increased structural rigidity
and enhanced safety performance. Total vehicle weight
reduction was 47 kg.

Fuel economy on the 2011 Odyssey improved
by +2/+4 mpg on the LX~EX models, +1/+2 mpg
on the EX-L model, and +2/+3 mpg on the Touring
models in EPA city and highway modes. Through
these fuel economy improvements, the 2011 Odyssey
achieved the 18/27 mpg label target on the LX~EX-L
models and 19/28 mpg label target on the Touring
models. In addition, vehicle development achieved
the CAFE strategy and maintained Odyssey’s overall
marketability with “best-in-class” fuel economy by a
margin of 3 to 4 mpg over competitors.
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for small motorcycles was developed without an intake
air pressure sensor to reduce costs. In a fuel injection
system, the intake air pressure sensor performs the
three functions of measuring the amount of intake
air in minute throttle-opening range, measuring the
atmospheric pressure, and distinguishing the engine
stroke. This study replaced these functions with a new
learning control system that applies O, feedback control,
and engine-stroke distinction control based on detection
of crankshaft rotation speed fluctuation. This new
learning control system defines the operational condition
compensation coefficient Kbu, which covers operational
conditions such as atmospheric pressure and conditional
variations among completed engines, and uses this
coefficient in the fuel injection quantity correction
function. This enabled proper fuel injection quantity
control without depending on intake air pressure sensor
functions. In addition, storing Kbu in an Engine Control
Unit (ECU) enabled proper air fuel ratio correction
even when O, feedback control is inactive, such as
when the engine is cold immediately after starting or
during transient operation. The engine-stroke distinction
function enabled stroke distinction equal to that of
the conventional system by changing the method from
measurement of the difference in intake air pressure
between engine strokes to detection of crankshaft
rotation speed fluctuation between engine strokes. This
technology realized a simplified system that maintains
the same performance for exhaust emissions and fuel
economy without an intake air pressure sensor.
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Fig. 1 Test motorcycle

Table 1  Engine specifications of test motorcycle
ltem Specifications
Engine type 4-stroke single-cylinder
Cooling system Air-cooled
Bore x Stroke (mm) 50.0 x 55.6
Engine displacement (cm3) 109.1
Compression ratio 9.0
Valve train SOHC
Valve diameter (mm) Inlet $25.5x 1
Exhaust $21.0x 1
Maximum Horsepower (kW/r/min) 6.18/7500
Maximum torque (Nm/r/min) 8.15/5500
Sensor unit

Intake air pressure sensor

Fig. 2 External view of throttle body

Oxygen sensor
Intake air temperature sensor
Throttle position sensor

ECU

A A A A

Intake air pressure sensor
| Injector >
Crank angle sensor
(:)_ma
Oil temperature sensor

Three-way catalyst /

Fig. 3 Basic diagram of current Fl system
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Fig. 10 Process to calculate and store Kbu and perform fuel injection control after cold start of engine
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Table 2 Comparison of exhaust emissions

CO THC NOx
(g/km) (g/km) (g/km)

Current system 0.525 0.217 0.039
Developed system 0.529 0.214 0.038
Regulation values * 2.0 0.8 0.15

* Thailand’s sixth exhaust emission standard

Table 3 Comparison of fuel economy performance

Mode Constant speed
(ECE R40) (50 km/h)
Current system 55.6 km/I 79.6 km/I
Developed system 56.7 km/I 80.0 km/I
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Development of Axial Motor
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Research was conducted on an axial gap-type rotating
machine with the aim of increasing the torque density. To
expand the torque-generating surface, an interior permanent
magnet (IPM) rotor was used in a double stator-type motor
that enables effective use of both sides of the rotor. This
IPM rotor combines main magnets with a magnetization
direction in the axial direction, auxiliary magnets with a
magnetization direction in the circumferential direction, and
laminated electrical steel, and fixes these components in
place using adhesive. The developed motor was confirmed
to have a torque density per unit volume approximately
50% higher than that of a radial-type motor. In addition,
to address the manufacturing issues for a rotor structure
based on this bonded structure, the yoke was manufactured
using the rolling laminate method, and a new structure was
developed that inserts the magnets into the yoke, integrates
them with the magnetic circuit, and then fixes them in
place by interference fitting inner and outer rings that are
nonmagnetic reinforcing components. This structure was
confirmed to have sufficient strength and stiffness, and the
motor efficiency was also approximately the same as that of
a rotor manufactured using the adhesive method. The new
structure was ultimately confirmed to achieve a volumetric
torque density 1.34 times that of a radial-type motor.
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Fig. 1 Interlinkage flux surface

Halbach magnet Double Halbach magnet

Fig. 2 Double Halbach magnet arrangement

Table 1 Specifications
IMA motor Axial motor
Number of poles 12 12
Magnet Nd-Fe-B Nd-Fe-B

Stator diameter [mm] 258 258
Rotor diameter [mm] 179 220
Motor length [mm] 80 88
Volume [L] 4.2 4.6
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Fig. 4 Motor dimensions
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Table 2 Comparison of losses

Bonded rotor Rolled rotor
Iron loss [W] 692 630
Copper loss [W] 483 518
Motor loss [W] 1175 1148

WIZZA 5 A FEIMEIZOWTE, S8 v 7 & REL v v
T MZAT AN NEMAZ (EPREHYO) & & D%
ZWIE L. k2T 2 F 715,000 N EOZER7IZ 0.15 mm
Th, RIEZT7F+ v 7IH 0.6 mm IS/ L THH/h&<
BoTWa, EHICHXKMNGINCE>Ta— 21l 5
25 A MiEId I — 2 RRIZ MM EE L TEHYT %72
W, CAEEHE F, ¥ 7 MIZAFZ M HAEMALBED
62% DZEMIZINE B L& Z2 b0, Tl HER X T
W5EZE DR TE 7.

ACD FIL2IZxEd AL, A L2 200 Nm 125t
LC 315D 600 Nm OMifiR D L2 %20 T ANl s %
FIRE LD o7z LB oT, PUIREICHLTE,
+or Wik L BE AT 5 Z L AMfERET & 7.

3.4. ML EDERDIER

FHACHH TAE = — 212k U, [IRn AR 5 48 % 1 1
X7 ZOLEMBM T — 2 OHNERISH 720 O b Lo FE
Y% Fig. 14158 ¢. $B0% I — 2 45 -01238%01) 720
T A & OREHIENE &, wliBE A 4 i/ & B 1A%
AR TIC& > T, FREFEITII%IETLTED, ZOK
TEAWITIEIFHML 72723 v 28 EnZ (L Tn 3,
K2»5bnd kb7 :y vy L¥y v FHRIE—20D b
L2 B EOIA F5E 2006 4-E 5L CIVIC IMA € — %
ISHLT, 1345 CTHB I ENFIETE . 72, Table 2
IR EN AR TO T — 2 AR TH 5. Lo
BAKTIC & B 8EEGINSy & $HBIRT 3 i S h, £— 4
HBIIZIERFEEL £ 5 Z & DR S 7z,

“E’ Multi-ring press-fit rotor
=]
g Bonded core rotor
’é 34%UP
=}
8 ’ s g ~ -
S g -
s P
L - ,\
IMA motor
0 50 100 150 200

Phase current [Arms]

Fig. 14 Comparison of current-torque characteristics
per unit volume



Honda R&D Technical Review Vol.23 No.2 (October 2011)

4. £&D

E—A O ML EELERL Y, ML EmAE D
Foa7r v v ¥ v o 7HE-2DOM%KEB I K>
2. IRETOIVTIAE Y v FHE— & LFEKRIZ, 70—
Z0E TPM BUKEXE 2 BRI U, S OIED & PEREREN & 5
Thot. TOME, 3V TILX vy FTRICEAIERS 7-
DO ML EENA LTS Z & AHERL 7.

/o, e OMEEMHEICHREEGT ST F Y v L
F vy THE-ZIZEWT, BEMREREI -2 T
ILAF v A b EIERMEY) v EMAS DY, OSSN
Do — & & 3G UERIC T O R AR L 72,

SE XM

(1) Aydin, M., Huang, S., Lipo, T. A.: Axial Flux
Permanent Magnet Disc Machines: A Review, In Conf.
Record of SPEEDAM, p.61-71(2004)

(2) Halbach, K.: IEEE, Trans., NS26 (1979), 3882, NIM169
(1989) 1 NIM 187 (1981) 109 NIM198 (1982) 213

(3) http://www.pasj.jp/web_publish/lam28/proceedings/
WP-45.pdf

(4) FAKHE, FEPRE, SHEER : BGAR A RS PM € —
2O [ P AT 28 G, S 2 A SCRE D PESE IS
HBFHRE, 25 114 & 6 =, p.668-673(1994)

(5) HATHEHAE JIS G4304:2005, ZARIEHER 7~ L 2
S B O iy

mE Enl

:

H B = a1’




AT

F—F4FVEALAITTYL T I FD
B#EMER £

Operability Enhancement of Steering Wheel Switch for Audio Remote Control
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ABSTRACT

A steering wheel switch for audio remote control
with a new shape has been developed with the
aim of enhancing operability of the switches and
addressing issues related to advancing functions of
the on-board equipment in the new model CIVIC.
The switch operation time and the magnitude of the
effect on steering while driving were measured, and
a comparison made with the former switch confirmed
the operability of the new model switch. The effect on
steering while driving was reduced, and the operating
load of the new model switch is lower than that of the
former switch.
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Fig. 2 Ergonomic design of new switch
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Development of Nitrocarburized High-strength Crankshaft with No Rare Metals Added
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7 = ABSTRACT

PERDOMELERIE Y SV oY v T ML, LT AZILT
&5 Mo 2k 25 BN A T35 Z LI2 KD B
JEAMER L Tz, ZRUSH L Cu, Cr 275 Ui b L
MEEREHC LD, L7 ot 2L BRI ISR & [
DEVEIBIEAHT52 523 v 7 b aERAFL -

Cr 13 LREIC RGO & L5 8 2 720 50l
JEALICHNTH 208, SREQEIZ KD BET L0 T v
Uy 7 O &, WA E LS Z TBET A Ty
IRRELRTL L5 7-DRBMICTEHT 2008 Lunve
Eh T/ BHEMIZ Cricksfifby, Culckbd7x5
4 b EVEREILEEAS DY, BEEIC SR Cr fiflE
RIS Z LI KD EEEESGEL, LT X 2L E
WIS SO SR & RAT Ze il O KGR A i an L 72,

Conventional nitrocarburized high-strength
crankshafts secure high fatigue strength through
a strengthening mechanism using the rare metal
molybdenum (Mo). In contrast, a crankshaft with
high fatigue strength equal to that of the conventional
material was developed without the addition of rare
metals by using copper (Cu) and chromium (Cr) and
optimizing the material design.

Cr increases the hardness near the surface
layers during nitrocarburization, which effectively
increases the strength. However, in this case cracking
easily occurs when plastic deformation is applied
to straighten crankshaft bending that occurs in the
nitrocarburization process, which has made it a
challenge to actively use Cr. The developed material
combines hardening by Cr with ferrite solid solution
strengthening by Cu, and enhances straightenability by
suppressing the Cr content required for strengthening.
This simultaneously achieved both high fatigue
strength and good straightenability without the addition
of rare metals.
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Table 1 Bending fatigue strength and cracking limit
strain of Cr added steel after

nitrocarburization (Conventional steel = 100)

Bending fatigue Cracking limit
strength strain

Cr added

106 51
steel

32. 7171 NAEBEROHTE

774 POEREERTSICHD, T2 T4 b
EN=F A4 o BTV Yy T bOEBHIZED
57 x4 NOMBELREL, ZOHkEMEIZONT
MEt#kZho7%. 7274 MAEIZIZC & Mn OED
KELSWET L0, RYNCZD2 LEDOEEREL /-
7 TR A K X ¢ ICii D B IE M 2 ST 53 Tk
LTIEY — Ry (COEAEMTHZ L Eh Tk, Zh
BRICHEIZBWTE 7 2 94 MEREENRZEEHID G
EVERRIFTH D ZEAEBKRL TS EHE L LNS. Fig.
112C, Mn EA2FHEL, WIh & RS0 D& & i
EREREETHD, 7254 MUEEEZhZTh 63.2%,
415%, 11.1% \SFIE L 728 DI DWW T D %6 IE1E % Mk
LR E R d. AfREORBLHBHETHH->TE, 7
A PN L NNEE Y T 9 JIRROTAEIE L, il
THBIEERRBIFCH 5 Z EAMERTE 2. BifF il Gk
VARSI 7 2 74 MEEEE LS RETLO08H
MTHBEN, —H Ty 7 MZEAA LY=L
DO EEFERE S B3 & X, C & Mn B& ML FIZHKS
L, 7 =74 FMRFEESEINT % &8 2MKT Uit
MEHEE 7 5. Fig. 212 C, Mn EOFHEIZ K D EPHHE
Ruxd07v 0y %7 FafERL, NESHE & itEEREMED
Btk & MG L 7285 R 2R, 6k 2 v o2 v 7 b Ll
DM EEFENE & IR T 5 220 IS AR NTBRERE 12 HV 160
PIETH3. Fig. 312C, Mn BB LT7 251 M
FHEEZLXEZHEDOC, Mn &7 2 74 MEEEDOH
RERT. C, Mn BAKIKL, 7254 MAREELZTX 3
FIELMRLZND, 7274 PRRET70% 281 %

300

250

200 [

150 |

Cracking limit strain (%)

100 |

50 ‘ ‘ ‘ ‘ ‘ ‘
0 10 20 30 40 50 60 70
Ferrite ratio (%)

Fig. 1 Relationship between ferrite ratio and cracking
limit strain (Ferrite ratio 11.1% data = 100)
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Table 2 Chemical composition of original test steel

C Si Mn Cu Ni Cr
0.36 | 0.07 | 0.65 | 0.10 | 0.10 | 0.15
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Fig. 4 Influence of alloying elements on surface

hardness after nitrocarburization
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Fig. 7 Influence of Cr on surface hardness and
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Fig. 9 Lattice constant of ferrite after nitrocarburization

Fig. 10 Transmission electron micrograph taken from
diffusion layer of steel containing 0.10 mass% Cr
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Table 3 Chemical composition of developed and conventional steel in mass %

C Si Mn P S Cu Cr Mo
Developed steel 0.30 | 0.08 | 0.80 | 0.013 | 0.05 | 0.25 | 0.12
Conventional steel 0.37 0.20 0.82 | 0.015 | 0.05 0.16
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Fig. 11 Energy dispersive X-ray spectrometry analysis

of precipitate
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Fig. 12 Hardness profile after nitrocarburization

Table 4 Bending fatigue strength and cracking limit
strain of crankshafts (Conventional high
strength crankshaft = 100)

Bending fatigue Cracking limit
strength strain
Developed 102 29
steel
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Visualization of Oil Behavior when Piston Pin Noise Occurs
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ABSTRACT

Piston pin behavior was measured on occurrence
of conspicuous piston pin noise when using a semi-
floating support system, and oil behavior around the
piston pin was visualized.

Piston pin behavior was measured by the linkage
method using a gap sensor. This clarified the behavior
of the piston pin using a semi-floating support system
when the noise occurred.

Visualization of the oil behavior was performed
by the linkage method using optical fiber. Particle
images of oil droplets were captured with a high-
speed camera. Processing those images with particle
tracking velocimetry (PTV) successfully vectorized the
oil behavior inside the engine.
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Table 1 Engine specifications Table 2  Occurrence conditions of piston pin noise
Item Specifications (a) Steady operation (b) After snap
Engine type In-line 4-cylinder Frequency 2-3 kHz 2-3 kHz
Injection type Port injection Engine load No load, Light load No load
Bore x stroke (mm) 73 x 89.4
Timing Around BTDC20° Not only BTDC20°
Displacement (cm3) 1497
- - Expansion stroke With combustion Without combustion
Compression ratio 10.4
Valve train SOHC i-VTEC Imitative sounds “Kata”, “kara” “Jyara”, “Jya-”

Number of valves 4 per cylinder

IN: $28x2 EX: ¢p23x2

Valve diameter (mm)

Gasoline Regular (RON91)
Max. power (kW/rpm) 88/6600
Max. torque (Nm/rpm) 145/4800
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Table 3 Comparison of oil behavior visualizations

Developed method

Conventional methods

Method

Direct view
by fiber scope PTV

Direct view
(fluorescent paint)

Neutron radiography

Observation point

Inside of engine
Moving with linkage
Very near to target

Outside of engine
View from static point
Visible via quartz/sapphire glass port

Outside of engine
View from static point
Permeation by neutron beam

Difficulty Easy Easy Difficult
Cost Low cost Low cost Expensive
Slafety . None None Radiation exposure
consideration

* Viewable from moving point

* Viewable inside/reverse side of parts
* No influence for flow

* PTV possible by oil mist

Advantages

¢ Easy to install

* Viewable wide area

* Depends on fiber scope spec

Disadvantages (because of mass product model)

* Expensive fluorescent paint
« Difficult to view inside/reverse side

« Different deformation at window
from actual engine

e Limited equipment only

* Significant cost

« Significant safety considerations
* Depends on permeability of parts
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Fig. 6 Visualization and PTV system

Table 4  Specifications of fiber scope

Consideration Fiber specifications Requirements
(1) Oil proof OK Need oil proof
(2) Heat resisting -10 to 80°C Up to 80°C
(3) Minimum radius of curvature R19 mm Less than R25 mm
(4) Imaging area 60° Enough to visualize
(5) Size Diameter $2.4 mm Less than ¢5 mm

Length 1170 mm More than 450 mm

B 5 T TRAL A AT BE 70 50 54 S48 7 & oD BEIR
TEAHHMLATRETH B Z &
(4) PV =9 BARELEO TEME B BMREAIIKL S
IYDUNDEXA=UNEITOENE T L
(5) —~f3fIZ PTV A E THWO B L — RN Rk L
BAET, VAT LLE LB THBET &
BBAFRIINE TREFZ ZVEHIIFED -0, &
B A EOMGE & 5 Z %5 - 7.

6.2. 774N A—T B I UHBEDI&KET

WHUED 72T 7 4 N2 =T EERH PO Y O VAN
W2V Y2 ENLTRETIRERD B0, HIORATH 5
T EHMBEIS T 7 AN AT — TREAT 2 e E B T
Ko7z,

Maf LA UEE S VDI TORTH D, ZOHHE
N Tabled TH 5.

(1) Tt

(2) fit#d:

(3) Tt i

(4) Hfaipe (%)

(5) %4 X (HfE, RX)



Honda R&D Technical Review

Vol.23 No.2 (October 2011)

Table 5 Specifications of light source

Voltage 100 V 50/60 Hz
Light 250 W metal halide
Power consumption 290 W

Cooling Fan

Shutter Continuously mechanical
Filter UV, IR CUT
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Development of Noise-reducing Wheel
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ABSTRACT

Tire cavity noise is a noise produced in the cabin
by resonance in the hollow cavity inside the tire when
it is excited by unevenness on the road surface, and
this phenomenon is one factor of road noise.

A noise-reducing wheel was developed as a
means of reducing tire cavity noise. In the proposed
configuration, a thin, lightweight plastic Helmholtz
resonator is fitted into grooves newly cut in the wheel
well, balancing strength in relation to centrifugal force
with fittability. The noise-reducing wheels have had
the effect of reducing tire cavity noise to an inaudible
level.

The newly developed noise-reducing wheels are
used on the 2011 model HONDA LEGEND / ACURA-
RL, mass-market vehicles.
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“Motorcycle parts CAE standardization system”
that focused on CAE for designers (hereafter termed
“designers’ CAE”) has been developed. This system
simplified the analytical condition settings by unique
navigation function that was suitable for designers’
CAE, and realized prevention of redoing due to
misunderstandings and operation errors. And also, the
individual differences in analyses were eliminated by
standardizing the methods for analysis and condition
settings. In addition, the comparison of the analytical
results was facilitated by the data accumulation using
this system, and evaluations of the results and the
fixed form report making were semi-automatically
carried out by the function of “Analysis Tag.” Thus
this system reduced the working hours of designers’
CAE by 75%, and enabled effective supports for
design operations.
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Fig. 1 Increase in number of CAE users among
designers (compared to 2005)
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Mechanical Structure and Performance Evaluation of High Differential Pressure Water Electrolysis Cell
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Eiji HARYU Koji NAKAZAWA Kenji TARUYA
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Hiroyuki ISHIKAWA Masanori OKABE

= = ABSTRACT
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72. B2 b v ROZETFRETEKER L TORBIZLD,
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High differential pressure water electrolysis is a method
that can replace the conventional high-pressure hydrogen
production technology that uses normal pressure water
electrolysis and a mechanical compressor. The differential
pressure method requires a pressure resistant electrolysis
cell, and the target hydrogen pressure is to be held by the
proton exchange membrane. These issues were addressed
by adjusting the strength and surfacial pores of the
anode current collector and suppressing proton exchange
membrane deformation, enabling the membrane to sustain
a differential pressure of 35 MPa. Tests using a piston-type
high differential pressure water electrolysis cell clarified
that the optimum interfacial pressure between the current
collector and the catalyst is 5 MPa. High-pressure hydrogen
was successfully produced with a theoretical pressurization
energy based on the concentration difference voltage by
maintaining a constant interfacial pressure regardless of
the hydrogen pressure inside the cell. In addition, it was
confirmed that the current efficiency was 97%, the only
loss was that due to hydrogen cross-permeation across
the membrane, and that the cross-permeated hydrogen
had no effect on other functions. Cross-permeation of
oxygen was suppressed due to the differential pressure,
and the oxygen concentration in the produced hydrogen
was the specification value of 5 ppm or less. This means
that the obtained hydrogen had a higher purity than that
produced by normal pressure water electrolysis.
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Influence of Chassis Frictions on Vehicle Dynamic
Behavior: Analytical Study

Jinghong YU *

ABSTRACT

An extensive analytical study was performed to analyze the influence of chassis frictions on vehicle dynamic
behavior and identify the relative importance of frictions in different locations of a chassis system. First, a multi-
body simulation model of a full vehicle was developed that integrates customized friction functions in all major
chassis joints. The model was correlated with measurement in chassis kinematics, compliance, system-level
frictions, and vehicle dynamic performance. Using the simulation, along with the confirmation of two test vehicles,
seven key vehicle performance areas affected by chassis frictions were identified. This was followed by a thorough
sensitivity analysis to identify frictions that have high influence on each of those performance areas. Common
influential frictions that have a considerable influence on multiple performance areas were identified.

1. Introduction

Vehicle dynamics and comfort have become two
principal vehicle attributes that customers judge
when deciding on a vehicle purchase. However,
simultaneously achieving these attributes has been a
challenging task for automotive engineers. It is even
more challenging to achieve in passenger cars with
high-power front-wheel drive and in vehicles with a
high center of gravity, such as sport utility vehicles.

Friction exists in any mechanical joint in an
automotive chassis system, and many frictions can
have considerable effect on vehicle performance.
Passively applying supplemental frictions at a chassis
location, such as in the steering gearbox, is a common
approach used to enhance system toughness and
performance. Nevertheless, while one friction setting
can enhance vehicle performance in one area, it may
affect performance in other areas.

The influence of chassis frictions has not been
studied thoroughly to determine the influence of a
specific friction at a given location to a performance
area; what level of friction is best for a given
performance area; how a required friction level can be
realized; and more importantly, how to appropriately
control chassis frictions to enhance multiple
performance areas without compromising others areas.

To answer these questions, systematic research
was conducted. As the initial step in this research,
an extensive analytical study was performed to
quantify the influence of chassis frictions on various
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vehicle performance areas and to identify the relative
importance of those frictions. A broad spectrum of
performance in dynamics and comfort was analyzed,
including torque steering, vehicle drift and pull,
brake judder, vehicle gross body motion control,
vehicle body roll control, steering feel at both low
and high speeds, steering kickback, impact harshness,
driving vibration, and self-steer. This paper explains
first the development of a full vehicle multi-body
simulation model that integrates customized friction
functions in all major chassis joints. The model
was correlated with the measurement of chassis
kinematics, compliance, system-level frictions, and
vehicle dynamic performance. Using the simulation
and a confirmation with two test vehicles, key vehicle
performance areas affected by chassis frictions were
then identified. Next, a virtual sensitivity analysis
was done to find influential frictions for each of
the affected performance areas. From this research,
common influential frictions that have influence on
multiple performance areas were identified.

2. System Modeling

2.1. Modeling Approach

A multi-body simulation model was developed for
a sport utility vehicle equipped with a MacPherson
front suspension, trailing-arm rear suspension, and a
rack-and-pinion steering system. To build the model,
an Adams/Car environment was used due to its ability
to assemble different sub-systems.
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In order to capture critical effect of chassis
frictions on vehicle performance, custom templates
and sub-systems were created to include frictions at
major chassis joints in translational, rotational, and
rocking directions. Figure 1 shows the frictions that
were considered in the study, which included strut
bearing friction torque, front damper friction force,
front damper friction torque, and lower-arm ball joint
friction torque for the front suspension, steer-arm
ball joint friction torque and steering gearbox friction
force for the steering system, and upper-arm ball joint
friction torque and rear damper friction force for the
rear suspension.

In order to help achieve numerical simulation
stability and replicate a realistic friction profile,
velocity-dependent friction functions (Fig. 2) are
used to describe the chassis frictions. The velocity-
dependent friction profile allows the breakthrough
friction to exponentially decay to the kinetic one while
guarantying continuity at zero relative velocity. The
breakthrough friction and the ratio of kinetic friction
to breakthrough friction are measured by using related
components for each defined chassis friction.

Figure 3 shows the full vehicle simulation model,
which includes the front chassis, rear chassis, power
train system, tires and wheels, rigid body, front and
rear stabilizer bars, front and rear sub-frames, and
chassis frictions. Displacement-dependent stiffness
and damping characteristics were considered for all

Strut bearing
friction torque

dampsngr?iE — = Front damper
e ¢ friction force
£ 'f_’;?f Front damper
Tire friction torque
i ! q
Knuckl Steer-arm ball
nuckie joint friction
torque
Steering
gearbox T

Lower-arm ball
: joint friction
Lower-arm torque

Steering gearbox
friction force

(a) MacPherson front suspension and steering system

Rear upper-arm
ball joint friction

Damper

Rear damper
friction force

Knuckle

Spring Lower arm B

(b) Trailing-arm rear suspension

Fig. 1 Frictions in vehicle chassis system

mount bushings. A Pacejka tire model with relaxation
consideration was used for the tires in order to capture
both low-speed and high-speed behavior. The complete
vehicle model functions as a single tool to analyze
multiple dynamic phenomena.

2.2. Vehicle Model Validation

In order to systematically validate the vehicle
simulation model, the simulation results of chassis
kinematic, compliance, and friction characteristics were
compared in sequence with the measurement data of
the vehicle. The simulation model was then compared
with the test vehicle in multiple performance areas.

The measured kinematic and compliance
characteristics are captured on a suspension parameter
measurement machine (SPMM). During the
measurement of vertical friction of suspension systems,
a quasi-static loading cycle in vertical direction on the
SPMM was carried out, and the vertical friction was
then determined as half of the hysteresis bandwidth
of the suspension displacement-loading force curve.
During the measurement of steering friction torque of
the front suspension and steering system, the vehicle
was supported at the front tire contact patches by
a pair of friction-free bearings, and a quasi-static
steering lock-to-lock cycle was performed. Half of
the hysteresis bandwidth of the steering angle-torque
was used as the steering friction torque of the chassis
system.

A
Breakthrough friction —L
Kinetic friction

> Velocity

Kinetic friction

W—Breakthrough friction

Fig. 2 Velocity-dependent friction profile used to
define chassis frictions

Fig. 3 Multi-body simulation model for complete
vehicle
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Table 1
High-Friction vehicles

Friction specifications of the Low-Friction and

Bump toe - front left

Friction name

Low-Friction | High-Friction

Lower-arm ball joint friction torque (Nm)

21

Steer-arm ball joint friction torque (Nm)

0.5

11

Strut bearing friction torque (Nm)

1.7

Wheel-body displacement

175

Steering gearbox friction force (N) 100

Rear upper-arm ball joint friction torque (Nm) 1 17.5

During the validation of compliance characteristics,
a common stiffness scaling factor was included for all
suspension bushings, sub-frame bushings, and steering
gearbox mounting bushings, while during the friction
correlation of the simulation model, a common friction
scaling factor was used for all frictions in the chassis
system.

Three vehicles (High-Friction vehicle, Low-Friction
vehicle, and Production vehicle) were specially built
to validate the model. The vehicles all had the same
specifications except for different friction levels in
the following chassis parts: strut bearing, lower-
arm ball joint, steer-arm ball joint, steering gearbox,
and the upper-arm ball joint of the rear suspension.
These parts were chosen based on the production
line capability for manufacturing parts with varying
friction specifications. The differences in friction
specifications between the Low-Friction and the High-
Friction Vehicles are listed in Table 1. The ratio of
system-level frictions between the High-Friction and
Low-Friction vehicles achieved 1.3 in vertical direction
of the front suspension and 1.6 in the steering
rotational direction.

Whereas the kinematic and compliance correlation
was mainly based on the Production vehicle, the
friction correlation was performed on all three
vehicles. Figure 4 illustrates an exemplary comparison
between simulated and measured suspension kinematic
and compliance characteristics. As shown, the
simulated bump toe, bump camber, lateral compliance,
and longitudinal compliance have fairly good
agreement with the measurement. Similarly, good
correlation results are obtained for other kinematic
and compliance parameters, such as steering ratio, roll
stiffness, wheel rate, and toe compliance.

Figure 5(a) demonstrates the measured and
simulated suspension vertical frictions. As shown, the
simulated system-level friction results closely match
those from measuring all three vehicles and for both
front and rear suspension systems. Figure 5(b) shows
close correlation between simulated and measured
steering friction torques of the chassis system in all
three vehicles.

— 100 —
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Wheel center displacement

Wheel center displacement

100 mm
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== Simulated

A
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0.5 deg
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A Y
Vv

2000 N
«—

Longitudinal force

Fig. 4 Comparison of simulated and measured
chassis kinematic and compliance
characteristics
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Fig. 5 Comparison of simulated and measured
system-level friction characteristics

3. Performance Areas Affected by Frictions

3.1. Quantifying the Influence of Frictions

The High-Friction and Low-Friction vehicles were
used to evaluate the relative performance change in
each area and the evaluation results were used to
further validate the simulation model.

The performance areas covered in the investigation
include high-speed steering feel, low-speed steering
feel, torque steer, vehicle drift and pull, brake judder
sensitivity, gross body motion, body roll motion,
steering shimmy, steering kickback, impact harshness,
driving vibration caused by the tire-wheel’s second
order imbalance, and self-steer. High-speed steering
feel is focused on the on-center steering angle-torque
characteristics that can be presented by a steering
damping factor and a spring coefficient” ™, while low-
speed steering feel is evaluated by the nimble feeling
and maneuverability at low speeds. One of the key
low-speed steering feel attributes is the self-centering
ability of the steering wheel when it is released during
a steady-state turning event. It is quantified by the
steering wheel returning angle from a given angle in
a certain period of time after the steering wheel is
released.

Torque steer is when a vehicle drifts to one side
during hard acceleration from zero speed on a split-u

surface, which can be judged by the steering angle
change during a hands-free acceleration event. Self-
steer is the extent of steering effort degradation with
the increase of steering input during cornering. Vehicle
drift (and pull) is normally experienced during middle-
to high-speed straight-line driving.

On the other hand, chassis sensitivity of brake
judder and steering shimmy can be quantified as
the transmitted vibration at the steering wheel when
the front knuckles are excited by a given level of
brake torque fluctuation or tire-wheel imbalance®” ©.
Whereas gross body motion is judged by the vehicle
body motion in vertical direction, body roll motion
is evaluated by the combined effect of the first and
second overshoots of roll angle, roll rate, and yaw rate
when there is an abrupt change in steering angular
input. Steering kickback is measured as the steering
effort fluctuation while impact harshness is quantified
by a specially-designed index for the impact to vehicle
seats, floor, and steering wheel, when the vehicle runs
over an obstacle on a road.

Extensive simulation and measurement have been
performed for the performance areas described above.
Figure 6 shows the simulated and measured results
of the high-speed steering feel characteristics under a
sinusoid steering input (at 0.5 Hz). It suggests that
chassis frictions can affect the steering damping factor
but maintain steering spring coefficient for various
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Fig. 6 Measured and simulated on-center steering
feel characteristics (at high speed)
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amplitudes of steering input. It was also confirmed
that the simulation can accurately predict the trend.

Figure 7 compares the torque steer performance
between the High-Friction and Low-Friction vehicles
during hard acceleration from zero speed. As shown,
the steering wheel angle change is reduced about 80%
from the Low-Friction to High-Friction vehicle, and
the simulation model accurately predicts the maximum
steering angular rotation.

Figure 8 shows how body roll behavior changes
between the Low-Friction and High-Friction vehicles
when the steering wheel is released after a steady-state
steering input of 60 degrees. As shown, increasing
chassis frictions results in a reduction in the second
overshoots and a mild decrease in the first overshoots
of roll angle, roll rate, and yaw rate. It is further
shown that the friction change from the Low-Friction
vehicle to the High-Friction vehicle is able to reduce
the number of roll rate and yaw rate overshoots from
four to two. This can enhance a stable performance
feel during abrupt maneuvers, such as making an
emergency lane change or avoiding an obstacle.

These examples suggest that the higher the chassis
frictions, the better the vehicle performance in torque
steer, body roll control, and high-speed steering
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Fig. 7 Torque steer during hard acceleration from
zero speed

damping. However, this trend does not hold true for
low-speed steering feel. During low-speed maneuvers,
such as in city driving or parking, lower levels of
chassis frictions are desired to achieve a nimble and
clear steering feel. Figure 9 shows the effect of
frictions on low-speed steering feel by comparing
the steering wheel self-centering ability of the High-
Friction vehicle versus Low-Friction vehicle. Due to
the increase in frictions, the self-centering ability of
the High-Friction vehicle is reduced by almost 50%.
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Fig. 8 Simulated vehicle roll motion control
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3.2. Performance Areas Influenced by Frictions

In order to compare the impact of chassis frictions
on different vehicle performance areas, the percentage
of performance change from the Low-Friction
vehicle to the High-Friction vehicle is calculated for
each performance area. The absolute values of the
percentage results are then summarized as relative
changes in performance in Fig. 10.

In general, one quarter (or 25%) change in
performance can be considered as significant enough
for normal drivers to feel the difference. Thus, as
shown in Fig. 10, chassis frictions can considerably
affect the following performance areas: high-speed
steering feel, torque steer, vehicle drift, low-speed
steering feel, body roll motion, brake judder, and gross
body motion.

]:20 deg

== |_ow friction
===High friction
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Fig. 9 Simulated steering wheel self-centering ability
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Fig. 10 Influence of chassis frictions on vehicle

performance areas

4. Sensitivity of Performance to Frictions

4.1. Most Influential Frictions

A virtual sensitivity analysis was conducted to
identify which frictions have more influence. During
the sensitivity analysis, the vehicle model with half
of production specification levels of chassis frictions

was used as a baseline model. Next, one derivative
model was created for each chassis friction in such
a way that the breakthrough and kinetic values of
that specific chassis friction in the baseline model
was increased up to five times as much as the
corresponding production specification, while other
chassis frictions remained unchanged. Because there
are eight chassis frictions included in the baseline
model, there are eight derivative models in total. The
baseline model and the derivative models were used
to predict individual performance areas; the relative
sensitivity of each performance area to the changes
of chassis frictions was analyzed, and most influential
frictions for each performance area were determined.
Figure 11 shows that for torque steer, steer-arm
ball joint friction torque, steering gearbox friction
force, and lower-arm ball joint friction torque have
high influence; strut bearing friction torque has some
influence; while front damper friction force, front
damper friction torque, rear damper friction force,
and rear upper-arm ball joint friction torque have
no influence. Conversely, for gross body motion,
Figure 12 suggests that front damper friction force
has high influence; lower-arm ball joint friction torque
and steer-arm ball joint friction torque have some
influence; rear damper friction force has low influence;

Rear damper friction force

Rear upper-arm ball joint friction
torque

Steer-arm ball joint friction torque
Steering gearbox friction force
Lower-arm ball joint friction torque
Front damper friction torque

Front damper friction force

Strut bearing friction torque

Sensitivity

Fig. 11 Sensitivity of torque steer to chassis frictions

Rear damper friction force

Rear upper-arm ball joint friction
torque

Steer-arm ball joint friction torque
Steering gearbox friction force-
Lower-arm ball joint friction torque-_
Front damper friction torque-
Front damper friction force -_
0

Strut bearing friction torque

Sensitivity

Fig. 12  Sensitivity of gross body motion to chassis
frictions
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and strut bearing friction torque, front damper friction
torque, steering gearbox friction force, and rear upper-
arm ball joint friction torque have no influence.

Similarly, Figs. 13 and 14 show that with respect
to low-speed and high-speed steering feel, steer-arm
ball joint friction torque and steering gearbox friction
force have high or some influence, lower-arm ball
joint friction torque and strut bearing friction torque
have low influence, and all other frictions have no
influence.

4.2. Common Influential Frictions

Table 2 summarizes the findings of the high-
influence chassis frictions for each performance
area. As shown, steer-arm ball joint friction torque
and lower-arm ball joint friction torque are the only
chassis frictions that affect all seven performance
areas, while steering gearbox friction force is
influential on most, but not all, performance areas.
The data also imply that steer-arm ball joint friction
torque, lower-arm ball joint friction torque, and
steering gearbox friction force are principal chassis
friction elements that need close attention during
vehicle development.

Rear damper friction force

Rear upper-arm ball joint friction
torque

Steer-arm ball joint friction torque
Steering gearbox friction force
Lower-arm ball joint friction torque
Front damper friction torque

Front damper friction force

Strut bearing friction torque

Sensitivity

Fig. 13  Sensitivity of low-speed steering feel to
chassis frictions

Rear damper friction force

Rear upper-arm ball joint friction
torque

Steer-arm ball joint friction torque
Steering gearbox friction force
Lower-arm ball joint friction torque
Front damper friction torque

Front damper friction force

Strut bearing friction torque

0
Sensitivity

Fig. 14  Sensitivity of high-speed steering feel to
chassis frictions

Table 2 Summary of the sensitivity of vehicle
performance to chassis frictions

© Most influential O Influential A\ Less influential X Not influential

F Lower- | Steer: Rear
riction | Strut | Front | Front . "~ |Steering| upper- | Rear
bearing|damper |damper ar'rgir?ta” ar_rgirl])tall gearbox |arm ball|damper
friction | friction | friction | ¢ 12 Joir friction | joint | friction
friction | friction s
torque | force | torque torque | torque force | friction | force
Performance torque
Hi-speed steer feel|  /\ X X A O © X X
Torque steer O X X © © © X X
Vehicle drift © X X © | O| O X X
Lo-speed steer feel| /\ X X O © © X X
Body roll motion | O O X O O © X AN
Brake judder © X X O (@) © X X
Gross body motion| X © X O O X X A

5. Conclusion

An extensive analytical study was conducted to
quantify the influence of chassis frictions on vehicle
dynamic performance areas and to identify the relative
importance of frictions in different locations in a
chassis system. A multi-body simulation model of
a full vehicle was developed with the integration of
customized friction functions in all major chassis
joints and the correlation with measurement in chassis
kinematics, compliance, system-level frictions, and
vehicle dynamic behavior. Using vehicle simulation
and actual measurement, it was determined that chassis
frictions can affect seven key vehicle performance
areas, which include high-speed steering feel, torque
steer, vehicle drift, low-speed steering feel, body roll
motion, brake judder, and gross body motion. This
was followed by a thorough sensitivity analysis to
identify the high-influence frictions for each of those
performance areas. As a result, steer-arm ball joint
friction torque, lower-arm ball joint friction torque,
and steering gearbox friction force were identified
as the common influential chassis frictions that exert
considerable effect on almost all of the seven vehicle
performance areas.

The study provides valuable information for
understanding the influence of chassis frictions
on vehicle dynamic behavior and for developing
an effective friction control strategy for vehicle
development. Further experimental investigation is
conducted” to understand how each of the seven key
performance areas can be affected by the different
friction levels at a selected location.
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Influence of Chassis Frictions on Vehicle Dynamic
Behavior: Vehicle Experimental Investigation
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ABSTRACT

To study the influence of chassis frictions on vehicle dynamic behavior, an experimental investigation is done
using a test vehicle with a specially-designed friction control device integrated with the steer-arm ball joints.
Extensive vehicle on-road tests were conducted to understand the relationship between the chassis friction level
and the following seven performance areas: torque steer, high-speed steering feel, low-speed steering feel, vehicle
drift, body roll motion, gross body motion, and brake judder. The research demonstrated that vehicle performance
in these areas is highly dependent on the level of friction torque at the steer-arm ball joints in a linear or nonlinear
manner. Each performance area can be enhanced by an appropriate level of the friction torque, but different
performance areas may require different settings of the friction torque and some settings may contradict each other.

1. Introduction

Frictions exist at multiple locations in an
automotive chassis system, including suspensions
and steering. With unique nonlinear characteristics,
frictions in a chassis system may affect vehicle
dynamic behavior.

Passively applying supplemental frictions at a
chassis location, such as in the steering gearbox, is
a common approach used to tune steering feel or to
enhance system toughness for vehicle performance.
However, while one friction setting can increase
vehicle performance in one area, it may affect
performance in other areas. To help design a chassis
system that enhances various dynamic and comfort
factors, research was done on the influence of chassis
frictions.

Related research!’ by the first author reveals that
the following seven key vehicle performance areas
can be highly affected by chassis frictions: torque
steer, high-speed steering feel, low-speed steering feel,
vehicle drift, body roll motion, gross body motion,
and brake judder. Furthermore, steer-arm ball joint
friction torque and lower-arm ball joint friction torque
have been identified as the frictions that exert high
influence on all of these seven vehicle performance
areas.

This paper explains an experimental study on
the influence of chassis frictions on vehicle dynamic

* HONDA R&D AMERICAS, INC.

behavior. The study involved a test vehicle with a
specially-designed on-board friction control device
integrated with the steer-arm ball joints. Extensive
vehicle on-road tests were conducted to understand the
relationship between the friction torque level at the
steer-arm ball joints and each of the seven key vehicle
performance areas.

2. Experimental Approach

2.1. Test Vehicle

The test vehicle used in the investigation was a
sport utility vehicle equipped with a MacPherson front
suspension, trailing-arm rear suspension, and rack-and-
pinion steering system. In addition, two modifications
were made. First, the front lower-arm ball joints, strut
bearings, and steering gearbox were replaced with
parts of low-limit specifications for friction. Second, at
the location of each steer-arm ball joint, a specially-
designed friction control device (FCD) was installed
as shown in Fig. 1. The design of the FCD consists
of a ball joint with movable ball socket and a force
actuator that acts on the socket. By the control of
the input (in hexadecimal) of the force actuator, the
friction torque of the ball joint can be controlled. The
design intention of the FCD is to have an on-board
device to vary the friction level of the steer-arm ball
joint as needed. With the FCD, real-time control of
the friction torque can also be possible.
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As demonstrated in other research”, the steer-arm
ball joint friction torque is one common friction that
exerts high influence on the seven vehicle performance
areas. By changing input to the FCD, the friction
torque of the steer-arm ball joints can be varied
without physical part change, and the investigation on
the relationship between the level of the friction torque
and each of the seven vehicle performance areas can
be conducted.

2.2. Tool Used to Vary Frictions

The FCD is designed to generate sufficient and
smooth friction torques. Friction torques of the FCD
can occur in different directions, where the rotational
direction is around the axial line of the ball stud and
the rocking direction is the direction in which the ball
stud swings back and forth relative to the ball socket.
Kinetic (or dynamic) friction occurs when the ball
stud is rotating or rocking relative to the ball socket,
while breakthrough friction is the maximum friction
between the ball stud and the ball socket when they
are not moving relative to each other (i.e. zero relative
velocity). Figure 2 shows an example of the measured
FCD friction torques under a given input. As shown,

Spring-
damper unit

\g\%’\

Tire

Steer-arm
ball joint

Friction
control device

Steering rack

Lower-arm /

Fig. 1 Friction control device integrated with steer-
arm ball joint
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Fig. 2 Rotational and rocking friction torques of FCD
at one given input
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Fig. 3 Friction torque characteristics of FCD with
respect to its input

the FCD can create smooth and linear friction torques
with little increase from kinetic to breakthrough
frictions in both rotational and rocking directions.

Figure 3 shows the measured kinetic FCD friction
torques with different device input. It was confirmed
that friction torques in both rotational and rocking
directions increase linearly with the increase of the
device input, the ratio between the friction torques
in rotational and rocking directions remains nearly
constant regardless of input value, and the variation
range of friction torque can achieve 70 Nm maximum
in rotational direction and 50 Nm maximum in rocking
direction.

3. Performance Dependency on Friction Level

3.1. Torque Steer

Torque steer occurs normally during hard
acceleration from zero speed on split-u surface, which
can be quantified by the steering angle change during
the hard acceleration event when the driver’s hands are
free from the steering wheel. Torque steer performance
of the test vehicle is investigated against a series of
FCD friction torque settings.

Figure 4 illustrates the variation of maximum
steering wheel angle with the change of the friction

87%
reduction

30 deg

Max steering angle change

Critical friction level
0 10 20 30 40 50 60 70
Friction torque (Nm)

Fig. 4 Variation of maximum steering wheel rotation
angle with change of FCD friction setting
during torque steer tests
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torque during hands-free, hard acceleration events
under a given unbalanced vehicle loading condition.
As shown, the FCD friction torque has high influence
on torque steer performance. Steering wheel rotation
and vehicle lateral drift caused by torque steer can be
improved by about 87% to an unnoticeable level when
the friction torque is increased from the lowest setting
to the highest setting.

The data also demonstrate clearly a nonlinear
relationship between the torque steer performance
and the FCD friction torque. Maximum steering angle
change decreases steadily with the initial increase
of the friction torque, but beyond a critical level of
friction torque, further increase of the friction torque
does not further enhance torque steer performance
significantly. This implies that the critical level of
friction torque can be considered as the sufficient
setting for enhancing torque steer performance.

3.2. Steering Feel

Steering feel is evaluated with various FCD
friction torques at different vehicle speeds so that
the dependency of steering feel on the friction torque
can be understood thoroughly. Steering feel for mid
to high speeds is focused on an on-center region
(small steering input) and characterized by a steering
damping factor and a spring coefficient®®, while
steering feel for low speeds is quantified by the self-
centering ability of the steering wheel when the
steering wheel is released during a steady-state turning
event.

Figure 5 shows on-center steering feel
characteristics at a middle speed and a high speed
under different FCD friction settings. It is shown that
at the middle vehicle speed, the increase of the FCD
friction torque from 5 Nm to 30 Nm can increase the
steering damping factor while maintaining the level
of the spring coefficient for both smaller sinusoid
steering input (15 deg) and a relatively larger steering
input (30 deg). However, further increasing the friction
torque does not considerably increase the damping
factor; it actually reduces the effect and raises the
spring coefficient for smaller steering inputs. The
results indicate that if the goal is to achieve maximum
impact on the damping factor for both smaller and
larger steering inputs, there exists an optimal friction
level for the vehicle speed being discussed.

As shown in Fig. 5(b), the experimental results for
high speeds reveal an interesting trend. With a lower
level of friction torque, the steering damping factor
not only is lower but also has a decreasing trend with
the increase of steering input amplitude. This is an
undesired situation that causes an insecure steering
feel. As evidenced by the figure, this situation can
be completely reversed by applying a higher friction
torque setting.

On the other hand, Fig. 6 shows that increasing
the FCD friction torque quickly decreases the steering
wheel’s self-centering ability. Since a high level of
steering wheel self-centering ability is desired for

achieving a nimble feel, lower FCD friction torque
is necessary at lower speeds. This suggests that the
vehicle needs a completely different friction setting
for enhancing low-speed steering feel from the one
required for achieving a good high-speed steering feel.

3.3. Vehicle Drift

Vehicle drift is normally experienced during mid-
to high-speed straight-line driving. In order to obtain
repeatable results, the test vehicle was set with split
camber angles and unbalanced tire conicity forces
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Fig. 5 Variation of on-center steering feel
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between left and right tires. With the driver’s hands
free from the steering wheel, the vehicle was driven
at a constant speed along a straight line on a flat
surface. Vehicle drift performance is determined by the
lateral displacement of the vehicle within a predefined
distance.

As shown in Fig. 7, vehicle lateral displacement
during drift tests decreases almost proportionally
with the increase of the FCD friction torque, and the
lateral displacement can be improved by at least 60%
from the lowest to the highest friction torque settings
applied in the investigation. The results show that the
higher the FCD friction torque, the better the vehicle
drift performance.

3.4. Body Roll Motion Control

Body roll motion is evaluated by the combined
effect of vehicle roll angle, roll rate, and yaw rate
when there is an abrupt change in steering angular
input (i.e., the steering wheel is released after a
steady-state steering input). Since yaw and roll are
coupled during a vehicle roll event, the feeling of
body roll motion control is related to both yaw and
roll response.

Figure 8 shows the differences in the body roll
motion between a lower setting and a higher setting
of FCD friction torque. As shown, increasing FCD
friction torque lowers the second overshoots in roll
angle, roll rate, and yaw rate and reduces maximum
roll rate and maximum yaw rate. The trends closely
match analytical results'.

Body roll motion control was evaluated under
several FCD friction torque settings. Figure 9 shows
the variation of body roll characteristics with changes
in friction torque. As shown, the second roll angle
overshoot, maximum roll rate, and maximum yaw
rate all demonstrate a purely linear relationship with
the FCD friction torque. The friction torque has
considerable effect on the roll angle and yaw rate
and a mild effect on roll rate. The higher the friction
torque, the lower the roll angle overshoot, maximum
roll rate, and maximum yaw rate. Thus, a high FCD
friction torque can create a more-damped and stable
roll motion.

60%
reduction

]O.S m

Camber angle: front right = 0.3 deg, front left = -0.7 deg
Tire conicity:  front right = 3.0 kg, front left = 0.0 kg

0 1b 20 30 40 50 60 7'0
Friction torque (Nm)

Lateral displacement

Fig. 7 Variation of vehicle lateral drift with changes in
FCD friction torque

3.5. Gross Body Motion Control

Gross body motion was examined by the vehicle
body motion in a vertical direction when the vehicle
is tested both on a laboratory four-post tester and on a
flat ride road.

Figure 10 shows the sprung mass (body) response
under a larger excitation amplitude and the front
unsprung mass (front suspension) response under
a smaller excitation amplitude at the tire contact
patches, when the FCD friction torque is set to
different levels. As shown, with the increase of the
FCD friction torque, the peak gain of the frequency
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Fig. 8 Comparison of vehicle roll behaviors between
lower and higher settings of FCD friction
torque during abrupt change in steering input
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response function (FRF) between the sprung mass
and the pad of the four-post tester demonstrates a
nonlinear decrease trend, while the peak gain of the
FRF between the unsprung mass and the pad of the
four-post tester exhibits a decrease trend initially and
then a subtle increase trend.

Figure 11 shows the nonlinear dependency of seat-
rail vibration, body vertical displacement, and steering
effort fluctuation on the FCD friction torque when the
vehicle is driven on a flat ride road with a sinusoid
profile in vertical direction. Similar to the trend of the
sprung mass FRF shown in Fig.10, the amplitudes
of seat-rail vibration, body vertical displacement, and
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Fig. 11

— 110 —



Influence of Chassis Frictions on Vehicle Dynamic Behavior: Vehicle Experimental Investigation

steering effort fluctuation decrease slightly with initial
increase of the friction torque but then decrease with
further increase of the friction torque. For best ride
comfort under the flat ride road condition, the highest
possible FCD friction torque is needed. In addition,
the characteristics of steering effort fluctuation shown
in Fig. 11(c) suggest that increasing the FCD friction
torque can reduce the busyness of the steering wheel
and further enhance the driver’s comfort.

3.6. Chassis Sensitivity of Brake Judder

Chassis sensitivity of brake judder is quantified as
the steering wheel rotational vibration when the front
knuckles are excited by a given level of brake torque
fluctuation® . A brake rotor with known, exaggerated
rotor thickness variation is installed in the front right
brake system of the test vehicle. During the brake
judder tests, the vehicle is decelerated from 140 kph
at a deceleration of 2 m/s’.

Figure 12 shows examples of brake judder test
results when different FCD friction torques are
applied. As shown, the FCD friction torque has
considerable effect on the peak amplitude of steering
wheel vibration during deceleration. Brake judder can
be reduced linearly by increasing FCD friction torque
and be improved by as much as 6 m/s’> within the
limits of the FCD.
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Fig. 12 Variation of brake judder sensitivity with
changes in FCD friction torque

4. Conclusion

Building on other research into the influence of
chassis frictions on vehicle dynamic behavior”, an
experimental investigation was done using a test
vehicle with a specially-designed friction control
device integrated with the steer-arm ball joints.
Extensive vehicle on-road tests were conducted to
understand the relationship between the friction torque
level at the steer-arm ball joints and the following
seven key performance areas: torque steer, high-
speed steering feel, low-speed steering feel, vehicle
drift, body roll motion, gross body motion, and brake
judder.

It was determined that these vehicle performance
areas are considerably affected by the level of friction
torque at the steer-arm ball joints in either a linear
or nonlinear manner. Each performance area can be
enhanced by an appropriate level of friction torque,
but different performance areas may require different
settings of friction torque and some settings may
contradict each other.

This study extends the understanding of chassis
frictions’ influence on vehicle dynamic behavior.
Further investigation is planned to take the advantage
of the frictions’ effects to simultaneously enhance
multiple performance areas.
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Honda has developed two Active Noise Control
(ANC) technologies, and has employed them as
standard in a large number of vehicles. One of these
technologies is a drumming reduction technology that
employs feedback control, and the other is an engine
booming noise control technology that employs feed
forward control, which uses the engine speed signal as
a reference signal. These technologies have previously
not been combined to produce an integrated system
due to issues of mutual interference between the
control systems and stability in the feedback control.
The research discussed in this paper created a new
drumming control technology that resolved these
issues, and developed an integrated ANC system. The
new ANC system developed in the research has been
employed in a number of vehicles.
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Development of SRS Module Damping Structure for Vibration Enhancement and Weight Reduction
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Resonance phenomena represent an issue in terms
of marketability, and dynamic dampers are employed
as one means of responding to this issue. However,
because the use of dynamic dampers increases vehicle
weight, methods that entail less weight increase
are demanded in the area of the steering system. A
new SRS module structure able to be employed as
a dynamic damper was therefore developed. This
new structure reduces vibration without the use of a
conventional dynamic damper. The distinctive feature
of the new structure is the addition of a floating bush
to the SRS module in order to obtain a frequency
characteristic suited to the resonance characteristic
of the steering system. The use of this structure has
balanced increased marketability with reduced weight,
and helped to enable the realization of a method of
ameliorating steering vibration with a high level of
general applicability.
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