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Development of a new 2.0-liter in-line 5-
cylinder engine has been completed. This engine
meets the needs for luxurious mid-size cars of the
1990s:
consumption, reliability and power across the

noise and vibration characteristics, fuel
revolution range.

The targeted performance of 160PS
(118kw, 80PS/¢) in max. power and 19.0kgm

(186Nm) in max. torque was successfully achieved.

In this paper, 6 major technical issues
explored in the process of upgrading power, fuel
consumption and reliability are presented: 1)
stroke/bore ratio and combustion; 2) intake
specifications of the 5-cylinder engine; 3) exhaust
specifications of the 5-cylinder engine; 4) total
engine power loss of the 5-cylinder engine; 5)
higher efficiency of lubrication; and 6) higher
efficiency of cooling.
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Honda New In-line Five Cylinder Engine---Noise and Vibration Reduction
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Extensive studies were conducted to
determine the most appropriate engine configuration
for Honda’s next-generation compact luxury
automobiles to allow ‘exhilarating driving’, among
other qualities within this concept. To realize
this goal, experience in the noise/vibration
studies suggested that not only must the levels of
noise/vibration be reduced but also the linearity
must accompany the decrease in noise/vibration.

In the process of searching for the engine
configuration with linearity, an in-line five
cylinder engine emerged. To further reduce cabin
noise, a new five-point engine mount system for a
longitudinally-mounted engine was designed.

To complete the noise/vibration reduction,
the problem of crankshaft rumbling noise, which
also occurs in in-line four and six cylinder
engines, was identified, and a torsional damper
pulley was adopted, thus eliminating the cause of
linearity degradation.
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ABSTRACT

A series of new engines were developed
for the ‘90 model-year Accord and Ascot. These
engines are now fitted with 4 valves per cylinder,
which, coupled with the improvement of the
intake and exhaust systems, produces increased
power and torque. They also have a second-order
balancer mechanism, which contributes to engine
vibration and noise reduction.

This paper introduces major specification
and power output characteristics, and describes
the results of the studies on the intake and exhaust
systems and the second-order balancer mechanism.
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Development of Honeycomb Noise Control Materials for Automobiles
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Takashi Maeda Tsuyoshi Yamashita ~ Mitsuo Nakamura
2 B ABSTRACT
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Until now, the development of noise
control materials has been carried out with the
sole objective of increasing either absorption,
insulation or damping properties of the material.

In contrast, this approach aims not only
at enhancing noise control properties but also
at including interior furnishing and reinforcement
functions in the materials. Development for
multi-function and integrated-structure components
which reduce noise and weight resulted in
honeycomb core paper used in a sandwich layer
in the floor and the roof.

This design has proved effective in
increasing the rigidity of the floor while
increasing both noise absorption and damping
properties of the roof. A remarkable reduction
in cabin noise as well as weight savings is the
final result.

1. % 2 » &

HENE T, — NIy Yy 4 X, va—
FIAX, BN 74 XK TEIENTE S,
INSOBRPUIIKTHWEF L FLEE LTid, B
HREE. ROZOEERESR L L2—RE
e, BRMECHEM AR EICEE2RTAIT
D_REIRICH T A ENTE S,

Z DS BEMEHE. EET 2 & H H 235
5N, HHRMISIRENEE IS & B EHREEE OX
WA, EFM . WM, EHRRR G ONERICH
WHENEZON RN THS, L2, Bighick

*® WA ST

DML, ZoMHEREH ST S ESFEENR
ERRESHEBLTVEAFEIRSHMONATED,
HEDIEORWITEMORREARD 5N T 5,
SANIBiEM AR BBl 2B RE L, 20
FHEBETH DR O BT A T, M
BBV E L TOBREL E AR 572
NR=IS=NZH LT %= LT 5L
MBI ORISR AT O REEA O 2B L 72,
AR Tid. RECo ZBRERS & AMRHI X L CERE
I 70 & PER DB E A & D & 170, 2 DR
IZOWTHRET 5,

https://doi.org/10.69239/hondatechnicalreview.1990_2_4



BEIER/NZH LB DORZE

2. SHEEEEREE > X T LDOHE

B i ORGP ICBR U Cid, PR
DR &L, ZOHO E OFENMERE
T 28R D5, K1 I FHET 27 7L b
P& % — BRI T AT U 7= 0D B SR PR 35 B 4y O
WHERO—MITH B, ZOMEI2E,. Z VDV )
A ZITHNR, 8= F 2 A4 AR ERNEFICHED S
HEDKZENWZ WD, ZThFESE, 2o
DIEEEL. ROy vy M8 %R
ORBYEWTPERE 251 b U 22 550, RN 12 R
2TV A ZDEDBZEENWA LD
EFELbND, — . u—F )4 ZOMRTFHEL
LTI IRENEERTH DY ARV Y 5 V- F3—
Ty vahEOHRADIF6NB, LHrL. Z
NS OFWEIT I D Db, IR E S O B &
o< L BERE A R U D DB A 7 R B 0 R 1 A 1S
LI AEES 2D, ARV Y 3 Y
RTOFELUIMNZ AT A RTOXIEK G HE A E
s d 5. B2 (2 RO E EEETL 72
RRICRA T 2 HEBNO SBT3 L X —FOEIE
RERT, 9—F )4 ZOFERDTH 5 REPED
GHBEHTILE—Z, Tu TSR —
TIA4 VIR > THRATHS Z L5,
DEofERE2E L2, SHu— F /4 XOKK
EFELBHMEL,

(1) 7a7 3t AL EHEN 2 EE ST —D

Bk
(2) =T 54 =V ZOWFIZLBHEENIZIK
B X758 3L % — DKk

EWVWIBENE, TUT V=TI =V T ER

O—F/4X

TS IARX

ThHs/ 44X

Others (/34— / A Xig &)

0 20 40 60 80 100
. AvEy-AC))
&1 EREBEZ RS BN

RE L LSRBENTEMBORMEEZTI 2L & L,

21. N=HL7AT
(1) 783 IVIHA B DFHBERGS ST —
7a7hbRHENhSEEI ALY -3, IRE)
B2 CF I AMJAERT, 7a7/8x IR
L ZIRBOIBOE A E & U THEERICKRE & h
BZEIZEIHLZEDTH S, ZH5PEHIEIZ &
5 EERS ST =ik, IR KD R R
A
W=pcKrad S* V* (1)
Ay Cv pc 1
LA ) e
ZZT W EERA ST — (W)
pe P EROEAETBEN (kg m’es)
Krad : B 5hE
S kst (m®)
Vo 3RV ORENEE (ms)
Ay R (m)
C, :HHFBGHEE (ms)
Z, HKAVILVE=ZVZ (kgs)

: * Krad F* (2

n o HRKAREK
f IR E R (Hz)
F RS (N)

ERE D FERH ST — 12, S FLEEE LTO
HEBRE p EEA VM Y =XV R Z, DI L
DK TE S, 2055, B ITHIREM & E
EWAT 2 Z L2k o TG 2K E &5 ik
xR TETH 54, ZOEEBRETHIIEM O
FEAZHHFIL TR ET 22 e b@HENHAS
WS REDD B, — T, BEDKRA Vb v E—
AR ZAE, —RIZKATE A 6N 3,

M2 O-KR/JAXIEBELEEER
EEBA LTI TANYT M



HONDA R & D Technical Review

Vol.2 (1990)

Z. =8 VmB (3)

m  EBEROWEHE (kg m?)

B : ¥ EHEAIEY 72 © O WIE (Nm)
HFEIE B I3k L ORD B Z LW TE 5.

B =EI (4)

E: v Y% (N /md)

[ : BTIROWIR 2 KE— £ > b (m?)

B)DR»PB. AV —F V7, 2l LXE3
7o ®IZiE, WEROWEE m. & 5 3o il
B. ThAbblm2kE—2Y M & FIFHIZR
WZeRbhb, L2AL, HEEmE LF5ZL
L R O JE A B & AR ISR E L OB 2 6
FELS BV, —F. WEROWM 2 RE— X~
b Iid, BARNICHRIE ¢ & 0BG, Bz
M 3—a. blZmd &I aHKE I hEEED
WEROBGE ., 4R TEEI 5,

t.i

I = _1? (5)

[— (ty+te+t)—t.? ©)
12

(5) (6) XA S [R—EHE, H—HMKE (Fabbt=
t,tt)ICBTFA. MW 2KRE—X VI %
WiRd 2 &, HRNE ISP 2ERED F 203 %
MIZENZ e B, Thbb, PEME/ ST
BHMIZHR, A v =2 v 2 Z, @L<, WER
ELUTHERS ST — KK aREEThH B L&
FEAoNb, 22T, HEEMMEM X A, Bl
JHIYEB, ¢ 8bb4 Y-V R 7, &KIEIC
X5 Tk LT, PEMEREMOV L DT
H MRS TR X Tv A RE, ERIE
MEtE LTon=h ofiEicEH L, AE#HO 7
a7 AN\OHBE &7 5 7z,

(a)

i,

t

(b)
Y
VI T [t

te.

1T ;u

M3 BiRKUHhZEEHE

(2) Pitrtkne
NZ A LAREEIZ. B4R T & DI, — I
MARIZ L a 7ERKE < 20T B &
RAEHNTHNTE 5,
E«t, (t+t)?

B= 3 (7)

(KX 543 X5, fiFHlE: B OMRE % K
TBHTE LT,
1) Tiff DJEA ; (1)
2) MDY v 7% ; (E)
3)aA 7 DEA ; (t)
BHIT 5N, BAMICIZT 7 OMBEORBEIZZT
BN Z ZTHEHMIZHERE W, 2 OmEMOE X
t, eI TDES t, BEL SR LA OBEN
JHEIME BB, (B,:JEA 0.8mm il 4k O B iy
TR 2 ) A lE L 2R R AR 5 ISR,
ZOMRPOHB X, BHMOEX ¢, t, &
a7 DJEE t, DRI BRI EIMELL B B,
BT 5. 72, WHIEOEINZERT 7ED
BN X 2HMEOmR EEADOHRKRENT & A0
5, ->TC, HMEEEMEE2 LD, aT7EE

4  NZHLISZIVHEE

t/t 2 Cmm)
O-00.6/0.6
500 &--40.4/0.6

il
B 200

100

1

10 20 30 (om)

M5 NZHLOIT7ERUVEME
& Bl LR B D B4R (200HZ)



BEIER/NZH LB DORZE

LA KBS SREE LR EAESE S Z &R
AHETH 5.

WAZ NS 27850 O RIFEf b 2335 Bk gt
T —DEIRIC D LN B D EFNDB =012, HH
BEx—BiIcLTarEesZbegGaon=%
LRI H 6 G & B FE ST — (KR E & B
thiFREItEE B, B, DB AENEL 2. (K 6)
ORI, a7 ET b/ 32 LRIEDSEN
PN RIS ST — 3R> Lo x vt or E
3 TS AT B DICERTH B Z L HH B,

DEOHR2S ., SHIZEERO T TIZZO
NG AR RS AICH 20 LEOKEEE S
LllaTMEELTER— a7 &ML, 2
TIRIZ 7725 SN E5E8 37 —D#EEN
BENDOHFSE oA 6n5EAE LT 20mm
EEEL,

XT,.ZoNnZhsr7uTriElr— FEKD
HAM FIC IEH RS A T a5k 7 o
THREED T ERME AR L MR E2RE 7 B X UR
81T,

Bl 713, fEkMEE &N LREEO 7 v 7 Hifk
ISFILENEL 2B, BoS R LA S RAET 3
HFERRE ST —DlEflE LT, FEA VYT VY
TAEFHILEERTHS, ZOMREID. HN=
HALTATHEISINL» LRSI N EFEAL VT
VIT 4 E kT v 7 Bk SR LT R, 28 %
LATIZD7 D KIBITEK L TW3 ZEnbhr b,

10dB

=] -

1 1 L1
100 200 500

i F B L
6 MIFREIMEENZ LISV
AT S EREDRER

T BEEHICET AN aBEEERTY
o7 EEOEEE LT, 7u7ohiE kL
T2 REORBFFEDOR R AR 8 127 T ., ZOMREK
DHB ESIC. kT TREEICH LN LT
OT7REEIR. O - F A ZDERSTTH S 200~
500 Hz OFHJEEIRIZ 5 T 10dB DA v ¥ — &~
A EAEENTWBE Z L2 B,

WIZRK 9, 10 IR I A FEISEST U 7By

(a) fitxk707

%ézv-\\n\“\'w\'—\n@mh

(h) N"=HLTDOT

7 40

PAWES RGN

1
(dB)

7 7ATINXILDSDEERE/INT —

()54 53L]]
N
j_J I W
AL e
W . IR
’r \‘\ J‘, \‘\ r/’
v s
E ImdB \
= L
4 — NA=—AATOT
- ---fER707
20 50 100 200 500 1000

Bk (Hz)
X8 7TOT7iREMEME (NRT X H)



HONDA R & D Technical Review

Vol.2 (1990)

OHEBNEE S B L7 9 7RSO PE R 47T,
PR 7 v T EEEICR L = 4 7 v 7SI,
R CHENE S A 3 dB, 7 e 7ikEI % 5
dB IR T & 7=,

(3) A EESE I

M1 izftkvaren=nss7a7 KX %
AT, RO T B TIE, B — FIFEERIZ L 2
REEhMAT7a7 7V — 7% 8 OREETM %
707 FEBICERT 3 Z LI K D IMERER %2 1T 5 T
Wiz, X512, 7a 75 OEFBREHEKR A B Y
ELHIRMABRAL TS, —fF. = h a7

o oo o--ofitk7O7
N o e—e/N"HLTOT
=1
EF
[
~
i1
dB(A)”
1 | I 1 1 1 1
63 125 250 500 1K 2K 4K
Bisi#(Hz)
X9 EfNHBEFTARES
7 o-oftETIO7
i dl b\ e—e/\—-HAT7O7
&
o
1®R
=
L
N
y17
(dB)
1 I 1 1

1 1 |
63 125 250 500 1K K 4K
% (Hz)
X 10 FEfTEE7O7IREIEME

T7IE. N A L83 REM, a7
PO EINTWd, = L33 0id, BT 2
KO8R & X —/S— N H LT T 5 T
FUBEANC TREICHEA L. Vi ROEE. T
i, HAWRE 2L I Lt AER S ke
BT, LFNIZAT 4 ANOEFHFBIZB Lk
N5,

THT vy T )4 ENT2NZHLINFI NI,
WS AV IRRICEWTTu 7853 )L EIZiiD T
MEEDOENT 27 7L b REHEM I T T
N3 BIC@EP NS, 2 O%, R IEBRREO
HUZ X DER{LL. N H L33 L T a TSR
D) T T VALK LEE L HHT 5, 20
MR, MM TRICHERES ShEBEE =)
L7uTHEEIERENh S,

ZoONZH AT TREEICE DSV T a7 RIE
DEON, ZORMBLELTRHRVLEL IR TV
7a7 7L — L% EDORMMBEME. & SICHIRM
ERIETHZENWREE D, /RO 7 a7 ks
IZxb U, EEEMEMES Z &k < EEA B e
Hh. MEEHO AL ST T4 & EFOEEE
DENPEMEE/2 I ENTE

(a) #E3k707 SRkt

(b)Y N"=hazo7F
— PSR AR

l AR=iN—
NZHALDT

NZHLINRI

RESH

11 7A7ERE



BEIER/NZH LB DORZE

22. NZHALIN—TS14 =Y

(1) W5 RER DR

—IC R B EAE T OGS B O BUE
ELTOZEKEN LU THEBEHBL TL 2 EEE S
HIAN—=TF34 =075 EICRE LEMBEIC
FET 2 D SRR S B,

Z DA & A A & W PERE & R DT
e LT, me —MMIcHbh T AIRGEENR
cxs, WELa L, RAITKDEREI NS,
I. — 1.

I

(8)

a =

L2 AgHFomx (W m?)
L JKEEFO_E (W, m)

@) R&EVREKHFHTIE. I,=1,Th 37
ORERe=0a2D, BEBRFMTIX, I, =
0 ChH-0, hFHae=1L%5b, HENmZ
WHFARS B2 i, KHFI, 2Mb e 55
b5,

ZZC, HENEZRGENEL 256108 oMY
HRERNBEG LM TE 2 TR L ThEz, EEN
B KIRER AL &, HENFHREER o, DL
XOHEEHNOFELVARLE L., a, DL XDH
JEL AL E L, & 9hud, & D EH Ih B,

AL=L, —L:

[ (l—ﬂ'—|>
=10 0 . p—
logis — =7~ ©

QO REHNTHEB IR HEER 12 1258 T,
30 T T TTrTTT T T T TrTrrr

0
0.02 005 01 02 0.5 1.0
12 FHREXRG, a, &ALOREE"

ZORERP S, HENOFHWSEE FIF5Z &
1. BENERG OIS k85 Z 05, fito
TR 2 DR LD, 797 5 6 R
ENEHFERHIANEF-BL—-T 54 =V
B2 THRNRTWBE I ENENL—T T4 =V
WeH MBS 5 Z &0t L — 7 2 5 O RGO IR
8725 L., ZTOMEE L THEHBNES OMKIKE
THEICT 4, ZhiF,. e —F /4 X% EHETO
FRENESKEKICH L., IROFETHL L0
5,

T WBEMIE, 52— LT L s
D AR A T L LS LBEM B EHEL 25
HHEN TS, 2Tho ZILEMOME R %%
Db HERNLFEF L LT,

1) ML R AT

2) &

3) RO RHEMEH

4) WHERT
BHFohs, 22T, X13IXEFUEMOHAL
FRAIED r EWFR OB ERLZKTH B,
T DR 5H B K5 IC BRI B BT
FERAEDT & Tl A ST RIS A S < R
o FEBEBICL D RE D LIBEMOEA TR
BRI B ER TR & < &5 HEE R, X
7o, ZOHEMBERERAIEHL, Worz b e lEE
. WEMOEE BELSICHESh, 25
BERBIZE->TE., ZORGEHERZENT S,
HEoT N—T T4 =V I HREERET BBICIE,
NS OBERKE+FEHEK L 223850 %2175 Z &880
BWThb,

1.00 . - - - -
0.90} e
0.80f

2000z 1

1000Hz 1

0.40} e S
0.3 .2 P ) 500Hz 1
| %0 .. e HE x x|
0.20F Ao st —
0.10F Tresmw it s g
0 5 10 15 20 25 30

Ex 1 m& Y OBEERRAER (<10° N - s/n*)
K13 ZABEHMOFENEREBEAH®
RERORMER (ES 25mm)



HONDA R & D Technical Review

Vol.2 (1990)

(2) Bitrtise

M4z, /Ek—T54 v en=FL)L—
754 =V ORERO—H %Y, fERMIEA
WBHME L CoMgm4s TR L, BELE L V
RN EDRME BED » 5 REM» 5 R
ENTVDIONRENTH D, 0k BiEHE %
Fozd 0z bhh o7, Sl LRI
INZHLN—T T4 =T, SEEELOB S
5 NEEM & U C OB Z . W, HIR K ORI
& - 2B E R # FE & DG A & 5 T\ B,
BRI, £ VvV TDENI VR Y T — bk
HHL. MEEE. = aX=3—a7 % L}
2BDLUBEM THA T L ZRA X 7= HAt &l
SUOEONERM» BRI TV 5,
OWe i ME6E

AR L 72K 500, WE MR iE, 2ABEMOE X
FE, WEMOEREREICHEIND, —filL
LT N HLR=)S—aAT7DEL A EZELX
7B E OREEROTEMRER 1518 T, 27
DIFEAEBL 723546 WEHRO Y — 713k 41
ORI AR L, R R IR T % W %
LTWb, ZhiF. N2 Hh LXR=S—a7 nkH
FEoBE#RESEE LTEHL, ZOEANTZ
EICEDIEFWRESEE I N2 EEL 6N S,
S, N —T T4 = TOHERERD S
Zh7oT, ATORE, L LDOY A X, LA
MOMEY 72D BEOFE LTV, ZORR., it
FZIER B OISR A S s HR T X 2,
161N H LI —T A4 =V 7 LRtk E DY

(a) HEFEN—TSA =Y

=T8I et
5 R — L
ERH——

(b) NZAHLN—TSA =4
R  — A4

INZ AL
R—N—27

L7k b
Ey4)

K14 IW—754 =2 JtERHI

BERE & LB U 2 R AR T, e ERE I, B
JEREREIR TR 2 f5 2L B R L 72,

@M. Hilfetag

— R L — TR F L ORIEZ, L — T3 L
DENRNCE T S N mlEES I L DR T
B0, E5ITBBEIZG U THIEMZ EIZL D L —
TSI N DOHEARE TS OB WEBITH 5,

5L — 783 O, HHRAEIZ T v

1.0 =
/ /’// \ \%O
0.8+ ’/ ¢// /D \\‘A
[P
' \

0.6F0 / \
O

HhF

Qo

0.4“5’ m—jd
O

/// 0—0 10(mm)
&2-—0 A---020
o—-0 30

1 1
07500 1K 2K K K
LR E(Hz)

15 NZHLITEJ ERFHFEDORR

1.0

0.8

0.6

HokE

0.2F - _ .
INZALI—TSA =T

RN —TSA =Y

1 1 i i
500 1K 2K 4« &

[Big & (Hz)

16 I—T754 =2 FmEEH



BEIER/NZH LB DORZE

VIAX, 0= F /A Xk ISR U7z ERERE
BOMWE S 726 TEHELUETH 5,

L — 783 )L DS IRt O —fFl & LT, 8
FOLO— Iz E TR O % M & 7= 028 &
HEORER % B 17 18§, fERMEE TR &
LTOL—=T7 7 —FIZKOMIMEHREL THD.
AR O DT TEMESAME T L TWS, Zh
IZX LN A —TRETIE, L= T8 3 L4
MZH 0 —RMME %1525 FENTE HEROH
WA OF S B & IZIT RIS ORI £ R T % 72,

ZORR N =TT —FEFILT S L nAHE
EED NL—TVATAN—ZLE L TEREILE
Iz,

—F. fHRMERE A R D TR E LT, —mIc
FHEAMEEPHWO NS, R 1812, N=H L —
T 54 =V IO S R Okt
TR & OHIRMERE & L L 22 R &R T,
FHRMERE . PERMICX L THRICEIREE CTE N
Thy., H2fEl bkl ELTwa, 72, #HlHE.
W — RIS & DL — 7S 3 )L 2 iR
BT E B> R N —T 54 =V
7 OFIRMERE I, PER OBy x LTIz
kL7,

OB EZNR

NZHEIN—=T T4 =207 &kbu—-F /4 X
15 R oy DRI R & B2 5 72912, HEN
DEBTILF —HOWWEET -7, (B19)

A —RY¥E
20 ! /
!’ /
| /,
/
- !
" /
R !
/
2] /
~ 10
kg
et — T hHA
=7
I~ - RN —7
0 1 L J"{ L 1
0 510" 0 5 10

Fhr (mm)

17  Jb—TZIXx IV REEE

N—=T T4 =V 7 EHBOEFET AL X —FIT G
FTBHIZEELIN—T IA4 =V ZIZHD» > TAGL
TED. NZHLN—T T4 =V TOREEDE
WZ EDHEIZ D25, 72, HHRERED IR D
—flE LT, EENIZH T BGOSR %
X 20 123 F, b — 7252 L OHHRIZ L D FIC
& B HEREZF IR MIZIAN500Hz M EO S
JE % T 6 dB LA BRI L 72,

B 21 (2, BHPHIO R EOEITRIC I 5 5
BNERTT L L OWIERS R AR T,

INZH LI —T T4 =V BRI N, v —
F/4 X% 3 dBIKIKTC 7=,

(3) 4=k
INSHLIL—TFTAZVTDE S —DDRME
LT =754 = v 7otttz o —
LI VT HEEONERRETOL—-T T4 =V

0.1F -

0.05 - T
% L ©
% 0.02

0.01F o—eN=HLI—TINFI

O-- ORI —TSF M (HHRFHEFIES)

1 ] -
20 40 60

BE (C)
Jb— 7 IS IV DHIIRE M

X 18

VARV A B B A A N
P B A B S
////,_,__.
P

L - L
1

\\(\
1000Hz

O— K/ A XAV AAEEASE
LTI TF4NT ML




HONDA R & D Technical Review

Vol.2 (1990)

FIZHAD T 5ENTREE LD, 74 YV LROK
fbe . mx Tt tom EE2B/ 3 HERTE 7,
29 L2z & o—kfbick 3 a2 2 MK
W & B0 T 4 VAT TREIRZ & &, il
eSO OEBELANRTH 5,

3. EEANDERER

SREFAR L =N AiEHME T3 —F 4 v 2
I3 T = —IZEA L 2Bl oW TR B,

B 22 (2, AP TH EOETRHC BT 5 H
BHAFEHFLRXLERT, - F /A X Ih65
FEREB S A OMEHIZ & 0 | fERFIIR L THEEN
B A 4 dB KWk T X 72,

=
E
L
t
N 10dB
dB |
(A
o---0 itk N—"7
B o—e/NN_AhLI—T
63 125 250 500 1K K &
B (Hz)
K20 MBREOCEEFNRS
o-0Q
- - o--0fiERN—T
0qQ e—eNn—Hhi
- \ W=7
[=]
£ -
L
o
| |10
B |
(A)
=1 1 1 1 1 1 1
63 125 250 500 1K 2K 4K

i % (Hz)
M21 ETHEERRES

- - - fEkE
— AR EMERE
% -
B
v
bt
n
dB |-

1
20 40 60 80
B3 (Km/h)

22 ETHEETNES

4. £ &8

Vit 4 D ZHHE— Rk, AL E v - 2B,
LEBNE SR L, "= o EL—T
A=V, 7a T EOFEEBRGEAL EH
LR, BET. R DERZPIEHEY X T 4
BT R ZENTE ),

S, BERAICOANBMER LA HE L
e HAROBR RS EE A HNRETH LI L2 b
B iR D Fbt i 2> 5 OMEHT A T, BiEH %
WY 2125 72 > TOREILER OREHS & B E
LA,

z E Xk

(1) HASBMRG 2Mm, “B & IR v
Ry 27 B R

(2) F& W5, “WERORY s B

(3) LEOL. BERANEK, “NOISE AND VIBRATION
CONTROL”; McGraw-Hill Book Co.

(4) “Structural Sandwich Composites,”
MIL-HDBK-23A (1968)



BEIER/NZH LB DORZE

TR T




HONDA R & D Technical Review Vol.2 (1990)
— A 0 \ : —
“EEH)N-Xa MA-ILI AT LA
Reverse System Design for a Motorcycle
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The results of analysis of motorcycles
travelling in reverse are described here. The
reverse system’s structure and control system, as
mounted on a production model motorcycle, is
also described.

During development, travelling simulation
and travelling experiments were performed to
study the kinetic characteristics of reverse
travelling. Hence, an appropriate range of
reverse travelling speed was selected.

In order to easily control vehicle speed
within these limits, an electric motor was chosen
as the power source. The motor is controlled by
a micro-computer. The control system also
includes switching control of motor current,
logical control of reverse travelling, and failsafe
control.

1. % 2 » &

FICKETHEL CEX RNy - v ET
AR, Pl AT EBR T SHT, KBl 2 7Y
VIOLKRBENI VI, IVA by N EEYE
MdsZ&ick, ZOHERIZ 300kg 28T T
2 >TWn5,

2D &S HARBHEZI U CHE X200 R
Ly, BEEREL & OB LICHIEEL 256
Nhote, ZODH, Mg LE L KI8T
HAETE BEEPEGEI KD SN T E 7,
CHREOBEREIZOWTIER, Ty Y VA
e L2 0RMH»H - 720, %Ly 512
Bo BN o7, TSl O B R T

* GRS

To5RENR DS DIZH L, #EROFITIXRTE & [
L1275 yF a2y FILTHE A MFES
72, fneTEaf{ohsro7ZlLIilks,

ZOHERISHLEFES IE, 3 kit
BIGAEDFEHERTE/SS A — 2 L LTHEML.
P MEBYAE 1208 U 25 M R D RYE & 1T - 72,

WIZ, Z OHMEHIRIC " WEAs 3 b —L§
5729, HlEEO RWEHE -2 #8)HE LT
BIRL, ¥4 ruarv¥a—2TCHIEYT 3 k%
Lol ZOEKIBHRELDZZLICKHST, B
B T HUE RHII S A A A 5 & b BT,
EREWHITT B I ENTE, REL-HEEE
MARE L 78 5 72,

https://doi.org/10.69239/hondatechnicalreview.1990_2_5



THEAYN—XOL R O-IY T LA

RESCTIE. s O %EE BT, E1TT 4 —
VY ZOT AR, ROERERICEKR S
BETEOFNZDWT, ZORE L HIH S 2T 4
DA RT3,

2. _HEBEOBEEHEM L
BEREDRE
CUnm R E AR T SICH 72 D AR D&
FREICOWTa Y2 —-4v 32— g vk
ETFEFRET - 72,

21 A>Eax1—4%2v3a2L—-Y3>

IV Va2 —A Ialb—Y g VICHWEEYE
FIE R, S. SharpVic & o THE & - pifne
ME_WEORFETIL L HARNIZZIFELCEDTH
%, Txbb. “EHOJIFIREE R L 2
MAHEXTHD., ZOHHBEE AL VT L — 24
OBZEN, 3—. 8=, RUAAL VT L =4I
WNETB2ATFT7VVIHEDL4DODTHS, Thik
V23 O i H O ) & KBTS 720 OWET
BT o7z T2 T, EERH OB A H R
T Tl H AR R O JEA 2 SR & AT L 72
A2 —Fv3Ialb—Yavid, ZOREET
LOEAHEZRD B Z EI2k D BERO " iHEO
REVEEMNIT 28D TH S,

RTMERF D "R OB 2 KB 5 € — Fid.
Sharp HDWEIZLD Capsize T— F GEEHN
E— F), Weave T— F (1~4 Hz OEHE— F).
Wobble £— F (6~9 Hz O E—F) D3 E—
FIZHHEINTED., 22T 2%hiEROE
FHEIZOVWTEID3IET—FERNILTIT - 72,

X 1 13538 25km/h £ CORMER & RER O FHE
FEHRART, Capsize T— Fid, BEDLA LR
EMZH 5, Weave T — FIZHHERICHEED R/
IZEOREEB K E L 5T, Wobble E— F
W AME RIS O L HATPE > TR TIREA R <
5o ZH &I BRI 2 JEFE I £ —
FABNS, Z0OE— FiZkaEm _imdico
WD FREHE % 1T > 72 e 2 T Flop £—
FEMRENZZEDTH S, 2D Flop &— FiZxF 1
IR & IO BRI - TREMEA K E L
o T,

REAL PART OF EIGENVALUE

Convergent (stable)

DIk, %R “HHEOMEIL Flop €E— F &

Weave E— F22 6, @ED LFIZffE-> TREEMN
NI 8B Z L NPFTE D, $E-> T, _fmH D
PRAENIIATE A DS THE 2 2 D88k A 3T,
EHHICK > T HWEONT VAR IzhE &
NRETH 5,

22 ETTRXEb
EHICEBETT A TCIRBEOCEHNIZEX

E— 4 —EHOAMNEE 2% 2 THRMEEE 2 1[4 T
XHHAEMHLZ, REWEBIAZ/ ST A -2 L
LTNAYELILY, =LA F%aHlIETSE
LI, 2 OBEDOREMNICN T 55 A 4 HiKH
NH/RBE KL, ENREEDORHIELLT %
HHEL U 7=,

o3 &

BEVREE AL EEL TS
HEVRERE BN T Y ZADHENE KL 5

B RERE COEliET A TE LN

NY R MLYZ, a—LL A4 MIESFhOHEE
FRL. 2N DOREEERENOIEEL

U7zo B 212 % DM EOB &R,

313 1.0km/h~4.0km/h 1251 5 K

DREWDOHERLRTH S, AT TV VI MLy

Divergent (unstable)

R—1l

20

SPEED
(km.“h)

: REVERSE TRAVELING
F : FORWARD TRAVELING
fl : FLOP MODE

: WEAVE MODE

: WOBBLE MODE

Of : CAPSIZE MODE

M1 AERORER OB B



HONDA R & D Technical Review

Vol.2 (1990)

DFEHE T — L L A+ OfFE#IEE D FH L
EBICKRELBD ., FIETOMFERE T 5,
=)L LA b OfRZEEAEE 3.0km/h LL_ETHIF
LT 5 DIEIREOMIBRE S ORAEZR L T
5&EEZr26N05,

D EOHEAER?2 S, HEETHREL TS
DREAFTI YT P2 HEME0.13kg - m LU T,
T—L LA Ml 1.5 X 10%rad/s LT Th 5,

ZOHOREITEEEDOGREEEERT 5L 1.8
km/h~2.2km/h T 0. KEFM: 95% 124 T %

0
1
1

N
5 4k -
8
o OPLTJ,_M ATA e nvfu h’\mn:g'ﬂ it
S MY YRy e T——
2
T 4 B
.
6’ - 8 L ]
- 50 100
L L ) FREQUENCY (%)
0 5 10
TIME (s)
SPEED : 1.0km,/h  RIDER'S HEIGHT : 175cm
8 — —
N
T 4 N \
o
t, o
. J
= _al
-
J
2l , ;
. ‘ 0 50 100
"
B = > FREQUENCY (%)
TIME (s)
SPEED : 3.0km”h  RIDER'S HEIGHT : 175¢m
X2 FEROREMERAG
2
3 o by
o EJ
Z 20 _o%
w o
E z0
o
:
=
3 =t
= 10 Rider's height (cm) A XM
w 180~185 o
o
N 173~177
< 164~170
a L 1 1 1
aQ 1.0 20 3.0 4.0
SPEED (km/h)
X3

55 165cm Y EDOEEZIZDOWTAS &g
13 1.8km/h L FTH 5,

3. ZImEREREDEH
22T U EoRRIZE LDz TinEE
REOHEWHN DT, BEHEORIE G ZEICBME L
727 2 ANt — 7 HDREAOHIE, KOEBERD
& AT 5, ZOMEIX 1988 F X GL
1500 Iz 7= DTH 3,

3.1 AEREDHBSL

Z DB EREE D U 7% 8% ORI & 175

Zel, THRHEORE» O REHEE L7,

Ot dE 1 1.8km/h 2% W2 &

OB%MEEE L, FIERETHW S, miER
EEBEOBETHENLNT L2 b, HiERLE
DY Z NESIN P OMERIAT 4 D EIER
ThbHZ L

@ fRBEEEH NI AR, HEOHKIAKE W
ZenoBgErO/NITHEZ L

32 UN—ZY AT LDOPE
PDEOHEIZRLTY A7 L DORREZEEKRD
FRICU 720 B, #IEEORWE € — 4 %
Ho, ZhiaHT -2 L HFHIEIZLICX
DREER > 72, BIOY) D 2 iFF RN
BT 720N = 2 LN =TIF, B EY) b R
AXYENLTT 74 FILilh 5 %G 4 B4 5
s L, (M4, 5)

Rider's height (cm)

180~185

173~177 ¢
02}

164~170 / ‘

EVALUATICN POINT OF
ERECTING STABILITY

DEVIATION OF STEERING TORQUE (kg * m)

4.0
SPEED  (km.h)



THEAYN—XOL R O-IY T LA

B — ISR D & 5 R HIE & 17 5 72,
ZOHIENE dbit v A4 02 Y ¥ 2 — X TiF, T
VO VIRE BB LD - N e -4
TR DY) 0 2 AR HEAE B & IR 4 2GR BRI
W, 72— nt—7HlfZkE%EDbETT MK
L7z, (X6)

3.3 Eh

BHRIIR DS 27T PBETH B,

ODBELEHE I L TCEABE L2 BH BT

&

QRAE DTS BEEED DR LIS LS &

iAMEEDZ &

D ERE S Z OO KRR ERE L
L o8 o n-EH EORKERENE D 53K 7=,
AIEETIE, ZheidZhZFh 580ke, 12 TZ
DEED VBRIV 2 ([ ZEREG T 400Nm Th 5,
DMV EAZ—AET—RATRESEE-D
667.6:1 OWCEEREARITZO—HMERH 7 DT &
AR —AE—ZIZNE X B2,

REVERSE
FUSE (B5A)

REVERSE
RELAY
SWITCH

BANK ANGLE
SENSOR

STARTER
RELAY
REGULATOR

REVERSE

CONTROL
UNIT

DIODES

STARTER
RELAY B

FUSES (5A)

SIDE STARTER,
STAND  REVERSE
SWITCH MOTOR

POWER
RESISTER CONTROL
UNIT

REVERSE
DRIVEN
GEAR
(output
shaft)

STARTER, "y . SHAFT
REVERSE -

REVERSE SHIFT
GEAR

REVERSE
SWITCH
SHIFT DRUM
LOCK ARM
ASSEMBLY
SHIFT DRUM
LOCK CAM
K5 EH=ERE
REVERSE CLUTCH SWITCH
LEVER
SWITCH
STARTER,/
REVERSE
SWITCH
STARTER
RELAY A
REVERSE
SWITCH

Ol PRESSURE
SWITCH
GEARSIFT

SENSOR

X4 158 REHME



HONDA R & D Technical Review Vol.2 (1990)

STARTER /REVERSE
SWITCH
REVERSE REVERSE R,
LEVER LEVER ! i
. |
15 i
T P i |REVERsE
: =2 M™ w i INDICATER
| e [ H
g b Ea 1 « !
—LE M
OIL PRESSURE i o L. |
5 SWITCH : o '5%
[m]
— ENGINE i < | |35
i - ! T
bE i i = E
i ! —b—1 o3 || =
i I ! ok 5
N i o HFINAL SHAFT N 3
& i HE smbdub
Er ﬁ £ GEAR SIFT P L2
<>5 £ SENSER i
= % s - T -7
= -
i - _ ]

STARTER SPEED
RELAY B RELAY

6 HIEEE

PLANETARY GEAR

Q STARTER,/REVERSE MOTOR

FOR STARTER

FOR
REVERSE
TRAVEL

7 tRE)RERAET-—2-—



THEAYN—XOL R O-IY T LA

W L OBERIEICH T AT EIZE -
2B & ERERIC R T 5. I8IFZDE— X
ORMTH D, T ZITA B KD ICHRBIRED HEiliiR
1% 90~150A OHPHTH 5, THIxF L., BitErkid
30~90A DHPHTHE L MLy EREXEB T &
AT E ZAUIIEBYRFIZ LK 30% E/hE v, —,
ol H O R A E N R &k 0 D e <L SRR
ThHDEEMETEDS HE->T. ZTD LI KT
BREHB N E BT -2 CHMATAZEM8T
XOPM AR THE VAL LS,

3.4 #FlE%R

(1) B4

BAERE O HH T, PR OIS L E L -8
HEWZ 2NV THTRE RS RV, KEET
BHEEERBLTE—-2EBRE 7V 24 T
GeHlE§ 5 Z L2k 5T, ZThEaEBL T3,
BT E -2 BECREST S, HfiE— %
DI TEBEIRLX (1) TEEh 5,

Vy =V +Ryly (1)

VM H 5%5%%,}‘:
Vo E— 2T
Ry @ & — & N

IM : ;E'—ﬁﬁ%%ﬁ

Z ZTE— A NEBIRPUE VN T & % 72031

Reverse travelling
/ /—Starting

1.2 60 24001

= y
=] =
&mfﬁm~§mm-\‘
2 |2 |5
£ tu bg | '
2
3 |2 | .
a o 5
o4 F20F . soof
w
m
b}
2
L L3 i
-
1 M REVOLUTION *~
- - 0 200 400 600
(A)

M8 1RE RERE—2-DOHNEE

VEHICLE SPEED (km,’h)
=]
1

TS TEEE T AWEBEIIFLI LD,
T— 2R N & 0 13K (2) ) L& B,

N=aV (2)
v=>bN (3)
N : E— & [misk
a.b: T

A (1) (2) B) K HHE v I3 (4) TERYE S,
v=abVy (4)

DFD a. b EFOHEEL T IENELAY I dik
EE-AWMTEETRETSZIZLHNTES. HI
I & T — 2 TR OB ROMEIEM AR,

BHOGREETFIZALLTE20IT. E—4#
BERASDE VST 2=y FADIST R T VDR
£ OFF OREDHED A, £ — 2 FBIEL R
WTszlels, ZhiZXk-T, E—2DEE
PRy Inyz2k0bacE, INEEL S
5h%, (10)

R R B K otT 2=y PO b
SYVAAKRF 3 9 U TEIMIT R L THWE
WA 0.7~1.4 km/hiZff> T3, X, F I
HLUTIE, B5EA 1.8km/h M ETE—2DWE%
ik LEEOEMA I TWS ([11). M 12
BIZhODEEIERLEZEDTH S,

T2 OBWAHET 2,37 2= MIEPT L
FIYUAZTHEENTWS, T — 2 BIRITK

20

0
T

o
o
T

1
0 2 4 6 8 10 12
MOTOR TERMINAL VOLTAGE (V)

M9 E—2—dnTEE- - REREFE




HONDA R & D Technical

Review Vol.2 (1990)

Mcn#lghzob, —HE2 79 Z2487T
Fay VST S, ZOLHIITHIETE-
S BRI O KER A BPUSH T & & B ITHhE
HOIST P VD2 DEREMEALNT VIR
2 D/NEER 5T\ B,

(2) e BHIA

HEFIERED Y 2 v 7 AL BHEE 2 L — X
1252 2 L 3RERISHRENKEZ VN, KREETIE

Status of power unit

b

Power transister OFF Power transister ON

|
<
=
Sw
[}
e
=3
&S
=
o
= I 1
Time available
for detection
of vehicle speed
TIME
H10 BERERY
Vehicle speed Descend.i Ascend.
when speed relay is on  Slope slope
2.5—\ e
i. ‘\\
-~ i
gzor N\, q
€ .
= \
B 1.5 * —\
. \.
w10k -\ AN Controlled
5‘ . \‘
I Vehicle speed \‘ \
> 05 after speed relay is on NG -+ \Uncontrolled
\
‘I
0 1 1 1 1 1 1 1 [ 1 : 1 1 1
—-800 —600 —400 —200 0 200 400

NECESSARY TORQUE ON DRIVE WHEEL (Nm)

11 REFERFE

B 13 R L2k 5 I2F— & ON » 5 —E it
DAIZERERL, ThlUBRIT 7 b5y 24
DEWREWRE T2 & 512 L CGREIFFISE KA L
IRRETBEZEERHIL TS,

35 7x—It—7

(1) & far e

B EDIRPEVEREN D - A ISR A
5 LT ZITKERNFA, ST L=y PRE—
s EREB X ML D B, ZhEibd 3
e, BAMEE - 2 BEAELLLELI=y M &
R+ s k51272,

B 0.4km/h DIFIZA D, ZORER T O
EXNEREGE T2 L0V Yo — g N8 EM &
HELE-2OBEEEILT S (F14), #HfT
K OBERM A2 BT THBDI3, BEE4 D
FIARORBE IS —ICE — 2 TEBENMET
LT E— A DOWBBEEEIL IR ENDTH 5,

s

[ S —

mnn
~ 100
8
o
w
=z
[e37]
=
EE sof
a [
(1
w
=
[e]
o
0 1 1 1 1 1
>
é ON
[
o
w
£ OFF
<
=
w
1 1 1 1 ]
2.0
VEHICLE SPEED (km.'h)
12 #BERO/ST—212=y FEIE



THEAYN—XOL R O-IY T LA

(2) K Hdtp )
MorOFEICE D Hlz REISHINEE 5 &

%—amm%%%<ﬁhﬁﬁéo:htﬂbiﬁ
S & P S8R A i A . 2.5km/h IZH

Eﬁﬁ! g HELE— A ERESH, ZORENH b

NOIZKDHEHEENZSEDTH S,

Wi, BOEIEEISHIRD 3IHA TS %,

QXY UyPEHLTWE L

@Y 4 P22V ERIEhTnWBZ L

®Iyvavy 7 bRV Y aryBR=Za—LFtI0
THhbHZ L

Electrical supply is Electrical supply is
TEBIRF D HIEY b L 7 13 #2§wfl T 800Nm & & D | not stopped because  stopped because
speed is recovered speed continues to
30° DN DIRTHLHEHIX 2.5km/h PINICH X 2 5 g V\gthin preset duration sl?:w down even after
h%o ﬂE@jH#O)?&'(ﬁﬁ%é 15 ﬂ:‘f\“;‘o § of time preset duration of time
: g !
0.4 /
36 BfER @ | J
16 1533 & 512, kOB M TH2D 2 —
B DET B0, BAEEHTE 2 r TR L L > Fressk quration Proset uration
7oo BAEIEIP . £ $HELMNCERT 2) v -2
LN—%5|EXYEYDIWI X — 283 LhDY) TIME
IN=Z2A VD —aANRgkIT5Z L E2RT 5, K14 BERKH
WIZA B =8/ VIN=A A4 v FaMFZ LIz
Ko THENFIMEE NS, T DORF, HRAEFEBIFMER Starter Speed
?ﬁﬁf:éhtﬂ\ WA 8= 24 Y U — 2 AT relay A relay
TR ARG & L7, . o0
|
|
|
Status A Status B Status C
777
15 KEFRE OB R
=
£
a
S
o
=
STARTER,”
INDICATOR REVERSE
A B c TIME SWITCH
Motor OFF Motor ON REVERSE f‘f\%
LEVER - k‘

13 EHHE

RIS



HONDA R & D Technical Review

Vol.2 (1990)

X AZ =B VIN= AL 9 FRTY DV HE
IEL TV BEA IR OBEIZ 4 v F & LTH<
OB ABRL TS, 2D XD, it L i
oLt EEhEEss 22k, Y FLT
AT OHEIERE K> T 5,

3.7 HEB®

B AEAEBIE OB TIER 17 128 T & 5 1ZBRE)
Falc % LY T 30-90A TH B, Ny T ) DR
BEREREBROINS Y IFEFIETFLEZE-F
T, 1 BRI 1M 12m O#%EET GRAER 90A)
% FBRICEBELZ, 2O TRERSNER

kb3 kS ICRERRERE L 2.

100 -

90

CURRENT CONSUMPTION (A)

1 ] 1 l
25 100 200 300 400 500
NECESSARY TORQUE ON DRIVE WHEEL (Nm)

17 ®EROHEHEER

4. F & O
FHIRETIT ) "l REROREMED L < 1d
ISR L, 2B FCTRLEL ¥ %
IR ZDT e 5, T O HE REIR o & AE
$5 LA mARERE IR S Bk h B TERE
THb,

AMECEBHEE L BT -2 4L,
v A rua v — &N & B8 IR &
fii 2. ZOBRMRE A R L 7z, BICEBHRER
B3 VY v ERERERE IR LIk D & 5 AR
Nd b,

Oz -y PLEEE. 75y FERESAETH D

BIERAMHIZTE S
@EHR, T — Lt — THEEDRRNES T
b5
D& LRMEEHIPTEEEIC, REAT—4
B E - 2 OIS Kk BRI+ 05 RKE
HREOREICED, REMEPRLSBEOL G
HEAEE DR T & 7,

a3 &
RECOMER, KO Hi BRI O B 1
U TR A BIR A 1 < RS S 5

= E X |

(1) R. S. Sharp: “The Stability and Control of
Motorcycle” Journal of Mechanical Science,
vol. 13 No.5, August 1971, pp.316-329

(2) R. Shcecwarz: “Accident Avoidance
Characteristics of Unconventional Motorcycle
Configuration” Society of Automotive
Engineers, 1979

(3) HHE—: ““m s D E) S B O AF 5%
7-8 1962

(4) FFOHE—: “Hi R R A R OIS D
WO BBy 2
No.32 April 1986

(5) KFFIER: “ N[ — " dmH O IR
29 MK VR Y U L
May 26-28 1980

(6) KIET : “FR At A Bl
WAET 1975



THEAYN—XOL R O-IY T LA

KX WO H ITRY AN T (CAN - 4




HONDA R & D Technical Review Vol.2 (1990)
£t 7% 5 s
76 B 1 EX300 DB
Development of EX300 Portable Generator
I (5  S NED vI - - S A S
Shigeru Fujii Motohiro Shimizu Takao Tamechika
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ABSTRACT

The requirements of keeping the engine
revolution speed within a fixed range to generate
an alternating current (AC) of specified frequency
has been an obstacle to making a portable
generator more lightweight and compact.

The application of inverter technology,
however, has made it possible to vary the engine
speed by electronically controlling the frequency
of the generated AC, thus realizing a lightweight
and compact portable generator.

It produces an 80%-duty, square-wave AC
to safeguard its transistor and other electronic
components as well as any various electrical
appliances mated to it, while ensuring safe
starting.
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Hydro-Static Transmission for Riding Mower
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Sadanori Nishimura  Hiroshige Makita Makiro Ishimoto
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Hydro-Static Transmission (HST), widely
used in midsize and large riding mowers to realize
driving and operational ease, has not been equipped
to a small-size riding mower due to its low
transmission efficiency.

Honda succeeded in designing an HST
to minimize power loss, with optimum design
parameters coupled with newly developed oil. The
Honda HST was thus completed and used in the
small but powerful riding mower launched in 1989.

Among its additional features are an
automatic neutral return system that improves
handling, and remarkably reduced hydraulic noise.
This reduction was realized by placing an HST
inside the dual transmission casing.
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F*2 H-HST xZE#x
Input Rev. 3300 rpm 0il Honda-HST 0il
Output Rev. 0 ~ 105 rpm 0il Amount L5 ¢
Max. Torque Over T84 N-m Dry Weight 22.5 kg
\ Main Pump Motor Charge Pump
Type Varighie g | T Dienlacenent Trochoid
Axial Piston Axial Piston
Displacement 0 ~11.5 cc/rev 14 cc/rev 2.4 cc/rev
Working Rev. 1600 rpm 0 ~1300 rpm 1600 rpm
Piston Diameter ¢ 1UxT —
X Number
Swash Plate Angle -15 ~ 15 18° -
Operating Pressure 9.8 MPa — 0.3 MPa
Maxinmum 34.3 MPa o
Operating Pressure -
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Kinematic Viscosity (@ L0 °C 82.92 41.89 45.75 98.00

cSt @ 100 C 15.26 7.54 7.10 13.20
Viscosity Index 195 149 114 133
(B.F)emp Viscosity @ -25 C 8,300 3,600 8,300 (50,000)
Pour Point °C -45.0 -140.0> -32.5> -30.0
Total Acid Value mgKOH/g 0.90 0.45 0.88 0.94
Aniline Point °C 128.8 101.6 118.0 118.8
R.B.0.T. @ 150°C min. 360 300 405 390
Foaming nl @ 2U4°C 10>-0 10>-0 10>-0 10>-0
Shell Four Bal 0.28 0.39 0.28 0.27
1Kmmx6mxmm1ﬂhmum
Shear Stability e 100°C
(viscosity Decrease Ratio% 0.9 3.2 0.1> 3.0
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RARBEEN T Z > 7B ERWE
MBT 3> hE—Jb

MBT Control utilizing Crank Angle of Maximum Combustion Pressure

VA NI N i mEeoE o ow
Shizuo Yagi Isao Fujii Haruhiko Yoshikawa
N & e
Makoto Kawai

E= =1 ABSTRACT

494 7 IVKERKRT Y YV IZBWT, ik
REIZEHT S &, mARKFHIE MBT (Minimum
Spark Advance for Best Torque) # 52T 5% Z
EMFE LY,

RUKEHE MBT IS8RGE L 286, T ¥ Vil
TCRE R A T & EARIC. mABRBETE 1D 5 v
274 (0 pmax) 2VHIC FIERR 12 B2 5 14 EIT)
MLTWDZENERTHER SN, fE-> T, W
KEFEHIE Opmax ZFHWA Z &2k 5T, MBT
BETHIAY PO —LBRETH B,

AT, EFREBEEIRICK S fpmax &
MBT OBfk. Opmax #HW/~MBT a2 ha—)L
VAT ALIZODOWTHNRTWE, X, KV AT L%
O FBRAERIZ DN T BTN,

For higher power output and fuel economy
of a four-stroke ignition engine, the ignition
timing should preferably be set to the minimum
spark advance for best torque (MBT).

Our test results show that when the
ignition timing is set at MBT, the crank angle of
the maximum combustion pressure (f@pmax) is
ususlly between 12 and 14 deg after top dead center
(ATDC) regardless of varied engine specifications
or operating factors. Thus it can be established
that if the ignition timing can be set at the
6pmax, MBT can be most easily achieved.

This paper describes the relationship
between the fpmax and MBT found by both
experimental results and numerical calculations.
An MBT control system utilizing §pmax and the
test results on this system are also described.

1. % 2 » %

444 7V KEFKEBE O M N S REICHEE T
5L, HER LMo LRI I UKL BB
MBT (Minimum Spark Advance for Best Torque)
#HZTRDL2HE/IFE L, —fRIC MBT 13 HBY
X (Vst) . BMBEETIR. Bt () & &
DOBBIFETC. HEB IR (Ne) . RFERIE (V).
2RI (A F) 72 & OFERA T & . Kl WBE A E
DRREZBEEICE>TEAENS, T &
FELLOHIZHRAIA TV B AR ED S &
THRAF, ThEDERZIEC THELS DT A b

* IR

* % HEHEZE AT

* %k % FHEZ LA 2T
https://doi.org/10.69239/hondatechnicalreview.1990_2 8

ATV, B4 O s KUK 2 o2 2 kb h
b0, 7 A MCHRMAEZESTS &L 312,
BT 2 rOK AR 2 1T 5 & 35 5 51345
Yt vy —HEHIMBEE LI, D TEL. ZThb
DY AT LHHEHALT 5,

Ak, 3TEOHE AW, v & Ne DX
D508 L TRARN (0ig 22 LS E. X
NFEAEE (Pmi) L mARBRBEENE 542520 5
v (Opmax) K. MBT O¥& I3 I
0 pmax 12#% 13deg (A.T.D.C)IZERGMHTE T L %
FERMNZ LT A & L I, BhFETLEH O
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TEBAEMIZEMEEL TV 5, RIZ, ZhbDfEHE
I2H-D%E%R L7 MBT Control System Z#377
L. ZOY 2T &% CER R OEHE OB EER
TIEHIY A 2 LD Opmax ZH L. RO A 7L
® Gpmax 28 13 *+ 1deg(A.T.D.C.) 2% 5 L5 12,
Oig ZHIfT 5 Z LI2 &> THICHKE % MBT 12
LB Z LT3,

2. RABBRENE5725077> 7 ADEIE
21. FARI>T Y

e RUKIE] (MBT) & i KIRBEE ) 2 5 2
525V (Gpmax) EDFRERD 2D L.
MBT Control System DFFIZHWAZ, E— 4 —
P44 A 7V KIERKEB DRI % &=
112" Y, BB A, B. D, EZEMATHE C
FEEE RO L - - Th B, Kk, BIHD
F 2 MM A, B.CA, %EDOF 2 M
B D, E 2w shi,

PRBEIE J OWE I IZE N 2 v 5 % Bl v, XUR

EADES) (Pmi) KRBT A5 %52
VoM (Opmax) DEMIZIE Y P LTaxy
VAW, £7-. 77V 2 HAERSER S BIT
B0 kL - R0y 7 v ik EHN
7o Ik, 2RI (A F) PR A 2 o0 pat & Fo
THARG KD EML 72,
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572307 7808%

2.2.1. 7Y T PO Pmi & 6 pmax

B A & &l (Ne=4,000, 7,500, 10,000
rpm) T, AWy MUHEEZA 3 FIZE 5> TS
N3HEME (gv) I LT HEE (3 ~450)
DRVKIEM (0ig) # 5 2. BRBEETBK (P~
O)FMEL, ZO500 A 26T V% U T
WSEE O RRSEEAE S (Pmi) & kR BEE %
5223527 5 (fpmax) &K=, ZOHE
DT A FEUER2 ITRT,

2.2.

x®1 MH#H4994 7 NVKRIESNEREDET
e 3] A B C D E
it = TG e HRE | Em o HRE | K V-4 | ESBEEE | Kb V-2
B x S 61.0x49.5 100, 0x82.0 | 66. 4FH29<36.0 | 56.5x%49.5 60. 0<X44. 0
Vst ecc 144. 7 644. 0 499. 5 124.1 248.8
14 % = R HY Rk El i g kil ES 53 Ny bI—7
& 9.2 8.3 12.1 9.4 11.0
2T
M/ﬁ il 2 4 8 2 4
mRHTIPS S L 15. 65 43.50 135.0 11. 85 38.0
B /éﬁx%( rpm A) 000 6, 000 19, 500 9, 000 AZ, 500
. PS/ ¢ 108. 6 67.6 270.0 95.5 152.7
F2 HBEAOTXMEH
e =9.17 £ =9.75
Ne rpm - - X -
2v % | ASF Aig 72k No. | nv % | AT gig FAb No.
4, 000 55. 8 13.6 | 28, 36, 38, 46 1 56. 0 13.5 |30, 36, 40 7
75.8 12.8 | 24, 32, 33, 40 2 79. 12.8 | 24, 33, 40 8
79.4 12.4 | 28, 34, 40 3
7,500 61.4 13.2 | 35, 45, 50 4 61.5 13.3 | 38, 40, 42, 45 9
97.2 12.4 | 28, 35, 40 5 97. 2 12.4 | 33, 35, 40 10
10, 000 96.0 12.0 |30, 38, 40 6
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Evaluation Method of Irregular Combustion in 2-Stroke Cycle Gasoline Engine
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ABSTRACT

At low-revolution and -load ranges, 2-
stroke engines are prone to irregular combustion.
This causes vibration of the body, a detrimental
factor to ride quality.

A system of quantifying irregular engine
combustion was established to enable engine
bench tests to assess ride quality.

Correlation was verified between the bench test
measurement and actual ride quality.

This system has enabled the bench test
measurements to act as a clue to identify actual
ride quality. Impact of major engine performance
elements such as air to fuel ratio and ignition
timing on irregular combustion was also studied.
This has led to the conclusion that those elements
can be adjusted to reduce irregular combustion.
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Problems were identified with high-
concentration methanol fuel M85 (a mixture of
85% methanol and 15% gasoline) when used on
the existing gasoline engine. Solutions were then
explored.

Used with high compression gasoline
engine, the high-octane M85 can help produce
increased power and improve thermal consumption
characteristics under partial load running.

M85 pre-ignites at lower temperatures
than gasoline and thus must be used with colder
type spark plugs.

Another problem is corrosion and wear of
inlet and exhaust valves, valve seats, piston
rings and injectors, caused by methanol and its
combustion formations. Accordingly, the materials
and design of those parts must be modified. Use
of a special engine oil and more frequent oil
replacement will reduce wear and corrosion of
valves and friction areas.

Cold and hot starting is possible to a low
of-15 and a high of 35 degrees Celsius respectively
with M85. The methanol-fueled vehicle is able to
meet the Japanese 10 mode exhaust emission
standards using a conventional three-way catalyst
with feedback from an oxygen sensor.
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This paper discloses one application of
‘fuzzy logic’: the shift scheduling of automatic
transmission (AT) vehicles.

Generally, vehicle velocity and throttle
angle are basic factors which are used in the
determination of shift scheduling in AT vehicles.
By contrast, a driver using a manual transmission
must consider a variety of other factors analyzing
them with the use of their driving experience, and
then making the gear shift decision. Thus the
inclusion of additional human factors into the
determination of shift schedules in automatic
transmissions would be beneficial.

We now introduce a shift scheduling
method in which ‘fuzzy production rules’ are
described in “if..., then...” terms in a program that
represents a driver’s recognition of circumstances,
and gear shift decisions are made utilizing ‘fuzzy
reasoning’.

When compared to cars equipped with
conventional automatic transmissions, this
method allows gear changes at more reasonable
timings. This has especially helped improve
performance in uphill driving.
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Analytical Model of Vehicle’s Steering Response
During Circular Turning with Higher Lateral Acceleration
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ABSTRACT

A quasi-linear analytical model of
steering response of a vehicle during circular
turning with higher lateral acceleration was made
with the concept of equivalent cornering stiffness.

We obtained an equivalent yaw rate gain
and an equivalent yaw response time for evaluating
a vehicle’s response under such a driving
condition and also defined a new evaluation
parameter called the ‘residual yaw moment’ which
determined yaw response to small steering
perturbation under the same driving condition. With
these findings, it proved that the steering response
under such a driving condition was predictable by
using this analysis.

Based on this method, we examined how
the response characteristics of two types of 4WS
systems, one with nonlinear rear steer control
and the other with linear rear steer control,
would vary as lateral acceleration increased.

The findings indicate that, compared to
the linear 4WS, the nonlinear 4WS can ensue a
smaller decline in equivalent yaw rate gain, a
less increase in equivalent yaw response time and
a smaller decrease in residual yaw moment up to
a higher range of lateral acceleration.
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Influence of Antilock Brake on Motorcycle Braking in a Turn
0 w®—* R ooBhY B W & BT
Toichiro Hikichi Tatsuhiro Tomari Tetsuo Tsuchida

INII Fq—5F
Michael Thiem

Ci3 =

CEhE AW T v Fu ey 2T L —F (ALB)
EHOT, EOGETRO S=y 795 T L — F#
TEISR 3 2 MBI h R & AR EIC DWW T, FITH
EATT A P EBHDICiFR L 72,

T 2 b LRER 7V —F 20 Cid, Bk
OFAITHE L T, Bikokx aBHELENES
LOD, HHEDEA L IZIFRIZEOHBRRENE S
niz, ZOZEHENIE, ALBEHKO & £ ¥ 2
Vo TROKE XL, AEFEMIC L > TRESh
52 L ENH ST,

ABSTRACT

Research involved extensive riding tests
to determine the influence of very hard braking
on motorcycle behavior when braking in a turn
with a mechanical ALB system designed for
motorcycles.

Test results were compared with those of
straight-line braking. This comparison revealed
that while changes in vehicle behavior were large
when braking in a turn, the braking effect was
almost the same as during straight-line braking.
These tests also showed that vehicle behavior is
greatly influenced by the amount of tire slip
ratio during ALB operation and by the operating
frequency.
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sec RIS AKWOEE 2R L. ZDH%K 0.1sec L
N CHEREIC B A T » 7 IRRBIZIH 2 > T 5, Z
DT L — FHRAERFO HRE I F 7 AT
FHiz, 2 OHRAEMEHIZH 30deg/sec DAREZEAL
ERTRRETH D, 0y 7RO HERD 2R T,
TV b - AEBIFEAEIRDR TS D, 7
48— ERLKEKEL 2T TV — S 8E % #hR
LTW3,

ZDaAYRyY 3 F LT L —FORERE 45m
12k B ERI 7L —F D084, K6(b) I2mEh b
K912 20 v THES HH 6~10% The KIR#HE
HARL72, Z LT, High oy JIZEDLBED
0.2sec TEE OBz, Y FILIZAE TR 10~12°
P 1R w) G ORI i LS A R 7 N = QN = e By 3 1 K T T
I~NF9 100deg/sec. T —HIANZE L — ¥ § B[N
%9 80deg/sec. ¥ v F AN HARMFIF NEFH
B~ 35deg/sec DAMEZE(L AR L 72, hElml
FOT L —F 070k 5 KRN, K6(a) 1T
L7=EEDSA L L TEHEA kR L, H
IR AN OEF R 5 T B, 7 LTl
Ty 2§ AEANI, HIKOT Y b)Y T -2 E L.,
FTTIZHEOTY Pu - idZE A ERDIT
B0, gy %379 M) H—ICHEEKBZHEIR
FIRED T L —F v 7L B D EBEOVEHER &%
LTiduny,

Wiz, 70 ¥ MIZ ALB # 35 L 2540 %H)
IZOWTHIN%, M6(c) i&. LMA SettingA @
WEMBTHY, 7L —FHIEL 5 1.9sec TIEIE
L7z, ZLTC, ZOMIZ3mO ALBE#» 50,
2w TESIIHRAS0~70% FEETH 5., ALB
EENZPE > T, BHAOMEE T R E < EfLL, Z
NICEEA L TE » FHIANIZH 30deg/sec DFAEE
TEHL TS, ZRIZHLT. Ay P, &
COEAHFHEANK 10deg Y, ALB &> T
S DA EIIZTTOREIZED . KO T L —F ¥
TSR T0%ITHMUL 228 &, FUHAK 16
degtih 7z, Z LT ALBEEIC & 3 i) D%
BITfE> T Y R EAIC5~7 Hz FEED
JAMITEN L 72, £28EKIE, B e - LR
THEMIAMANZHY 40deg/sec. T —H A TIEAMAN
% 35deg/sec DAEE THI<, $§4h&bH, ALB
DIEEIEDIZ BT, BRI E EAD &H 5
BNl < o RICHEAKIE, Ny FLADOELT
ZE) & AR, ALBfEENICfEoCe—r e 3 —
DER I h-FzxE2 Lo E ERND, 12T
BV IRREL k5 TEIEL 7=, 2D ALB fE8F 5
48— RO 2D, Ny FLEEELT
W3,

ZOXKSIZ, ALB OfFEJIC K - T, Hifk&
Y EADBBEEINEB A RTH, 3RV a3 F L
TU—F DA &SI, dREEABRRIIZK
ELZEMET. ZoHlEFOT Y Fa - Ernb
FhZm by A AR L 72, LA L, #ikZE)
3. ALB OfE@I% 4 2 VITfE - T, k& S Z1L
LTHED, AL ELINETH B,

LMA Setting® (S =10~30%) IZ3%E9 5
EG(d) TR T &Iz, ZOBROFITIZ P
TRUREE 12 0.73 () 2 5 0.69 (@) 1K F L 7=, 51k &
TORFENL 0.1sec FREOMIMTH 5, LA LN
5.V FLroyihf, HEkoH) i3, LR/
XD, ko v b — LR Setting® &
Dy ELTWS,

Zh6DFHARA» S ER TV —F v 7 h
RANBEERIFL, 2OEHEORE 4 £
B LT, T —F VIO kDOa — L, 3 —
By FOENThOMBEE L NV FLOY]
NAZFKHTHEROZ &0 5 72,
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Pitch

_ 70~ Rear Wheel
£
T 60 e
= 0.5s
> 50 —
S 40— Front Wheel=_>
< 30
> 20—
10 Front Brake Canceled
0
©
25310
_—0
5. £oc(b
g 5is J: /W“\A . m
o o v e -
< 10r Steering Left s
0
L 10|_ = Steering Right —~~ Toward
o 240~ Left Side
) _e _Q..__.,_Q_M._,wwww&b@b&.wmﬁ
E% 4gE5’.40 Toward
= > % OFT”"’ Right L Right Side
% a0 22 40L Turn Left M
3 o == ~Forward
2 L Backward \ /"~ ~—
2 40
6(@) BEEDIANCI3FILTL—FOLIFEKE
= Average Deceleration - -
5@ 50 0.5s
-
£ " Wheel
g 30 Front Wheel ={_\_. = Rear Whee
< 20
Q -
> Outrigger ~
10 Contact
0 A
= & 10
g 25505
< orggé’ Steering Left
o — e C—————
g 10I_ £ Steering Right M
3 > 40|“Toward Outside Curve
] _ g: 0
= o 40|_ Toward
= c> Inside Curve
5 40r Turn Right
38 [ - =
>> 40 Turn Left W
2
’;‘; 40
‘© Forward
88 0 o
T2 4l Backward
6(b) FEEIFEA5mICH BRI AN 3 FILT L — X OBEZIRE R
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= Rear Wheel -
;E: 50 Average 0.5s
> 40 Deceleration
§3o 40
E 20 60
10 Front Wheel =~
) 10 rd| 7
AR S\ i Ve
L —9o75 whepn e v
2 z9 ‘:” Gxmax e
£ 10 2 a g
:.‘ r Steering Left /\ A A
o 10|_ = Steering Right
g > 40 Toward
@ S Outside Curve
w
= ze 0 Foward
240~ > 40- Inside Curve
;'g 0 Turn Right
SE’ 40 g Turn Left
Z a0
=8 Forward A ~
25 0
o> 40 Backward
6(c) IEE¥EZE45mICHF3 ALB (LMA Setting A)
DiEEIZ7 A2 b7 L —FOREZIFE KR
Rear Wheel
— Sx
“':E* 50 Toy / Average 0.5s
i 40 20 ‘Deceleration —
£ 30 S0
% 20 Front Wheel
>
10 L
0 \_
_ s8g10 V; PR WU
:  Hoo A AL AN
<] >AOF 0Lttt ool S
E Gxmax
= 10 Steering Left
£ 0%—%%
2 L =2 Toward Steering Right
% e 2z 4g[_omside Curve A N
— _8 L Toward o T
= 40— EE 40 Inside Curve
%‘ 0 Turn Right . © ; i;‘\ AAa. A
s Turn Left N~V VT \/\‘\—\__'_,_
>> 40— =
z w0 F d A~ -
'5:0’ 0 orwar
£9 40 Backward
6(d) HEEFE 45m IZH1F B ALB (LMA Setting B)

DOIEE 7 A Y k7L —x ORI LR
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4.3. HBHFREBEEX Y v TE

TU—F VIO 4 Y ERKEEOT7e Y bO
FIE IR puf RO ZY v THRSIE, ThThK
ARDEIIZK B,

gt =Fbf Wdf oo (2)
[fz e d(VE/Rwf)/dt
zziz, Pof=potg -t SVURDAL )
Rbf
Gx Wt - H
Wdf=Wf -+ % .......... (4)

uf 7ay L OHBHERK

Fbf : 7wy bHIEH

Fbf ¢ : A4 — L BIEENES & & 7268 )
W 7uy b EATE

Wdf : 7 v v OBEYSERE

Ifz : 70 bhA—LOEEE®EE— 2~ b
Vi 788y bk —LAEEZE—F
Rwf : &4 Y ohldsEeE

Rbf : 7'V —F{EEIREOHRI LR

Gx @ B{RBRGHE

Wt HliREE

L PR —LR— X
Ho o Ebga
Vo ~Vi
s= 211 %100 (%) (5)
Vo

ZZIT Vo TV —F VIBOHEEKEIE - F

Z 2T, ##Fbfg ik, K4 — o mgniE vk
k3 he &, 7v—FHELTZX LAV
F=DIZTCRMILZETH D, LR ->THAT
& PR R @) < BB 2 o EEsE Y & BT

Road Surface Ccnditnon
Asphalt Dry
Vehicle S%osd vi

FrontT 0 ~ 60 (km/h)
i ront Tire

Straight Braking (Conv.) LMA Setting (A

~" Vi =60 km/h -

/ '\..\
o~ ——
b -

i / .—)-: ~.!_ Straight Braking

'/‘-\ —~""The First Cycle of ALB
/ /“-_ Straight Braking
- eI 2
" The Second Cycle of ALB

0.5

Braking Coefficient A f

N N

L
o] 10 20 30 40 50 60 70 80 90 100
slip Ratio S (%)

M7 ALBEIaANLY3FILTL—%D
u— S FEtk

RB)DESizkEh 3,

B 7L —FOHLADI VYRV Y 3 F LT L —
F & ALB O 1 M HED KO 2 [0 BHEE) RO
uft & S EDOBBRERT IZRT, uf i SH 10~
20% O TR AMEZEZ T L. S ORI PE - Tl
RIRADT A ER L 72, 7 2 MEEHIE F 7 41K
RET, u f OFAMEIX 0.85~0.98 DHEIH A/ L 7z,
72, ALBEBIOBA. S O KIEOHi[H A 30
~80% LA E->TED., 0% TR LZEk X
TV 2AEE 5L =T ERLTWSE, Zhik
AAXBTNREEZ Ny FEOMERNLEED
RORIZKBEDEELLN D,

4.4, TL—F>JIZ& 2 FHRERE

TJaY RO Y OHEMT L — 12 &k B
W Gx 2 HEOMEAYEE ViiZx LT, K8
1Z/R L7z, Vi A 35~65km/h OFEPHIZH T3 Gx
12 0.65~0.8 () DHEIFH L 7 5 7=, Z LT, VilZ
Ny 3MHiELEERZEN G 2, VYNV Y 3 F
LTV —=FDBPAOMIE, ALBIZHEKL TbhT

PIZEL o7z, ZHIEHERA T » 7§ 5 H1D-
BEMAEETHD., vy 235 BT MY

Conve Brake (Values
before Wheel Lock)
<O O A fr—— ALB (LMA Setting A)

4o H A

1.0
H-bmA | ~—— ALB (LMA Setting B}
Straight | | | | | . .
0.9 Driving 15 30 45 50 —— Turning Radius (m)
' 50~-60 30~565 55

20”40 3065 Vehicle Speed (km/h)

0.8
0. a%j AM%%@A
¢ go D%

N.l

Fronl Brake

Average Deceleration Gx (g}

o5fp—

o4r Flear Brake K %@ %ﬁ"

LMA Seu:ng
0.3 (S =20 ~ 40%)

Eo

0.2

1 1 1 1 | I |
0 10 20 30 40 50 60 70
Vehicle Speed Vi (km/h)
M8 felE7L—FDEER
TG

XY B
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HAEH L CTLE S -0HKIMEILT 5 F TOF
Bz bk o770 Th5, ALB &3
HU.LMAAZZEZTEH I T —-LRLEEZL
EBATE. 207 2 P TIE, Gx OfEIZH
LM EFEFECEL 5T,

LhLENS, ayRyyaF LT L —FOWRK
HEEIA X —DTL—Fay ba—LIZX BN
Z TV —FEFLLL, av bu— LR RE
LD SIREEDK T2 X 2 5 2 L idiuflingic
JERICEE LW E LN S,

WIZ. VYT —=FOE4E. Vi DELIZr 2
H5T Gx =0.35~045 DHPH K72, ZDT
Z FEEANTIEI YRV Y 3 F LT L —FOUE
DI PHBEL Ko7z, ZhiFT7ay L DL
AR, Hlasa o 2 L7y b Y F AT 3
OFHEMNGx 2R LD, M7 253 Hrch
B &0z, RIS S = 100% 12 B ETD S A3 HIE)
RERT-HEHEILOND,

4.5. HIEHRE D EKREED
B6(a)~(d) 278 L 7= el 13- 2 BResiis
1230\, HilERE O HARZE TR & LT, HlE)E)
HHOWAKWORE Gxmax #/8 L CHEgA T v 7120
PIOBD, A VYRV aFLTL—F & ALB #
EEIT 25600 — LAMEE VIx, I —MEE
VOy ROE y FAME VOz % Gxmax 12X L T
E9(a)(b)(c) IZZNFIR L7z, Kk, 70V Ml
FEOI YNV Y 3 F AL —FOHEAE ALB
DA & THIBNCHE S HKOFEBELnEL D,
B AAHET S, La L, ZEELLOMRE %
IS 2fE & U CHAME DK E S & IIRMRETL 72
72 EBIOF I T A RXMIIFFICERL &
7)")7:0

X9(a) Du— LAEFEIZDNT, 7a vV T
L—FOE. avRVY 3 LT L —FOMICK
LT ALB OffiiZ LMA @ Setting @D & 45 1/2.
LMA @ Setting®D & 2§ 1/3 DEETH - 7=,
ZhidaryRXyyaF 7L —FOHlgsna v v
T 5L ZFORBNSHEEEIHNIKE VLD TH S,
ZLTZO8E. Hilga v o LIXIEFRIHZHEEKD
av b= idk->sTnwb, —H. ALB TiX
BRELTHEGAT v 7 REICA ST, HEHmT

D2 A YIZK BB AR EE ST 508
THd1-0, ZHENMDILBEAINE LS Bo72728
EELS,

VYTV —FOEE, u— LA ROBEKE L
LT 20~50deg/sec FEEDABE 2R L 7=, Li
L. avyRyyaFLXxXL—F& ALB DX
5NN 57z,

WIZHO(b) IZ/RL 723 —AMEIZDONWT, 71
VIETL—FOBEAE. I VRV aFALTL—F
EALBEOER, u—LAEEDELD Dk
Mol ZhEa v Ry yaFLTL—FDT L —
FrolENTE y JREBIZH > TEHEDZE
BZEAt & U THER I DR 7 m\Ia 2 > T, 21k
L&D ET28RERL., I —HADE & H L
FhEnw=oeEI1o6hb,

VY7L —-FOEA. ALB Ik % 3 — Ak
3. I3V 3P LT L —=FD50~65deg/sec
OEIZIR LT, 172 BEDlE 57z, TV RY
Va7 L —FEEICEVTE y ZIREETIE,
HRD ) ¥ RVFEBDIAN & 4 ¥ 2T XD %558
CEIK, Thbb I - FRONEERZ2E T,
Zorx, BHEOa Y Fu— L PEEBEFICK T L
7zo =77 ALB Q55 SMUAND 2R BRI
ROOENBEDD, Ty s FTHEAICKLT,
AAXYOBIPRFEFE N TWEEELSh, BR
LTI —FraoniE#HN/NEL LoDk
Bbhsd,

KO(c) IS L7y FABZEIZOWTTIB Y |
TUL—FOBE. VRV aFLTL—F L
ALB Dl 20~40deg/sec DL D, ALB
DFFHHY 10deg/sec /NE < KB EHE AR L T\ 5,
ZhIZa YRy a LT L —FDEAICu—L
&3 —FHIAO K & BB A FH RN
Byir7-20Bbhs, — K. VY T7Lr—FiI2k
LYy FAMEIL, 15deg/sec IFTHD, 1Tk
AEY y FHIADOEFEICIT LTI, TRy
Ya T —F & ALB EDEI AN 5T,

I 6 DOFERD S FEDIHIB) RO MmO F) =
(v—nFme 3 -4 OREFEHZ. vy
THRLELLAVWEAETIEHOMIRE S 2,
2 ALB @ LMA » Setting ®D4 . #ikD
ZEEAR N E LS Lhrday ba—- ik
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150 '
Turning Radius A
Ol A -Conve. Brake i n
) O O A Yr -ALB (LMA Setting ® )| @ A
= ) R a
£ é rlé é ‘ ALB (LMA Setting ® ) o -
100~ 15 30 45 50 -Turning Radius (m) | ™ -
=
LA ~
s Fgadr gt | cowve .
E | / )
a] i
t B o Qugoung a
50~ o M oo A
AR | QA “ap '
o A | e} e} <—— LMA-Setting ©
®AQ é% (5 =10 ~ 30%)
— |

A O &4
0|_| 1 1 | 1 1 ﬁ@lgf g J

02 03 04 05 06 07 08 09 10 11 12

Vehicle Deceleration Gxmax (g)
(Maximum Value)

X 9(a) fEET7L—FOEFERECHTIEFOO—ILLA b

Turning Radius

® W A —Conve. Brake

& B A —ALB(LMA Setting B ) |

| ) |

15 30 45 —Turning Radius (m)
_100— | me
| .
-~ L]

LMA Settin, A
§ (B2 20 - 30%) I W —hA _— o
> L ]
Z CONVE
: NE 5 et
2 Roarwnea WA L ‘ A— O<= Setting &
= o  Ruos g
& sof” A% e — ‘I/ "s® 0%

| &

ﬁ _’/ o]
/%F:)ALE A &
? L élgléé

1 A L
02 03 04 05 06 07 08 09 1.0 11 1.2

Vehicle Deceleration Gxmax (g)
(Maximum Value)

B o) MEETL—-—FDEFREEICHTZIEFDNDI—LA b

® W A —conve. Brake

O O A —ALB (LMA Setting & )
b @ A—aLe UM Setting ® )
1|5 3}0 4I5 —Turning Radius (m)

|
|
100— |
S [ [Crow o] | [Crom o]
>g _LI.!ASeHIng |
z (S = 20 ~ 40%) |
T |
2
5 501 | A
= N A
g : 8 @:é}:é}%
oo &
I - , t o
ol L I A\ 1| | ! )

1 1 1
02 03 04 05 06 07 08 09 10 11 1.2

Vehicle Deceleration Gxmax (g)
(Maximum Value)

B9(c) MEETL—-—FOEFBREEICHTIEFDOEY FLA b
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BhEPITREE X2, 27 L, Thidar~iz
W2 F 25—+ 54 F5—-DTVL—Fa22 b
T =)L K B EEZEAL & R L 22 FESRIC O Wl
2 DOTEE W, 5. T X M & B LEBEBREH
MBETH D,

46. NP RILBENCRILRLY
THRHEOEM T L — FHEFICE, Jur b TL—
FOHA. 24 Y OB EARF O I
FERIAIAFEE) L Ty 3 7= 8. fglal 5 i\ o ol #x
MUY ERET B, ZO®. Ny FIVIEER
MICUNADBRERT, IRy a LT
L—FTlE,. ZOLEFALA—Luy ZIREIZES L
AAXYDRERTRD (XY 9 FE100%) D 7=
WIZ, 54X =255 COHRAEL Tz AN
Lo TNV FADYBAARDBERIE L., /v FILIETT
OREBIZR I N SR ERT, 744 —HT L —
FHNEMBRL. ZLTHETL-F V7% LN
NEOD NV FLDOYDRABBRLARTI L3k
Moz, — k. ALB Tik. HEMIZ—H7 L —
FHRRGEINTELT L —-F V72 T5720,
NV P OYIIGAABR 23, JEMRICE DR S
o lEDkdicavyRyvyaFLTLr—FL
ALB & T3y FAEEINRRL 572, Thid, &
AYDR) 9 THREIZLDBLEELIOND 20T L —
F VOB KUINA OHmax 2. ZOBIRIC
Bl 28 DEELNEEKZY v 73 Smax 125t
LT, ®10(a) iZmRL 7z,

25 ® B A —— Conve. Brake o A
© O A ¥r — ALB (LMA Setting & ) o
U et ]
20l 15 30 45 50 — Tuming Radius (m) B
®s !
p 10) &
2 # g
=
H g Ao
A
LT v &0 4% oo
g a f500°
@ w Bas [}
st 3
r ke ‘ﬁ ﬁm
1 1 1 1 | 1 1 1 P
0 10 20 30 40 50 60 70 80 90 100

Slip Ratio Smax (%)

R 7L —FDmAX Yy TR
ST 3/ RILIENhA

10(a)

7av b 7L —% ALB 058, Smax DA
o TOHmax 3/hE L KA ERL 72,
Smax = 20~30% Tl O Hmax = 6~8 degf&E &
£572, Z LT, Smax = 70~85% T3 # Hmax = 10~
25deg DHEIPH L A D, T L —F v ZHED HIKLEL
RITA L —DF DKL DA K > TELEAL
LzgDEEbhb, £72. 20 Smax OHIK T,
FEZEEAKRELS 5D, Hkoa Y b a— PR
PHEIIK T L7,

—H.AYRY Y 3 F LT L —FD Smax = 100%
12 L TiX, A Hmax = 18~25deg D& & & D
Oy ZICH - 725k S EARISSERP O i3
RO LR 5Ny FIVIREERF RN YJAuA S @A %
INL72, 2oL 2N Ray ro—LHRIFE A
EXbhTns,

VYTV —FDYE. 2O TV —F IR EEN
Y FAAEZEEE 28D TIEIEL, TV —
FUTROEREHOEIIN LT, 74 4 —»
ERFZRBZOLEBERFLEI LT 5200,
Bt eE2o6N5, ALBEHOEA. Smax
=10~50% (12X L C 0 Hmax X 2 ELINT H - 7=,
—H. ARV g3 FILT L —FD Smax = 100% 12
ML TOHHmax =2~5 degfeE L7, Tho
FAA =y 212k 3 HKROD I — N D LS
S LT TIA X =Dy R EBRAEL 72550
AL GEnz,

X 10(b) {22 Y FILA 0 Hmax (ZBH#E L T, 6 Hmax
ElEKE, F223MA IS I N 72T L —F v FI
DAYV FL bV HT max &8 L7z,

® B A —— Conve. Brake
O O A <¥r— ALB (LMA Setting @& )

-
o
o

1‘5 ?.IO 4‘5 5;0 — Turning Radius (m) )
o)

[m]

m} o] ADAO
o w

50 o]

.
%
co
>3
13
B
o
)
5 Bam

" i
I ! ‘hﬁ | L ﬁl @ | L L .\
0 10 20 30 40 50 60 70 80 90 100
Slip Ratio Smax (%)

Steering Torque Hr (Nm)
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>
I
"
>

10(b) HMEETL—FDHRARY v TEIC

WHTB3NL RIIRNDXFT7—MILY
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70y TV —FDWA, Smax DELIZL ST
HT max = 40~100Nm & &~ 7z, T3, 74 & —
BNV FZ Yy THETH 14~40kg D S1 %A
TWADIHEYST S, 2L T, gl 7L -+
VOTRETBEME— A MZEBENY FLD
MEEAHEN 25086, BREGRBELEIS &F
272NV FLEIVFO-ALLTWEEDLE
Abhs,

VYD ALB DA, HT max A 15Nm A FTH -
2o VXY DAVYRY Y a F LT L —=FORA HT
max = 10~25Nm O E LD, 7a v MIHART
W12 TH o7z, Thid, EREREZHLED &
THEREDOEM LY EEZENS,

4.7. FERE ALB (ZX4 T % —#&5t

THREIE, 2 OEHREE LT, BRIy Y
I LEBLETT S, ZOHE. EOLHEHEGN
EROZDORDLINIE, M5 4 ¥ & EKHER O T
VoY a Itk Fs DATHS, ZOFs DK
X, 2ORBHEMERST,. 24 YD)y
THERSICEGEhS, D S ORIMIfE->T
Fs 355 EBRMIcmAd T2 ), 2hix, B7 12
AL72& S BB IRE DL 5128 =10~20%
B CHAREE RS BV, LTI L —F v
ZINZ &K o T R SRS E A D a5 ELT
LTWAREON, 24 YICTROBRET S &,
R &5 cdikk@EAEn s, £, fREL
T, HlER%E D AFEEWME S ELENS ., KD
ZEELENX L FB720121F, S D/ X Wi
TALBMEHT5 &SI, ¥ 25748 LTaY
fa =52 E08ELLNS,
11(a)(b)(c) 2. 7L —F v F OB EET O
fiffie LCHHLZT— L2 I —DAEEDRK
iz, ThERBEL WA EEDINS Smax 12X L
TRL7z, 2TR6DRKEIZTL —F v 7 OYH]
I2FEh3, 70y b 7L —F DA Smax 12T 3
O — )L AU I I RLR L TR Y 2o B8 IHE A & A
ZHiE, 0.8(deg/sec) /Smax% T2 D it i %~
T, 72, I —MAEE D Smax OB T 5 5%R5
13%9 0.6 (deg/sec)/Smax% CTH b, —H. VY7
L —FOgE, FHiifE A 3 — Al IcE H L, ARk
12 Smax (EDOENNIFT 5 FRE03HY 0.4 (deg/sec)

/Smax% FeETh 5,
WIThOEEIZY ., MmO/ S=y sk T
V=%V TOT X MER» S HIkOZEHE(E
MEL L. Lr2rdavite—-uMisdsEE R
45720123, ALBOFEE Y H—L XL %
KSEEL, 2 v THEO/NSOEHHTALB %

150~
& — Conve. Brake -

£ — ALB (LMA Setting A )
A — ALB (LMA Setting B )
Turning Radius 45(m)

Vehicle Speed 40~50 {(km/h)
Bank Angle 15~-24|(deg)

Front Brake

,,
o
=1
I
(34

Roll Velocity Vi (*/s)

50—

. A A 4 o

+ A N a®

L 4 & 4

I 4 LA ! | 1 !

10 20 30 40 50 60 70 80 90 100
Slip Ratio Smax (%)

X11(@) EE7A>MIL—FOFBAIU YT

RIIHTIEFOO-ILA b

A — Conve Brake
A — ALB (LMA Setting A )
A — ALB (LMA Setting B )

Turning Radius 45 (m)
Vahicle d 40 ~ 50 (km/h)
Bank Ang 15 ~ 24 (deg)

o
o

Front Brake

]
o
I

Yaw Velocity Vv (°/s)

L s ! L J
o] 10 20 30 40 50 60 70 80 90 100
Slip Ratio Smax (%)

EEZO> R TL—FDHFAKXY v T
RICWTIEAODI—-L A K

X 11(b)

A — Conve Brake
A —aALB

-

00—

Turning Radius 45 (m)
Vehicle Spead 40 ~ 50 (km/h)
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ABSTRACT

In product development, the quality of
products that will attract customers’ minds is an
increasingly important parameter, apart from
performance and function.

That demand is true of motorcycle
shifting operation: communicativeness with the
rider is a necessary requirement as well as quick,
light and sure operation. In the process of
exploring a technical means, we looked at a
motorcycle’s shift system as a package extending
from the transmission to the change pedal. We
investigated reducing gear drag and improving
operating effort relay efficiency. We also selected
a change mechanism with maximum efficiency
and made a quantitative analysis of shift operation
quality.

This paper describes the comparison
between the conventional square spline and the
new involute spline, introduces a means to
improve operating effort efficiency, analyzes
operating energy relay efficiency using a
computer, and quantifies change pedal operation
quality using a load-stroke diagram. It also
summerizes research results.
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Effects of Belt Restraint Systems on Occupant Protection Performance in Side Impact Crashes
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Belt restraint systems are among the most
effective occupant protection devices now
available, and mandatory usage is becoming law in
many nations. As a result, belt usage ratio is
increasing. Following the implementation of FMVSS
208 Passive Restraint Regulation in the US, a
diversity of belt restraint systems have come to
be offered on the automotive market. This implies
that an increasing number of belt-restrained
occupants may be involved in side impact traffic
accidents in future.

Thus we focused attention on occupant head
behavior in a side impact crash, and investigated
the effects of several belt restraint systems on
occupant head behavior and impact protection
performance in side impact crashes.

In the process, 10 full-scale side impact
crash tests were conducted according to the
National Highway Traffic Safety Administration
test procedure with one Honda subcompact car
model. In half of these test cars, two of ’88
improved type Side Impact Dummies (SID) were
placed one behind the other. In another half, two
SID’s were placed side by side in the front seats.
Five different restraint conditions were tested in
both seating configurations: lap belts only; 2-point
automatic shoulder belts; 3-point automatic belts;
3-point manual belts; and no-restraints.

Based on these test results, we compared and
analyzed SID head behavior and SID torso region
accelerations affected by different conditions such
as occupant restraints, seating positions and
presence of a side occupant, and discussed the
effectiveness of the belt restraint systems on side
impact occupant protection.
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This paper reports practical application
of the boundary element method (BEM) to
analyze the booming noise in a sedan cabin.

The process started with the calculation
of the sound field, particularly acoustic impedance,
of cabin interior materials based on BEM. The
calculated figures were then used to formulate a
practical model to express the relationship
between the panel vibration and cabin sound
pressure levels.

This proved effective as a means of
identifying and quantifying the influence of panel
vibration on booming noise, thus simplifying the
procedure for investigating its reduction.
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Drive Train Vibration Analysis
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3-dimensional mechanical analysis
software has generally been applied to analysis
of suspension behavior. In this report, it was
attempted to apply this software to analysis of
low-frequency drive train resonance during
acceleration or deceleration of the vehicle.

Its calculation model comprises the fly
wheel, transmission, driveshaft, tires, etc.
Additionally, non-linear characteristics of the
clutch was considered. As an evaluation denominator,
driveshaft torque was adopted, by which
the actual vehicle behavior was able to be
explained very well.

The parameter study of each functional
component by using this software has shown that
it has a high correlation with actual car
phenomenon.
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Analyses through the Finite Element
Method (FEM) are widely utilized for the design
and evaluation of engine parts. However, it
requires a long time to produce models with
complicated three-dimensional profiles. Due to
this disadvantage, it is difficult to use the FEM
system in the development stages.

We developed a new design system
combining the Boundary Element Method (BEM)
with a pre/post-processor. BEM takes a shorter
period of time to produce models and is more
flexible in making design modifications of the
developed model. We modified the BEM analysis
software to reduce its memory and time needed
for calculations for practical use. We also adopted
an interactive pre/post-processor, which works in
conjunction with the Computer Aided Design
(CAD) system, and upgraded the user interface.

The system was applied to analyzing
connecting rods during the design stage, and,
compared with actual component measurements,
proved accurate in its analysis. It was further
employed successfully in the development of a
new lightweight connecting rod.
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Ft : Tensile load

Fb: Pressure load due to
tightening the bolts

@ : Constrained angle

§ : Displacement

EEBRMT COOIERE N
Calculated| Measured
[MPa] [MPa]

135 123
131 129
142 142
136 144
34 48
196 188
63 67

M7 BERTORKESHAHE
RUEHEISHE & RBMED LS

x4 KNEMZRENE

Displacement [ & m]
X Y
Calculated
value 40 52
Measured
value ol 56

6 2, B asR ME A M A 2B AEDa v
U/bfﬁwﬁﬁ%ﬁér#
CFyy TEHD s T oy LT B
() %MWL TEZ L VBIED H (Ft) % B
T 5,
C R MIZ X BHEOMN T (Fb) 2. KL b,
F oy MEEIZYfEE LTRSS,
N DIE NI ) B EBT 520, €A LY
YV HEARHY OEHIZN (0) %54 %,

M7 2RI L D o= KFIB IO 51X
&L BOF R EE FWED LK E R, £
IR D AR 513, NP A A LD 2y
FRADIZIEHBEHRLTHBEZ R b2 S
72, AP & S Ty FER, KIS A
ALY 2y bRAD OB TERE Bo— AR
LTWBZERnbnd, T2, Z OO K
ZEBOER R E R T, KoL RIZ, &
SYOEYOEMIIKRELEBLEZEOZI LM
FICARTAEELABRE L DD. ZOMEIZDONT
LRV ERL TS,

Iho6DZehs, HRETOa Y2y FO
BIE-MEAERY ZF LX) FPHITE S Z LR
bho7z,

3.2. SRUBHAIERART
avuay FHESOEIZ L ET 25 mENED
EERTHIEIILD. & HEBEOEIRIREIZT
v, EEHUEIR & BEM it & 175 7=,
X8 IZRIHOBERSMERT,
- GlERD e LT ARSI B E X v,
ALYy Ic k2 BUEEEL, JTEH &

— 184 —



HONDA R & D Technical Review

Vol.2 (1990)

: Distributed inertia force
i : Inertia force due to

piston and piston-rings
: Combustion pressure
force

Under combustion
pressure force

Under inertia force
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Engine speed: 6500rpm

o: Calculated value
®: Measured value

ess amplitude Oa

Mean stress Om
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Engine speed: 6500rpm
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Stress amplitude Oa

Mean stress Om
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FMEA SIMULATOR for Electronic Control Units
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As car-installed electronic control circuits
are increasingly adopted, the needs for high
reliability design have become highlighted. To
meet such demands, a precise and quick process
to perform failure mode and effects analysis
(FMEA) has become essential.

This paper presents a system we have
developed for automatically simulating FMEA for
electronic control circuits with high precision.
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The advanced electronics systems equipped
in automobiles of late have led to the incorporation
of magnetic applications in sensors and
actuators. These magnetic applications help
enhance system compatibility as well as operational
ease.

The development process, however, had to
rely on estimation with adapted formulae followed
by testing to achieve targeted functions. There
were no practical means to precisely predetermine
the magnetic property at design level. As a solution,
use of finite element method (FEM) in magnetic
field estimation was explored and proved to be
capable of predicting the component specification
at the design stage with a high degree of accuracy.

This magnetic field estimation process was
applied to component development. It was also
applied to the precision forecast of the impact of
temperature fluctuations on the magnetic field
with the system actually equipped to the car.
This application proved feasible when combined
with heat stress calculations.
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Experimental Analysis of Connecting Rod bearing Seizures in 4-cycle Gasoline Engines.
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Among problems with high-power and
high-revolution engines, the connecting rod bearing
was singled out and tested in the engine for its
seizure resistance performance. The test results
analysis showed that of the factors contributing
to the metal seizure, the leading cause was the
heat generated around the metal. As evidenced
by the consequent engine testing, this could be
broken down into the applied pressure and engine
speed (PV value), rod surface roughness and oil
viscosity.

That in turn led to theorizing the mechanism
of engine metal seizure as follows:

The ever increasing speed and combustion
pressure of the engine inevitably causes the PV
value to rise, increasing the heat generated
around the crank pin. That will make cooling the
metal difficult, obstruct oil film formation, and
thus result in seizure.

Thal theory was verified by subsequent
testing, and it enabled estimation of limits on
connecting rod surface roughness and oil viscosity.
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A Method of Enhancing Wear Resistance of Cam and Follower System in Engine Valve Train
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ABSTRACT

Wear of the valve train in low speed
operation is growing critical as engines become
capable of high-revolution and high-power
performance. This paper describes the development
of the design process used to insure a secure,
constant supply of lubricant to the valve train.
Particular emphasis is on maintaining optimum
conditions of lubrication in the cam and follower
system, including the rocker arm.

With this design process, a valve train
made with low cost materials can be designed to
achieve an improved level of scuffing resistance
without deteriorating maximum load capacity.
This also involves a weight reduction of rocker
arm, which proved effective in upgrading the
maximum performance at the limit of valve
movement.
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A high-temperature rigid, high-Young’s
modulus and high-wear resistant alloy was
developed by the use of rapid solidification
powder metallurgy process. This alloy is
basically an aluminum high-silicon group that is
twice as rigid under high temperature as its
equivalent with Fe and Mn added. Combined with
ceramics, it also offered high rigidity when
coupled with steel plate.

This paper introduces its reinforcing
mechanism, alloy design approach, and
manufacturing process. It also includes a comparison
with other materials. Its application is described
for a spring retainer and connecting rod.
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Development of Titanium Connecting Rod for Mass-produced Motorcycles
wOR W OB m A8 S R e
Yoshitoshi Hagiwara  Kyo Takahashi Atsushi Murakami
P i S <
Yuji Marui
= =1 ABSTRACT

B TR F & VRN N RE O P BE R 11

DhEMNBED, ZHETERL A5 L — 2 HEM
IZFHE AT, vy viscizthn b %
HE LT, axrs54v7ay F (Pgaray
FEWET ) NV T ST ZATY) v F—
FBERFEUMBHIEZ b > T35,

BAE, V—2HBRmIZEbh T F4 V4%
EZORMLEIL., MEHENIRE LR
flikg A& < . il 2 bEROD L — 3 —
THEMHARENTEH D, BEREADOWEHITEIC
[RS8 2 BRE & 7 > Tz,

T 2T, BRflizs 7 & R e RRLPEO AR &
T, THREADF 4 VIO K % X 5 72,

ZORR, "L -y —HeLTF2VEDOFy
MEB S ORGEIL A A D IZ, 1987 I IZEE
TIRHE (VFR750R) & L THID TF & v #l
avuy FOEMHZX2Z N TE-,

AT, Z20oF2vyavay FORFIZON
THRE, B A FuRc bR B,

As a material which is lightweight and rigid
enough to improve performance of the engines,
titanium has long been used in racing motorcycles.
Among other components, the connecting rods,
valves and valve spring retainers have been
fabricated out of titanium alloy to boost output
power.

Because the material specification and
surface treatment process is originally based on
the aerospace application, cost becomes so
prohibitive when used in the racing motorcycles
that the application become limited. Its extended
use in mass-produced motorcycles was a further
difficult challenge.

This paper outlines the development of a new
titanium surface treatment and alloy specification
for use first in racing motorcycle option
components. Since then it has been applied to the
connecting rod of a mass-produced motorcycle VFR
750R, in 1987.
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Carbon steel Carbon steel Alloy steel Aluminum Titanium alloy
Material alloy )
(Treatment) S48C maRvc G0 Powder Metal SOALEY
(as forged) (non-refining) (carburizing) (T6) (annealing)
Specific gravity
(gr/cm?’) 7.85 7.85 7.85 2.80 4.43
Younmprgfdums 206000 206000 206000 78500 113800
Tensile strength
(MPa) 617 687 1275 334 1138
Proof strength
(MPa) 431 481 785 221 804
Endurance limit
(MPa) 303 344 785 196 540
Light-weight ratio +0 7.0 19.7 38.6 44.8

RMAIRIE, M E R LMDz, &
METREHANIZ BB ENHTOND,
ZTZTHEHFLIE, BEEAREEHELTF2 VA
EORMBE U ET > 72, ZTORE. FEMiZz H B 5
F 4 4% (Ti-64A) #HHFE L. 1986 F-WR+ » &
L=y Uy RGO — 2 %y Ml (T
Oy F. A YLy bSLT NLTZTY) V7Y
T —F=)ITHEH L7z, & 612F 2 VPR oLl %
FEIEALEE (OD ALEE (Oxygen Diffusion treatment)
EH/TDTRIERREL, FRVEEOKIEL T R
MEBR A2 WRE S L. 1987 4F 9 H & IRK s &
(VFR750R) THIHTF 2 v a v uy FHAFH
hf:o 5)6)

2. FEEDHEW
FAavavay FORBICH DU FEHNE
L7,
(1) #E=1k
wROBRRET Ty FIZH L, 15% YU LEoE
IR E o RN A EEOHEF 2 X5 Z &,
(2) K2 = M
JEAl 2 7 & v bR & R LR (O D L8 o B
RO F & v OBEREAR OREIZ & D HIR
AREx A b AHEE T3,
(3) F 4 vEBEELE AR OTE
$BeE & BEMIN T T o AR BE S A T UL B

IZE DT 2 MEAE XN 2 BGEERGIA1ES

(4) F 2 VLB O

IO VEmOF & ALHEED B D & L,
F &2 VPRHER OME & 5 5,

3. H
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Z M & & HEEIS KRR BRI & LR R J8 %
Wiz, R2IIKHEF 4 VEEOBMOMEE2IE 5.
ZhizkhuE, 16% OFEEER A KT 5 12135]
B & 90kg,‘mm”(882Mpa) LA & MEE 5, %
72 RBEM O 720121322 5 9 THMOATHES
ERPIBETHD., Ti—6AL4VAEETH
e LGRAT,

FORME A& DB O O & D, @il 22 R AR
RO, B E BZREMRIC K > TEIEL Tu
2 ENETENS, 22 TT I X~V G ERE
(PPCF) 2w, 22 7 v 7Mo%
REL TR B, WG EML 2, Zhic
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x2 BEFLZ2UELOEMIOME
. Heat Tensile Proof . Reduction
Mol Wistertal treatment strenght strength Elongation of Area
a CPTi (ST-50) Ann. 441 294 35 —
Ti-8AHMo1V Ann. 1000 952 15 28
near A 971 893 15 35
. | nn.
a Ti-6Al2Sn4Zr2Mo | STA 1275 1138 1 20
Ti-3AI2.5V Ann, 687 589 ; 20 -
‘ Ann. 981 912 [ 14 35
a -
+ A s 1167 1099 | 10 25
8 i '
) Ann. 1059 1001 14 30
THEAIGV=Sn STA 1275 167 10 20
\
Ti-13VI1Craal | STA 1324 1226 8 [ -
Beta C 3 a
5 |Tiomevecrmoszy| ST 1440 1372 4 -
Ti-15V3CrasnaAl | STA 1275 1158 10 =
i ' ST , 735 686 , 22 65
Ti-22V4Al | ‘ i
STA i 1372 | 1323 | 5 ‘ 10

Ann:: Annealing STA : Solution treatment+aging ST : Solution treatment

3
®3 BREAFZICEE2ORE
() EFEskitik
Symbol of ’ < EA £
Material Ti-64A (Ti-6A £-4V)
Cc At V' Fe o] N H Ti
COMPOSITION = 5,50 350 = = = = Remainder
(Standard) 0.20 § § 0.40 0.25 0.05 0.015
(0.10) 6.75 4,60 (0.30) (0.20) (0.0125)
Tensile 0.2% Pfoof Elongation Reduction of Charpy impact
STRENGTH Strength Strength =10% area value
=896MPa =827MPa =25% =491J/cm?
sponge Ti, parent alloy sponge Ti
scrap parent alloy
I I
compact forming
melting in PPFC electrode forming by welding
Method of Melting in VAR (primary)
Production l [
melting in VAR Melting in VAR (secondary)
l———{ ingot }—l
|
processing in to
malleated material

3.2. MFAEAERIER

B FEM (Ti—64A) OFEME & HEKHM (Ti
—6A24V) DREMAPER &2 K1 12, ST RIE O
W22 12K, 5IRMR X L)), JE 57 50 13
R E DR MO, KD IZPRELS 5T
5, CNIIMEREELEGOICLZHETH 0 HE
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THHGVEE S 5, 200, F 2 Y ERO
FEE I3, B O R AL E T 5,
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MIZIEEY) 77 ViEs4a, €2 b EV L EET
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DRBEREIZEER B 5, KIZ800C KL LD E

W Ti-64A

1200} 3 Ti-6A14V(Standard)
! (%) | rom:

1000+ 7 201 100 100k

E k

g s

@

o 600F

7

10F 501 50

a0f | § 3
200} 5 . m

Tensile 0.2%Proof Elongation Reduction Charpy impact
strength strength of area  value

M1 BHERFZE2OEMNEE

¢ Smooth(Anne.)

© Smooth(OD)700°C X 3H

o Smooth(Anne.)Ti-64(Standard)

4 Smooth(Nitrided)850°C x 16H

+ Notch(Anne.) ax=2.0

< Notch(OD)ax=2.0

< Notch(Anne.)Ti-64(Standard) ax =2.0

600f H%%h__ﬁ
200} o\\\\“"“-~saﬁ,-_~____----—-g:__
10F 10° 0

Number of cycles(N)

M2 BBEAF2-E20REMITEARS

Stress(MPa)

SR ZhO MBI TR 5 h 5 ELRE I < i
FEVEIZ BN S A%, 9857 0 23 VR T 44% &
ETL (K2)., XIBIREIZ & 5 FEE(L K
WS DTy FORBUEE L CidiE:Y
TEW,

Z 2T, KRB OEEMETH 5 h 3 BILLeE
IZEH L. ZORREMEIC DWW TRET L 72,

42. FHAHED 0D 418

F 4 VITKREAFTNES 5 & 350C A 5
fLL. KR TEBRIESGHROLD L VBRILME. &
(¥ 600C L E) TIZTIONER &, #
JEJE X & BERNCIE U T 5, IR g

BABE 720°C

700°C

600 650°C

00k 600°C

N

Surface Hardness No.(Hv (100g))

L 1

10¢

[—)
o
=

Treatment time(Hrs.)

3 FEE€DO0DERHE

900
800}
Nitrided
700

600+

500+
OD (Oxygen Diffusion)

Hardness No.(HV)

400 treatment
300
200
0 10 20 30 40 50 (um)

Distance from surface

4 KRERELLEEOMERESHH
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CEERIC X B R X 2L AR 3 IS, Wil X
A% R4 128, MifEFE LR 13 HV500
PLESTET, MR IE 650°C BLEAEE L,

EADMEANZ D W TIRALIMEE O ~F %L %
ANz, (M5) 7 A b HEE 100mm O 282 T
THRE L2 8.29 F & v AEE AR T 16Hr
MEGEHIL ., #2350 &2 5@ U 7z F4 O g
Kotk a + B MR D554, 128 0 I3 NEGEE 900~
950 C TP KEL D, TN LD ERTITHYT
INEL B, ZHIXZDWRERA Ti—6A L4V
BEOMMREETH D AEICK 2 UULEE
DEERRTH 5, HEEEHESREN10 370y
DTFEmiliznZ & RBEEMHTH D MNEGVERE 2

5

T
|
I
. I
g ats a+prich | g
phases phases : phase
- |
£ I
E 3+ I
= I
o |
£ I
o I
B 2F l
a |
I
I

700 800 900 1000 1100 (C)

Heating temp.
(16hrs hold)

M5 FEUEEDMMEBEICE D TEE(L

1
Condition

Disk speed:5.4m/s
Oil:Engine 0il(10w-30)
I

% —o— SCM420
= 10k (Carburizing)
a —=o== Ti-64A
2 . (OD +PTFE Coating)
]
5
w
w
i
o ogl
Ti-64A
(non treatment) \
Ti-64A/
(OD)

10 102 10° (Sec.)
The time interval from oil supply stop to seizure

M6 F2raEOBEMHERER

1000°C 3D B ER & B A % & A abRi A U
RKEL 570 MB0DI3NEL BB, o T,
750C LI EORE TR EALBEE LD, 650C
LUT TIRBRALIC R & 9 0 TRUBRR A 1Z 700
~T720C MWIETH - 7=,

4.3. JRITEEFESF I

EEOLYyYyTERavyaey AL V2
Yy 7 L EDEERS DS T D HEIZEET
b5, 72T, BES T O MEANORELEL DR R
IZDWTWLK DI DOBEBRERAEEIT > 72, F v
TH VT4 A0 A A TOREBERT 2 4 — Tk,
[a] i P A 0 B i A 100 mm® TR AL & T
ANy b2 SBETE E TORMZRIE L. B
k% B U 72, 5 2 V&Rt BREE o
AR 2 6 ISR T, BT X Hn T 4 v A&
+Td.BilEa—7 41 v BEFEEHEE OD g L
22TV —¥Ai L, 180C THEXff1F 7z 8~18 3
sa v OEE) LMAEbEZ OD BIZXkHR
RMAEI L ERIC L R LIcE TREIN S, [7 1
avay FOPMNRNRTOE Z by B & DREERE
ZRGE L. —F i TG T O B R D
fbEHEL. 2L OHEEFRLERTH 5, BK
SR X, B UL L 225 & v RO
BB DEDOH BEHERBOENL L L. D
DhNZ AR LTOWS, DRI mEmkET
DRERTH I, EEOa vy FTIEBLAR
D) OREAIRED R EEIC A D . 2 hERE
L7272 MEREZRS I T2, 2 vy F/NE

Condition
Disk speed:2.68m/s
Oil:Engine oil(10w-30)

o SCM420(Carburizing)
» Ti-64A(0D)

Modulus of dynamic friction( )

T 1 N 1 1 1
0 20 40 60 80 100 (hrs.)

Time

M7 FEUEEDEERRER
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DR VEVYEDRIRNIZEZ Y20 (M8 —
a). KO KRS A FORERSAIZKA 422D
(B8 —b, c)iZ 2\ THGEHEHHRDO2 L DI
AORRME, K (K8 —c) &K 7=, /I
T IER AL, B 7= 0 $2fdkic OD ALEED A
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K4 FRILOMBIZIKE —b 124 & 512,
OD LD A TR R [E 1 & 0 FRA KT
THEMN, B —54 v % 0D EEIZMNINT 3
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EE2 TIRL RIS, ODMAREL 725 2 v &
ORI AR MBS A A, R X
3P RRER T T 26%. UIRFT (@ =2.0) Tid 50%

(x109 (x10%) wo
(@ (b) Es (c)
4t X3 gof
8
10f
z = =
g T £ a0f
o $ £
a a =
20}

Steel

Edge Normal Edge-loading  Normal-loading
-loading  -loading (88N)
Small end Large end

M8 >mAvy KhUHARER

o Smooth(Anne.)6s
1000 * Smooth(shot peening)
+ Smooth(rough finishing)12s
A Smooth(OD)
4 Smooth(OD +shot peening)
= 800 -
o B S
= .-
@ . .-
@ \t\\ -o_.__p_____o___
ﬁwm\bxxﬁ_ &
MRS
A\Q\—ﬁ&*&
A
400 o
1 1 1
100 108 107

Number of cycles(N)

M9 HMWMIF7>Y YavbeE-—=>7
L BENBEDEAL

ST $2, Thid, B TR OBILEIC
RHELBANMETANURGRE D22 D8
DLEZLS,
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A%, avay P FORREE LT, M
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BB HORA T 5 E6TiE. OD BA T Tk
L.»pB0WEyay hY—= Vv afEfrL, Eh
MEDOUEEZEZBESH S, O ITEIEX I
BPRETHIOEE v a9y b Y-V 7OHMR
T3,

5.F4#2>a>oOy KOBE

51. 1 &

B LZzF 2 vavuy FOMEEX10 IC85E
TR IR, MRHIRRE L 7z B85OI
BT 2 VA4 (Ti—64A) 2 L 72,

MHEEREREALEE & Uik, KA 5 2 FEBIZ OD
WP LT — b, ANSRNERIZIE OD L EE % %
ML, KiEox) 75 ViRst e Mo 7 5 v v
gl wRIEL 7=,

52. & &

RSB BE O — MmN TH 5., 74 v a&
I HI O D B U i & el & 47 5 & Mgk
TELERITOT, D OMERETHEES S
IR D B POEIRIE X « + B DFFEE Kb 3 8k

Oxygen
Diffusion (OD)
treatment

Shot peening

115.6

OD treatment |
+PTFE
coating

MATERIAL : Ti-64A
WEIGHT : 235g

10 F&>3> 0Oy FOEE
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Development of Aluminum Casting Alloys for Motorcycle Frames
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The requirements for lightweight and high-
rigidity motorcycle frame involves substituting
aluminum for steel. As the material commonly used
due to its rigidity and productivity in the aluminum
frame, casting alloy must meet requirements for
weldability, strength of weld zone and anodic oxide
film as well as strength, toughness and castability.

This paper presents material properties of
the two alloys developed for use in the aluminum
frame: Al-Zn-Mg alloy that has high strength of
weld zone and good coloring characteristics of
anodic oxide film; and Al-Si-Mg alloy that has high
castability and still achieves good coloring of anodic
oxide film. These two alloys are effectively used
in parts of the frame according to their material
properties.
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Development of Aluminum Die-casting Frame for Motorcycle

(/N I B = Nt ="
Yoshinobu Sakuma  Makoto Nagata
= 5 ABSTRACT
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High quality materials and precise
manufacturing techniques are required to
produce mono-block die-cast large-bloc
components. This is especially true for components
with complex configurations requiring high
strength, as aluminum motorcycle frames. An
additional requirement for motorcycle frames is
attractive styling.

This paper describes the process of
developing the aluminum die cast frame with the
same rigidity and strength of steel or
conventional aluminum frames. This includes the
manufacturing process, optimum aluminum
material selection and frame design using CAE to
achieve styling compatible with required rigidity.
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¢) Aluminium die-cast frame
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Duralumin pipe (Head pipe)

Clamping bolts

Steel pipe (fitted with main stand
and side stand)
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A7003-T4 A356-T6 514-F A360Modify A360
(GDC) (GDC) (diecast frame) (die-cast)
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B i A 413 | A 380 518 A 360

roperties (A1S) |(ArSiCu)| (AlMg) |(AlSiMa)
Ultimate (MP2) 240 | 206 | 282 | 205
tensile strength
0.2% proof stress (MPa) 145 172 186 172
Elongation (%) 1.8 2.0 75 3.0
Shearing strength (MPa) 172 193 193 186
Fatigue limit (MPa) 131 131 159 131
Specific gravity 2.65 27 257 2.63
Melting point (°C) 580 590 620 600
Thermal condutivity (CGS) 0.29 0.23 0.23 0.27
Coefficient of thermal (yo.-v 214 | 218 | 250 | 220
expansion 20~200C “°*9 7| » 10-¢ | x 107 | x 10 | x 10

£33 HFA14HAXNTL—LDOIEERSD

(wt %)
Si Fe Cu Mn Mg Zn Ni Ti Al
85 0.6 0.1 0.4 03 003 003 0.1 bal
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Main pipe

Down tube
Engine

a) Conventional aluminium
twin tube frame

A

b) Die-cast frame
(Prototype model)

Clamping points

I
c) Die-cast frame
(Mass produced model)
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Development and Application of FDM Solidification Simulation for Castings
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Among the modern automotive material
technologies, casting, forging and new material
techniques are essential and have become the
focus of computer applications for numerical
analysis.

The authors have studied and applied
such material simulation to investigation of
materials processes such as casting and forging.
Among them the original simulation system
(SOLTON) was established as an effective
means of analyzing heat transfer and solidification
in casting, based on finite differential method
(FDM).

This paper outlines that original
solidification analysis by FDM and the original
simulation system of SOLTON. It also introduces
their applications as an example to aluminum
castings.
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ABSTRACT

The resistance plate used with contact
position sensors is an established technology
often used in electric appliances. The volume
component in radios and TVs is such an example.

Its application to automotive components
has an additional challenge of withstanding
rigorous conditions such as vibration and heat.
As the engine becomes capable of higher
revolution and higher power output, these
conditions become even more extreme. Under
such circumstances the contact position sensors
are required to have a higher degree of reliability.
The throttle angle sensors, in particular, must
have a high degree of vibration resistance.
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