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Development of a Solar Powered Vehicle
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Takahiro Iwata Hideyo Miyano Masafumi Usuda
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Toshiki Takahashi

Yasuharu Ishino Kazuo Igarashi
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1990 £ 11 HiZv—F—#—L— A, “World
Solar Challenge” W& R K& S N7z, =
WEA—A 7)) 7T KEZIL2 HFICHERTT 5.
SATRE 3000k m D#EEE R L — A TH Do I
THIHTo Ty KA ¥ TEN L7 “Dream =5
(. IR OB OREERRP B T — A D ST
SR EICBEMEREREL. £ v R—F Vb
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MERELTL—AIZHRA S, L— AT, BRES
Hrr DWW DR 2T HIERINTO IT— ik
FEHTELpo/zi, FAELIICF YLD
F—RELEREIAPKREN T,

ABSTRACT

In November 1990, the 2nd World Solar Challenge
was held in Australia. This was a gruelling race for solar
cars, in a course stretching for 3000 km and crossing
the continent from north to south. Honda’s solar car
‘Dream’ was designed to meet requirements based on
the performance of the winner in the 1st World Solar
Challenge and the local course condition.

In the process of achieving the total performance of
the vehicle as required, each component was intended
to meet a specific requirement in accordance with the
requirements of the vehicle.

The Dream ended up finishing the race exceeding
the targeted time due to the weather condition — in
particular, very high daytime temperatures. Still, it was
a significant experience, given the opportunity to lay the
foundation for the challenge ahead.
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Development of Free Machining Titanium Alloy for Connecting Rods
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A new titanium alloy was developed for use in the
connecting rod of the V-6 3-litre engine of the NSX.
The application of such material is unprecedented in
automobile production.

In order to realize its use in production, various
technologies were investigated. Among the techniques
established were those for free cutting titanium alloy,
B-phase high-temperature control, press forging and
surface hardening. All of these techniques combine to
make the production of a titanium-alloy connecting rod
more feasible than before, with more stable production
quality.

Another advantage of this titanium alloy connecting
rod is a 30% savings in weight as compared with an
equivalent one made of steel, thus contributing to an
increase in the speed and power of the engine and a
reduction of engine noise.
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Development of All Aluminum Body for NSX
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The overall weight reduction of an automobile has
been one of the major challenges facing automotive
engineers. Such a requirement has been deemed necessary
to improve an automobile’s basic performance, increase
fuel economy, and satisfy the recent environmental and
ecological demands to reduce emissions from automotive
engines.

The Honda NSX, recently introduced to the sports
car market, is equipped with a lightweight body and a
high performance engine. It is unique in terms of the
pursuit of an ultimate high performance car. A weight
reduction exceeding a total of 140 kg was achieved
through the utilization of aluminum materials for the
entire white body. There were several problems, however,
which required confrontation and resolutions prior to
the actual mass production and use of an aluminum
body. Such problems were mostly derived from the
characteristics common to aluminum materials.

This paper focuses upon the development of
aluminum materials capable of being used for the mass
production of an automobile body, the development
of the molds and forms used for production, and the
fastening technologies incorporated to cope with the
problems encountered.
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Pretreatment and Painting Technology for All Aluminum Body of NSX
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In the case of the NSX, an all aluminum body was
developed in order to create a lightweight vehicle with long-
term durability. To produce this all aluminum body, it was
necessary that pretreatment and painting technologies be
developed. This paper describes the development of the rust
prevention technology for the aluminum inner and outer
panels and the associated painting process designed to
achieve the high quality finish which a car in its class
demands.

The two major corrosion problems for an aluminum
body are filiform corrosion and galvanic corrosion. To
solve the first problem, a 6000 series aluminum alloy was
developed which had good filiform corrosion resistance
properties followed by application of chromium chromate as
a pretreatment for the aluminum body. For the second
problem, Dacro-coating was used as a preventative means.

A 5-coat 4-bake painting process including a water-
borne base coat process was established to meet high quality
appearance requirements. The water-borne base coat system
was especially useful in achieving high quality appearance
while satisfying the VOC limitations established by the
Environment Protection Agency.
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Making a lightweight chassis is an essential means
toward enhancing driving performance of a car. It is
especially important for a sports car. The use of aluminum
was investigated toward achieving this lightweight design as
is required in pursuit of sheer performance for the NSX as a
sports car. In line with this requirement, aluminum was
substituted as material for suspension.

This investigation contained:
1) analysis of rigidity of the parts as is required by
specification, and selection of an appropriate
manufacturing process for the parts;
2) the monitoring of corrosion behavior of the parts during
practical use so as to ensure its reliability after sales;
3) a study of the practical use of a new casting method which
allows production of high quality large pieces with thin
casting and
4) development of aluminum forging techniques based on
cold forging.
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Units AlNSX) Fe(Original Metal) | Weight Reduction
!mmmm‘ Parks News Jcar [ Process | Waterial | Weight(kg) | Process | Weight(kg) | Weight(ka) | (%)
Front Front Cross Beam 1 | Stamping| 5182 1.40%1 | Stamping| 3.36% 1.96<1 | 58.3
Subframe | Front Cross Beam Bracket 2 | Casting A356 1.90%2 | Casting 3. 922 2.02%2 | 51.5
e Rear Beam 1 | Casting A356 6.80x1 | Stamping| 11.0% 4,201 38.2
Sbfrec Rear Beam Bracket 2 | Casting A356 4.00x2 | Casting , 45X 2.45>2 | 38
Front Beam 1 | Stamping| 5182 4.901 | Stamping L 80 4.90x1 50.
Knack le 2 | Casting A356 1.90x2 | Casting 4.45%2 2.55%2 | 51.3
Upper Arm 2 | Forgirg 6061 0.81%2 | Forging 1.56x%2 0.75x2 | 481
Eront Lower Arm 2 | Forging 6061 1.76<2 | Forging 4. 612 2.85x2 | 61.8
. Conpl iance Pivot 2 | Forging 6061 0.87x2 | Forging 1.44x2 0.57x2 | 39.6
Suspension | oo iance [ Pivot Adjuster 2 |Forging | 6061 | 0.28x2 | Forging | 0.46%2 | 0.18%2 | 39.1
Pivot Bracket A Pivot Compliance . Forging 6061 0.33%2 | Forging 0.67x2 0.34x2 | 50.7
Comporent | Bracket B Pivot Compliance 2 | Forging 6061 0.78x2 | Forging 1.62x2 0.84x2 | 51.9
Bracket C Pivot Compliance 2 | Forging 6061 0.27%2 | Forging 0.45%2 0.18x2 | 40.0
Huib Carrier 2 | Casting A356 2.15%2 | Casting 4. 442 2.29%2 | 51.6
Rear Upper Arm 2 | Forgirg 6061 0.96%2 | Forging 1.85%2 0.89x2 | 48
.| Lower Arm 2 | Forging 6061 1.56x2 | Forging 4.08+2 2.52x2 | 6l
| Suspension e rol Am | Control Am Rod 2 | Forging | 606 0.20%2 | Forging | 0.46%2 | 0.26x2 | 5I.
i Component Control Arm End 2 | Forging 606 0.16<2 | Forging 0.34x2 0.18x2 | 529
Mt. Miss. 1 | Castirg A356 0.75%1 | Casting 1.25%1 0,501 40.0
ENG. Mt. Mt. Front 1 | Casting A356 0.65x1 | Casting 1.00x1 0.35x1 | 350
Mt. Rear 1 | Casting A356 0.65<1 | Casting 1.00x1 0.35>1 | 35.0
Total 36 — — 510 = 101.0 50.0 49.5
Origiral Al Parts — = 49.3 — 49.3 — —
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ITEM HOT FORGING COLD FORGING
Projection area | Small to large area Small area only
P.L. Plane and curved surface Plane and simple
(Parting line) fairly complicat curved surface
Draft From3to 7° °
Flash Generally Yes No
Deformation Material flows toward Material flows along
direction P.L. processing direction
As forged As forged is thicker than product| As forged is thinner
material thickness than product
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complicated shapes can be axis of symmetry is
processed. prevalent.
Lubrication Generally WET (graphite elc.) Dry (Bonde etc.)
Yield Normal Excellent
Productivity Nomnal Excellent
Strength Nommal Due to cold
processing,
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strength is obtained.
x5 HEBREDUWRFAM
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1) Deformation of Product daforms when its inner
lash is removed.
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S O
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Optimum shape design
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ABSTRACT

A new electric power steering (EPS) system has been
developed. It combines the latest power electronics with
high power motor technologies, and is designed to provide
not only enhanced stability but also improved comfort and
energy efficiency.

This paper describes the concept of EPS and the
structure of the components, and then outlines the control
strategies of electronics used by EPS. A comparison is then
made with hydraulic power steering when installed on
vehicles - both front-engine, front-wheel drive and mid-
engine, rear-wheel drive, weighing from 450 kg to 1000kg.
It shows that EPS contributes more to high-speed stability
and achieves better wheel returnability in accordance with
dynamic characteristics of the vehicle. Additionally, EPS
has achieved a 5.5% improvement in fuel economy.
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Development of Power Unit for Electric Power Steering
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A new, large-volume current control power unit has
been developed for the power steering of the NSX. This
power unit is designed to control the output torque of a DC
motor in the system. It also allows direct chopping control
of the motor with capacity of 200W, in accordance with
pulse width modulation (PWM) signal from a control unit
storing a computer.

This paper discusses the main technical challenges
which exist toward developing this power unit, and the
progress which has been made toward meeting these
challenges.
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ABSTRACT

A new steering sensor has been developed which can
sense steering torque and steering speed, for the power
steering of the NSX. It uses a differential transformer to
monitor the relative helix angle of the steering relative to
the torsion bar. It accomplishes this by measuring axial
displacement through the cam of the slider. This has made it
possible to make a torque censor capable of easily
monitoring trouble and providing optimum temperature,
linearity and sensitivity characteristics.

To sense steering speed, it uses a 7-pole DC
tachogenerator capable of quick power output without
calculation. This has resulted in a steering speed sensor with
good response and ripple rate. Coupled with integration of
the steering torque sensor and speed sensor with interface
circuit, a compact steering sensor can feasibly be created.
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ABSTRACT

An F1 race car must be made such that it is not only
fast, but similar to a passenger car. It must be such that it is
unstressful on the driver and easy to drive in commensurate
with his maneuvering ability during racing.

This report introduces the following: 1) the effect on
vibration level of a balancer, which was fitted to the RA10E
V-10 engine used in the 1990 F1 racing season; and 2) the
improvement in engine response resulting from changes to
the throttle system.
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Total Engine Loss and Engine Output Characteristics in Four Stroke S. I. Engines

JAN NI N

Shizuo Yagi
i F

Youichi Ishibashi

B It oy

Isao Fujii

AN

Hiroshi Sono

Kazuo Fujiwara

= =

AT % 5 2 5 [l EAT 8,000~20,000rpm
128 K539 300 #ERED 4 B A 7 VKL KRR
SRR (Pm ) 2 fEHT 35 Z £ 12K 5T, Pme
BRI FTRETL L OREZHO 2L, Pme %
Koo B FEER & MEST, Pml OEIKIZY 2 — P A b
0 — 74k, LR SR GEIC & > TERT 5
Z L HRIBRTN B,

WA, FBHEREDY 125¢c. 250ce K 1N 500cc D
M EHEATE 16 WO EIME VISR E b D
EERERIBE O S A A D RET S
EIEFERFHAERET) (Pmi™ = Pmi/(k (&)
n V)] HWCEEY 5L MBT 05803
& TORKAHE (Pmi* max) 1313 1F—5% (240~2.44
MPa) & 72 1) . Z OEIFIRIEME D 5 KD 745 1E
Pmi(Pmi*) & ZIEF—BT B2HLTH o 720 it T,
QA V¥a—%Y3Ial—3a ko TR
(n v) DS FHIH UL, Pmi*max & ) MBT ® 4
o L TORRPFYERES Pmi) ARKE D .
FEBRD 5K T S Pm % HWT Pme 2 Pl 5 Z &3
Heks Z b &R_TW2,

ABSTRACT

The total engine loss (Pm 1) of about 300 4-cycle
ignition-detonation engines, ranging from 8,000 to 20,000
rpm for maximum power output was analyzed, the results of
which will be discussed.

This paper discusses the formulation of a relationship
between an engine’s total engine loss (Pm 1) and its major
specifications, and the discovery of an empirical equation
which predicts Pm 1, and provides information which
enables one to conclude that Pm 1 can be reduced by making
the strokes shorter and by using multi-valve and - cylinder
designs.

By applying our proposal for modified BMEP [Pmi* =
Pmi/(k(g)-v)] to the output characteristics at full throttle
of high-speed, high-power engines, the following has been
found: Given the conditions of MBT, (Pmi* max) from this
relationship is nearly identical to its value as calculated
from the pressure curve (2.40 to 2.44 MPa). This is the
result of the study of 16 engines with low back pressure
exhaust systems, with displacements ranging from 125 cc to
500 cc.

It is concluded that given the volumetric efficiency
(nv) estimated by computer simulations, Pme can be
estimated with the BMEP (Pmi) calculated from Pmi* max
under MBT in conjunction with Pm 1, as calculated by the
empirical equation.
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) Number of Engine
T Vst N
n Cam Train nv st cc epsmax pm Types ot
: 2 50 ~ 360 11,000 ~ 8,000 100 38
1 Chain
4 50 ~ 650 11,000 ~ 8,000 48 20
2 125 ~ 500 | 13,000 ~ 9,000 27 1
2 Chain g
(In-line) 3 |250 ~ 450 | 10,000 ~ 9,000 9 5
Gear 4 125 15,000 ~ 13,000 3 3
2 2 375 8,000 2 2
(Vertical) Chain 3 400 ~ 1,100 | 10,000 ~ 7,000 9 5
4 250 ~ 675 | 12,000~ 9,000 12 6
Chain 2 350 ~ 740 | 10,000 ~ 9,000 12 7
4 5 400 ~ 1,060 | 12,000 ~ 9,000 24 14
(In-line) S 2 125 16,500 2 2
9 125 ~ 750 | 20,000 ~ 13,000 21 19
4 Chain 4 400 ~ 1,100 | 13,000 ~ 9,000 13 7
(Vertical) Gear 4 400 ~ 1,200 | 13,000 ~ 9,000 12 8
5(In-line) Gear 4 125 21,000 ~ 19,500 2 2
B(In-line) Gear 4 250 19,500 ~ 17,000 4 4
Total 300 155
n : Number of cylinders Vst : Engine displacement
nv : Number of inlet/exhaust valves Nepsmax : Engine speed for maximum output
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Pngocc V'S Dew/B (4)
Ebo b PmeidS & Doy DFHARIZIBFIL .
BB 5, 2 ZTYVS - Dew/Britictifi &

CYLINDER BORE, B (mm)

1-2 45EI T >0DPmL & B DRERKR

2T B

2.4, BELHRSE%

2.4.1. IBIELPERIIES (Pme®)

SAERIIEL (Pme) 1330/ % (VS = Dew/B) Ik
B9 2 HEZBRRNCTE D, COBRBELET S
oA NaO—2 (ST v 7y 7 MEGEE
(Dey) HA—EDHEIZ DOV THRE 1T 6

4-1(15M6E) ER4-2(45E)I2Pme &
VS Dew/BRALRE Ne /85 X — # IR, K&
DRE LEMOLE (K 0) 1L Ne TEALT 225,
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®22 SOXE

: . Number of )

Smm Bmm Dcm mm £ mm nvi dvi/B Engine Models Figures

41.4 ~ 495 47.0 ~ 48.0 21.00 91.0 1 0.489 ~ 0.542 5 Fig. 2-1
53.0 ~ 69.0 62.0 ~ 70.0 36.00 117.2 2 0.373 ~ 0.403 5 Fig. 2-2
£ 2-3 Dcy DEE

. . Number of )

Dem mm Bmm S mm A nvi dvi/B Engine Models Figures
21.0 ~ 23.33 475 ~ 53.0 45.0 4.31 1 0.453 ~ 0.500 3 -
21.0 ~ 28.67 47.0 ~52.0 49.5 4.18 1 0.529 ~ 0.573 7 Fig. 3
32.0 ~ 33.89 4 47.0~613 50.6 4.21 1 0.470 ~ 0.553 5 -
33.5 ~ 35.00 700~71.0 48.6 4.75 2 0.390 ~ 0.407 5 -

BORRERTERSE LD, Ke=CNe’+C, 728 7205, PmeIZ B A KITT ZOMOR T LT,

B 3700 o> T PmldkINTH 2 5N 5,
Pm2 =(C;Ne®*+C,) + V'S~ Dcu/B (5)
T BPmeE TR R L7(Pm £ / (V'S * Dew/B) ]
ZABIEEHRBIIEE Pme ) &35 &

Pm g *=C,Ne?+C, (6)
Ebe 22IT, CNe® & s kAFIE, C, & Bk
HELUTIZZENSIZOWTEZET 5,

2.4.2. [AEARAFIE (CNe?)
(DFREL C, & MR FAE (dvi)
2.3. TPmlEBEADEEFHITTOMBABREZ BT E

Pme-B o< S#
SINGLE-CYLINDER, Toil=80'C
Deuw=21.0 dvi/B=0.54 o
n =049~051 @
181
16|
E 14 L
E & oo
@ 12 Ne=""
o
€ 10 &
m
il (=60
g 8 -
o __'___'_'—'_'_'_'_'-‘i"
i Ne:.'-S.ooo
6 "

'35 40 45 50 55
STROKE, S (mm)

K21 BREI>T>OPmE B &S DOAR

Toils £ F7213 4 (=20 /S) K dvi/BiZDoWw
T—#3HVLERZEL/ZOT, 22TlE. Ih
56T & Pme *~Ne* JFEIC oW TEE T 5,

X 6-1(14%%/) &R 6-2(44%1H) DIz,
A& dvi/BAEZ 5 2700 Toil 28 60C & 80T

D4 D Pml *~Ne? Hi1k % 7730 Pme * 13 Ne? 1 2%F
L CHEEARI 2 BAFRIC D % o DB ETERO L)L
XKL IO FREL C, % Ne=0 @ Pmé * 1352 FUE
DC, DEZERL, ZILEDMEIZHEEET IV TE

NN Do 7 BIRELC, 1X Toll D& 2T 7w
Pm{-B o< SF
4-CYLINDER, Toil=80"C
Daw=36.0  dvi/B=0.40 &
n =037~039 @
26
24 .
22¢ s ol
E 201 o NB.__:QODO
£ 18}
o o 3
e W o "ffd(goﬁo
o 12} B
5]
E 10f el
N NB53000
8 L
45 50 55 60 65 70 75

STROKE, S (mm)
K22 4KEFIT>DOPME - B &S DR
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Pm¢-B//S (MPa-mm°s)

Pm¢-B//S ©< Dew?
SINGLE-CYLINDER, Toil=80°C

S=495 dvi/B=056~057 ®
v =053~057 @
10 B .____
9 - r,‘».""'
@ _n000
8} T o
_¥=05
7 I T
- __—®
e ne=29°
6 L
R
5f —5
o ne=t®®
4 ,',/13”
__/""’F’ﬂ; 3000
o We=""
3 L

20 22 24 26 28 30
EQUIVALENT CRANK SHAFT
DIAMETER, Doy (mm)

3 BEJEICYLDPMLBYSE Doy& DRR

TOTAL ENGINE LOSS, Pm¢ (MPa)

0.4

0.3

0.2

0.1

Pm¢ OC /S-Dow/B
4-CYLINDER, Toil=80°C

S =506 S =500
Den =339 Dow =32.0
o A =421 A =426
Nyi =1 Nvi =2
0.353
0470 0431 0325 e :Q‘ms
dvi/B ® u,‘f; ~ W
=0.498 1= _oo®
B ; +é
xae*gdﬁ
T
B _‘{._,;-—"’” :Zi";o:zﬁ5
',)/‘029‘5 6000
- Kf.."’ ' we
“345900'
d____d_F-—-(}‘“ 205
'{}fgooﬁ. =0
’.,,’4."‘; f 50.205 Ne=>
Ne-:—?:.(ﬂ}'
|— L L L L '
065 070 075 080 085

V/S+Dav/B

42 ATEIT D PmML &V S-Dey/BEDEER
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Pm¢ o< ¢/S-Dev/B
SINGLE-CYLINDER, Toil=80"C

S =495 dvi/B=054~056 ©
Dew=28.7 n =051~053 @
1 =418 n =048 =

04y

0.3}

&
0.2} e ,.J"' _o3

TOTAL ENGINE LOSS, Pm{ (MPa)
%
3

055 060 065 070 075
/S:Dow/B

41 BREITL0PmML &Y SDey/BEDRER

K£(Ne)=Ci1Ne2+Cz

Neyl| S | Dew |C1X10°°| C2 [MARK
1 |495/287| 300 0200 O
4 500820 290 0180 @
4 [506/339] 330 0175 ®

1

0.6

0.4

Ke

03

02l @

3 6 ) 12X10°
ENGINE SPEED, Ne (rpm)

5 EAIRE (KL) & Ne EDREFR
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L EAI/BIRENE CIINEL D,

L2 LZ DB dvi/B D AR E WV, fiE> T
Vi lZFEE L LT OMET21T9

7-1 (155 LR 7-2(45f&5) 2R —E TV
(B, S& Dey 8—%E) TAvi B ELR LEEIZOW
TRTo B4 EFVOEDS dvidSK, T 72b
HAvi/BSKEVE CAVNEREE AT EWD
73% DO 7-3 1% S, Doy & dviDF—ETBH»ELR S

GERT 2OL) BHAD dvi/BAIKEL R

Z> ECAVNEREE Do 2TNHDFEDPS C TR
YEY O ACERLTWD EE R LT oES
24790

(2)FIFERAFIE (CNe®) & F > ¥ v 7 i A (Pml)

AH A4 7 VEBOR Yy 7a A (Pmlp) 3%
LRDFE FrEd & Ry N REOEITEI N UHE
FAROHHEIRILOR L& 2 5575, RFEERT WOT
THRR 2 BFEOSEMD L L TIThRTW A 720
WSS DIETIFBRALRL & Z 2 5o
Ry MEE Y 2 IEEMmTESE T Y P e &R
SET A EEFBRIIFIIE O ZFIZIBIT S,
Heywood 2°/1% Pmép % K\ TH 2 T\ 5,

Pmé*= Pm¢e /(/S-Dcw/B)
=C1i1Ne?+C2 Nvi=1>
SINGLE-CYLINDER Toil=60/80"C

Vst .’S EEm’B i/ A ClX'IDS C2{60/80°C) 60/80°C
1241 0.667 0531 413 2.80 02200190 O/®
3591 0563 0463334 5.65 02100130 [o/e

Pme* (MPa)

X 72 8 97 107 1#x108
ENGINE SPEED?, Ne? (pm?)

H6-1 dvi/B, ANEELEIEIEILILD
Pme* & Ne® & DREFR

7
Pnlp = o — (pv +VseNe/lo ) (7
mep 22{7}\» se*Ne/lc D® (7)

73Ry M OB
L2 L% WOT CL RNV TIA I 7%
5.2 Ty v 2B S0 HE0BERE D 5RO
72Pmlp IZE8II/RT L 9 12 Ne S—ETH UL
WZBIR 7 S BE—EDH L 7 2B h o 72,
e TWOT TEV i v DHFED Pmlp (3RATES
CENTED,

Pmep o« (VseNe/le )? (7)
o T Vs/Zg ZRANTH 2. (VseNe/zg)* & CNe?
DR TR 5,

Bz« S B BxS
avi e Cvi e dviz  nvixKviXdvi
C IS OV IR (dv) D Zg 2RO DIGED
WIEAREC, R L K7 B) THAESNS
FFEF A (dvit=KviB) & dvi D I (dvi*/dvi) TH-
Z 5o 2B Kvi 3 AL (nvi) THF 225 T
H5o

SHuovi=1(27AR) & 2 (47520 O
DC & (Vy/Z) OREEE 9-1 &£ 9-2 1R T,

Vs/Z ¢=

Pmé*= Pmé /(v/'S+Dcu/B)
=C1Ne? +Cz2 Nvi=1>

4-CYLINDER Toil=60/80"C

Vst |[SDcwB dvilB| A (Cix10% Cz{60/80C) |60/80C)
34?0 0.851 0553 426 2.90 0235/0185 0/ @
7365 0.781 0525(368 4.00 0225/0190 © /@

0.6

‘
\\

0.5¢ &

04r =
r/ﬁ/,

03} ,//ff'.f/'
02l f"/.

D2 425262 72 8 97 102 1#2X10°
ENGINE SPEED?, Ne? (rpm?)

\,

Pme* (MPa)

M6-2 dvi/B, AW ELDAREILILD
Pme* & Ne® & DR
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Pmé*~Ne?
SINGLE-CYLINDER dvi/B <Nvi=1)
B X SXN=39.0X41.4 X1=49.5%

Dew=21.0
0.5 ;™-440 /'
;“f ./'/;:“”/‘
04 - =
» oy
€03 / dvi dvi/B Cx10® Ca MARK
o AP 19.0 0.487 2.80 0230 @
0.2 210 0539 240 0220 @
230 0590 225 0235 O
25262 72 8 92 107 112X10°6
gx8>33=56.5x49.5x1=124,1°° //
057 3*Tie o
i o P
g o
S 04} v
8 Z
E 0.3 '],/f’ dvi dvi/BIOXI07 Cz MARK
u»/‘ 275 0487 3.40 0190_ o
0.2 29.0 0513 3.00 0190 ®
30.0 0531 2.80 0210 O
246762 T2 & 9 1020 11x108
ENGINE SPEED2 Ne? (rpm?)
7-1 BSRUDyHP»ELL ViEL S
HEEILTL0PME & N & DR
Pm{ *~Ne?
SINGLE-CYLINDER dvi/B <Nvi=
S =578  dvi=300
Dew=28.7
071 A =358
p
- 0.6 v
n_ el
< osf /
-
£ 04}
o
0.3} Vst [/5Da/B[avi/B [Ox107 | Ca | MARK
[155.4/0.696 0513 3.80 |0.180| O
0.2 180.2/0.646 |0.476| 4.15 0180 @&
194.8/0.621/0.458| 4.55 |0.185 @
22 4265262 72 82 92 102 112x10¢

ENGINE SPEED? Ne? (rpm?)

7-3 S, Dy RV dvi vE L <, BVELE B
BAREI Y0 PML E Ne® & D%

Pme* (MPa)

- 106 -

Pmeé*~Ne?

4-CYLINDER dvi/B <Nvi=2>
B XS5xN=55.0X42.0 X 4=399.1%

Dew=30.0
A =455
06p L4 4
e
0.5 '
0.4 : dvi_ [avi/Bloxi0? Ce [MARK]
f‘% 2100382 240 0215 @
03" e~ 2150390 2.20 0210 ®
mﬂf_@ 220 [0.400 210 |0.210] O
[T L L ' L L L | L J
4262 8 100 122 142 162 X108
BXSXN=55.0X42.0 X4=399.1%
Dew=30.0
A =513
D6F 5.3
0.5
0.4 "["avi [avi/B[CX107] Cz |MARK
1205 |0.373| 240 [0.210] @
0.3 215 [0.391/ 2.30 [0.205| @
225 0.409) 2,10 [0.195] O
46> 8 100 122 142 162 X108

ENGINE SPEED? Ne? (rpm?)

7-2 BSRU Dy PELL k PEL S
AREIT LU DPme & Ne? & DR

na_i 0.051
g ') ()
F O s 0
o 0.04 o ~ Ne=7,000
=
o .03}
g
9 0.02}
0] o O Ne=5,000
Z 0.01f
o
% ol 0 - Ne=3,000
o 80 90 100 110

VOLUMETRIC EFFICIENCY, 77 (%)

8 WOT CELBNILTEZAILTREZ
nv #Z{L L =BE0 Pmep & nv DRk
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FBITE A AR % 5- 2 5 [n§%L (Nepsmax)
W BRRZ: < T O BN IR TE R 22 BIR A S 1) |
CldkXTHZ 6N %,

C = ¢1<Vs/zc)2 + ¢,
$,=60x10"° MPa/m‘rpm®
$,=11%x10"° MPa/rpm®

ThbH CNe® 1E (VeNe/Zo) * I BT 218K
(Pmép) & Ne* IZLBI$ LD TR I NS, 72
BE 10-1 (Vst = 125¢cc) & 10-2(500cc) (2R M5
e S L7258 D (Vs/Zo)* ~DREH R,
L5 H1bE %I bid Pmlp O3 L CERIT

MPa/rpm*  (9)

X107 _
60T Nvi=1
Cr=¢1(Vs/ZoP+p i
i $1=60x109 ’
b @2=1.1 X109
50t
__ 451
g
o) 40}
©
o
= 35¢
O
3.0 2 :}Q O SINGLE-CYLINDER
fred ® 4-CYLINDER
25t 9/
20t 7
1.5L

0.02 0.03 0,04 0.05 0.06 0.07 0.08
(Vs/Za)? (m)?

9-1 MIJAHN 1 DIBADOEERKFED
REL(C,) & (Vy/Z5) 2 & DRITR

003, 3 Vst=125¢cc
% 0.02 5
e ®
0.01f
e
‘\-\.\_\_‘\\-‘!

1 2 3 4 5
Number of Cylinders (Ncyl)

10-1 ZREIED (Vo/Zs) 2 NDEEE

HHLFN DD D,

2.4.3. EHIE ()

EHIH (C)122 4.2 D 6-1 &£ 6212177 L9
VU IREE (Toil) TZEALT %0 4 PmiD &7 —
5 753K 7z C, OBFES i % Toil 7560C & 8T O
BAEIZOWTR 11 1R T, 60C 1d 1 Aff e 4505
D% 80T I35 &R & Z D FEZRL T
VB AREBIIE RIS L A RERMEII R S e v, T
HHEFIIES LDV 7K TIZ C, 13 Toil T
FHMHETH B 7% BEEMEEE (v) & C, D
B Tz & 2 AT E OB MEE R 7 B4R

%109 Nvi=2

8.5 Ci= ¢1[VS’ZG)2+Q§2
$1=60x10°

50} $2=1.1X10°

45}

4.01

3.5

C1 (MPa/rpm?)

3.0f
2.5

20} g"

150

0.02 0.03 0.04 0.05 0.06 0.07
(Vs/Za)? (m)?

9-2 WIFAN 2 DIFEDEEGHEFED
RE(Cy) & (Vo/Z5)? DEATR

0.04
Vst=500cc
E o0.03}
Q)
N :
£ 002 \
\H-,,_EH_ —
001t T
1 2 3 4

Number of Inlet Valves (Nvi)

10-2 ZRIED (Vy/Z5) 2 NDEIEE
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FREQUENCY (%)

Pse & Psf (kW)

35 @ ALL ENGINES

30
35}
20¢f
15

10

X 11

25¢

20t

15

10

Toil

=80"C

@ SINGLE-CYLINDER
@ 4-CYLINDER }

O ALL ENGINES
=80°C

014 018 022 0.26 0.30 0.34
CONSTANT TERM, C2 (MPa)

F 1 ViEE 60C, 80CDIZED
C, DIRER

Vst=125cc

MARK  |Ncyl| Nvi

[ MI-1]C] 1 |1 /

=&

Ri1-1 || 2

-2 || 4
i| a4

-4 |@®| 5
Neyl:No. of cylinders
Nvi :No. of inlet valves

Pse

Ri1-3 Ri-4

"2 4 6 8 10 12 14 16 18 20X10°
ENGINE SPEED, Ne (rpm)

12-1 SREBHIPELSHEBERE 125
HERI D A4

DB Z W0 T,

Thbb

C, = 00011 v + 0.14(MPa)
THz2 50, ExX%FWC Tol 360C & 80T & C,
R B & Fe 20225 & 0185(MPa) & 7 0 BHEE 544
DIFBENIDT S Cy & I —FT 5T &
BB

3. WB LN FIH
31. BAHALZhESABEEN

PRI D I3RS E (Vst) o IEMFEERIE T
(Pme) & [I#zEL (Ne) 1ZIEBIT %0 L LARAT5 H
FEZ Vst # K& LTH ., &fBIHEL (Pme) A3
K9 %728, Ne DM OV AR A ) (PSemax) (2 BR
REET D,

Pme & Ne % =8 % IZISFARAY 72 Pm e & &
WS OMERF E RS MR IR S v,

n vITEHEERE (Vo) 4720 L ok EWRAERDE
RS (Zy) %2 & VIRBDNCH B0 Zy/ Vs 1ZY a —

Vst=500cc

100 . AR paa

|_MARK Moyl Nvi i
1
,.I_
80 2
2
4

e Ncyl:No. of cylinders
g Nvi :No.of inlet valves
< 60
@
o
-]
[1)]
73]
o 40

20

ol —

2 4 6 8 10 12 14 16 18 20x10°
ENGINE SPEED, Ne (rpm)
12-2 IMRFABPEL 5 HHKE 500cc

HERE OO 4514
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A MO — 2712k B3R E SRR SRR
WCEDKRELEDLIEDTEL, B FDn v
DHEFH IR R TEH 2 SN B | TEEEAR
M) '7A%05 & 7 % gL (Ney : R EIEEED) 12
THEE 72 B0 ZOMI p v ZHERET 5 121E, Wik
LI OMEELRVEE KD SN D LFl, LafE
LI RDOEMEEIEEIRL . SNV T T Y TR
Oy v ARG IR EL (Nej, Neg) & 5 O1% 5% D
TRIENTH 5o

) wp Ap 1 Ne Vs
= r== . = () @
= T Tl 0a ) W
By
New =30+ ai-Mi (—)
Vs
P Y b v
al R AE N

Ap YA b WA
Avi IR ITIHIRR
Cmi WIS O h AR %

KIGHHE

R

<
w

S-Dcm/B
© o o o
o o N

L}
-
b
))
Qu
\:J.

L9 N fery Neyl:No. of cylinders
: Nvi :No.of inlet valves

& - o

Ci (MPa/rpm?)
(]
)5\
=]

NeL (rpm)
®

X1(_)3
22 By o
18
14_ _é’_}
10l

Nes (rpm)

8 10 12 14 16 18 20x10°
Nepsmax (rpm)

13 HEFMEGAKENEERS
EER & DR

Zy = Cmi+ Avi * AT A XN BFLIAIFE

Bt - TR % 5 2 4 Al§n$ (Nepsmax) 13,
Ne,&Ney>Nepsmax & 72 5 & 9 ISR % 1 BE T
5o

12-1 1% Vst=125cc TEA L L7205, K122
12 500cc TEIMML L 72856 ORBFEE, $74b 5
IEBRH T (Pse) & HRIIETT (PsO) 2R $ . = 8.
INHDOWEBEDFHITE R I ITIRT .

225 & £ LT PseDAi# & Nepsmax D
FEALATET B 4, D Psmax A% Nepsmax (2 Hefl L CHg
KLTHDLHP TN 5,

SR IR TR S b B R OBRSE
# (Ney) &N ZABHIG RIS (Ney) e OVRITEE
DFETCRE (VS Dew/B) & MR IH D4R % C,
& Nepsmax OPfRA/RT EX 13 & 72 5,

VS e Dew/BE CAVIE { Ne, & Ney 2%V > & Neps
max % H { RETEX L2HNGH 5,

FETCREDN, bbby a—bAba—2 &
T5 LR 14 1RT L) (AR 2 R (Pmd)
PRTT 2. F20GEEIIRMLE LT
7/ Vs # REL ENBDT, Ne D b e k12 C
NS b b, PmUDEAE S5,

PLEER$ 5 & Nepsmax OEnd#fbidy 2 — k2
ba =274k, £k, LEFEIT Zy/ Vs 2K E L
EDLZEIZEoTERENS,

No. of cylinders / No. of inlet valves

0.5 Ne=18,000
®

/ 21

/ Fe)
. H a2,
0.4 _‘_“““'-—.:} 4/2 '.\;'-;'
¥ a2
@ Ne=14,000
4/2,6/2..
fes|

TOTAL ENGINE LOSS, Pm¢ (MPa)

0.3 &/2 4:4.-"'.: /;}
T i
# - 2 i
52, o8
& g > Ne=10,000
0.2 g
0.5 0.6 0.7
. S+Den/B

14 Ya— bR bE-7{LESREIEL
i%é@ Pmg &v Sﬁcu;’E&@Eﬁﬁé
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®3 HERIRET S AR

BxSxn=Vstoc |/S-Dew/B| e |dvimmxnvi| ZeVvsem! | Neupm | Nesmpm | Ci x 109 b b MARK
Nepsmax pm | Cr x 10°9 Ca

565x495x1=1241 0.667 92 30.0x1 0.0196 10,000 12,700 | 2495 10,000 2.85 0.210 M1-1 O
565x495x1=124.1| 0.667 | 95| 220x2 | 00210 | 10700 | 13.900 | 262 10,000 | 260 0.200 |mi2 | O
440x41.0x2=1247| 0713 |102| 19.0x2 | 00282 | 14900 | 16.400 | 185 | 13.000 2.00 0.240 |R1-1| €
3526x32x4=1250| 0665 |105| 150x2 | 00435 | 22,200 | 18,600 163 16,500 1.65 0.210 |R12| &
35.26 % 32 % 4 = 125.0 0.605- 96 Ts xz | n.bE—. _ars—an_ __2_1'.000“ _T&T 1 1_3.51_10 1 .1.65 0.215 | R1-3 | ¥
5.5 25.14 x 5= 1244 0.489 [10.7| 135x2 | 0.0165 | 23,700 | 24,000 1.51 20,000 155 0.200 |Ri-4 | @
60.0x440x2=2488| 0620 |11.0( 230x2 | 00255 | 13,000 | 14.700 2.34 12,500 2.35 0.255 |M21| & |
485x308x4-2498) 0634 |109| 195x2 | 00363 | 18800 | 17.800 | 176 15,000 1.70 0.245 Mziﬁ
440x41.0x4=2494| 0664 |10.1| 195x2 | 00357 | 18200 | 18.200 1.90 14,000 1.95 0205 |Rz21 | ®
[39.0x348x6=2494| 0603 | 96| 160x2 | 00332 | 20,000 | 22,800 1.77 17,500 1.70 0.200 |R22| T
41.0x315x6=2496| 0534 |11.1| 165x2 | 003%6 | 20200 | 22,000 1.67 18,500 1.70 0.200 | R2:3 -Q}
56.0x506x4=4985 0740 | 90| 275x1 | 00175 8,900 | 12,000 3.37 9,000 3.60 0.200 M31| G |
56.4x50.0x4=4996 0720 |12.0| 310x1 | 00212 | 10800 | 12,200 2.87 11,000 2.85 0.180 |M32| &
57.0x48.0x4=4896| 0665 |11.0| 230x2 | 00255 | 13,000 | 15800 2.45 12,000 2.45 0.180 | R3-1 | & |
615x42.0x4=4992| 0632 |11.5| 240x2 | 00294 | 15000 | 16300 2.18 14,500 2.15 0.180 | R3-2 | I
66,46 x 360 x 4= 4996/  0.571 | 12.1| 195x4 ' 0.0408 | 20,800 | 21,800 1.81 19,500 1.85 0.240 | R33 | &

3.2. BIEHRRFEHERES

3.2. 1. BRI ERES (Pmi*&Pmi*)

PR O I IERR I TT (Pse) & IERSEIS A
LT (Pme) & — IS FTR T 2 05, HEBH OFFiffilx
Pme |2 OO EHRBITELSE (Pme ) % & L 721K
SEIGANES] (Pmi) 2> FEERRX A S 3KD 72T >4
> TV O Pmi(Pmi) % IWAT) NETH 5, L
AL 7%AS Pmi i3AFEREE (n v) AR L TH- T
b EAE (e ) Z2RRI (A/F) R OSHKIR (0 ig)
LV RLL o T.BOPIRKELRD
A/FLOignd b TRD/Pmi%k. ¢ DEETH
b (e)b, ZOWD nv THELIASIETRESE
MES Pmi®) ¥ % FGTEHIiS 2 2 & 218 %5 %,
T4bb P IR TH 2 5N 5,

Pmi*=Pmi/kCe) s nv 12
h
k(e)= i
1
l_ —
£
o (Lf_' vy b= 7 NVD
e e B
k = Cp/Cv i i

3. 2. 2. &R L D SR BIETRR T
A#ET] (Pmi*)

FHERE (- 3) M Pme 12FEBRIL L D ked 72

Pml ZHE L7z Pmi & npv RO Pmi v e «(e)

TE o 72 BIERR A RIET) (Pmi*) 25 15-1
(125cc) & 15-2(500ce) 1277 o T2 & AT
#5.2 %l (Nepsmax) 2% 12,000~19,000rpm
L L —2 v 7B (R R 12000rpm U
OEFERKM GLEs M) L WKy v (nvmax) KO
K Pmi(Pmimax) 258  « 22O & EBEOZNE D
AMEDIERE L\ Z E D502 5 o RIS Pmi* (27 H
T2 EHFEOHEE n v IR RV AR T
A (Pmi*max) 254 H LT W55, BEDOEE
137 v max OREEE TRAEE 2> Tnb, F1
13 R BRI AV I C M AERIIZ 1 v max T,
TR ERD A/FE Qg G 26N TnhBb720
THb, % BMED Pmi*max 1TMEZE L <, 240~
244MPa L 72 5 T %o § b biERE S DK
WALATET H N TV 2551 Pmifmax [3—F O &
b

3.2.3. {BIEMND & RO 7B IEFR R E R

7 (Pmi*)

RITH I, Bl TIARI O WOT CHIID R & %
2385 D B & TO Pme 12 Pme # 15 L, kK
728 1E Pmi(Pmi*) (IZDOW TR RT & 248, 22T
(A R e T OHRIEME 300 1 7 )b 7p 53K
DIAGRTIEEN O T ¥4 > 7Vl (Pmi)
EASIE Pmi(Pmi*) 122 W Cili %, 4 B, Pmi i
FREHR - DL « % - WIRTTR O IEOH %

- 110 -



HONDA R & D Technical Review

Vol. 3 (1991)

RN SRDIZETH 5.

FEHERI M1-1(R3) & v, SEES: 2 4 2
PERRYT A L o oBns ) 2 234 ¢ (EBH:
)75 130 ¢ 7.0 ¢ 45 ¢ &L
BIZOWVTIBEMIE 27\, Pmi £ KV E 7O

Vst=125cc
S TOBBEG O EGE e

M2 £ ¢ D
23 e o s B2 R1-3R1-4

Pmi* (MPa)

2.1
120
100 o
gol  Too

16,
1.4
1.2
1.0

Mi-1

> & Rac® ﬂ:,“o

v (%)

Pmi (MPa)

2 4 6 8 10 12 14 16 18 20x10°
ENGINE SPEED, Ne (rpm)

15-1  Vst=125cc #BH D Pmi*, nv, Pmi 454

234 | O |

25
23§ 8 000
21
1.4
1.2 BB
1.0%

Pmi(MPa) Pmi*(MPa)

8

90| g
80
1.2
1.0
0.8l

Qi O

(%)

Pmip(MPa) Pme(Mpa)
\

6 7 8 9X10°
ENGINE SPEED, Ne (rpm)
16 HIRRY 1 L > HEIREE&) v 23.4

& 4.5mm DIFEDIEERRK D 53K 7=
Pmi*, Pmi, Pm&p & =l Pme 43%

2 (Pmlp) %K 720 Z DEEFFFIZ 7 v & Pme Dl

EERATo 720 SREMLFFE L LT, &Y £ 234

¢ GL50O) & 45 ¢ (B)DHEEE 16 127”7,

K2 5557025 XA LU icikh =5 2, #E

FErEdbe, n viIMKTT %720, Pmi 2MKT
Vst=500cc

[4)]

[ Mag & @
@ R3-1

M3-2  R3-2

= ;*g.:— B o0
o

R3-3G

nonon
W

Pmi* (MPa)

2 4 6 8 10 12 14 16 18 20x10°
ENGINE SPEED, Ne (rpm)

15-2  Vst=500cc #BAD Pmi*, nv, Pmi 4F14%

L. MR ERORAIC & ) Pmlp ASHEINS % 7250,
Pme 2MEF L CW5 2 EWGH 5. Z DML Ne
WEL R HREETH Do Lo LD S Pmit Fiik:
WZERT 5 & v AN AL HIE T
12 (O, O)EEEL <, Z DMl 240~244MPa & 72
5o
B KNI 1EA3234 ¢ & 45 o DFENE
ND Pme |ZE—41) ¥ 7EETRD Iz Pmb iR L 72
Pmi* 7t %5 (@) CHEHIRL TH S, i
DA D Pmi* (@) IFREAR A 55K 72 Pmi* (O)
EMEEE LW E 2o TV A DEE DA D Pmi*
(D) TIHHBERK 2 HRD 72 Pmi* (D) £ 3 L <
o TWbIENTghhbe ThbbIFEIMEL .
Pmép AMEWHEL A DY A3 Pmi* & Pmi* ASHEEE L
WS, HEEDSE WA R B,
WIZHERI R3-3(F 3) & v, miak & [7] L4tEo
b LIIRERIE 24T\ BRBEE ISR & e B &
74 (Opmax ATD.C) DHEE L, fpmax H°

- 111 -



494 7IVRIERNEROLEREERL N

x4 HERIRETT CHEMEfE

BxSxn=Vstcc +/S-Dem/B € |dvimmxnmvi| ZE/Vscm' | NeL pm Negmpm | Ci: x10? | Nepsmax rpm MARK
55.0 x42.0x 4 = 399.1 0.627 120 21.0x2 0.0312 15,900 16,000 2.23 14,800 O
700 x48.6x 4 = 748.1 0.589 11.0| 28.0x2 0.0271 12,800 13,900 2.49 11,000 (5]

5 LWIREAR R &3k 72451E Pmi(Pmi* 8 ) D% 25

AR & LT Ne=14,000(0). 15,000(D), Foal oat3¥d¥Y

16,000 (D) K T 18,000rpm (@) D54 & B 17 12 S, @ 00970 oy
- e o

o A5 0 Pmax A512 £ 1 deg |44 LT E agl O

% Ne=15000 & 18000rpm OHyEO Pmi* 6 132 LAS ol ﬁ%y%g;g
B SRDT W v TIVEIME (Pmi) A b _ 15,000 | 0 | 244
¢ OPmax 7% 12deg Bi XA Bl S 53 LTV 8 40r 80006 Tas]
A1, Pmi*0 OZALATRE | Pmi* ARV E &

BoTWBI ENGD. 1O b bl ki
LA THEE MR V%R T MBT o &b & T
6 Pmax 750 12deg |2 8P 554 L T\ % 354 O Pmi*
max 13 240~244MPa OFEFHIZ & 5 HD D B o

301 Q
o R
] o 0.4 -._. f-L\D

oL “w

FREQUENCY DISTRIBUTION (%

6 8 10 12 14 16 18 20

3.3. R A DOFHE & TRl dpmax (ATDC,deg)
2 FEDEHEEES: (Pmo) %3k A FEE & 353 17 BEBEHPERAELD T LI
DIRKRIEEIRR I RET) (Pmi* max) & VT ( % grrrzx) DIEER UG % Pmi*o
D 4F

PSSP ORI ORI RE L % B0 T b B
WA ETT (Pme) 12 Pme Z /1% L 72 Pmi %
Kk (e)&nvTELE P IZHIIdRKE A5
B b & THRAME Pmi* max) /R L. ZOMHIZHE Computer Simulated 7v

240~244MPa & 7 5 EERIHEE LY | FSE L g e
FERGOO M Pme & Pml KOy v 5 Pmi* 23k Fid & %0
Pmi*max & Hid 5512 & o THEEAOLE S = 70
BAMETE 2, X Pmo OFE & B % T 2 __ 1 Calculated Pmi
U2 X o THMO RS OH R O Pml OEHO ";
SHAETUNCE D, —H, FEIa—Fva z

o

I L= a YOREIPE, WHESCR & BB O
TEH 5 n v ~Ne B2 REE & {FRlT 2 2 & A5
HE & 70 o T & 720 G- CTHHIBER O B SE 1 m BL Ry
T Pmi* ORI IAME (240~244) & n v& 5
ZAHEMBOPRKRERDEMHEDOL L TOPmi &
KODHZENTE, Pml OFEEX A S Pmo ~Ne
RO AU TERREE A RES) (Pme=Pmi-Pmé) % F
WEHZENTES, il ,
LZzp—flk TR 4RI IOV T 34567 8 910111213 14 15x10°
R FIECHEC, 5 v Pmi & Pme & Fil L. Pme ENGINE SPEED, Ne (rom)
RO L 18 DIHMD L) 127 %0 LB PmlL 18 Pme Pmg OF Il & EBIED LL#

Pme (MPa)

Pm2(MPa)

’ L ._'—"-_-'=":

- 112 -




HONDA R & D Technical Review

Vol. 3 (1991)

Pme OFHMEDTIE Pm e BB 72 - T, EE (C,)
% 0.185~0.225MPa L ARGE L7272 THh Ao 4B
Mo 7ay b (OL @) x4 DERMMEZE R
Fo Ji IEREL PR L A CHBNE & FHEMEA 3 L
TWB I EDTD 5,

4. & i
PR R A /AR R ORI % 52

BEMEEA R BE—Y —F A 7 VHAY A 7V

KACT KA D WOT O¥E O LFBEL Pme) &

HDASIRR & 70 5 28R I (A/F) & KB (MBT)

252 TS N BRI ARIETT (Pme) % fF#AT

T5Z LI Lo TRDEE R TS,

1-1 28RS (Pm e ) I 3#8BFETCAR % (S+Dey/B
& HeBIAREL (=47 38 (C\Ne®) & %250 (C,)
OHIDOETHEEN D,

Pmg =(C,Ne®*+C;) * V'S * Dcu/B

12 [AEEARAFEHORE C) XL AR (Vo) . AT
BHITAIRE (Zo) RO 2 DD ZFEH ¢ v ¢, T W
3

C,=¢,(Vs/Z)? + ¢, THEREND,

13 ¢ ¢, 13 7 FRDBHE WAFE (avi) 12
& B MHIE 24T 2 X U B 7 < — 52
DiEE %D, bbb

$p,=60x10""  $,=11x10"

14 EEIE Cy (LB HENRGEE (v) TEILT 528

T ES S N-RERE T
C,=¢s v+, TEEND,

2 ORI % 5 2 5 AlEEE (Nepsmax) 2
0 5 720120% WA OB B T (Z;)
EVs DL (Zy/Vs)  REL ET L,
X a— MR bo—21k, £L. L5fEL
WX > TERT S,

31 MBT OF&HBHD b & TRIEMK D 5RO 7-FrR
SPIEMES (Pmi) % it (¢) DB T
b (o) LBERE (n v) THRLABIE
Pmi DO AME (Pmi*max) lZM— 7= DE (240~
244MPa) & 72 %o

Pmi* = Pmi/[ k (& )+ 5 v]= Constant

32 HESHREDO DR WHERR T L ORI Pme (2
Pm ¢ F N L 3RO 7251E Pmi O A (Pmi‘max)
1% FEEO Pmi*fmax & BESE LWy,

41 e THERIBAZERE, 5510 Pme & Pme KON nv 2
5 Pmi* 3K, 5 Pmi*max & 442 &
& o> TR ETFEZ IR T 5, X
Pme OFEWPME & FHREME T A2 L12k -
TR O R FE OA R O Pm ¢ AKIRO 43 % T
HTXx 5%,

42 FrBEBE O BSSETEEFE T n v FEESS T
T&EHIUL, MBT S0 b & TO Pmi 23k 5 2
ESTE O Pl 2 FMTAHZLIZL T,
Pme #3R&D L T LN TE %,

%Y

e A A 7V SIHRBOEHBEELTE L O
B R REEDZE DIERTIZA o 7205, FENT I B 7
FEBIFETCASTC T — & IZRLER S ML T W R WA RIERL
WZ#ED o Tz, L LAY 1985 4F & ) RE %
ANTE D2, £ 2WEOT—¥ 7714 )L
5 EREBER DMESRD IR 7 — ¥ DI
ATV, KIZ 300 TR IC e 2 S ORI O T 3%
LR NEE b L ISHEICA - 72, ZOBREED
BTG & T — & B £ THY 2 4EH FRRARE
DKL IFE, RIREEDF 412 2 TH 72,
Z D%, BEHT L R EE &I 1988 45—
ELT

Total Engine Friction in Foure Stroke S. I

Motorcycle Engine (SAE No. 880268)
EE BN TERE L TRE ABFE— &I
1990 4

Experimental Analysis of Total Engine

Friction in Foure Stroke S. I Engine

(SAE No. 900223)
B E L CTEARME & REE—F R OEH
e & 2 1991 4

Total Engine Loss and Engine Output

Characteristics in Foure Stroke S. I Engines

(SAE No. 910347)
rE Lo, T A HEHERA S (SAE) TR%E %
To7ze 2O ERED 3 DD L= R L7z
bOTH L,

RIZIZINS DL EE LDHDITH o Tl
ZHFERE T & o 7o TCHREAZ ., EIBRIEEITR L,
F 77—y EHETRIIC Do THIITHW /2

- 113 -



494 7IVRIERNEROLEREERL N

BAIC S AIZEH 5 KETT .

2 Z X W

(1) P. E. Vickery; “Friction Losses in
Automotive Plain Bearings” SAE Paper 750052

(2) J. T. Staron and P. A. Willermet; “An
Analysis of Valve Train Friction in Terms
of Lubrication Principles” SAE Paper
830165

(3) H. Mehmet Uras and Donald J. Patterson;
“Effect of Some Piston Variables on Piston
and Ring Assembly Friction”
SAE Paper 870088

(4) S. F. Rezeka and N. A. Henein; “A New
Approach to Evaluate Instantaneous Friction
and Its Components in Internal Combustion
Engines” SAE Paper 840179

(5) K. J. Patton, R. G. Nitschke and J. B. Heyweed;
Development and Evaluation of a Friction
Model for Spark-Ignition Engines”
SAE Paper 890836

VR H R

(6) I. Fujii, S. Yagi, H. Sono and H. kamiya;
“Total Engine Friction in Four Stroke
S. I Motorcycle Engine” SAE Paper 880268

(7)S. Yagi, Y. Ishibasi and H. Sono;
“Experimental Analysis of Total Engine
Friction in Four Stroke S. I. Engines”
SAE Paper 900223

(8) C. F. Taylor, “The Internal Combustion
Engine in Theory and Practice” Vol. 1,
The M. I. T. Press, 1966

(9)S. Yagi, A. Ishizuya and I. Fujii;
“Research and Development of High-Speed,
High-Performance, Small Displacement
Honda Engines” SAE Paper 700122

(10) I. Fujii, S. Yagi, M. Kawai and H. Yoshikawa
“MBT Control Utilizing Crank Angle of
Maximum Combustion Pressure”
SAE Paper 890759

- 114 -



HONDA R & D Technical Review

Vol. 3 (1991)

=KXV TYF o aF—DREAE

Development of Seat Belt Pretensioner
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Analysis of Sound Quality Inside a Vehicle Cabin
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ABSTRACT

Since great emphasis is placed on reducing vehicle
cabin loudness, the A-weighted sound pressure level is
generally employed. This report, in contrast, introduces
an attempt to analyze sound ‘quality’, which is difficult
to measure solely in terms of loudness, with multivariate
analysis performed on the results of a 20-item semantic
differential method survey.

The findings confirm an interesting result: A vehicle’s
image bias has a greater effect on responses than actual
vehicle noise, thus clearly demonstrating the importance of
a blindfold test.

Blindfold tests were therefore performed with the
sound recorded from actual vehicles, both passenger cars and
sports cars. The results were then processed by principal
component analysis. Extracted were three principal tone
factors: the ‘Beauty factor’, the ‘Powerfulness factor’ and the
‘Metallicness factor’, which have turned out to be identical
to those identified as a result of acoustic studies on products
other than automobiles.
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As the needs for lightweight car bodies mount over
time, cabin noise materials are to become such that their
minimal use will achieve the required noise level.

This approach aims toward using computers to
optimize noise control specifications that will achieve
maximum effectiveness with limited material cost and
weight. This process comprises the following: 1) the
analysis on the contribution of sound emission generating
from various parts of the cabin to the total sound energy; 2)
a database of the function properties of noise control
materials; and 3) cabin noise prediction software. In
addition, this process employs parameters of material
properties at the time of their fitting to the car during
production. Thus it is possible to predict with high accuracy
the effectiveness of materials used in noise control.

This report introduces the algorithm for predicting the
effectiveness of noise control and the process for
optimizing sound packaging, together with its application
to the improvement of the road noise level during
development and its effectiveness as a result.
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ABSTRACT

In order to create a comfortable sound space in the
passenger compartment of an automobile, much automobile
noise research of late has been devoted to the analysis
of sound quality. To carry out this research effectively,
an automobile noise simulation system was developed
which enables one to perform a quantitative evaluation of
sound quality. This system comprises a digital signal
processor and engineering workstation, and uses a unique
digital filtering technique. The features of the system: 1)
Processing in a short time of any frequency component
and any harmonic order component of automobile noise;
2) Processing the noise with high accuracy; and 3)
Reproducing the purified processed noise

The report contains results which verify the
processing accuracy and examples of the system’s
applications to automobile noise processing. It is
shown that this system is a valuable tool to be used in
automobile noise simulation and sensory evaluation tests.
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A general purpose road simulator has been developed
which can reproduce in the laboratory the loads of
motorcycles and buggies on various road surfaces by
computer-controlling a number of hydraulic actuators.

This device is controlled with a low-priced personal
computer and the original software and interface. Its
unique feature is that it is capable of simulating such
phenomena as the bottoming of the suspension and
the movement of the telescopic-type front forks during
actual driving. This has so far been difficult with linear
approximation.
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ABSTRACT

A function has been developed which automatically
judges the relation among the individual adjoining surfaces
constituting the frame body, and makes a finite-element
model of a motorcycle frame body by forming a mesh
joining the surfaces.

By integrating this function with the three-
dimensional CAD system, a high-speed and simple auto-
mesh system has been created.

This makes it possible to substantially shorten the
time required for preparation of a finite-element model, and
to apply CAE at early stages of design of complicated-
shaped constructions.
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Development of a Single-side-supported Swing Arm for a Motorcycle
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A computational simulation was performed with CAE
on the high-speed straight running stability and low-speed
cornering properties of a motorcycle with a single side-
supported rear swing arm, and its construction was analyzed.

The results show that, in order to make the stability
and cornering properties of a motorcycle having a side-
supported swing arm equal to or better than those of a
motorcycle having the conventional swing arm, the
following is true: the arm rigidity should be specified
according to the changed values of toe angle of the wheel in
relation to the lateral force at the contact point between the
tire and road surface.
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ABSTRACT

A CFD system has been developed to analyze the
airflow around an automobile body. Adopting an H-type
mesh structure using the multi-block method has made it
possible to precisely realize the profile of an automobile
with tires. Interactive operations linking to CAD systems,
have increased efficiency of the mesh generation. In order to
get results comparable with wind tunnel experiments, the
Navier-Stokes equations were calculated by using the third
order upwind finite differential scheme. It was proved that
the computation can respond to small differences in
automobile profile. A large amount of computation results
are analyzed by interactive graphic systems, which have
made it possible to observe unsteady flow using motion
pictures. This method of unsteady flow observation is much
easier than using an experimental wind tunnel. The
relationship between pressure distribution on the body
surfaces and the aerodynamic characteristics was also
investigated. This system was found to be an effective way
to analyze automobile aerodynamics.
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ABSTRACT

Because of continuing interests for development of
high performance automobiles, efforts in weight reduction
of engines have become one of the most important in
engine design community. In this regards, the present
authors intended to reduce the weight by the use of short-
fiber (ceramic whiskers) reinforced metal matrix composite
(Al base matrix composite) because the specific strength of
the composite is much greater than that of the matrix. In the
melting molten forging process adopted in this study for
fabrication of the composite, it is vital to improve the
infiltration characteristics of the melting molten and to
allow uniform and consistent wetting between the whisker
and the matrix, thus preventing defect formation. In the
present study, the techniques were developed for minimizing
infiltration resistance during the melting molten forging
process, and for having the whiskers uniformly distributed
for optimum infiltration during the preforming process. The
composites thus prepared, have demonstrated a high
mechanical strength with stable and consistent qualities.
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ABSTRACT

Short-fiber-reinforced metal matrix composites (Al
base matrix composite) containing ceramic whiskers were
investigated with an intention of using them for automobile
engine components, as the weight savings by increased
specific strength of the composites can be envisioned. The
objective of the present work is to improve the infiltration
characteristics of the melting molten to achieve uniform and
adequate wetting of the fibers. In the preceding report, the
techniques for minimizing infiltration resistance during the
melting molten forging process were discussed. This paper
presents the techniques developed for having the whiskers
uniformly and homogeneously dispersed for optimum
infiltration during the perform process.
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CO, laser, because of its high energy density and
excellent controllability, has a great potential for other
applications. 'Laser surface modification’ is a new technique
that a laser beam irradiates onto the surface of metals and
modifies its microstructure and/or composition locally. The
objective of the present research is to obtain the excellent
surface properties by laser surface modification that cannot
be realized by other conventional methods. Titanium alloys,
despite its super mechanical properties such as a high
specific strength, have a limited application because of the
high cost and poor tribological properties.

In this study, the technique, laser surface
modification, was applied to the titanium surface to enhance
its characteristics, thus achieving improved wear resistance
for the material that withstand the sliding loads arising from
high radial and sliding sheer stresses. The new surface has
been produced by superficial melting of the titanium alloy
surface and Mo, Fe and C as micro-alloying elements. It was
found that the new surface rnicrostructure consisted of fine
mesh-like Fe-rich and Mo-rich BTi phase matrices in which
TiC particles precipitated as the reaction products. The
validity of the high wear resistance in this new surface layer
product has been demonstrated by motoring tests in a high-
speed rotating engine.
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ABSTRACT

Of late, the use of asbestos has been banned for safety
reasons in various countries. Consequently, it has been
investigated to substitute non-asbestos gasket material for
use in the engine case and cover of motorcycles. Gasket for
use in motorcycles comes under such wearing conditions of
pressure at tightening seams and heat in the increasingly
high-power, compact engines that it is required to meet the
requirements for sealing property under high temperature and
damping property under stress.

The asbestos, because of its heat resistance and high
aspect ratio, has been regarded as the best material. To
substitute non-asbestos material has been a difficult
challenge. But after analysis on the basic sealing property
of gasket and research on its material structure, materials
variations and combinations, the new non-asbestos material
could be developed which achieves the sealing property
more than equal to the existing asbestos material.
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A proposal has been made for a general-purpose
engine during a series of advanced studies on designs for
general-purpose engines, generators, lawn mowers, tractors
and outboard engines. History of Honda’s general-purpose
engines was reviewed and compared to the trends of design
evolution after the industrial revolution. The post-
modernism’ and the new design trends are then interrelated.
During the process of exploring new design for a general-
purpose engine, the engines were defined as ‘bio-
mechanism’, which lead to a design paradigm of ‘symbolic
objective’ around which the cubic design model was created.
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