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Styling Design of New CIVIC
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7 = ABSTRACT

WA CIVIC &, WA EEID 358 L uMfiifE [Clean
Energetic|[ Smart Technology]%Z L CTHLIZK® 5 5 FA
PEHET S & % [Fun to Drive/Fuel Efficiency] %% —7 —F
& LT [Distinctive Smart CIVICJ&E WS 275y Favt
TrOY LITHFE SN,

IO ZAFYT7TFHA VX, [Clean & Energetic)] %2
YT hEL, NERSEWRO S ZMEAOHKE ) 7+
LA ERBE L A V7)) 754 i, [Smart
Futuristic Cockpitl# 2 vt 7 b &L, BEENTAAX L L
Tt a s vy b EBB L L2 £/, TR 6 ORI E
KOBIEY72¥ DN T—BLCT 7T ) v o ERIFEL .

The new CIVIC was developed under the grand
concept of “Distinctive Smart CIVIC” following
the keywords “Clean & Energetic“ and “Smart
Technology” (new values that anticipate the era) and
“Fun to Drive/Fuel Efficiency” (the basic performance
expected of a car).

The exterior design is based on the concept
“Clean & Energetic” and expresses a unique dynamic
monoform framework that looks powerful and clear.
The interior design is based on the concept “Smart
Futuristic Cockpit” and embodies a functional,
spacious and advanced cockpit. The colors and fabric
were also developed to bring out these characteristics.

1. EU®IC

HUR CIVIC 23 1972 SFIZFEAE L TLE, MK CIVIC i
W 8w r — DR, F OB Z & OSEREIR, BrLwn
il 2 420 Lie i €, 7 4 U 1 i &R 170 7 Ho
BEMIIEINTE 2.

FfD 8 LH CIVIC i, W#EDO LTy + L2 DA
ERERKEE X BEZA VTV TERBLE[® 75
U LGRS CIRER 22 57 LDl 2 42K L7z, 2 4 VT T
HBTANHTIE, RE—=T =500 E L% DR
127 Ol % S s LA, B x~— 2%
PBATWEY 3L —Y 3 YIS EXh, N7 s
O Y — R X NS T A A E < R & sz

SHEOINETFTILF VYT, TOYV AL —V 3
VYERAA VA= ML, HEDITA T AL EE
MCTAY— MZT B4 V&7 x— 2D, MEDE
T A LEEE LD F A F Iy 2L X225 Uil
# Ui R&D £ ¥ & —

https://doi.org/10.69239/hondatechnicalreview.2012 24 1 1

EEDEZTIET, CIVICAHALTRN > 72U TE
LABHED EHIE L., 20T Fav &7 % Fig. 1
IR

Distinctive Smart CIVIC

Filfiio e

fu@cy

Sz/ely / Environment / OGRY
*DQR: Durability, Quality and Reliability

Fig. 1 Grand concept
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2. FHAL1 D5

HFHICIVICOTFHA ViE, A4V E =79 b ThHBY <
FL—=2aVYDITATAZANEEBNTAY— MIHT
LCEEIDIZ[ 27—V [ 2= F][#ik]%F—T—
F&UTHTL .

FENED Z & 2 < BeERRA & HIIRIE T & 2 H&E D
FA v a7 =28, PEICR AV S TED TR
EBATINNENZEBEBIR L2, £ L TEDIRNENZE
MANME» S TEbrEREEF YV 2R E LT
7 A SERS A AL S 8, MEOFEE LB LW tifto &
ZERE ) 7 A LB EHIEL 72,

3. Ny —=ILA4TF7J b

Ny r =V VLA 7Y M, FEEOH5MEDE / 7+
L LBIEE, 79 2 A AN FIE ORB = HiEL
7= [Distinctive Packagel# 2 v 7 b & L7z, BREERED
KT ZEET B 72009 4 3B CIVIC EFRZEE L,
ZOHTay T b aFEBT L7280, BRNERORIKH &
AhEALICHLD Ml A, FBUERHT D7 4 F A & 2805
2R S & A ER L 72 (Fig. 2).

BNZEROZEL A BT 55 728, Honda DESL DD
FHTeghdvrvFovh-Ah3Iov s BEICTEE
D, FRICADIAE AR R T WSO EE 1 mm B0
Z7Eb0 TR /.

7 A Y HGTO CIVIC Dffibhi% W5 & FICH)
WEE, FIANOCED TOMHARAA v ThHD. £ OH
JEEBOPEER O ED LOFB AKX L TEH A5 KD
12, KEOFRBOMEE 10 mm AT 2 EFRIBHIZF 7 54 =
V7 OERMIC XD BAESTEA 75 mm LKL 7=

F70 - NLHBICEOTIIREEM L EETH 5.
B BB O I CIVIC AfEE LS, 7a 70

RRAEIZ K D BRFEFRBDEICA N — 2L KM ATREIS L D,
MORIEY — b3 2RO TR TIEMY O 2 X — 2 %k
o, @& D b B BIEEMAETEB L 72 (Fig. 3).

o BASEoOmEEBIEL, 7oy VYT —Mh%
FARCIVIC RMRICRHIANBIE L, 7a v P BT —DfiiE
LWk TRIZKD, KD T4 FTHRBUED H %
TR &R L 72

7z, 7uv ot —ao 4 VY EFTICERGET S
ZETHRAREIRET, 41 VA ML AV MSEIL LD S A
W28 % &5 TR 20 228 & Y U 7z (Fig. 4).

Fig. 4 Front space

distinctive Package

Wide & high-efficiency package

Exhilarating Space

Creating an open feeling
with a wide field of vision

WIDE CABIN

{04750 mm (£0)

Unique presence

Long and wide cabin
with a strong presence

LONG CABIN

“Fi435 mm (£0)

2670 mm ( - 30)

4505 mm (%£0)

Fig. 2 Package layout
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BiGICHELZ-70Y FET— FEEBRE,ISELE 6N
DM ETAXIZEFE L5, 7oy by — b
Ny 2 BMENSSRABBIRETHZ LT, #1658
I < BABANZIR U B RN & L 7=,

PR L 72/ 7 4 L & E8IIE, 29 L 722 o
DALELGS, vy rFryby, Yag—F/—X, ¥3—F
FoudbWnosz CIVICHAD TR -V 3 V& ¢ BB
LT3,

4. T7RTVT7THA1

I 27T, NERERRO » 2 mEOHKE
7 3L L FRE [Clean & Energetic]Z a2 7 M2 A4 A4
VYT kLl TPV T—FEbF vy, bIT VTN
En T EROMGEE AR L, L ¥ F S hi—&
BDHDBH, VVTINTO) —=VIET) T LLFRKERELR
TF—7& L7 (Fig.5).

D7) —=VikART—ONM» S, TXILF -
T BA A=V TH—T2—25HOHL, BODDH
%R T — OB A @3 5 Z & T CIVIC 2
SEDMILLAETHA v E LA ZhEeRIZELTVS
DN, FA KDY aLFSAYRENY T =2V ZIZhi)
TO, MPRCRTHEROHB LT 3584+ 3 v 7 k&R
Th5.

ZLC, RF—H A4 FIFEIF v 5327254 V& 1AKE
EHEBZET, BRILTHORLEHIRERBHL TS, %
7o, 70y YT — M EiFICEEL, ¥4 P4V F
D7 T T 4y I AETRICRS WY S Z LT, BENZERO
PR DEBR, (KK AR =T 4 BART DT E0E
i3z X 7= (Fig. 6).

JuY bEa—TIF, V4 NEEEBHAT LI LT, Ok
DLOHKERCEELTHA VEHELE 70y Y
VoSO —FEIE, HciEe 5 TIRD T & 5 mEE T,
PSR, 2 L CiEL & LGHERO S 2HI8EITH
HL7. 7av b<22F, 7ay b ) LEAy K54

Clean & Energetic

Fig. 5 Exterior design concept

F RO S X EISE L 2EBIE T, UhEXEE L
FRaE O X &2 H 722 5 LHIEIZ, B CIVIC 2507
15T 474 KX E, ~HTCIVIC ¢bnrb 70
YbhT x4 2L L7 (Fig. 7).

VY E2—Ti&, b7 o 5 M E g % R -
VRO DS B8 E, ¥4 FIZlih ZEEzy)vyavy
F=YavI VT ERETSEIET, vV FEERIAL
oo FIRFIC T o 24 L vy ZAMilla — A Ty VIBIRE L
AT = A FEOZERDOHN % wilt 425 Z & T2EIIERE
IZBEE L7274 v & L7

DX NvoiE T a Yy Ak —FERE SIS 5 TR D
HEE5ZLT, 4 FIER O ED LOHKEZKR L 25
WEIRD B 5 7 A v &EFAL 7= (Fig. 8).




Honda R&D Technical Review

Vol.24 No.1 (April 2012)

5.4 FUTFHA >

AVvF) T, BENEFIA =Ty 7y b
&, BERENTIA4 L7724 VT ) 722 & HIEL 72 [Smart
Futuristic Cockpitl#2a v 7 MZIZA&AL ) V%L
(Fig. 9).

Ty sy bSHIE, FIANEENE L HEE S
A= 2 HAE—FEIFICRE L, 7 ZIZMAEh v &
I BHIRHADOBENEKC 28 & Lz 2 LT
I TCAT =TT W72k B KEL S —TD
AVAMUAY ININVETHA VL, FTI4 =050
Ty a T E QISR E L X HMAEMSI LT T 2
BRARBOEBAMEEFZBL 7=, 2612 Xk DB RANDILED
DEKCZHLTY ) — Vi E LTV (Fig. 10).

FRREBERDE Z 71X, A — F 4 — 2 ZDHTjG
WRE N A EHHAN, d—F 4 X HOHEWRREAL V2
LR Y 2SR L DOHYERA L X3 U 7=, B O E0n
FRR[E, AMERISEW LT ) 7, BERIEF T4
DOFCELITHETZZ LT, DHVRRF IS 2 b L
AV RISFILTFHA v & L7z (Fig. 11).

IRz L F T L v 7 24— 4 FBIZE, %
FhEHREDH» DR T EKRTE 5 [Multi Information
Display | Bl L, MREEH, + — 7 1 AW, Ml iREH#
HAFRT LM AEY Y TNETTT 4 92T VIcd

Smart Futuristic. Cockpit
QWMMEEHM{

Fig. 9 Interior design concept

Fig. 10

Instrument panel

% Z LT, ETREO MRS E Kk L, BEFEAIC T <R
FHSRERY 2ok A v 2 7 2 — AN L X H 7

7, A —F 4 AMATT7Y) V2 A4 v F % Honda T
BHIHTORI 724 v F Ve L, BiRDERNEE Z
49 FOBREHEA A -V LRTVTHA VIZT L
T, Fue R T RO THEIETE S 2~ — | iy
fE & L7z (Fig. 12).

Juv by —ME, B A FOBAZZ5EHEL -2 0
LIERELEDENS Y, Er D EOFNEMHU 5% 2
L= TI VY FY 2 A FI2T BT T, 2% L DIEL
ErLEhs&oiZLr.

72, BEEEGOPEEEEAT, 7av ¥ —bOY
M%7 EFE LZBIRE T 5 Z 8 Tl ZRINIAL &h
559 LRL.

VY — MR, BEFEO S 77 4 9 2 TR AR L 7%
NEH, 4 POV K- A ELERNLEERICTSZ L&
THIFERBOFRD LML E® 72 (Fig. 13).

PHAHIZ DT, AR AMEREY 2 — s i3k
R CIVIC Ot AE#ME L 2564, USBMT-42 Y —
LRy I ZOHRIZH7ZICHREL, 32—V YE
EOBT-EEMNTES X ICRUEL 2. %72, EfTh
BAF TV A4 9 FTIa—Vy T LAYEDOTI
ENTES 720, HFREZAT—MIBLODILENTES
(Fig. 14).

visible area Qutside
view

5 fa pper are
garey Display

Sub-information

Control

: Driving I'F zone Information I/F zone:

Fig. 11 Multi-information display concept

Fig. 12  Drivers cockpit
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Fig. 13 Seat design

POCKET : Store plastic bottle

Front Tray - AUX Jack

ED -USB Jack (EX]

Fig. 14 Storage design

6. ho—6LVT77TVyIFH1

[Clean & Emotional |22 v ¥ 7 MZHEREL T4 v &
MG Eza—7 1 2 — PERBL 7.

IOZAFVT AT —IE, HT7ADKSITBAFENERK
EWEAEBOF ORI EF - T - FIZ5AOHGEE
11O —54 v y TEREL.

F—=<H5—=0OCO0L MIST M. &, & xfmin, S —
NERABALEZRATA NAR) w2 THDB. Fbhik
NT =TT bEEEREROD BN, T4 ML, £REED
XHBEHIZIZEA ) VT DO E —EEESL 728 T,
GREEN OPAL M. i3, BBUCHIE L 720084 A =V & 4
AV MIEBLENTY) y VEHGTH S, SHET
ANIT V= TEPEIBRE®RFAL, TL—2560Y) -V
DH T =27 b THEALA LKA KB 7=

CRIMSON P., DYNO BLUE P., 2 K-> L —F Si
BiH D SUNBURST ORANGE P. i3, X £ A BERKD
AR ZRL, ThZ PS5 2 2% -8
ZEHRAE L, WThoG e HuWERET LI TV -2 %
BATHIET, BADDH LY x— FEe@BELN N 54
b TR 2 bR 4 REE X ¢ 7= (Fig. 15).

AVvFVTHT—E, BEELROEEF—T - FIC
A& LT A8 A Vv P EE 728724 BDH T —F4 V
F v L7

F—<v75—"Tdh%PALE MOSS GRAY N, K
TV—=VEIyEVAELEHLOIA I I T—-TH 5.
5270 —Vvka—7 43— MIFRPIRE R4 KB
L7z, ZOfth, B2 WL -2 B LEZEL VBTV —
N, B AD D B PBEEERBL 72—V 2 N, TR
WAK—F 4 EAERB LA FR—-Y L —FSiHHEDOT
v 7 NEEEFE L 72 (Fig. 16).

A YA AY FISFILERT T 9r8AIZ, AN
=Tz —ZAEBRPEFALZHF LSO [ 1 F &
V= =T 2= EFHLE TV Y FLEZZDODR
GBAEBENT 2 ZF v —h, Lok e UEkEERE
L, TBIRRL DG & Bz phsris, BcidE R 5T
XEIEHEENENTEZ LN/ TH B, ZOHKN
FhRITIE 2 U2, KD —ROIEMR ) KE BT X
EAEMITINA T3 (Fig. 17).

V=bT7 7792, FMDOLNZZ—FEH Y
Ty MZ, 7Y =Y FTHOWE &S AR TR D
5534 VOT) Vb AL V- P KRR S ¥
MR L S 4 YR E— P EAEE O 3N
L, ¥4 F 392Xy = 284 VY IDIEE BB
X% &L L7 (Fig. 18).

ZFE L DEHIC L IR

Fig. 15 Exterior color image and line-up

ZFHELDOIEHIC & V) IR

Fig. 16 Interior color variation
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ZEHELDIRHIC & V) IR

Fig. 17 Surface design

Z{FiE L DIRAIC L V) TR

Fig. 18 Fabric design
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Styling Design of N BOX
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= = ABSTRACT

N BOX 325 Fa2 ¥ 7 biZ[Green Mini Minivan]
Eom, BABEYIOFF vy 22y 2L 470 b Eev
VREVVL AN I LAORBITIS S HIMR T T
M7 — L THRBULL, TH TIHRANRIT 2 [ I = Y
L UChZEL 7.

[Relax Flex Mini Minivan]%Z7F%4 a7 &L,
T7 IV =3I NNY e UTOFEREE 220, T 49
Bl 2227 ) 7R[EBEDODIHM-ROLE &, A VT
VT7RAE MDD | EALA4 ) v T —v b Uiz 72
INLOFREELDGIEN SN T —BLOV— T 7
T w7 ERFEL .

Designed to the grand concept of a “Green Mini
Minivan,” the N BOX utilizes an FF center tank layout
(a first for a kei car) in a new-generation platform
based on the concept of “man maximum, mechanism
minimum,” making it a “kei minivan” for families
with young children.

Starting with the design concept “Relax Flex
Mini Minivan,” the N BOX has achieved the sense
of presence, space and utility of a family minivan.
The exterior has the styling theme of a “sense of
reassurance in a box that evokes a friendly feeling,”
while the styling theme of the interior is “pursuit
of spaciousness.” The colors and seat fabric further
accentuate those characteristics.

1. BU®IC

Honda & 1963 - IC# F B H TR TS IS A L TLLE,
fltbic 1= — 7 M A IRE L T 2.

S[EAENDD & LT T & 2R E TG, &
70 DN ZEE % 320 TR & B & D B A HEA D bk
fbLanolRE Ui Tna, BIEEINA Ty &g
B 22 MfiifE A EH L 2 S0 @ OEHER IGO0 &
Ko TN 5,

BmORMBICH 720, REOEHBHEL -5 ) % —F
EEMBLUIZHER, 2—VORAKR) 225505 TEHT
77 IV —DZ—ZAHERIMMETH S Z L FIIL 7=,

HEA 1700 mm A#EA D A —I3—4 b T VLT

NSRS B U, BEEBIHIC 51 5 22l E o # 2
R IEU 72,
Wit E4a 5 W C [ REHBEBE Y 4 X TREN A7 7
) — 3 =)V = Mini Minivan|D®EMA X =Y NHEFD,
ZOEFE UCIPus 222 [0 RIS U T
VWS =DODT—~vERM L.

I

* Ui R&D £ > & —

https://doi.org/10.69239/hondatechnicalreview.2012 24 1 2

INEDT—~&REAZ, gL/ Ny r—o vk
)7 4, % LU TREMRE%R 5D [Green Mini Minivan] DA
WA HE L (Fig. 1).

HESERD7-DIZv Vv F 7L - A H I L0O-M
(MM BA) Ik 3@ Sy r—V L FF Y 84V 0 %

LTI T T o b 7 — L &FFEL, HIKICHE

~ Center tank
“Minimum) engine room

Fig. 1 Grand concept
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Fig. 2 Overview of N BOX

BLANS, Tl I =NV [EEU LOWwE D & 25BN
& BT, oL, FE&EFBL 7= (Fig. 2).

2. F¥qa Tk

N BOXDOF¥ 4 vavt 7 riF[Relax Flex Mini
Minivan] & E® 7. ZHIE) T 92 A TE LB EEN
EEETLFLE) T AIILHAZHEOET 20D
N BOX O % % LT\ 5 (Fig. 3).

HUZIAWERNA PO TV TIdEL, #0 &Hi->T7 7 3
V==L L THABEIRUEE L) T4 2EDZ3
SR ARIZNVEHRLTT YA YRR EED -

77 I -BREBEHEERS>THASZ XIS, a0k
ROKEBER T A AL 2R ERE LT 7=

-ﬁim-ﬂlmvan—
P U

'/_}*ﬁ- “/'!]ﬂ {ﬁﬁﬁf

Fig. 3 Design concept

3. Ny =LA TI bk

N BOX @ [Mini Minivan /¥ 7 — 2 ld@sh# S or — o
BERL 722 & CRHIEY A X CHEHEI =NV Y Eow
LD b BEMEFEBL MR Sy r =Y Th 5 (Fig. 4).

L0 WIS U, Peid2e, fiuPT % Mini Minivan 7Sy
TV EKIM IS CHEEL, MEEAERTLKEED
T 7=,

BEZAOTHNIL T OMD TH 5.

31.&ZL-BEES L

SNV TE, BOOTAKRAL vy pnav T v
Va—b L4 LTS, N BOX Tk &%k
HIEORD NEEEL 72 LT, 74 KA v M bEE
1360 mm & U 7=.

STEP WGNIZILitd 2 ZD7 4 K4 » bEXIE, WK
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Fig. 9 Exterior design concept

Fig. 10  Exterior rendering
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Fig. 11 Interior design concept
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Fig. 12 Instrument panel rendering

Fig. 14

Interior rendering
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ZBEEAHE DOHC VIC T > T > DHZE

Development of DOHC VTC 0.66 L Gasoline Engine for New K-car

EEE PN Nbk HOET B R T
Ryutaro TAGISHI Shigemi KOBAYASHI Junya IINO
B =] ABSTRACT

BRBEVERE (MRS, AP 7 2) &t ) & iy 3 2 %
H, 2282 b ABEBEF 066 L 3% DOHC VTC
HONVIY D VERBLE MY Y VI3l
BHBHEHCVT EoMAAbEEFHEE L, vV 72 b
O — 7 FREICIREM VTC, Mt L7 ) 7y a v
Wk 2 MHA 35 2 & T, BRBRXZ Y Y VIZH0WT
WA ML2Z 65 Nm, i) 43 kW OE & & 124
KT VD VITk L 10% BRENHE R A QG L 2. 4 — K
Fr—Vx LUV VIZEWLWTIRAREST Y Y v 40
IRBUCE B I A @M k35 2 & TREREIC R L
10% MEHHE R ZEGE L, A ML 2 104 Nm OF L
B L7z,

A lightweight, compact DOHC VTC 0.66-L
3-cylinder gasoline engine was developed for use
in K-cars, achieving a balance of environmental
performance (low fuel consumption and low
emissions) and high power output. The new model
engine was developed on the assumption that it would
be combined with a newly developed continuously
variable transmission (CVT) for k-cars. It was
accordingly given a long-stroke structure and variable
timing control (VTC) on the intake side as well as
technology for enhancement of combustion and friction
reduction. These measures achieved high power with
maximum torque of 65 Nm and maximum power of
43 kW in the naturally aspirated engine together with
10% enhancement in specific fuel consumption over
the previous engine model. In the turbocharged engine,
use of a higher compression ratio in addition to fuel
consumption enhancement technology in common with
that of the naturally aspirated engine achieved a 10%
enhancement in specific fuel consumption over the
previous engine model as well as maximum torque at
the high level of 104 Nm.
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Fig. 1 Brake thermal efficiency map and typical-
use domain under 10-15 mode operation of
4-speed automatic transmission and CVT

BSFC

3 Ignition timing
retard of knock
evasion

BSFC (g/kWh)

I Limit
| air intake

: PMEP

-
=
m
e
PMEP, FMEP (kPa)

L L L L

0 1000 2000 3000 4000 5000
Engine speed (rpm)

Fig. 2 Effect of engine speed on BSFC, PMEP and
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462 mm (-13)

Table 1 Engine specifications
Developed model Previous model
Air intake system Normal aspiration Turbo charged Normal aspiration Turbo charged
Cylinder configuration In-line 3-cylinder In-line 3-cylinder In-line 3-cylinder In-line 3-cylinder
Bore x stroke (mm) 64 x 68.2 64 x 68.2 71 x55.4 71 x55.4
Displacement (cm?®) 658 658 658 658
Compression ratio 11.2 9.2 11.2 8.5
Valve train DOHC intake VTC | DOHC intake VTC SOHC i-DSI SOHC i-DSI
Number of valves 4 per cylinder 4 per cylinder 2 per cylinder 2 per cylinder
Valve diameter (mm) in. 24.5 24.5 35.5 35.5
ex. 20.5 20.5 30 30
guonsysan | Sgepant | Srdepant | Dupent | O
Max. power (kKW/rpm) 43/7300 47/6000 38/7000 47/6000
Max. torque (Nm) 65/3500 104/2600 60/3600 93/4000
3 4. HO%M

-

648 mm (-10)

&

Fig. 3 View of new engine and comparison of engine

Fig. 5 Comparison of combustion chamber configuration
of previous and developed engine
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Fig. 6 Engine performance of normal aspirated
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Fig. 7 Pulsation of intake port and exhaust port, and
valve timing
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Fig. 8 Comparison of charging efficiency
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Fig. 9 Characteristics of ignition timing versus
charging efficiency

Fig. 10  Piston oil jet
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Fig. 11 Cooling circulation system
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Fig. 12 Enhanced shape of water jacket
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Fig. 13 Turbocharged engine performance
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Development of New CVT for K-car

oA L

Takashi NAKAMURA

DRI S N R T
Keiichi HANYU Koichi KONISHI
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ABSTRACT

A continuously variable transmission (CVT)
adopting a parallel-shaft, helical gear primary
reduction mechanism for greater transmission
efficiency was developed for K-car use. The distance
between the input shaft and output shaft in the front-
to-back direction was reduced and the hydraulic
control system was positioned all together below the
transmission. This supported the reduction of engine
compartment size and, by extension, contributed to the
extended length of the K-car cabin interior.

Two types of 0.66-L engine, naturally aspirated
(NA) and turbocharged (TC), are supported, as well as
two-wheel drive (2WD) and four-wheel drive (4WD)
systems, with a minimum configuration of special
parts. Idle stop was also supported with just the
addition of an electric oil pump.
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Table 1 Specifications of developed CVT
Engine Type 0.66L | 0.66L
specifications NA TC

Max. power 43 47
[kW/rpm] /7300 | /6000
Max. torque 65 104
[Nm/rpm] /3500 | /2600
Ratio Primary Forward 1.605 1.375
reduction | Reverse 1.187
Pulley 2.293-0.420
(low-overdrive)
Final 5.176
Dimensions Overall length [mm] 348
Shaft Input 87
axis /Drive
distance Drive 147
[mm] /Driven
Driven 123.5
/Final
Weight (wet) [kg] 58.5 58.6
{Idle stop} {59.6}
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Development of Electric Motor for “EV-neo”, Electric Motorcycle for Business Use

ANbR E BT
Naoki KOBAYASHI

2 B

YU 3 AT EBE " #GH EV-neo DEEIHE—% & L T
PRE 50 ecm® DTy Uy 27 — & LIS O VERE %
DDCTIYVVAE—REHILITPREL 2. WolE Y %205
HE2Z ik DERRA LY KK X ¥, T— 2 %/
Bt L, X512 PDU(Power Drive Unit) & —{&k{t4 5% 2
&ET, A =Y A PSR A RE) = » b A8
7z WOl E Y EMIZ & % E — 2 OEEE LIS IG5 7280
{2 IPM (Interior Permanent Magnet) ##x4 %, /NiU{L % FEL
FTEEOIERERE 2T -2 a4 N E TR TR L 72
T2 ORI, el 2.8 kW, IAK L2 11 Nm, $E
Flh=E 75 % DAL, f@mlfad 9000 r/min DL LA ER L,
EY A& E LT BB ) YEGE £ e 4 5 BRE)H € —
AT 7=

EPELFHZDOWTIE, BRI — MEROMGET — 2 &
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ABSTRACT

A new DC brushless motor, which has an
equivalent driving performance to a 50 cm’
displacement scooter engine, has been developed
to be equipped in a new electric motorcycle for
business applications. The requirement for the
maximum motor torque was mitigated by applying
reduction gears and the drive unite that can be
mounted on the wheel side was realized by reducing
the size of the motor, together with the united
structure of PDU (Power Drive Unit). In this motor,
IPM (Interior Permanent Magnet) structure was
implemented to cope with the high rotation speed
of the motor, and the concentratedly wound stator
coil was implemented for downsizing. The motor
performances with the maximum power of 2.8 kW,
the maximum torque of 11 Nm, the practical
efficiency of 75% or more, and the maximum
motor speed of 9000 r/min or more, were achieved,
satisfying the specifications required for the drive
train unit of business application motorcycles. In
production processes, the split core stator structure
and the bus rings for coil wiring were adopted
to make it possible to manufacture them in the
existing mass production facilities for the electric
carts production, taking the cost reduction into good
account as well.

1. EANVE

WAEOBIREENOBLDOEE D2 5, CO, HEH R HI
WA 2B flAD—D & LT, BEHM O W K21 ED 5
NTE TS, Hondald, 1994 FDOEF fwH CUV-ES
(Fig. 1) "V o RpE(LLIF, BIfE £ T dmd BB Lk c
HoOATEZ., Z2LT, 2ThE TEBEL -EELE &
J Ny B X ST X E, 2010 4R12, E U R 2 &I
WL 7-FE) " EV-neo 2 7ICfF L /2 (Fig. 2). &
N5 2 MDAk A Table 1 1283, S MIFHFE L 728
* "B R&D kv & —

https://doi.org/10.69239/hondatechnicalreview.2012 24 1 5

i, SO Fy AL F YNy T EERATSI L
IZED 203 TNy FURR0—80% £ CORURAE % 1]
BEL L, 2, & -10°C DA T & 9850 25 B4 MEBE (i
HYERE) & IO (SR VERE) & F2BLL 72 BIMEREIE,
—AFED, 30 kg RIEINAEIZ T 12 18 OBIRFHE A ATHE T
HO, &S50 em® DTV PV 25 — & LRI O RS
ERERBE U Ke— 4213, L@ im0+ I8
IR ENZDTH 5.

AR, SHEBHTE L 72F — & O & Rz
Wi R 3.



Honda R&D Technical Review

Vol.24 No.1 (April 2012)

Table 1  Specifications of previous and developed
vehicle models
Previous model Developed model
Dimensions
LXW X H (m) 1.785 x 0.615 x 1.035|1.830 x 0.695 x 1.065
Vehicle mass (kg) 130 106
Rated output (kW) 0.58 0.58
Maximum power
(kW) 3.3 2.8
Maximum torque
(Nm) 9 11
Battery type Ni-Cd Lithium-ion
(V-Ah) 86.4 V-20 Ah 72 V-12.6 Ah

Fig. 1 Previous mass production electric motorcycle

(CUV-ES)

Fig. 2 Newly developed electric motorcycle (EV-neo)
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Fig. 3 External view of belt converter-type
transmission
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Table 2 Major specifications of new and previous

motors
Previous motor Developed motor
Type DC brushless DC brushless
Magnets Nd-Fe-B Nd-Fe-B
Number of poles 4 8
Rotor type SPM IPM
Winding type Dis.trib'uted Congeqtrated
winding winding
Cooling system Forced air cooling | Natural air cooling
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Power drive unit

Electric drive motor

Fig. 4 External view of drive unit assembly (EV-neo)
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The new ASIMO was developed as a step toward the
goal of achieving “a robot that coexists and cooperates
with people and performs useful functions in society.”
The purpose was to give it the capability to sense
changes in the circumstances of real-life environments
where people are present, to take autonomous action,
and to continue acting. New multi-modal sensing
technology, situation estimation and prediction
technology, and autonomous behavior generation
technology were developed, greatly advancing the
robot’s ability to adapt to situations. The development of
physical capabilities included a many-axis hand capable
of independent control of five fingers and lightweight,
highly responsive hardware with heightened agility to
enable continuing operation in a mixed environment
with people. In terms of human response functions,
therefore, the robot became able to adapt to situations
to work appropriately with people. In terms of walking
functions, it became able to predict the movements of
multiple people and cross their paths without stopping,
as well as to maintain its balance even on irregularities
or other changes in the road surface. In terms of work
functions, it became able to hold an object with a
stable grip and to manipulate things with its fingers.
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Fig. 1 Humanoid robot “New ASIMO”
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Table 1 Specifications for ASIMO

Height 1300 mm (self-standing)

Weight 48 kg

Speed 0-4.0 km/h (Walk)
9.0 km/h (Run straight)
3.0 km/h (Run backwards straight)

Sensors Dual resolution stereo camera (in head)
8-ch microphone array (in head)
G/Gyro (in body)
Floor mark sensing camera (in waist)
Force sensors (in legs, wrists, hands)
Tactile sensors (in hands)
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B ASIMO T, RAa%k, ), 1EEBREOE TICHID
L7-EInE&Y A7 L5 EBL -

PR S H B AT LA I ASTOD—)% T ) XL %]

— Head — Arm

Neck joint
(yaw, pitch, roll) 3 DOF

Shoulder joint
(F/B, U/D,RT) 3 DOF
Elbow joint

— Waist (F/B) 1 DOF
. Wrist joint

Y;,’:\I;t ::tlgrt]) 2 DOF (F/B, LR, U/D) 3 DOF

7 DOF x 2 arms = 14 DOF

— Leg

Hip joint _ Hand

(F/B, LR, RT) 3 DOF rand -

Knee joint Finger joint

(F/B) 1 DOF (Thumb, Index, Middle)

Ankle joint 3 DOF

(FIB, UR) 5 DOF (Ring, Little) 2 DOF

6 DOF x 2 legs = 12 DOF

13 DOF x 2 hands = 26 DOF

Fig. 3 Joint configuration and DOF (Degree of freedom)
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Fingertip-size Six-axis Force and Moment Sensor Using Semiconductor Piezoresistance Effect

X H B fJF i 5" Mo g g

Takeshi OHSATO Nobuhiro SAKURAI Yasuhiko JINBU
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A compact six-axis force and moment sensor that
can be mounted in a fingertip is proposed to enhance
the holding function of robots.

Specifically, the sensor system uses the
semiconductor piezoresistance effect to detect the
six-axis force and moment with a silicon chip
(hereafter, “chip”). In addition, a resistive element for
temperature compensation is fabricated into the chip to
stabilize the temperature characteristics. The structure
combines the chip with a metallic stress attenuation
mechanism, enabling prevention of the load applied
to the sensor from damaging the chip. Accurate
sensor characteristics are obtained by integrating
the components using anodic bonding and precision
integration.

A fingertip-size prototype sensor based on the
above concepts realized a rated load of 30 N (moment:
30 Ncm). The output accuracy at the rated load was
confirmed to be 2.4 %FS (FS = rated equivalent
output), and the temperature characteristics accuracy in
the zero load state was confirmed to be 0.19 %FS/°C (0
to 60°C).
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Table 1 Sensor characteristic results

Diameter 13 mm
Load range Force 30N
Moment 30 Ncm
Accuracy Load 2.4 %FS
Unload 0 — 60 °C 0.19 %FS/°C

6. £&O

Table 112, RIEL 72 v HORMEE R, BEH 1 X%
TN L, ORI SN o NS v Y A EET
5 Z &Mk

oKy MEEOIRHERE A 1M L X2 5 72010, /N6 il
N2y RUEIT 8 50, ARETHRE L 72 v OHAR
MISHENERTEREEZ 5.

& 7z, AR A O 22 AR R v i, N E RS L
AT, ¥ VEPEFOEEP I & 2 8 E KRR,
Fepkivpe A mB e Lk 7y v 2 TEET 5 Z &1
KL mEMm L s TR 5LEA B,

SE XM

(1) Kanda.Y: A Graphical Representation of the Piezo-
resistance Coefficients in Silicon, IEEE Transactions
on Electron Devices, VOL. ED-29, NO. 1 p.64-
70(1982)

(2) G.Wallis, D.I.Pomerantz: Field assisted Glass-Metal
Sealing, Journal of Applied Physics,49, p.3946-
3949(1969)

(3) A.M.Hynes, H.Ashraf, J.K.Bhardwaj, J.Hopkins,
I.Johnston, J.N.Shepherd: Recent advances in silicon
etching for MEMS using the ASE™ process, Sensors
and Actuators A: Physical Volume: 74, p.13-17(1999)

(4) F.Laermer, A.Urban: Milestones in Deep Reactive Ion

Etching, Digests of Technical Papers, Transducers’ 05,
p.1118-1121(2005)

mE Enl

K H

Rt

- b A

N

L




https://doi.org/10.69239/hondatechnicalreview.2012 24 1 8

ESZ00E Ev]

HA LN FI—DHUPAHZILE
¥ B4 4T DER %2

Research on Silent Chain Elongation Mechanism and Prediction

4] M RT oo
Masao SEKI Motoki TANAKA
C= =1 ABSTRACT
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The silent chain elongation mechanism due to soot
in the engine oil was analyzed and the relationship
between chain elongation factors and the chain
elongation rate was obtained through experiments in
order to construct technology for predicting silent
chain elongation.

The results showed that almost no silent chain
elongation occurred when there was no soot in the
engine oil. However, when soot is present on the
pin and plate sliding surfaces, three-body abrasive
wear produces plate wear, which increases chain
elongation. In addition, experimentally deriving
a silent chain elongation predictive formula from
the relationship between chain elongation factors
and the chain elongation rate enabled estimation
of silent chain elongation from the initial design
stages.
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Table 1 Engine specifications and test conditions
Cylinder configuration Inline 4
Bore x Stroke (mm) 87.0 x 99.0
Displacement (cm?) 2354
Compression ratio 10.5
Chain type Silent chain
Chain pitch (mm) 6.35
Number of link plates 4/3
Number of links 176
Engine speed (rpm) 5000
Engine ol ILSAC GF-4, 5W-20
Soot concentration (wt%) 0,0.4,1.0
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Table 2 Chain specifications and test conditions

Chain type Silent chain
Chain pitch (mm) 6.35
Number of link plates 4/3
Number of links 102

Load (N) 1500

Qil supply (I/min) 0.1,1.0
Soot concentration (wt%) 0,1.0
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Development of Cylinder Pressure Sensor Integrated with Direct Injector
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ABSTRACT

Polycrystalline piezo-electric element-type cylinder
pressure sensors developed thus far require correction
of the output characteristics due to pyroelectricity
and other factors. This type of sensors also made it
necessary to use plug clamp-type sensors, which had a
large influence on engine layout.

This issue was addressed by integrating a single
crystal piezo-electric element-type cylinder pressure
sensor with a direct injector, and this paper introduces
the effects and characteristics of this new sensor.
Use of an integrated sensor and injector structure
provided commonality with existing parts and enabled
easy installation in turbocharged engines with direct
injection that are expected to become widespread
in the future. In addition, with regards to cylinder
pressure detectability, the use of single crystal piezo-
electric elements with good temperature characteristics
achieved a detection accuracy of +3% compared to the
reference sensor (Kistler (6052B)). Furthermore, the
knocking waveform detectability was also confirmed to
be the same level as that of the reference sensor.
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Table 1 Piezoelectric element comparison
Single crystal Polycrystalline
LasGaes | sioe PbTiOs | PbNb2Os
5014 quartz |lead titanate| lead niobate
langatate
Piezoelectric constant
(pC/N) 75 25 60 80
Performance Pyroelectricity 0 10 20000 15000
o (pC/°C)
characteristic
Temperature
characteristics 0.5< 0.1 0.4 0.3
(%/°C)
Curie tel;nperature _ 570 490 570
Piezoelectric property
degradation temperature| - 350 300 350
Degradation (°C)
characteristic Breaking strength
(MPa) 800 400 500 300
Piezoelectric property
degradation pressure 800 300 400 200
(MPa)

Pressure (N/mm? (MPa))

4.128e+002
2.904e+002
1.680e+002
4.552e+001

-7.692e+001
-1.994e+002
-3.218e+002
-4.442e+002
-5.667e+002
-6.891e+002
-8.115e+002

-9.340e+002

‘ l
.
| I

Fig. 4 Sensor stress simulation result
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Evaluation Condition for Auxiliary Belt Tension Fluctuation in Engine Bench Test
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ABSTRACT

In order to evaluate the reliability of an auxiliary
belt system consisting of a Poly-V belt and the
auxiliary equipment driven by that belt, it is necessary
to measure belt tension fluctuation that becomes an
input load to the auxiliary component parts. This
study proposes an example of a measurement method,
clarifies the conditions that increase belt tension
fluctuation in the actual use condition, and describes the
engine running condition when substituting the actual
vehicle running condition with an engine bench. The
proposed measurement method enables measurement
with the engine in the actual vehicle condition, and
does not require changes to the auxiliary belt layout.
Strain gauges are adhered to the auxiliary part adjacent
to the span where the maximum belt tension fluctuation
occurs, and the strain due to the belt tension fluctuation
at that position is measured. The measured strain is
then converted to the belt tension fluctuation using the
calibration equation of belt tension and strain. In order
to substitute actual vehicle tests with evaluation by
engine bench tests, it is necessary to apply the running
condition that results in the maximum belt tension
fluctuation as the measurement condition. This requires
measurement in the engine starting and compressor
on/off conditions, which are transient conditions unique
to an actual vehicle, in addition to the condition in
which the engine speed is increased at the engine full
load plus auxiliary maximum load.
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Lower crankshaft axis inertia of all
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condition
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Belt length lower tolerance

Auto tension

Spring force higher tolerance

Damping force higher tolerance

AC generator

Higher volume of same belt layout engine
series

Compressor

Higher refrigerating capacity of same belt
layout engine series
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bench
Equipment Load type Condition
. Continuous
Engine load full load
Bench AC generator Continuous
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Compressor Continuous
P full load

Table 3 Engine and auxiliary transient load conditions

Equipment Load Type Condition
Engine start
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Raci
Vehicle g

Torque converter
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On-Off
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belt tension at compressor clutch engage
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Visualization of Air Current when Noise Occurs with Throttle Rapidly Opening

TS =" i B fi™
Jin YAMAGISHI Takeshi WAKAMATSU
= = ABSTRACT

IVYVERKFO, 20y PLERIZE T 5 BENRE
THOHEROERG AR T 22012, A VT —r~v=Fk—
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Pressure measurements were conducted and
airflows were visualized inside the intake manifold to
help enable an overall understanding to be obtained of
the phenomenon of noise occurring under conditions
of rapid throttle opening during engine operation.
The use of plastic intake manifolds and drive-by-
wire (DBW) has made this noise more conspicuous.
The results of attempts to identify the sound source
showed that the noise was radiated from the surface of
the intake manifold. For measurements of the behavior
of the airflows inside the intake manifold, airflows
were visualized while the engine was in operation
using a high-speed camera (taking advantage of recent
performance enhancements) and a special lighting system
in a method that can be applied during the development
process. The results of these measurements demonstrated
that noise resulting from the collision of high-speed
airflows is the origin of the noise under study.
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Table 1 Engine specifications
ltem Specification
Engine type 4-stroke gasoline engine

Cylinder configuration In-line 4-cylinder

Bore x stroke (mm) 87 x99
Displacement (cm?®) 2354
Compression ratio 10.5

Valve train 16-valve DOHC i-VTEC

Intake manifold

Max. power (kW [PS]/ rpm)

Plastic with glass fiber
142 [193]/ 7000
220 [22.4] / 4400

Max. torque (Nm [kgm] / rpm)
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Table 2 Specifications of light source

Light 250 W metal halide
Power consumption 290 W
Voltage 100 V 50/60 Hz
Filter UV, IR cut
Shutter Continuously mechanical type
Cooling Fan
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The use of high-output lithium-ion batteries (LIB)
is expected to enhance the vehicle performance of
hybrid electric vehicles (HEV). However, LIBs are
required to withstand long-term use when mounted in
HEV.

This paper reports on a battery control system
developed to help achieve LIB system durability.
The use of an overcharge prevention system based
on reliable voltage detection and a deterioration
control system based on efficient charge state control
enabled enhancement of durability while obtaining the
maximum battery performance.
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Table 1 Comparison of battery box specifications
Developed Previous
Voltage/Number of cells 144 (V)/40 158 (V)/132
Weight 21.7 (kg) 31.3 (kg)
Volume
(Battery module) 14.4 (L) 154 (L)
Maximum output 20 (kW) 15 (kW)

22. Ny T ikt

Fig. 5 12 ¥ L DI§EX %, Table 2 12 €L DFETL AT
AR AENE, B @@ <, WMAER BT H
5T &k MBI RTE L7z,

Fig. 6 12 DSC (Differential Scanning Calorimetry) =g
BRIZ & 5 IEAR O FPRHFEE W T OB B MRS R 28,
BAFE L 723w 7 Vi3 = J0R IEMRFR A PR U TR EME D
ARk E U

Battery
box

Battery
module

Previous Developed

Fig. 3 Comparison of battery box and module
construction

Contactor control signal

Current sensor input

CAN

Battery module 1 Battery module 2

o)

Voltage sensor Voltage sensor

Battery module 3 | Battery module 4
7

o)

Voltage sensor Voltage sensor

PRAAAAA AR

AR

oA

Current  fmel CONtaCIOr  fomme

Output (+) Output (-)

Motor
control unit

Motor

sensor

Fig. 4 System diagram of developed battery



Honda R&D Technical Review

Vol.24 No.1 (April 2012)

Table 2 Battery cell specifications

ltem Description
Voltage 3.6 (V)
Volume 0.136 (L)
Weight 279 (9)

Positive electrode LiNiCoMnO,

Hard carbon

Negative electrode
Case material A3003®

Negative electrode
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Fig. 6 Comparison of thermal stability among different
positive electrode materials
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Design of Experiments on Steering Shimmy in
Hydraulic versus Electric Power Steering Systems

Michael HULLIHAN *

ABSTRACT

Research was conducted on automotive power steering systems at a component level to examine system
sensitivity to an oscillatory loading condition. This series of experiments was aimed at quantifying system response
of hydraulic power steering (HPS) and electric power steering (EPS) to objectively compare vibration attenuation
capability of the two systems.

Steering shimmy is caused by an imbalance in a wheel/tire rotational assembly. The energy of this phenomenon
is usually too great for a HPS system to completely attenuate while an EPS system is commonly capable of
absorbing most of the vibration. With a HPS system, vibration can be partially attenuated through steering system
parameter variation such as increasing friction or inertia. In an EPS system, the motor inertia, programming
control, and gear reduction make it comparatively simple to attenuate the vibration before it reaches the steering
wheel. This ability of an EPS system to partially or completely attenuate vibration caused by other chassis
components has yet to be quantified. Furthermore, it has yet to be objectively compared with HPS and is thus the
primary focus of this research.

The test results confirm that increased inertia and friction have a dramatic effect on steering vibration
regardless of application. There is a friction threshold that can be used in partially mitigating some small
vibrations such as tire imbalance. Furthermore, it shows that in an EPS system, the motor inertia and electric
motor gear reduction are beneficial in stopping vibration from reaching the steering wheel. Through this research,
we have shown that future developments are better equipped to attenuate steering shimmy per the application of

https://doi.org/10.69239/hondatechnicalreview.2012 24 1 13

an EPS system.

1. Introduction

In the manufacturing of tires and wheels, it is
typical for an imbalance to exist about the rotational
axis and/or rolling center line of the component. While
the modern process of wheel/tire balancing is largely
effective, it is neither permanent nor impervious to
the inevitable effects of year-round vehicle operation.
Dynamic wheel imbalance can result from uneven tire
wear, dislodged wheel balance weights, and build up
of mud and snow within the wheel. This imbalance has
no effect on the continued safe operation of the wheel/
tire assembly, but does transmit an oscillatory load into
the chassis that in turn can create objectionable levels
of vibration throughout the passenger compartment.
When this wheel/tire imbalance causes vibration at the
steering wheel, it is referred to as shimmy.

Vehicle manufacturers go to great lengths to
attenuate such vibrations to improve the marketability
of the vehicle. With the recent widespread application
of EPS, this capability has grown because of the
unique capabilities of that system. Past research on
steering rotational vibration'”® explored the response

* HONDA R&D AMERICAS, INC.

of an entire chassis system, including an HPS system,
to an oscillatory input load. These studies looked into
system correlation and prediction as well as component
level factor analysis. The research described in this
paper expands on that topic by exploring HPS versus
EPS component level parameter variation and the
benefits of EPS with regard to attenuation of steering
shimmy.

2. Design of Experiments on Steering Shimmy

Steering shimmy is typical in the event of a wheel/
tire imbalance because these assemblies are directly
connected as shown in Fig. 1. However, because
steering systems inherently possess characteristics that
can attenuate vibration, it is possible to tune-out this
reaction at least partially.

System characteristics such as friction do not exist
solely for vibration attenuation, so a balance must be
reached. In order to reach that balance, every system
characteristic affected by friction must be considered.
To that end, it is prudent to first look at the system at
a fundamental level.
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The free body diagram of the system (Fig. 2)
shows why this phenomenon occurs. An oscillatory
load parallel to the ground plane causes a rotational
vibration of the wheel/tire assembly about the kingpin
axis. This vibration is transmitted to the steering
system by the now axial vibration into the gearbox (G/
box). This forcing function then acts on a seemingly
simple mass, spring, and damper system, although
the “damper” is actually a by-product of the power
steering fluid in the gearbox cylinder. In an EPS
system, the damper is replaced by a gear reduction
and motor inertia, although there is damping designed
into the software. For the purposes of this fundamental
analysis, this section focuses on HPS only.

To more clearly show the areas of focus for
attenuation of this vibration, this system can now be
characterized by its equations of motion, Eq. 1 and
Eq. 2:

Finput keot Bcol
Finpur [ rgboxJ + CgboxVrack + (=Ff) + el
Lstr Oty
= Lresponse (1)

Fstr

Where F,,,,, is described by the equation for
centripetal force:

Vyehicle ]2 @)

Finput = Mimbalance Vimbalance o 5
tire,dynamic

The term 7, 4yuamic 18 the dynamic loaded radius
of the tire at the vehicle speed, v,,,;..., Of interest.
Shimmy happens when there is a net imbalance
described by the mass of that imbalance, m,,,,/unces
and it’s radius from the wheel center, 7;,,uumc- When

there is shimmy it causes some oscillatory steering
rack velocity, v,,,. The vibration is then felt in the

Rotational vibration (Shimmy) —| '

. Column coupler spring rate
Unbalanced rotation

Steering wheel
inertia

Gearbox friction

Power steering fluid damping (HPS)
or gearbox reduction (EPS)

Fig. 1 Steering system model of shimmy condition
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3
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Fi input

Wheel/Tire|
assy

Kingpin axis

Fig. 2 Steering shimmy free body diagram

steering wheel as an oscillatory angular acceleration,
a,, at some radius, r,,. The fourth term in Eq. 1 is for
the torsional spring rate of the steering column where
., is the outer radius. Since the displacement terms
are determined by the input loading and the gearbox
damping (c,,,) is fixed, the tuning variables are
friction (Fy), torsional spring rate (k,,), and rotational
inertia (/). Within the realm of tuning friction we
can change normal force and rack friction material to
change the coefficient, p. These are the areas of focus
in this design of experiments.

This research treated rack, housing, and mounting
stiffness as rigid. This is a safe assumption because
the relative stiffness to that of the components
described in the above equations of motion are several
orders of magnitude higher.

Up until now, shimmy has been attenuated to an
acceptable level by trial and error, but the full range
of this solution has not yet been quantified. Commonly
this attenuation is achieved by increased friction.
So in addition to quantifying friction changes, we
will see the empirical effects of changes to the other
components as well.

In this research, the steering system was isolated
on bench and studied at a component level to quantify
the steering system’s response to varying inputs and
component parameter variation. Through this study
we will demonstrate the similarities and differences of
HPS and EPS steering response, and finally highlight
the advantages for future developments with the
application of EPS systems.

3. Test Method

3.1. Test Setup

Figure 3 shows a cross section of a steering G/box
rack-and-pinion interface.

In order to isolate the steering system on-bench,
a test fixture had to be created to exactly mimic the
setup on a vehicle. Once built, the test setup would be
able to be mounted alongside a power steering pump
tester so a HPS system can function just as it would
in vehicle at speeds that shimmy is most likely to
occur. The required equipment to mimic vehicle speed
with EPS is mobile and therefore not a concern in the

Pinion

Rack
Rack guide

Spring

Rack guide screw

Lock nut

Housing

Fig. 3 Cross-section of a rack-and-pinion interface
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fixture’s design. Figure 4 shows the test fixture with a
steering system mounted to it.

To capture the input measurements of force and
acceleration, a force transducer and accelerometer are
mounted at the interface of the shaker and G/box.
The response at the steering wheel is captured via the
accelerometer mounted at the nine o’clock position.
The rotational vibration at the pinion was measured
to look at potential damping provided by the steering
column. As shown in Fig. 4, several other points were
measured for vibration response to make sure that
results were not being skewed by vibration energy
being lost in shaking the test fixture itself.

3.2. Test Setup Confirmation
3.2.1. HPS correlation of on-vehicle to on-bench
data

Before this testing began, measurements of tie rod
load and steering wheel vibration were taken during
another similar steering vibration phenomenon, brake
judder. Though this mode has greater amplitude than
shimmy, it provides a legitimate reference point for
validating the test setup since resonant frequency
is independent of amplitude. Figure 5 shows the
comparison between this data and the test setup for
an HPS system. A steering wheel vibration response
of 1.9 m/s* was measured with a 750 N input force at
a frequency of about 15 Hz on-bench and in-vehicle.
This test setup proved to be a good model of the in-
vehicle situation.

3.2.2. EPS correlation of on-vehicle to on-bench
data

A similar trend was found with an EPS system.

As shown in Fig. 6, a natural frequency peak exists

at 10 Hz on-bench as well as on-vehicle. Though the

HPS and EPS correlations were done at different load

Pump tester

Steering wheel
accelerometer

Force and
acceleration
measurement on
shaker input

Hydraulic
shaker

4 :
1B
'_ A
Pinion accelerometer

Fig. 4 Steering vibration sensitivity test bench setup

levels (750 N and 250 N respectively), once again
the amplitude of a sinusoidal forcing function is not
related to the response frequency, only the response
amplitude. Therefore this has no effect on system
resonant response and offers a sound method for test
setup validation.

On-bench steering wheel response (HPS)
25

2.0

—
1.5
—

1.0

0.5

Steering wheel response [m/s?]

i0 11 12 13 14 15 16 17 18 19 20
Frequency [Hz]

On-vehicle steering wheel response (HPS)
25

2.0

/[
[

0.5 /

[

Steering wheel response [m/s?]

10 11 12 13 14 15 16 17 18 19 20
Frequency [Hz]

Fig. 5 HPS vehicle versus bench data
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3.3. Test Procedure

In the HPS and EPS systems, it was initially
important to find where the natural frequencies of the
systems were because they would be the most likely
to occur on-vehicle. After resonate frequencies are
determined, testing can proceed to other frequencies if
necessary. However, since the frequency peaks found
on-bench were the same as those found on-vehicle, it
was immediately apparent that this needed to be the
area of focus. As shown in Figs. 5-6, the HPS and
EPS systems being examined in this research have
peak responses around 15 Hz and 10 Hz, respectively.
After discovering the systems’ behavior in the
frequency domain, testing from then on was in the
form of a force sweep. This was done for two reasons.
First, it allowed for observing a particular setting’s
small and large input behavior all at once. Secondly, if
there is a resonance frequency shift, it is important to
see that effect at the natural frequency of the vehicle
chassis, that is, 10 Hz for EPS or 15 Hz for HPS.
Therefore, a force sweep was run while changing each
variable component of the system in the following
design of experiments:
(1) G/box Rack Guide Screw Torque
(2) G/box Rack Guide Material Friction
(3) Steering Column Coupler Rate
(4) Steering Wheel Rotational Inertia
(5) P/S assist On and Off
(6) Simulated Vehicle Speed

With regard to variable (6), in order to simulate
different vehicle speeds, the P/S pump speed was
varied to change flow rate and pressure. Later on
during testing it was found that there was no change
in response from this variation, so these results are
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Fig. 7 Vehicle versus bench shimmy data

omitted. This response is expected because the system
typically does not provide power assist on-center,
where this event occurs.

For EPS, software was used to send the ECU an
ignition signal and CANalyzer software was used
to send the ECU a speed signal. It is important to
simulate vehicle speed because at any given speed,
there are unique power assist characteristics that have
been intentionally tuned into the system; therefore,
system behavior will vary from a static to dynamic
condition. This is discussed in more detail in section 4.

After the validity of the test setup was confirmed,
another sampling of on-vehicle steering shimmy data
was referenced to find the proper load range for
testing that phenomenon. As shown in Fig. 7, shimmy
occurs at around 250 N at the tie rod. Therefore this
would be our primary area of focus.

4. HPS Parameter Variation

4.1. Friction

When the setup was verified and ready, testing
began by varying the aforementioned HPS variables
(1-5) to find the more sensitive areas in the system.
Each setup was run through a force sweep to study
response at all input levels. First, the rack guide
friction variables (1) and (2) were investigated.
Figure 8 shows that varying rack guide screw torque
changes the steering response. This was tested by
tightening or backing off the rack guide screw by
incremental amounts, thereby changing the rack
guide’s normal force and therefore the friction.
Changing the rack guide material (2) has the same
effect on system response.

This result is because of the threshold of static
and kinetic friction between the steering rack and
the rack guide. As that friction is increased via
increased normal force, the threshold at which the
rack transitions into dynamic oscillation increases. If
this point is increased high enough, shimmy can be
completely attenuated. However, even if that threshold
cannot be moved above the shimmy load region for a
particular vehicle, it still has an effect of reducing the
vibration response due to the increased kinetic friction.

Rack guide screw torque angle variation
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Fig. 8 G/box rack guide screw torque with HPS
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4.2. Spring Rate

Next, the angular spring rate of the steering
column coupler was varied to determine its effect on
vibration attenuation. This potential solution had a
notably different effect than a change in rack guide
friction. As shown in Fig. 9, it had a noticeable effect
at higher vibration levels, but had no discernable
trend in the oscillatory loading range where shimmy
happens.

The reason for this response is due to the nature
of changing spring rates in a mass-spring-damper
system. Given the frequency sweep run early on
in this testing, it is clear that there exists a system
natural frequency for this HPS system around 15 Hz.
It is a physical property of harmonic motion that if
the spring rate of a singular component of a system
changes, the natural frequency of the entire system
also changes. However, given the relatively small
spring rate variation possible with this component,
it is certain that any shift in resonant frequency will
be too small to mitigate the rotational vibration at
the steering wheel. This is shown at the much higher
loads, where any frequency shift at all only resulted in
a small change in response as opposed to meaningful
attenuation.

4.3. Inertia

Moving further up the steering system, variation in
steering wheel inertia was tested. Figure 10 shows the
effects of this variation under a 250 N oscillatory load

Steering wheel response - column change
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Fig. 9 Steering column coupler rate change
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Fig. 10 Steering wheel inertia and power off

at 15 Hz. By cutting the steering wheel inertia in half,
the vibration response is doubled.

This result is expected considering the basic
equation T =I¢, which relates torque, 7, to an object’s
moment of inertia, /, and angular acceleration,
a. Since rotational vibration is a form of angular
acceleration, at a given pinion torque, the response
is directly dependent upon the inertia of the system.
If the system has half the inertia, then it should have
twice the angular acceleration for a given torque.

Another test involved checking the response with
the P/S pump completely turned off. Although this is
a scenario that is unlikely, it was tested for further
understanding. As shown in Fig. 10, the damping of
the system is enhanced with P/S fluid continuously
circulating through the system.

5. EPS Parameter Variation

In a rack EPS system, a radial motor drives a ball
screw mechanism that in turn provides power steering
assist by pushing on the rack in the desired direction.
Spatial limitations in an engine room require the motor
to be relatively small and consequently, a sizeable gear
ratio is needed to provide adequate assist. This gear
ratio and rotational inertia of the motor have effects
on system response to external inputs.

5.1. EPS versus HPS

5.1.1. Similarities

When varying the aforementioned mechanical
variables, the EPS steering system response was
predictably similar to HPS. For example, as shown
in Fig. 11, changes in friction can cause the static/
kinetic friction threshold to shift just as it did in
the HPS setup. However, in comparison to Fig. 8,
the EPS friction threshold and dynamic response is
better attenuated than HPS. As mentioned before,
the sizeable gear reduction provides a great deal of
disturbance rejection to inputs such as vibration or
kickback.

With changing variables (3) and (5), the EPS
system response is virtually identical to HPS. This is
an expected result. The principals that governed the

EPS response - rack guide screw torque change
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Fig. 11 G/Box rack guide screw torque with EPS
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response to a column coupler rate change on HPS
still apply in an EPS system. Also, as mentioned,
EPS inherently possesses some level of damping as a
result of the motor programming; therefore, it would
respond just as an HPS system with P/S fluid flowing
through it.

5.1.2. Differences

The effects of changing steering wheel inertia did
have a unique result. As shown in Fig. 12, varying
steering wheel inertia had no effect on system
response in the shimmy load range. This is due to
the relatively large gear reduction and motor inertia
in a rack assist EPS system. The changes in inertia
offered by different steering wheels are small by
comparison although they did begin to have an effect
at higher loads. The reasoning behind this result is
somewhat similar to that of changing column coupler
rates. Removing the steering wheel airbag had no
discernable effect because the component’s mass is
essentially along the rotational axis.

5.2. Software Programming Variation

EPS system response was also tested by software
tuning. In an EPS system, the steering control unit is
constantly receiving a vehicle speed signal while the
vehicle is in operation. This signal is useful because
some steering assist software maps are speed-based,
which allows an engineer to, for example, decrease

EPS response - steering wheel inertia change
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Fig. 12 Steering wheel inertia variation
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Fig. 13 EPS response under varied vehicle speeds

power assist when the vehicle is being driven straight
(on-center) as speed increases. Such adjustments can
enhance on-center stability.

Using CANalyzer software, the vehicle speed signal
was varied and system response to the resonance
frequency during a force sweep was recorded. Figure 13
shows the results.

There is no change in system response in the
load range of the shimmy phenomenon. There is a
pronounced effect at the higher load range, and the
dynamic threshold is shifted when the vehicle is
in motion versus statically. This shows the need to
simulate vehicle speed, but in-motion response is
virtually the same at all speeds.

6. Conclusion

In this study, it is shown that the mechanical tools
for attenuating steering shimmy include increases to:

- Rack guide friction by increasing

- Normal force (rack guide screw torque)
- Material coefficient of friction

- Steering wheel inertia

However, contrary to what one might expect given
the properties of system response to forced harmonic
motion, this research showed that varying the column
coupler rate has little effect on mitigating vibration for
a small input. Another interesting point is that a power
assist “on” condition is beneficial toward attenuation
of steering shimmy. As shown in this research, EPS
system response holds similarities with that of HPS.
For example, steering shimmy can be attenuated by
increasing system friction. However, this increase may
not be necessary because of the already higher static/
kinetic threshold that exists. There are differences also
such as the system response to steering wheel inertia
variation. Largely in part to the significant inertia of
the EPS motor, changes to steering wheel inertia had
no effect on system response in the load range of
steering shimmy.

Additionally with EPS, software programming had
to be considered. This research showed that the vehicle
speed simulation caused system response to change
everywhere except in the shimmy region. However, a
speed signal did cause the static/kinetic threshold to
shift for the resonant frequency of the system.
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“Statistical Tire Model” Identified from Data Group of Multiple Tires
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A statistical tire model has been developed. This
tire simulation model is for use in the feasibility study
of performance design at the initial stage of vehicle
development. Using this method, existing data sets for
the performance and characteristics of multiple tires
are statistically modeled. The model is available to
estimate values for tire performance and characteristics
based on the input values for specifications such as
tire size. By contrast with conventional tire models,
the statistical tire model is able to estimate the
characteristics of multiple tires of differing sizes
and specifications using a single model without the
measurement and modeling of data for each single
tire.
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Table 1 Tire models for vehicle dynamics simulation
Tire size effect Arbitrary tire size
Model type | Application . : Source data characteristic
simulation S
estimation
Statistical [Single model for| Multi-tire }
model any size data grou Available
Experimental y group
model . . .
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Formula, etc.| for each size data
Brush model ) .
SWIFT, FTire | SepParate model| Single tire |\ 1 o oo
. for each size data
Theoretical etc.
model Separate model| Single ti
FEM model |>Parate model) single e | ot ayailable
for each size data
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Fig. 1 New tire model from tire data group
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W: Tread width, mm

H: Aspect ratio, %

D: Rim diameter, inch
P: Inflation pressure, kPa
Fz: Normal load, kN

a, b, ..., j: Coefficients of model
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C/C,: Front/Rear axle equivalent CP, N/rad
m: Car mass, kg

WD: Front axle weight distribution, %

I.: Yaw moment inertia, kgm2

L: Wheelbase, m

V: Vehicle speed, m/s

Il Front/Rear axle COG distance, m

¢* Yaw damping rate, -

®,: Yaw natural frequency, sec’
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Table 2 Car and tire specifications

Car Tire
L (m) | m(kg) |lz (kgm?)|WD (%)|W (mm)| H (%) |D (inch)|P (kPa)
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Car B 2.4 1000 | 1500 65 -
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Study of Evaluation Method for Knee-grip Feeling of Motorcycles

Aol T o s
Kobue IWATA Koki KUDO
C3 =] ABSTRACT
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fliA3mlBE & 72— 7=,

Simulation technology is demanded that enables
quantitative and unified evaluation of the knee-grip
feeling of motorcycles in a short time. This study used
a computer mannequin, which can simulate various
rider physiques, and ergonomic techniques to derive
the appropriate relative positions of the foot peg and
knee contact area that enable riders to exert sufficient
gripping force. In addition, the knee-grip status was
reproduced using simulations, and the relationship with
the subjective rating was investigated. This enabled
establishing of evaluation parameters that express the
feeling of discomfort during knee gripping and threshold
values, and deriving of a predictive formula. As a result,
it became computationally possible to estimate the
feeling of thigh discomfort with an accuracy of 93%.
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Table 1 Body sizes

Table 3 Simulation results and subjective ratings

Male Female Interference |Interference | Interference ||Subjective
Ave. S.D. Ave. S.D. area [mm?] |area ratio [%]| depth [mm] |/rating [Point]
Height 171.2 5.9 156.3 6.2 A 2615 19.0 35.3 3.0
Thigh length 393.3 38.0 371.3 22.9 Normal B 150 1.3 4.5 4.1
Distance between tibia P C 1628 12.4 23.9 3.6
and groin 351.1 26.3 322.5 35.9 position D 280 55 6.0 23
Lower leg length 407.6 28.0 342.5 33.0 E 184 1.6 4.7 4.8
(mm) A 3334 22.0 39.9 3.2
Front B 3036 21.0 36.4 3.9
o . C 8578 58.0 63.3 2.6
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Table 4 Maximum interference depth and degree of
protrusion (front position)

F(a) [mm]|Degree of protrusion
A 39.9 19.1
B 36.4 0.9
Front
position C 63.3 2.2
D 29.9 2.2
E 28.3 1.0
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Fig. 13 Test to determine multiple regression formulae

Table 5 Verification of multiple regression formulae

- ) - Middle )
Position on thigh Tibia of thigh Groin
Correlation coefficient R 0.93 0.99 0.95
Significance level F 0'*91 0;80 0'93
Interference tolerance - 0.02 0.02
P-value -
Degree of protrusion 0.01 0.00 0.04

Table 6 Multiple regression formulae for each position

Position Multiple regression formulae

Tibia Point = -2.3 x [Degree of protrusion]
0=a=60 +6.02

Middle of thigh Point = -0.56 x [Degree of protrusion]
60<a=160 +0.14 x [Interference tolerance] +3.4
Groin Point = -0.35 x [Degree of protrusion]
160<a +0.1 x [Interference tolerance] +3.1
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Method for Welding Condition Settings with Forecasted Distortion Applied for Two-wheeled Vehicle
Body Preproduction by Automatic Welding Machine

WoE 75 T G G & M OB KT
Hidenori OKAJIMA Kenichi FURUDATE Kenta FUKUDA
7 =1 ABSTRACT

O E HRBUERE, BEIARE TRIC B AL
$UTHIEBREEBIE, OFTARORAAZYET S 7
WIS, TA M= ZFHOZEBEER» 6T — 4 X =2
ARESE L2, ZOF— 2 R—= 2 5EERNAZHEH L, B
CEIEAFM U ZOBMER A T2, BG4 il
THPEEMEL L, ZOFEICKD, EHET 2 NHOH
REHWD Z LB MLEHORENTREE Ko7z, &
512, FRVIMEE CRERSMZHAWEHET XA O
FRENTREL 5 572, TNHIZ& D, IEHEBOHR KD
Bged, BAEEEYE 0RO RE & BT 2 b O FlEA
HEEE 755 72,

Welding experiments were conducted using test
pieces in order to determine the arc current, arc
voltage, and forecasted amount of distortion, which
are conditions for the automatic welding process
when fabricating two-wheeled vehicle bodies for
preproduction. A database was created from the
experimental results. Empirical formulas were derived
from this database and used to calculate arc current
and arc voltage. These calculation results were taken
as the basis for establishing a method of forecasting
heat shrink. These methods enabled the setting of
processing conditions without the use of a two-
wheeled vehicle body for welding tests. They further
enabled the implementation of development testing
using mass-production equivalents in the initial stages
of development. As a result, early decisions on the
design specifications for welded parts, shortening
of preproduction vehicle fabrication schedules, and
reduction of development costs were achieved.
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Table 1 Weld quality evaluation items
Control items Section Explanation
Throat thickness I \/V\ Minimum thickness of welding bead

Leg lenath | C, ¢ \ Distance from the root of joint to the toe of
g'eng | welding bead
<—>| C,
. Height of the weld metal lying outside the plane
Weld reinforcement | |\ containing the weld toes
Penetration | \/_l\ Y Depth of fusion into the parent metal from its

surface

% T 200 HiAMA 2E M2 O S5, £, WO
RO 10m 22 58S 5 5.

WHICIEFEI, P —F LN 2 a8 B OE MR THE
BT HBEXT — 2 REBEICK D MNE, B S - ENICE R
%A BB TS 95 MIG (Metal Inert Gas) 45 MAG
(Metal Active Gas) VA0 7 — 7 5t VW65,

22 BAEREOEIRIER

2.2.1. BEHMORE

WO RE TG LOME BN 7z EhTnbs T en
HETH 5. IAEWEOFHmIE, EHE8% Uk L 72 Wrim ¢
BHENEBORE & ERT 2 kTl 249 (Fig. 2). aHili§
BLENLIIHE (Leg length), @ EJE (Throat thickness), &
0 (Weld reinforcement), V& 1}IAAE X (Penetration) T,
INSDRGHWNZ XD WEERZ 2% 5 (Table 1).

222 TEEE

SER L - R, KEOFFE ThEsME T2 0 HR &
5. L L, IBEBROGHHEICIAESESR B — 1) O
PWHEIC K2 ETERRZ D, SPEEEICETS. 2028

6, WHNNC A R A T 5 850 H 5 ) (Fig. 8).

2.3. BEOMI&HS

THRHAROBE M LA LK, Bl EEL, BHEO
T ADIALE, WERER D 5.

MIG A MAG B2 B0 TE, —ARICET CIaHERE
DGR %, BECHEREE»TRERET 5.

VR EOERAEICNE B &5 12, IBHOTA
DRABRRIZE, BUGEO RIAA R A H 51 CORET 5.

]

Section
Fig. 2 Cross section of welding bead

Weld bead (Deposited metal)

Section of lap joint

Section of T-joint View of pipe joint

Fig. 1 Configuration of motorcycle body frame and type of welded joint
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Heat shrink
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<4— Direction of welding distortion
= Shape before welding
Shape after welding
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Fig. 4 Test pieces and welded joint gap settings
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Welding start

@ After welding

@ Before welding

100 mm

Measurement points for welding distortion

Fig. 5 Measurements of welding distortion
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3 [DER], [HE], EFAAES], [REDITHLT
BB A B Z 55 LAICZENSDF — & A 4RELL 7=,
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W5 DI RED DT — & %4HLL 7= (Fig. 6).
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Bead sectional area: S,

|:| Weld reinforcement area: S,

Rate of weld reinforcement: Er = (S,+S,) / S1

Fig. 6 Rate of weld reinforcement
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Fig. 7 Relation between welding speed and throat
thickness for each arc current (SPCC, t2.0)
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Fig. 8 Relation between welding speed and leg
length for each arc current (SPCC, t2.0)
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Fig. 9 Relation between welding speed and weld
reinforcement for each arc current (SPCC, 2.0)
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Fig. 10 Relation between welding speed and
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Fig. 11 Relation between welding speed and
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Fig. 13 Theoretical section of welding bead shape
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Fig. 14 Actual section of welding bead shape
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Enhancement of Multi-Body Simulation Data Sharing

Hideyuki YOSHIMOTO* Kyle PEARCE* Todd RODRICK*
Bryan SLABACH* Charles GAGLIANO* Hernan MERCADO-CORUJO*
Dean TENER*

ABSTRACT

Obtaining accurate input data from CAD (Computer Aided Design) geometry and reliable measurement
data from suppliers is the main challenge of Multi-Body Simulation (MBS). Standards, processes and software
were developed to enhance the process of creating an MBS model. A data extraction process from CAD was
applied to extract only necessary data and combine the geometry information. Application of the Association for
Standardization of Automation and Measuring Systems (ASAM) Open Data Services (ODS) format in conjunction
with suppliers provided a common, reliable and transferable format. Key benefits are a time reduction for
simulation feedback and independence from specific suppliers and MBS data structures.

1. Introduction

Safety requirements, environmental commitments,
and the complexity of automotive vehicles are growing.
However, development time, budgets, and manpower
are typically limited. A key strategy in automotive
development is to shorten development time, build
fewer physical prototypes, and increase development
in early stages. Digital manufacturing is a technology
that every automotive maker has worked to develop
during the past two decades. One of the improved
digital methodologies is a numerical simulation called
Computer Aided Engineering (CAE), which helps reduce
product development cost and time while enhancing the
safety, comfort, and durability of vehicles.

Finite Element Method (FEM) is one of the world's
most widely used CAE solutions as implemented for
crash simulation. FEM mainly originated from the need
for solving small displacement elasticity and structural
problems. In contrast, Multi-Body Simulation (MBS)
was used in the early 1990s for large translational and
rotational displacements, such as suspension stroke
analysis (Fig. 1). More recently, MBS allows for
predicting highly advanced phenomena such as elastic
deformation” and rough road analysis®.

In spite of advances in this technology, MBS pre-
and post-environments were still not well-organized.
It was challenging to share input data between
different solvers due to the small number of analysts
and lack of a common data format. Moreover, to
identify parameters, MBS requires actual measurement
data from suppliers. For example, bushings require
nonlinear, frequency-dependent, and displacement-
dependent measurement data. Since there was no
standardized measurement format for suppliers,

* HONDA R&D AMERICAS, INC.

each supplier had a different file and data format.
Consequently, each CAE analyst had to gather the
necessary input data and modify it to fit their own
MBS input data. This led to redundant requests to
design engineers and suppliers. Due to increased data
requirements and reduced development time, the need
to establish a common, shareable data format became
necessary (Fig. 2).

Rough road

Co-simulation

Complexity

Flex analysis

Full vehicle
Suspension (flat load)
1990 2000 2010
Year
Fig. 1 Multi-body simulation technology
CAE/Test /

/ — _Design. / /

Input data

& e

/ Suppliers /
B N
’ Measurement

[ d
Fig. 2 Relation for Multi-body simulation input data
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2. Construction of Multi-Body Simulation Data

MBS models are fundamentally constructed with
geometric and non-geometric data (Fig. 3).

2.1. Geometric Data

Design engineers are responsible to confirm
their own component designs and issue drawings
for mass production. This is accomplished through
component CAE and CAD applications during vehicle
development. Design engineers can predict component
characteristics by using component CAE at an early
stage in development. Once design engineers evaluate
their own concept after component performance is
evaluated, CAD data is built and clearance with other
components is confirmed. The purpose of component
CAE is mainly static analysis such as suspension
stroke. This static analysis is only dependent on the
rough geometric information, but the full MBS model
requires accurate mass, C.G. (Center of Gravity),
and inertia. When a proper material with density is
applied to the geometry, the MBS input data can
be calculated. In addition to the shape of the parts,
suspension/mount points and orientation information
are required to satisfy the geometric data requirements
of the MBS input model. All of this was accomplished
by design engineers providing detailed CAD models.

2.2. Non-Geometric Data

Most measurement data comes from suppliers
for several components such as bushings, tires, and
dampers. Chassis development demands several kinds
of bushing data including orientation, displacement,
frequency, preload condition and others. Suppliers may
spend several weeks measuring this data. Previously,
data requests to suppliers were inconsistent and the
returned measurement data formats were unique for
each one of the suppliers. Consequently, it took extra
time to confirm the accuracy of the data and extract
MBS numerical data.

Geometric data

Measurement

(Tire, bush, damper)

Non-geometric data

Specification (Steering ratio,
spring stiffness, etc.)

Fig. 3 Construction of MBS model

3. Extraction Process of Design Data

3.1. Master Work Sheet

A Master Work Sheet (Fig. 4) contains all the
MBS input information and lists each sub-system on a
separate spreadsheet. Being independent of a specific

CAE format, the Work Sheet is easy to understand and
use and can be easily expanded to include other sub-
systems.

Generally, the variety of suspension types is
limited due to cost, performance, and manufacturing.
Providing pre-defined templates for each suspension
type enables a reduction in input workload. Through
this research, design engineers defined the naming
of the point and orientation; therefore, by using this
naming rule and a predefined suspension type, each
connection type can be automatically defined.

3.2. CAD Property / Naming Rule

To automate the process of geometric data
extraction from the CAD data for use by MBS, the
following three-part process is required:

(1) Properties used for extraction
(2) DPM/part construction
(3) Naming rules of CAD hard point data

Property extraction from CAD requires
standardization and correlation between test and
design. The agreed upon properties include the part
numbers and names that comply with the Honda
Engineering Standards. In addition, material naming
and mass values are required for determining the
mass, C.G., and inertia values of the individual parts
and MBS bodies.

The Digital Prototype Model (DPM) is used for
the digital prototyping process before a prototype
is actually built. The DPM construction further aids
in automating data extraction. In order to guarantee
accurate mass, C.G., and inertia values, each part
should be constructed as a single body consisting of a
single material. This method of part design should be
used for all the vehicle parts required for simulation.
Additionally, the construction and placement of the
CAD hard point data file (Fig. 5) should also be
standardized. It represents each critical control point,
such as the bushing and ball joint centers of the
suspension. This file's location was set to a specific
area of the DPM to provide a consistent location for
all users.

The CAD hard point data file should also follow a
consistent construction format. This format is required
for the automated extraction of the individual point
locations. Additionally, the naming of these points was
also standardized. This standardization was needed for
the Master Work Sheet and involved design correlation
to define the rules for point names and orientations. A
sample of this standard is shown in Fig. 6.

rartiva.

= H—F

=y
T

|

Fig. 4 Master work sheet format

— 109 —



Honda R&D Technical Review

Vol.24 No.1 (April 2012)

Using required properties, a standardized structure,
and naming rules allows for automation capability that
leads to an increase in simulation efficiency.

3.3. CAD Extraction Process

Once the Master Work Sheet, CAD geometry,
and CAD hard point data are prepared, necessary
design data can be retrieved with a CAD Extraction
tool (Fig. 7).

This tool can read both CAD and spreadsheet
data. When the CAD point and orientation names
are matched with the spreadsheet data, the point
information of CAD can be mapped to the spreadsheet.
By using this process, large amounts of data can be
extracted without errors. This operation is very simple
in that the exact same CAD parts can be shown on the
CAD extraction tool (Fig. 8). After completing every
part assignment, the spreadsheet file can be exported.
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Fig. 5 Sample of CAD hard point data file
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Fig. 7 CAD extraction tool (GUI)

Previously, the extraction process (Fig. 9) was
performed manually by multiple CAE analysts. Each
analyst spent about a week to gather the MBD input
data from several design engineers. Through this
new extraction process, these tasks can be completed
in one day by one analyst. This allows the CAE
specialists to focus their time on analysis rather than
model building.
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Fig. 8 CAD extraction tool (GUI)

DPM model
(Mass C.G., inertia)

CAD hard point data

CAD data

CAD extraction tool

Master work sheet

Fig. 9 CAD extraction process

4. Supplier Data Sharing

As MBS models are applied to address increasingly
complex vehicle dynamics problems, a higher degree
of fidelity is required. This increased fidelity is
achieved by increasing the details and accuracy of the
component characteristic data that is used to represent
the vehicle and construct the model. For instance,
tire models have been researched and developed for
decades and have increased in the ability to accurately
represent the tire-road surface dynamics for an ever
greater range of loading events.

Similarly, it has been shown that an improved
representation of the non-linear, dynamic characteristics
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of chassis bushings and mounts can provide improved
MBS model accuracy. This is especially true in the
areas of ride and NVH”. However, just like a single,
computationally-intensive tire model is not always the
best solution for a particular dynamics concern, the
same can be said for bushing models. NVH prediction
requires a component representation that is based on
very small input displacements or forces. This small
input is due to the nature of visco-elastic rubber
behavior and is highly dependent on displacement
and frequency of excitation’. Conversely, durability-
related prediction requires characterization of the
same parts over a much greater load range and the
stiffness and damping characteristics are typically not
as frequency dependent. Thus, for a single component,
many different characterization tests in multiple
degrees of freedom may be required. Maintaining
a catalog of bushing data presents an opportunity
for increasing efficiency not only for MBS but also
at an enterprise level by decreasing the number of
redundant tests requested of the suppliers and by
making the measurement data more widely available
and accessible.

4.1. Standardized Tests and Metadata

The first step was to create a data template
that captures the broadest array of possible test
specifications with the smallest number of specified
parameters (e.g., static, dynamic: min/max load, Hz,
preload, etc.) (Fig. 10). This information should
be clearly and easily communicated to suppliers
in a package that maintains a record of the test
component(s) and both the requested and actual test
procedures. This template also helps to establish a
minimal set of metadata to be captured and reported
with every set of test results. The metadata aids
in interpreting the data by having a record of the
conditions under which the part data was recorded.

4.2. Standardized Workbook
The next step of this project was to create a
template for exchanging the actual measurement

e

Bush T
o Option 1: Suspermsion Ww__ = =
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Fig. 10 Simple request form

data between the OEM and suppliers (Fig. 11). This
template is an extension of the Master Work Sheet
and is extended to include the raw measurement data
as well as functions for error-trapping and basic data
confirmation, such as key reference data, plotting, rate
calculations, and others.

Fig. 11

Detailed specifications in request sheet

5. Bushing Application Data Model

The 1SO-22720 standards defined by ASAM-ODS
describe the structure and rules for a relational data
model for measurement data. ASAM was founded in
December 1998 as an initiative of the German Car
manufacturers Audi, BMW, Daimler, Porsche, and
Volkswagen and is now in use at OEMs and suppliers
globally. This standard was considered ideal for
this project because it is hardware-, software-, and
vendor-independent, and is supported by many of the
largest and most common analysis software vendors.
With the bushing test data templates matured and in
frequent use by suppliers, the next step was to create
a bushing-specific ADM.

5.1. Basis for Application Data Model

The purpose of this template is to set the basis
for the development of a bushing-specific Application
Data Model (ADM) that is used to form the basis of
the database and Web interface to be used to exchange
data with suppliers. Once the data is stored in the
ADM, which is a customized version derived from the
ASAM Open Data Services (ODS) base model, the
data can be exchanged directly with the ODS database
or exported into XML text files according to the ATF-
XML standard.

5.2. Data Converter

Within ASAM ODS, there is defined a base model
with a set of defined based elements and a set of
base relations between them. An application model
was developed specifically for bushings and specifies
which elements and relations from the base model
are actually in use (Fig. 12). The actual measured
data is stored in data elements and related to test
parameter elements (e.g., preload, duration, rate, etc.)
as described in the Test Request Sheet. The Data
Converter uses the application model to map the Excel
data to an ODS ATFX file or ODS database.

The biggest challenge is to create the ADM and the
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applications necessary to interpret and verify the data
in the spreadsheets. After these steps are achieved, it
is much easier to store the data into an ATF/XML file
or directly upload it to an ASAM database.

Figure 13 shows the overall bush data sharing
flow. This process was created though discussion and
understanding between suppliers, design engineers, and
Information Technology (IT) engineers.

Actual Assembly # Requested
—| Assy name __
[Delivery date] —| Frame code
Part DOF [—]Bui,d stage Part DOF
—| Input cycle T Input cycle
—| Input level - - Input level
ub-part name| [~
Supplier note _
Sub-part # actor
) | — o) (- )

Date tested ]
Ks, K*, TanD)

Time HRaw data]

Displacement]—-[ Raw data]

Force HRaw data]

Fig. 12 Bushing application data model
[ Suppliers || OEM |
Simple request form

i ASAM

Request i T database
! ATF/
Measurement XML
Data

converter

Standardized workbook
Fig. 13 Bush request flow

6. Case Study

The process described in this paper was tested
with a suspension subsystem. The new rules and
tools reduced data gathering time from one week to
one day. Three suppliers who supported the direction
towards standardization were introduced to the test
data standard format. In total, the time to request,
receive, and review the data was reduced.

7. Conclusion

Through this research, an effective MBS data
sharing process was developed. The key items can be
summarized as follows:

(1) Standardized CAD properties and measurement data
are important in reducing the MBS feedback time
by allowing for automated data extraction and MBS
model creation.

(2) A flexible and extendable data format for non-

geometric data is necessary to accommodate future

CAE methods.

(3) While the initial trial and benefits were limited to
suspension, it is clear that extending this process to
the other parts and systems will further enhance the
simulation-design development loop.

Finally, through this research, there were
opportunities to meet with other OEMs to discuss
their systems and methodologies related to MBS.
This provided a better understanding of the different
strategies and systems implemented across a range of
OEMs’ CAE maturity and scale.
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An extended expansion engine (EXlink engine) using
a multiple linkage system was studied as a system that
realizes an extended expansion thermal cycle that raises
the expansion ratio higher than the compression ratio
in order to enhance the thermal efficiency of a general-
purpose engine. An initial prototype EXlink engine
increased the EPA exhaust emission control operating
mode fuel economy by 13% compared to a conventional
engine with the same output, but the maximum value of
the inertia force produced by the multiple linkage system
also increased by 93% compared to the conventional
engine. This is because the maximum piston acceleration
during the expansion stroke of the initial EXlink engine
is 2.7 times that of the conventional engine.

A new linkage layout that controls the maximum piston
acceleration was investigated to reduce the inertia force.
By using a linkage configuration that allots a longer crank
angle to the expansion and exhaust strokes, the piston
acceleration is smoothed, enabling reduction of the inertia
force. Compared to the initial linkage layout, the newly
designed linkage layout reduced the calculated maximum
piston acceleration by 42% and the calculated maximum
inertia force value by 61%, and the expected vibration
reduction effects were also confirmed in actual engine tests.
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Fig. 1 Extended expansion linkage system (EXIink)
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Intake ' Compression ~ Expansion  Exhaust
X ¢ ’
C
9
o LA X | Toc [
2 [rooExH BDCINT comp BDCEXP TDCEXH
o
5 - |
a - Lol -ﬁ-. L
AN AT Al AT A | i
360 -180 0 180 360

Crank angle 6.

Fig. 2 Piston movement through one cycle

2. BRSO EFE

2.1. 88 > U REEDENFIE

AETE, #HY v o AEBRILT Y O v OREROH)
Rtk & M4 %2 7290102, ThERRT 5 &5 0N
S OMEM AR LT 5. Fig. 3128 v 7 DTk
%, Table 1125 ¥ CIEE L 29I EXlink =¥ ¥ ¥
BEUHKRHOERMT Y v Y OFILERT. ) V2R
DREBOIRIERZ, 77 v 7 A0, L L TR TEX
?/Lé (1).

x=1,cos¢, + 1, sin(¢, + @) + r.cos 0. (1)
I,sing,+ 8 =1,cos(¢, + ) + r.sin 0, (2)
l,—r.cos@, +r sin(0 +y) =1 cosd, + I cosp, (3)
L+ 1, cos(6,+y) +1,sing, =1 sing +r.cosf. (4)

0,=n6.+y (5)

Table 1 Engine specifications
EXlink Conventional
engine engine
. Air cooled, 4 stroke, single
Engine type cylinder, horizontal shaft
Bore [mm] 64 68
Intake
. [mm] 421
Stroke ’E‘i‘;’:ﬁ;fjj”” 45
/Exhaust (mm] 63.3
Intake
: [cm?3] 135.4
Displacement go:sgzs:lon 163.4
/Exphaust [em?] 203.6
Compression ratio 8.5 8.5
Expansion ratio 12.3 )
Fuel Gasoline
Maximum power [kW] 3.2 3.1
Valve mechanism OHC OHV

R(5)B 75y otk by v 7oK
BrERL, ¥YIZLD 1/2WEMETIEn=-1/2%5%
5. ZRICKD, 7oLz F vy MY 2
120,=720° %A & T B MMEENE SR, ¥ 2 b VEE
IZHITR S L DITREESE T 2. U s gl y %

Fig. 3(a) Dimensional parameters of multiple linkage

system

Fig. 3(b) Characteristic state quantities of multiple

linkage system
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Table 2 Equivalent mass of linkage system

Equivalent mass | Mass of component parts Corresponding mass
my Piston, Piston ring, Piston pin | Connecting rod (small end)
) . Connecting rod (big end)
m, Connecting rod pin Trigonal link (M)
ms Crank pin Trigonal link (mys)
. ’ Trigonal link (mx,)
M Swing rod pin Swing rod (small end)
ms Eccentric shaft pin Swing rod (big end)
Mg Crankshaft counter weight

5.z 3 Z & CHEME BB ERPER EAEREOE 2 b VAT E
ZREIC E L, WKCTERTRER L0 SR PERITRES R
<, JEMEb & 0 SRR E WERRILY 4 2 L &5 5
TENTXS.

B v ORI ROMEE R, EoX (1) (4) %
BRRNCBI L C B L TR o h 5, Faid Rtk % <
ZEIZkDRDBZENTE S,

d*x dg,\ d*¢, .
+1 | cosg, +1 4 sin
dr 4( dr j bt dr Z
dg,\ d’¢, .
=-1, (d—tlj cos(¢, + ) —1, dtzl sin(g, + @)
d?o do. Y
+7 ~cosf, —r|—=| sinf, (6)
dt’ dt

2

de_ Y’
—sin@, +r,| —=| cos6,
dt’ dt

do, Y © +») de, © +»)
+r|——| cos(@, 6 +y)—r ———cos@ +
14 dt 14 7/ P dtz P }/

dg, \ d’¢, .
z_ll[d_tlj cosg —1, y -sin ¢,

t2
o

WIZ, Y Vo RICAEHT 218 254 5. RO
B Vo RewkE, HROEPEE» LK REALTT
LT, RaekoEt ey s . Wy vy RERBR
B K OE O E B L UTEEHS AN O &, K5
ORFERIC BT 2HYERENRENTE, Th% Fig. 4% &
U Table 2 127”9 6 ROEHRERIZHGT 5.

I OB OSBRI KO, IR 72 &5 o b
JEARRT S Z T, FEIIERT 2EMEIE s 5 v o
I T A8 E LT, TRtk HIckEI 3.

e\ . d’¢, .
d;j sing, —1, dt; sin @, (7)

Fix, (0)=-m, - Ax,
Fiy, (0)=-m,- Ay, (8)

/o, ZOKRZ S, KAUSTHA LGNS,

Fi,(0)= | Fix,(0) + Fiy, (0) (9)

PRk, #) v o7 2o@f iz onToERtr13Em
b7z,

2.2, 1BMEINIR A DM

RAEROEVENIRS I OR3¢5 5 & LT, Tad
ORFMEME T B &K U RFRIMEE S i 2 v 5. R FIE
YL, EEO 7 5 v 2 AEIZENT, A (10)TH526h
BREROEM N A, RO ZTEIZRERISH L TMEL =
LEDT, TRADE G EE ORI MLETH 5.

Fix(9)=)_ Fix,(6)

Fiy(0)=Y_ Fiy (0) (10)
T2, TORZEIWI TR TEHEAONS.

Fi(0) = +/Fix(0)’ + Fiy(6)’ (11)

1494 20 (720 degCA) W21 5, Fi(0) Dkl % it
RASFMEE )T & I 58

FAMEME L, = v Y VIR, ROk KOS
DBERIZES>THRED, 77 v 7 AT 228104 @6
T 52 &T, RICAEU BRI OK F & LR % fi 5
WZEHMiT 2 2 N TE S, ZOMIBERMI Y DYDY 2
YoV RIIFLTEERTHIENTES.
o BIZHAWARERM Ly DYy Dy v 2y 2 4
M, ERRORAKHANEM: A G EiR/ Mk 2 EREE L
7 Ry Y i kWT, Fig. 5 TH5A6N5 0 v &

Gravity center angle

Fig. 5 Crankshaft gravity center position
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v x4 FEILEZL S H B A ORKBHEME O K & &

FEBUTNL, Fig. 6 ISR 7. ik v rvoho v
U oA ME, IRARAEME R E BN £ 2 R B &
VO x4 FELOMNHE L.

Fig. 713, 2 7 v 7 AISx§ 2 RANEME I~ L %,
77 v 2EhLEFREET AR PLTEDL, ZO%
IO (Local curve) Z/RL7=8DTH 5. &k,
Yo VR, PHT Y Y Y T & B HE O &N
3000 rpm & L7=. ZOMIZK B &, kT v o v OBk
L, Ry D v IicR L RELS BASBIRE L S LI
12, AHHMEME 112 93% 8NN3 B AR & 7 o 7.

wiZ, XK Q0) THAGhBMHRT VYDV F, () vy
i) 7 EEYE RS & 2 5 v 2 B REEEIZ DWW T FET 4y
WL, Fig. 8 D#ERAH 72, ik v v Vi fERkOE X b
Ver Sy oA LR, 25 v 2 iRl
T2 0.5 RIF K2 DRERRBDOENETIR Y % F8HET 5.
ZHUTBR - TEARATRE R & IR - P XUT R R A R 5 729,

0.09 ‘

0.08 Maximum summation

of inertia force [N]
.07

0.0 1150

0.06

0.05

Crankshaft unbalance [N-m]

0.04

0.03 0 10 20 30

Gravity center angle [deg]

Fig. 6 Specification of counter weight and maximum
summation of inertia force

== EXlink engine

1000 —— Conventional engine
S 754 N
500 ﬁ\\
2 \
w i
-500
-1000
1000 500 0 -500 -1000

F, [N]

Fig. 7 Local curve

25 v 22 R OB IR B HET B 720 Th
5. Fle, fEREIT VY Tk LR DK A A S
2800, “RLIEDERKST D 72012, i KARFRE T
NEIN$ 2 Z Ehbhrotz. 20X Lt s v
PR EOMBRERENIZIL K B b720, FEARBIZER
FTEENRLEFILWEELONS.

Fig. 912, F, ARAMEME DA 5, 2.5 REL Lok
ABAILICOMRL, SXROBHI ST 44300
BT LRSS AN T BEIRITRE A S HERITRRIS A 1 ¢,
ZOo0MKE R L OMUMERFIEL, WER S HEEE
PE R m OFERENZ ERb2 5. Zhid Fig. 101
ANTHRT Y Yo 2 N g ATDCI0 degCA
PRBETRMIZZN TS Z &, BLURAEARERA T v
VyD2T7EE B ENBEREMEIE NS, KT v
VVOY A VIEESBKRE K SEBHE LT, #HY
VRO LTSRS LT LS 180 degCA Ltk
53, ERTHAZENETLILDE. il vy Vv D
AEITFEIINIE 173 degCA TH O, MY VD
180 degCA IZxfL 7 degCA Kivy. L7zh > Cffkid= v v
YT, ROERTERAERHCEZ M V23 BHIT 5
Zeek, ZOMRRKINBERKELS LD2EDLFE
AbNh3b.

250
m EXlink engine
200 = Conventional engine
z
— 150
w
©
S 100
(o)
[
50
OO.LQO.lQO."?O.lQO.”?O.LD.Q
O O ~ ~ AN N O oo T < n un o
Order [-]
Fig. 8 FFT Analysis result (F,)
400 I
‘ EM; Em, Om,
200
z
o
- 0
®
<4
o
-
-200
Intake Compression Exhaust
-400
-360 -180 0 180 360

Crank angle [degCA]

Fig. 9 Summation of inertia force for 2.5 th and
higher orders (F,)
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Zofth, avay FRIERIZH 225 B M m, DF5-& I
BE. Fig. 11 ISR T K512, a2y vy FRImESBO#
BpnZ, ) v ROWEAEE LS. 2Dk
VEZ M vBXUaYEy N, WFh v v ais
FOFEEI N FRE LS. Xo5T, my, my 256 FAET
ZEMENE, €2V OMEREDOHERRKENEELDS
ha.

10

AN 7\
20— \\ /1 \ /
w— N\ \ /J
E\ND4 \_ //
60 H— Eﬁ!czri?fr:r;?engine \ /

5000
4000 A
3000
2000 FP \; N,
1000
0 /] ANN /1 AN
1000 — 22 A\Y /]
-3000 i N A~
-4000
-360 -180 0 180 360
Crank angle (Piston TDC = 0) [degCA]

Piston displacement [mm]

Piston acceleration [m/s?]

Fig. 10 Piston acceleration and displacement

Fig. 11 Connecting rod behavior

3. TBMNRT DI

B1.H L IRBICLBEX b IREDKR
FKoid, el U4 » 7 B 1T AE IR 23 I 5 R
ThHZEEMMLT, 2 ba—2 0ROV PR
2, KORW IV I AMEENET S EIZLD, ¥
v & I 5 2 E RHRETIE B W LB A 7

Table 3 New and former linkage engine specifications

Newly Former
designed designed
linkage engine | linkage engine
gﬂc"’(‘:’gl’z;‘argoﬁ]'sm” (m/s?] | 2575 | -42% 4460
Maximum summation
of inertia force (N] 233 | -61% 754
Expansion stroke term |[degCA]| 190 10% 173
Bore [mm] 64
Intake
/Compression [mm] | 38.8 | -8% 421
Stroke
/EEtha:uss"t’” (mm] | 55.7 | -12% 63.3
Compression ratio 8.5 - 8.5
Expansion ratio 11.8 -4% 12.3

Fig. 12, Table 312, #rakal sz Y/ EEEZ R T. Ik
Rk EHNE L7200 v 2 EER, o) v o ElE
IR LIRS - TSI RE R % -8%, IR - HEXIr e R % -12%
L, BITHEEAEHFT 5 L L 312, TREOROIEETE
DYy ME%E 17 degCAFEfL 190 degCA & L 7=,
3000 rpm IZH 1 BEME EO Y X b VA % Fig. 13 128
T AN 2575 m/st D, MO vy ElE LS
WU 42% Kk 7z 72, BITFRICBF 32 b U hib#
FEOY - 7lOEBEIR N TE D, {7182 L ORAES
TEE BRI THh B Z e nbrb.

Waato ) v o BEORAEME N 290 v 7 BliE &
WL, Fig. 14187, meARAMEMET11E 293 N & 4D,
MO ¥ 2 BEEIZR U 61 % Kk X =, BANEME D
v v REEK S F, & FFT 208 L 72455 4 Fig. 15 12
R BIERETO Y Y 7 RE TR0 Vo EED LD &
ARATRE R O B A IR E AL MR I N T % 728, —
WU LEDOBEREADEIRE NS Z EDbh -7z

Fig. 12 Newly designed linkage system
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3.2. EMSEERKER (C & B ShRAREE

Wakdto ) v o BB & B IREKW Z RS 2720
12, FEERRIT & B IRE) A HIE L 72 aBRIZ, Fig. 16 1278
IV VE, INN=THLTOD LT3 Free-Free 5c
fF, EEMGEERE U, TV Y v AU &M & RO
3000 rpm & L7z, TV 2 VNBEE OFHAIERT, Fig. 16
ISR T LD, TV Y Y ORY FHFERICIEE v 4 %
Bl L, ¥V ¥ £uliA sy & R & U7z, GRS
10MEL, 75y 7RIS 2 REK 5% FFT 47
Prick DB L 72,

FHGEEAEBRASR 4, Fig. 17 1R T, HaEto ) v il
BIZH T3 1R EORSONEE I, viioy v o ERE
ISR LT L, F—/3F — Uil Tl 43.5% K L 7=

10
0

-10 \ \ )
0\ /L \ /
P N 4 \ /
2N/ \ |/
50 \ A
Former designed linkage \\' /

-60 1 Newly designed linkage Y

-70 *
5000
4000 I’\
s — — N
1000 I/ \ o II \ \
TN AN

-1000
-2000 / s /
-3000

-4000
-360 -180 0 180 360

Crank angle (Piston TDC = 0) [degCA]

Piston displacement [mm]

Piston acceleration [m/s?]

Fig. 13 Piston acceleration and displacement
(New and former linkage system)

= Former designed linkage
1000 === Newly designed linkage

£ o0
[T
..... 203 N
-500
-1000
1000 500 0 -500 -1000

Fig. 14 Local curve (New and former linkage system)

250
m Former designed linkage
200 = Newly designed linkage | |
z
~ 150
W
©
2 100
S}
L
50
© v © »n o vw 9o 1w 9o v 9 1w o
S ©o ~ -~ a ad ® 0 F < B 6B O
Order [-]
Fig. 15 Frequency characteristics
— i =
Measurement point
(Cylinder axis direction)
Fig. 16  Acceleration measurement point
3.0
B Former designed linkage
5 B Newly designed linkage
E 20
c
ie]
©
[
o 1.0
3
<
0.0

05 10 15 20 25 30 35 4.0 OA.

Order [-]

Fig. 17 Measurement results

#HY vy REEELT Y Y Y OBEMEINE B 07

DGR THEIZONT, DT O/ 57-.

(1) FIEEH oY) v o RERILT Y O v ORKR
AVEMETIE, RS oM v o v izx L 93%
BIML 72, ZHhEROITEERZE & DR R o ~
5V o MEMN 173 degCA 5L, RITFER D itk
V2 NSRS 27 5 552 12k 5.

(2) 2 ba =27 ORVBE-PERITRICEL, KhRvs
SV oMEENGTAZEICLD, BB oY v
MR O KME 2 I L, 1788 2 & oz % ¢
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WL§ 22 L HRETH 5.

(3) FiRD4ESEHI D IR O MM %4 190 degCA &
L72=Brito ) v o Eiz g, 1o ) v o s
IS LR R X b VIS & 42%, AR
AEMTI % 61% (KIKk$ 5 Z &N TXE B,

(4) Fraston vorREIC k28 vy @k v
VU ERMEL, FEEIRA B IR 572 V) VAT
MO MIRFE R IO ) v 7 BliEIZ R L 43.5% O
k& 20, FRoiEeHcIES < ) v 2 3EHH, RE)
KIS E B 26 TETH S I L &AL 72,

SE XM
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Construction of Knock Detection Logic by Pattern Recognition Using Short-time Fourier Transform

oot B owT N TN R IR
Kenji AKIMOTO Hirotaka KOMATSU Atsushi KURAUCHI
= =] ABSTRACT

o FVTEXRZ NI A ZOHBIFEORED 2
12, Wi OB RO ECEH L. 2O
NI 2 Fihe UT, BRI ORFBMNZENEZ &5 2 5
Z L DTE AN 7 — ) &k (Short Time Fourier
Transform: STFT) DG #6272 / v F V7 DIk
Bkt 2 5 v 2 7 v 7 LT 80-90 deg &7 D, Bk
AT HRE)E — F ORI EE & S IIKT L,
EERBOIRE) € — FOWMELKE L, ®EMIZ 1,0 E—
FOANRTES. 2 H = A ) A4 DIEFA R AL,
WREE O, DLEOEREREI L, BEEOMEZ L 5 4
70O EEEAL, N2 —-ViidkT /s v RS
DHEAEBILED /v R VY ITRAIOY v 7 #WET 52
ET, JF YT ERABIZANIA ZDEA IV EJEW
BT 258 TH->TE, SREELHBIATTREL &5 >
7. T ORER, PEROFEEREBOEE THEST S/ v F
VIRMY AT LR LT, A A= I 4 ORI
BOTE Y AT LAWRENITHKEET 2232 MEDR ED
EERAUREE o7z, ZHIC&D, fEk&kDE ) v XV
FELZEWVEE T TRET S Z L2 WREE 2D, / v F
VOEDRMIZE G TER I LT

The project discussed in this paper focused on
the frequency attenuation characteristic of knock and
mechanical noise in order to develop a more accurate
method of distinguishing between the two phenomena.
Short-time Fourier transform (STFT), which makes
it possible to identify changes in frequency over
time, was studied as a method of analyzing this
characteristic. The duration of knocking is 80-90 deg
in terms of crank angle. The frequencies of the
multiple vibration modes that knock generates decline
as time elapses, with attenuation greater in the high-
frequency vibration modes, until finally only the 1, 0"
mode remains. Mechanical noise occurs over a wide
frequency band, and its attenuation is rapid. Based on
these results, the concept of time was introduced in
order to help enable the attenuation of the frequencies
to be identified, and a knock detection logic that
judges knock on the basis of pattern recognition was
developed. This logic is able to distinguish knock
and mechanical noise with a high degree of accuracy
even when the timing and frequency of the two
phenomena match. As a result, it has been possible
to increase robustness in relation to mechanical
noise in comparison to conventional knock detection
systems that judge knock based on the intensity of the
frequency at which it occurs, helping to ensure stable
functioning of the system even when mechanical noise
occurs. This has made it possible to set the threshold
value for judgment of knock lower than is the case in
conventional systems, contributing to the reduction of
knock noise.

1. EADE

R, AV vy vicknWTE, BEREORDE
JEREHAL D A ) » v SRR NEA B LR, Shkk
TINAZABMFHENS LI hk->TETWE. ZThH0%
RBEAAZAN A XZ%#ED 720, KL V5 &2 Hnx

% Ufs R&D £ > & —

Iy R VTRV Z T A EREE R A =0 ) 4 TH
BFEDRBER SN TS, kD 7 v F Vv Y 2T 4
W, XAZAN AL ) v F v TORERE EBE, 24
IV BE, WEOHHAKEEC S LS R
%ﬁﬁéhfnt TOMIBE LT/, vF v 2 h L7
W TE L AShBEN, ThETD /v * v 7 BAl
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BRI 7 — U IEBREERAVWANZ - 2BRICELS /v X RO Y 7 DIEE

VAT LR, AHZ I A ZOEE NS S &SIk
WX A RET 2 TSR, /v Fy 70makiEDBH)
T ofFETHETSIE, v F VI FEXRX-2D T,
WMEHE Tk 0 % & v i 2 b ot & R4 % Tk 0
KETHIBLTE 2. UL, WLTHERE ) 4 ZI2fREX
NBELETINAZD AT =N 4 U, CF 5
WG, 44 IV 72457280, WEROTFTHET v
FUTERNTSZENREHI R > T3,

AT, 2oFv AR 4 ZOHRTHED
BEEEHME LT, FzlcREoMassEZA L 2 — V7R
WMERH L2 v ® vy rRina Yy o OE L Z OBRAE
g E T, b K OB ORI OV Tl T 3

2. /vy XL URMORRE

Fig. 112/ v RV 7 BEREE X =L ) 4 TRAERED
IR v F v R EEER T — ) TSRO LR
L, B E AR P OILERE ORHE % IR L 7245 R &R
T. 07 7ORLSMENZZTRHDLHIZ, 7 vFrrrbs
AN A XD RE A PVERE R T B LD
ME—2 4 IV 7 CTRELGA, 6ROV FI82 7 4
N e Yy s TCEMEDHRNATREE 5. Lizhio
T, MR L 2T P VRED—ET /v F v IHE &SR
fEg 2D TiEEL, MoFEEHNT v F v IO
VRT3 MENRHB.

Engine speed: 1000 rpm
| Load: WOT

% Mechanical noise
S| |
= )
S Knock Iy
g \ !
|
& I My
& ! Pl
= I\ | |
€ i VRN
/ ! \ N Iy \" \ All
NS AN [
5 10 15 20 25

Frequency (kHz)

Fig. 1 Comparison of FFT processing results for
knock and mechanical noise

3. /R TEXDZ AN A XDIFHE

IRV TEXHZ RN A XD FHEDOEED 720
12, Wi ORI R EOE T H Uz, 2Ok % %
Mid 5 Fhe LT, RBERONBNZENELE 525 20T
% 2 0EKEE 7 — V) 225535 (Short Time Fourier Transform:
STFT) DWat k2ot JwF VT X IR 4
ZRAEMOIEIR v F v v & STET AW L
M & 35 27k > 72450, i DR A WAEIZT S Z &)
BTz UNIZZNEhOMIER B3,

Table 1 Comparison of knock vibration duration for

three different types of engine

Engine Displacement (cm?®)| 1,339 1,799 2,354
specifications |Bore x Stroke (mm)| 73 x 80 |81 x 87.3| 87 x 99

Engine speed| Intake manifold

(rom) pressure (kPa (G)) Knock vibration duration (deg)

0 (WOT") 95 82 90
1000 20 90 85 92
0 (WOT) 92 80 84
2000 20 90 85 90
0 (WOT) 89 90 91
3000 20 89 83 89

* Wide-Open Throttle

3.1. /v XL U@EMER

3.1.1. /v &2 7 DRSNS

Fig. 212/ v ¥ VO BAEROIERIKR ) v F v 2 V4
MHERT. 20X/ v F v 7B, KEOREIC
- TIRAZITIRIE2S WA 3 5. Fig. 312/ v ¥ v 7 A0
DIHR v F v 7w BN STFT B L 28558 %
AN KD XLy 5 v o7 v, Y iR E R
2Ry PR IZGOPRIR TR I, IBEOBEVE I T A
NY PVBEERERNT & EIRT.

Fig. 3 &b, 7 vV 7iRENL 7 » F v 7 RERGE
5%990 deg ATDC ETHEiL TWd Z &Abrd. Th
/o F VY TOENEIZ & > TR 2D E L T 5
ZENFEHTHSEEZ NS, Table 1 IZHEX RO R
XYYV TEHAIL 72 7w & v 7 OREMkG R % 2 5 v
T VIILTRLUTCHERLZEDERYT. /v F V7O
I PRERAMICERE L, /v F Y IRERGE» S
9 80-90 deg DR, higed 2 & vd Z MM B L ko7,

Voltage (V)

0 15 30 45 60 75 90
Crank angle (deg ATDC)

Fig. 2 Non-resonance knock sensor output when
knock occurs

25 g
-a Intensity pattern of knock
N20K . 54
. [} L 4
= Yo,
> 15 7| L) .O.
[&] [ ] L 4
5 ‘e,
8 10 - LR
o - -
o 50 - .“
L L 1 EEEEEEEEEEEENEENEENEESN
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Fig. 3 STFT results when knock occurs
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312 RFE— RORKBIETRS

Fig. 412/ v ¥ Vv ZIC & > TRA T A NOIRE) € — F
. R (1) FL—3oRX"WERT. Fig. 512/ v *
v RAEROIERE v &V e v & STFT ALEEL
TeAERE, (1) KOS L () 289, Fig. 5
3, /o v ORAEROIEIRY v 1A STET AR L
7245, Fig. 4 IR L2 8EBOIEHE— FARELT1WBZ
EHERL TS, Fig. 5D/ v F Vv 7 FAERO T HRISFENIE
T SIREHFFERTHA L72E Z A8 1000 m/sec TH 5.
ZOMER2 5 (1) & D BIREYE — FOFTEE A KD 7245 R
% Table 2 1Z/5F. Table 2 IZ/8 L 7= & HREIE — F DR
13, Fig. 5D/ v F v 734D STFT AUEE RO
ERIWVHHBERIR A H B Z e b b, £72, STFTHERO%K
REYE — F ORIBREGE, BIRITREOELT & KT 4 216
MERL TS, 2T (1) &0, FEMEFNT2Z &
IZE D BIREE— FORMESME T L% L 22
T, WIRITREP O v il )12 6 Fdiz ke, X (1)
SO EFE L2824, STFT &% & [k I %
INTZehbh otz D EORRED, BIRITIROMET & #
ICHHEMET 5720, / vF v 20Xk LBED
RBIE — FORJBEEBUIME T 3 2 Rl e R Ll L 7=

(4] A
NG VAV,

2,0 mode 3,0 mode

1,1 mode

1,0 mode

0,1 mode

Fig. 4 In-cylinder vibration modes

C
Son=Pun > (1)

ZZT,

fun : Frequency

Bun : Vibration mode coefficient
C : Speed of sound

D : Bore

Thb.

25 Dotted lines: lines calculated

using Eq. (1)

- N
[¢)] o
| L

-
o

fiasnmana

Frequency (kHz)

(é)]

o
L
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Fig. 5 Comparison of STFT results and curves
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Table 2  Vibration mode frequencies immediately after
knock occurs

Calculation condition: C=1000 m/sec D=87 mm
1,0 mode | 2,0 mode | 0,1 mode | 3,0 mode | 1,1 mode

Frequency

(kHz) 6.8 11.3 14.2 15.6 19.8
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Table 3 Engine specifications

Cylinder configuration In-line 4-cylinder

Bore x Stroke (mm) 87 x 99
Displacement (cm?) 2354

Compression ratio 10.5

Valve train DOHC (inlet: valve timing control)

Number of valves 4 valves / cylinder

Fuel injection system Port injection

Table 4 Operating conditions

Engine speed (rpm) | Intake manifold pressure (kPa (G) )
1000 -20
1000 0 (WOT)
3000 -20
3000 0 (WOQOT)
6000 -20
6000 0 (WOT)
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Table 5 Comparison of knock detection logic
detection count for varying conditions

Intake Number of times of knock
Engine speed manifold detection in 50 cycles
e (i[fas s(gr)e) STFT logic prlgsgﬁlrlg ?c?g;ic
1000 -20 6 6
1000 WOT 8 8
3000 -20 8 8
3000 WOT 7 7
6000 -20 11 11
6000 WOT 8 8
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Power Circuit Technology using Next-generation SiC Power Semiconductors
for Power Electronics Devices in Electric Powertrain

AN B I v
Tomoyo EGOSHI

(30 =
Sadao SHINOHARA

2 F

N R E IR A BIRE & 415 RIAK Silicon Carbide
(SiC) /3y — Pk A L 2B EgIZ kW T, MR
W Lmiaita s 265 2RO E5NS. SiC o3
T = PEUROFHI T H B EH A A4 v F 7 7 OMPEIREIZRY
DM E ST NTHRNBL, Y2 - 3 VERIC
THRAEDEDLEIAEB I 5> 72/ER, IRE4 % INO
B, BB S5 Nz,

ZDY I ab—¥a Vg2 v, Bl
AHCH T 2 EE s OIS 2 fhi L 72, 203X Electro
Magnetic Interference (EMI) MEREIZBID B %44 v ¥ — &
VA B WNT, A ELS ZLI2kD 2L v F VS
HRIACIEI R 5 L O A4 KRG R % 58T & 7-.

ABSTRACT

Next-generation silicon carbide (SiC) power
semiconductors are expected to offer size reductions
and increased efficiency. Optimized design is necessary
for the power circuits employing these semiconductors
in order to exploit their performance potential.
The identification of each circuit element related
to transient response during high-speed switching,
a characteristic of SiC power semiconductors, and
the correlation of circuit simulation models with the
results of actual measurements, made it possible to
obtain voltage and current waveforms to within a 4%
level of error.

Using this circuit simulation technology, the most
important circuit elements to power circuit design
were identified. The employment of optimized values
in sections of the circuit in which parasitic impedance
affected efficiency and electromagnetic interference
(EMI) performance was shown to reduce switching
loss and noise.
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Table 1 Comparative characteristics of new semiconductor material and Si
Material New semiconductor Conventional semiconductor

Physicality SiC (4H) Diamond GaN Si
Breakdown strength (10° V/cm) 2.5 10.0 3.3 0.3
Energy bandgap (eV) 3.26 5.47 3.39 1.12
Electronic saturation velocity (107 cm/s) 2.2 2.7 2.7 1.0
Thermal conductivity (W/cm-K) 4.9 20.9 2.0 1.5

Stage of wafer manufacturing technology Massigrgg;ction Research Development Mass production
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Table 2 Parameter list

Division Subdivision Parameter
Chip SiCFET 14~V Characteristic
Cgg-V Characteristic
Cs-V Characteristic
Cgys-V Characteristic
SiCSBD I~ V; Characteristic
C.,.-V Characteristic
Other Bus bar Parasitic
parts Electrode plate | inductance/resistance
Wire
Insulating Parasitic
substrate capacitance
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Table 3 Comparison between experiment and

simulation
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Peak (A) -3%

Iy Simulation 67
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o
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- o

(MHz) Simulation 18.9

of f IV, ¥— 2l ) v ¥ v R % Table 312/,
Z 2T, iBRgefliE, BIEEE 200 V, FL A V830 A
(Turn on K), 40 A (Turn off i) TH 5.

BB YE — 27l1E, Turn on BF, Turn off BEHtIZ3R%
4% UREWSTERBE N ) vV TR B W
T, 40% NDFRZEE WS #ERBHE S, FEA v E—
RYZDANV L=V a3V aBIEHITET, Eo6k5b8b
BZHABPBETHS. L L, EMI @iz \WTid, MHz
I =T LT B 72D EEN IR B 4, A
Iab—v g VREFRISTHRME D 72,

4. BHERRICH T2 EERMMDME R

STTMBRZZY I 2L =3 g VSl Vw5 Z &1
0, BHMEMEIC B 2 HIRE 2> 5 EMTICED S
HERIEE/ VT 2 — 2 O & I Z 7% - 7245, Fig. 1112
IRTCy, Cypy, Co THDII DI 5T,

IhoDEELINT A — 2 Eidflic 3 2 & THS
N7zaEVE—-F 4 ZOMER%E Fig. 1415787, kR
¥ Si-IGBT (Zxf L, SiC-MOSFET (fiii Skt L) o
Bt 12.8% W& 72 2 5, SodfEiatit #6255 2 & T
W EBERAHE L OBA IS L 81.8% (KT X 7=, £72, 2
TV E— FBHREEE Fig. 15128 F. Zoft, » —< )L
I A XAy F v 7 EEOVER 2 & 725k % Fig.
16, Fig. 1712 L ® 7. 7 =<)L/ 4 X2k W\WT3, SiC

peak to peak

Common mode noise indicator:
Common mode current

Si-IGBT SiC-MOSFET SiC-MOSFET
without without with
control control control

Fig. 14 Common mode current comparison

INT = EEKIZ BT B EDE A A v F v S EHESD A 1T Si-
IGBTIZx L 125% K3 %%, eGR4 52 & T
415% Kk CE 7= £/, 24 v F VY HEIKIIBNTE,
BB EREENT & D & 6 & (KR A h 5 2 &
bbb,

SiC-MOSFET

without control

Si-IGBT

I without control
with control

Common mode current (A)
o

Power supply: 200 V
0 0.2 0.4 0.6 0.8 |Id: 100 A (at Turn-off)

Time (psec)

Fig. 15 Common mode current waveform

§ 150
©
Q
o
£
o — 100
2 >
e
23
o -
= 50
©
3
o
z 0
Si-IGBT SiC-MOSFET SiC-MOSFET
without without with
control control control
Fig. 16 4V, comparison
4
62 . |
gE 8 60.9%
E 3 down
52 2
S<
QG
o =
=2 1 r
IT%)
0

Si-IGBT SiC-MOSFET SiC-MOSFET
without without with
control control control

Fig. 17  Switching loss comparison

5. &8

SiC /87 —LIERERWOEHZ A » F » B IOERIC T
3y Iab—va VBN, ITOMREE-.
(1) 789 =238k F o FTEFADT 4 v 74 V7 &, W

HEM oL L OBEMIZET 3 FEL v E—F U 2
HZWICLCR/ST A — &4y 7 by = 712k D3R
W, FHlEoay L —v 3 VEXBITHEA Y& R
VIAERHO B B85 A — ZITHiiEE AN Z EICk

— 133 —



Honda R&D Technical Review

Vol.24 No.1 (April 2012)

D, BRI OB NG ST X — X ERET DI LD
TZE 7.

(2) B, BREEL XOCRERCBT23 )L —v 3V
AR Zaw, BHERRE U TOMRE 2 5 2 % - 72
W, Y= VEIE, EHaREIE 4 % UANTH - 7.
FRTHELZY I 2LV =Y 3 VEERESZ LD, %)
LR EMIHEREIZ 50T, DI F OSSR 457

(3) Zh# > EMI MEREIC B D 2 EHE & B/ S5 4 — & % fif
ML, REERHTTSZLT81.8% DIEY E—
KA BRI &L0V33.9% D XA v F v 7 HEEKIR
R A7

LEX D, KFEOFEMRR RS 6 SiC 237 — Y8k

&3 mFNOE ST =Ly b u =g 2R &G

BEk o7z Stk EMIICBEIL T/ — <L/ 4 XIZBH

2 LB IR & A OGN 2 F 487 £ — 2 D/ HEIAL

BB RTHBENRD B,

SE XM

(1) U2 :SiC /87 —F /34 A, HEL ¥ a2 —, Vol.59,
No.2, p.49-53(2004)

(2)839—TLr ba=2 2NV K7y ZERBSH:
Y =X VL7 ba= 2Ny T v o, F—25utt,
288p.(2010)

mE Enl

ANE T

ad

% | K

— 134 —



A
af

WNFEERNTEHOAD
BREF I L—Y 3>

Dynamic Simulation of Soil Cultivation using Particle Method
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Yosuke YAMAMOTO Takayuki SATO Genki ANRAKU
= = ABSTRACT

B ABORES A v — 213 &k TR L 72
KThHBZnEEND. $5 AT — 2 ZR)BIZERETT
57291003, & F & A RERMITH U THL EMGT % WTHE
&I B EZEE) TR A KD 5B,

LU, L3S AZ L% B B4 0F 5 8 &
BETH O, fEkD CAE Hifli T—H I v 5 5 AR
PERFERLPABRRELED X 5 BEIFRETFE2HWSFETIO
KO RBHREROPFS Z L IINHETH 5.

Z Z TR T, REECHHEBR R OMMIE L 72 T
BCThH BRI AR T RICTHR -G Y 3 2L —
ADOREERATZ. HFICH 720, LERKROERERY
TV CRERT S Z TSR AKX 572 £/, L
DIANS & BEICHET 5729, LOEZEOMELEZEL
TeWBER PR TV AL, ROk > Ty
Iab—Ya VOANEKTEREL .

S AMBKE IS AT -4 TDY Ial—va Vs
Fehi UEERE IR L 72 & 2 5, Loh R IR O
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It is desirable for the rotors used in tillers to be
shaped appropriately for the specific characteristics
of soils in different regions. A technology for the
prediction of the dynamic behavior of soils that makes
it possible to study soils with varying characteristics
on a computer is therefore demanded for the efficient
design of tiller rotors.

However, soil cultivation is a dynamic phenomenon
involving the deformation, breakage, and agitation of
the soil, and it is challenging for methods that use
grids, such as the finite element methods and finite
volume methods generally used in conventional CAE
technologies, to treat phenomena of this type. The
research discussed in this paper therefore attempted
to develop a simulator for three-dimensional fluid-
structure analysis using the particle method, a method
suited to the analysis of large-scale deformation and
breaking phenomena. In conducting this development,
analytical accuracy was increased by reproducing
the boundaries between soil and rigid bodies using
polygons. In addition, to make it possible to faithfully
reproduce the break-up behavior of soil, a model of
soil break-up conditions that considered the effect of
soil consolidation was formulated, and measurements
of soil properties were conducted in order to provide
input conditions for the simulation.

Comparison of the results of simulations of a
single tiller tine and an entire rotor with test results
demonstrated that results matched for the break-up
behavior of the soil and the shape of the plough pan.
The simulator developed in the research discussed here
has made it possible to reproduce soil cultivation on
the desktop, and it is believed that it will be effective
in helping to enable the efficient development of
tillers.
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BT B -0 ORKTH 5. BIEHYIG T 2 0 bR &
WAL XITHENREC S L LT o, BIED L Z135]5E
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3 EABIERPGIE I WD § 5 728, MEDS T2 5. W
K10 B EABIEM MG 238800 U CaigE 2 Ead b, 5l
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23. 32 L —RIZDOVWT
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BRAL7Z 7a7 5 278088 7,000 7 Ch 5. FHEME
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Fig. 4 Microscopic structure of soil
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e BRI & > T RIEOZETBRE & Bk rRE OFHll 2 3 2
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AERIICHHET 2 72012 LORERRA ¥ 2 55 72
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Fig. 5 External appearance of tiller
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Fig. 6 Stress-strain diagram for soil
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Fig. 7 Particle size distribution curve
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Fig. 8 Experimental apparatus for single-tine unit

Fig. 9 Soil behavior using actual machine

Fig. 10  Analytical results for single-tine unit
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Fig. 13 Analytical results for soil cultivation
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Fig. 14 Results for soil cultivation by actual machine
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Technology to Enhance Deep-drawability by Strain Dispersion Using Stress
Relaxation Phenomenon

TR D A Ew ok

Hiroyuki YAMASHITA  Hiroaki UENO

LSS N g o o ORT

Hiroyuki NAKAI Takahiro HIGAKI
C3 =] ABSTRACT

SIBOBIERBEPICOTADEA &2 —B=1E§ 2 &, 5
TIARGEIEE & & G ITIK N3 2 ISR’ H A5 Z
EBHSNTHD, ZOBRIIHMIEOFTABEEOF AIZ
bbb LTHMENATS.

AETIE, OFASEE N E LB ITEABLR O 7
L 2N DIRHERE L, BIEHICEME —RE k4 5
ATy TE—Y 3 ¥V EFIZERL THER D IKIBIRR & 18
LB LKL 7.

F 7z, FEO TV ZBIERER I A 5 [5EEER T & MRk L
TAER, ZOERORIBIRAIA LD X h =X LE 2T v T
=Y g VIZXDOFTADOGHALAK & iz T & IZE
% LAEERAHG B, 4R B & RS IS IRIE Y B 2 b SRR
L 7.

When the introduction of strain is temporarily
stopped during tensile testing of a metal, a stress
relaxation phenomenon is known to occur whereby
the stress diminishes with the passage of time. This
phenomenon has been explained as the change of
elastic strain into plastic strain.

The present report suggests the application of
the stress relaxation phenomenon to stamping for
the purpose of strain dispersion. A new step motion
that pauses the die during forming was devised and
succeeded in modifying the deep-draw forming limit.

Verification was conducted by tensile testing
in addition to actual stamping tests. As a result, it
was concluded that the mechanism that modifies the
deep-draw forming limit arises from the use of step
motion for the dispersion of strain, and this was also
confirmed to be dependent on the stop time and the
temperature.

1. 13U®IC

1990 LI, HBHE AL TIZHmOR R & &
VEDWI N0 7= 8 R IHRR O e F 28 Rk 12 e 5 T
X 7. SRR OB IZ B TIZ H AR DO #EEH 2 — & &4t
PEREEID, K@@, X BEEO SR L
P A A, ZOWEHIEFTA P AT —DOHEER—Z
THEZ60% A EIcgELTE Y,

—fC SRR, gD EE P L — F4 T OBF%T
RO 2 B DB o X = B K 1A= € € AN A AN N
BHNZHIEEAME L, BIERMIE A 780 MPa 24 % &5
BHMRIO TV 285 %55 Z LIRS TR A, 572,

ZhicH L, MRHER M T CERS 7 254 b
* iz R&D £ ¥ & —

ERE AR TE YL T VA O 2 Al E L7z Dual
Phase @ (DP §ii) %~ — 2 & U2 fON BhZ ARV
SVKBEIREI R, 0T ADOER AP E 52 5B ®RICE
MEEZSLNZIBNHE~YILT VA4 PEREAIGHL 72
TRansformation Induced Plasticity 8l (TRIP ) 7 & 235
FEINTEZ, ESICTHEIATIE, SRR DB L
IWETUAT AW ET 2 Z BRI TH B Z &b »
D, PRS2 2 202 il X O 2 H3 N ORI Lo
MARIZT 2 Z & TR Z 1A | X 720UR T EIC#ER
SIMEIOFAFEBHEA TS,

—J7, 7V ZEHIC & 3D EAE X SO A L
LT, &8 EOEMEm LR ZE L L 2 T TREO TR
EOMLEOTADOERERITFTE T T —FHENDHTH
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N3, EHIEES—KRTL ZAEBIBL L, 5 TI2hWn
WM 7V 2 - 3 YOHREIC e 5 72 BIES Pid -
ATV A KB TEZ2mAL, BIE@hIZZ274 F
ERTZETT T VoM eSO MICNN A FRA &
H, KRBt En EX w5 2 TERLE DA
KIEL, MBNOOFREA R AT 5 Z & THRIEN%
BB EIZERINL TS, L LAXS, REEhIZ 2
T4 PERTEVIFEEKEEDIRTZEE =210
TV MR OER 2%, AEEOKTFIc&k5a 2 b
Ty ThREEEINS.

& ZAT, EEMFhzizEREhO—E M E F TR K
T3 E0IEHEAHRAH SN THE D, BT %5
fiti4 % ISR MIERER & MR T T a P Yz 0B
1T 228D % < 3 EBPELEN S ENTC W £ DT
MSBIZBET 2 8O0 Eh - 720, REMER#MTE 20
BEtlBASE X Tl @, KETOFERE Iz 1 2
ANy FE—HEIEL 2O OZA A BIg L2 ER,
JHIERTIZ K Z BIS IO FARD 6T 5. RO
A H =X LIATKEHPED 2 2 2 VEFIL (Fig. 1) TRl
XN EEEA ORPERENC K D MR OZ I S
T BT AO—IEARR Y ) — T TEL 2EEOF A
ICERENS ZEICKDRET ISR TV, £/, iR
P ORPERL B I NG R & P, NEREEE AV & W28
B (2 < 72 5. T DN IEIERE RN & AT
NHBN, AT 2 LETFLTHMTE 3[BT AD
VEO S AACIC K B N E AR AT, IREE Dk &
XEA)IL F=— (Bordoni) ¥ — 2 LIIEN 5 RN 4
KT ZERFSEN TS,

Z Z°C, AWIZE T R i 2 B CTHRERR IS oo
OVEERGZ 72012, I JIERBIR 2 FIH L 228103 A
EAHEODY bo—-)LoaEEEAEFHL, —K 7L 2
ICkBBMEL TV AT =Y 3 VY ARGH L 2 RRIEER R
LHEAfiOME & 3 Z 5 o 7.

)
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Spring

A

Dashpot ‘
A

Initial state Initial deformation Strain after
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Fig. 1 Maxwell's model

2. O AREUEICE &R T
HEDRE

WHEO TV ZKIEM T 2R % v v 7 e
2TV ZARIBEORR P RAET 5WBIELITOEED TH
2. FPHRANSI TR OMEHIMR O AR — XIZHEEK§ %
WVEE A I 7 aficiZ 5. ZOEBHIZE 6IZBhE
a3k &, REIIC Z OES AMEOHMER A B A TL
%95 2L TCHMMATERREL, AT ukBiRElT
HELXFVITENSILSUNPEL S, SO %K
BETDRyF Y NEICY B BIREIRIGER T 2 6
T AEAT U, RASHISIRIN I 2 5.

ZZTHEE L, MTYHICRZ 2880 3 2 ozt
Bh 5~ akBIRERORE4E 515 Z & THRO
BIGRE AT A L, VA PEDI EA X5 ke EEL 7.
Z OJFEFIE, IEHEAIBIRIZ & 2 BT AOEEO-§ A
NOBHBR % 7L 2T AISEA L, RPN HEE R
#LZ % 37 a MBS RN A O AOEAIZ LD
it L, oI EEEBT Z & THRIERIZO T AD
BRAERLZTENIEDTHS. Thbb, MHRONFIO
GBI TH 5 I 2 v B ATEERNIZ, 52 CoIbT)
BRI K 2MUOTAEEAT S Z LTI OHMOEL
RS & T CRARERIE % 1f) | X 1, ¥EVEZTE & Ml O (K F
REEAINFET Z & TOTADAEILARD, v o uis
AR AES R DL Z LTIV AR A L¢3 L0
ILDTH .

AT L O J5 B 2 APRS |5ERER o i ) — g Rl
B 5 (Fig. 2). WO —EHE Th 2 7% 5 51EREERD
LA, FTRMOFAMEAINS (1), X 51255k
B LB TERETTIE RO F A S IO A
22T % (2). 2O, MEHIIGHBRO ARSI E 2 b %
7o8 I o T R RIS O A & IO AR
HEHIISBEA IS, ZOBMBOFEEHMIZE 5120
FAPER LR a L ChpEr, 5126 h
HErhAHEIT S5 (3). AN R AEST LIS IC 2
5 (4).

Zhizxt LU AL 2 X 2 g ik, IFo kS
EMEEZES. (1)256 (2) T TIRlH OS5 ERER & (6
CTHh5. WIC(2) T3y asys ibhiicmrto§as —
MO T AMNEA SN RETENOE =2 —HikED
522K, IBSIRERIBRIC X 20§ AD—EDE
POFTAEBRMPALZ D, KR E LTI o v 55 8iBba2m
THifbick st h s (A). ZOHELIE Fig. 1 OEEAH]
Hh 603 ABEBKIHY TS, RICHLIREEZ A5 &
(B), WPEOF ADEPEOF A B & 2 SR
ER LR 22 E TN K DHER LA > T b 729
Z ORI & 5 75 2O ADB AT, HE D
R AR M D BB (BT 7= 7 59 KRR 1S iME O § ks &
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ZZTEELIE, ZOVTABEROEEDELIZED VT
ADFHAL AR T Z LR 50, RERETE % il L
B AR 5 2 & TR RAE A IET X 5 &0 S
GRS

ARFEERTIEZORFAE TV ZMITIEA L, AR
FIET2Z2LICKD VT ADGHILERKZ 32 & TRIFIR
RomErHFTtEs L5 2 7.

@ Low elastic strain

@ @ High elastic strain
o‘% i\ @ Plastic strain
’ (1) Strain ratio
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(3) &
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Time
(a) Constant speed
© (D)
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o2 'T '\
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5 ol O
£ ol €
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o i @
(D) e0O0S -RRROS .
Time

(b) Step motion

Fig. 2 Concept of forming

3. BBAE

OF A ED R RIMER D 728, FEERIZTRAL D IR DR
O TT L 2R & FhE L 72,

3.1, AEBREH

RERZ M % Table 1128

BHOTVARIE (5 v 2E—Y 3 V)T, Fig. 312
INTEIITA T A FALEAREHNIC X U TR A i< . K
72Tk, IBJIEMIRIC X D O ¢ 2 & P03 &
NOBEMRENET 7280, BIEEP TENOH X & —KEry 124

Table 1 Test conditions
ltem Data
Blank holding force 100 [kN]
Strokes per minute 1

JAC440W 1.4t
JAC590Y 1.4t

Blank material

IEXE7. K& 274 P EOBRIZ Fig. 4 1289
DT, B—KTV ZOEM &40 UT— RS IERIEER
DF)E #EILL 226 & EHZ 2T, A ONEH
MarB kot UNZOTVAMITHEE Ty TE—
g VIR,

72, U Z2OEIERENE 1.0 A AL LA, O
ADEITIER & & B ITHEIT T 5 72 045 IR IR & B3R
DZFEIZDONTEMGEL 7=,

Gk, BIEREIZO VTR I ETERIIEHFTE 3
2, KOS 2 22D I MmO L (A% 10 mm
Mo 5mm CEICTHEETEIL 262 k572,

IR & OFH k13, MBS % 5 mm $ 28 L Tn»
XM R v F U U AR S A ORAE & 2B R X
L L7

EEAIZE, BB DB WIC K 2 E AR T 5 /-
%, AL & LT JAC440W' ", MlfksR1LSHT & LT DP
W JAC590Y '™ & v 7=,

TDC

Stroke

BDC
Time —»

Fig. 3 Motion profile of crank motion

TDC

Stroke

BDC

Time —p

Fig. 4 Motion profile of step motion
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Unit: mm

Fig. 5 Punch

o
Te)
[aV]
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Fig. 6 Blank shape
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41. A7y TE— a3 ERSR
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Fig. 7(@) 12, 27 v 7E—¥ 2 Y TOREAER % Fig. 7(b)
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B2 T4 NEICKT AREMEIZZ 77 E—Ya v

279 T E—va B IRIEAETHE I LS. &2
AH, Fig. 9ISRT AT v FE— 3 V TORERIZHT 3
BB EDZEAL & B5d 5 &, RIE@i —IE ik L Tu
BMICREMEMET L TWAZ b FDH%
TV AGTNFHOE) X 3 & AZ T O E & IFIER Uil &
THEL, Z2O%IIY IV E—Y 3 VTOMLEEIFR
Ui B R % il 7z

7z, JAC590Y % FlVCRIERRER 2 46 T 7 - 72555, &
5V E—T 3 VTS50 mm BIRIERRA = 57208, 25
TE—=T 3 Y TIET70 mm FTHIEARET, MO R ERE
NREDIEETEZT v FE—Y 3 Y CORIBMR FahE
AR C & /2.

(a) Crank motion

(b) Step motion

Fig. 7 Results of forming test
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Fig. 8 Forming load in crank motion and step motion
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Fig. 9 Forming load in step motion (Time-Load)
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Development of Multi-scale Simulation Methods for Polymer Electrolyte Membrane Fuel Cell
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B = ABSTRACT
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BHEHEM S — 75 v b & LU THEHRE S TR it
(PEMFC) DY K2 X W%, PEMFC PR Cld &
R it 2 & TR e WEE DN ER T E Rk A BIR A, S ks 2
= VTHAICEMICE LA > Tl D, KT (1) BEfil
BE ORI L WEMOMEEH, (2) &85 TERENE
oFva vy ¥rs, (3)WME VA TH 3 BRE NG
DRHOBENEETHHEEZONDH, ThH DB
BETFDTDAT—LDOAH=XLISENTEZ 25,
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2N S OFEICHERIFORLEA» B EHAL, (1)1220
THEEWE Y T Hrahzd, (2)I2 D20 TRl
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YN ET ML L7229 2 T L7z, 2 OFEREIREIZB
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SIZZNBHT - TDAT —LDOER%E PEMFC D+
LDOWREDFIFRIC M TE D LHVLF A r—LETILL
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It is expected that polymer electrolyte membrane
fuel cells (PEMFC) will be increasingly used as
the power plants of automobiles in the future due
to their high thermodynamic efficiency utilizing
electrochemical reaction. PEMFC have a detailed
internal structure including electrode catalysts, and
various phenomena interact in a complex manner
across a wide range of scales within this structure.
Particularly important phenomena are thought to be
(1) the interaction between the elementary reactions
and the adsorbates on the electrode catalysts, (2)
proton hopping within the polymer electrolyte, and (3)
condensation of water droplets within the micro-porous
electrolyte. However, these phenomena are rooted
in nano-scale mechanisms, so they have not been
investigated in sufficient detail in past studies. This
paper focused on these issues from a computational
science perspective, created appropriate models of
the PEMFC internal environment, and applied the
dynamic Monte Carlo method to phenomenon (1), a
quantum molecular dynamics method based on tight
binding approximation to phenomenon (2), and a
molecular dynamics with constant chemical potential
method to phenomenon (3). The results confirmed that
each computational approach effectively simulates the
respective issue. In addition, the various effects were
calculated in a coupled manner as a multi-scale model
to enable these nano-scale phenomena to be reflected
when calculating the PEMFC unit cell performance.
The results showed that the above phenomena
interact and influence the unit cell current-voltage
characteristics.
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Fig. 1 Typical structure with transported species of
unit cell of PEMFC. Related transport
phenomena are also indicated.
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Fig. 2 TEM image of a catalyst layer of polymer
electrolyte fuel cell. Grey objects are carbon
support and polymer electrolyte. Black dots
are platinum particles.
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Fig. 3 Proton transfer by Grotthuss mechanism
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Table 1 Change of Gibbs free energy AG, in eV
Reaction Pt (111) Pt (100)
00O — OCH -0.82 -0.79
O—OH -0.94 -1.27
OH — H,0 -1.17 -0.53
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Table 2 Models incorporated into the governing
equation, Eq. (10). Listed modifications
are applied to polymer electrolyte part
including electrodes indicated in Fig. 1.

Variable, ¢ Modified terms

= D, only to electrodes.
$=8,= V- [(n/F)i]if m=H,0
Species, C, S=-j*/(2F) + S,, only to cathode if m = H,0O
S =j*"/(4F), only to cathode if m = O,
S=-j*(2F), only to anode if m = H,

Electrolyte i ).
potential, ff
O S =%, only to electrodes.
Electronic
phase S=-j only to electrodes.
potential, ®,

WU BN E S NEh 57272012, SO TR
JEAANE RN DE LT TI5CIZHEE L 72, H AR OH
AH ADBRRE LT /) — FT75C, Y — FH55C,
AZAPAFARALIY =17/ —FT4, #V—-FT3&L
2. AHENR 25FEE L. 7/ —FEHY—FDH A
VRN A B A TIHATICR L T 3.
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