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A New Variable Valve Engine Applying SHUTTLE CAM Mechanism
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Variable-valve-actuation mechanism is considered to be
one of the most suitable solutions to realize the compatibility
between the pursuit of higher power output and performance
in the practical speed range. To this end, a new variable-
valve-actuation mechanism named "Shuttle Cam" was
designed and analyzed.

In the mechanism which was applied to a conventional
motorcycle engine with rocker arms and gear-train-driven
valve system, the cam gears move along the idler gear.
Camshafts simultaneously slide along the rocker-arm
slipper surfaces which are concentric with the idler gear.
Consequently, valve lift varies continuously in accordance
with the alteration in the rocker-arm lever ratio, and the cam
phasing changes simultaneously in accordance with the cam
gear rotation.

Results of the experiments have confirmed that the
mechanism functions accurately even at high speed up to
10,000rpm. Additionally, some improvements were achieved
in power output, fuel consumption, idling quality, exhaust-
noise level and emission.
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Table 1 Base engine specifications
4-STROKE, S..
ENGINE TYPE T
DOHC 4-VALVE

BORE X STROKE , mm 70 X 64.8
DISPLACEMENT , cm® 2494
COMPRESSION RATIO 1.0
COMBUSTION CHAMBER SHAPE | PENT ROOF
INTAKE VALVE DIAMETER , mm 280 (x2)
VALVE TIMING at imm (Omm) LIFT

OPENING , deg. BTDC 10 (56)

CLOSURE , deg. ABDC 40 (102)
VALVEMAX. LIFT , mm 8.0
EXHAUST VALVE DIAMETER , mm 23.0 (x2)
VALVE TIMING  at imm (Omm) LIFT

OPENING | deg. BBDC 40 (87)

CLOSURE , deg. ATDC 10 (73)
VALVE MAX. LIFT , mm 75
POWER OUTPUT , kw/rpm 18.8 / 8,500
BRAKE MEAN EFFECTIVE PRESSURE

120 / 7,000
(Pme) , MPa / rpm {
BSFC at WOT (A/F=12.5) 284 / 5,000
9/kw-h/ rpm

7z, Z ORI I K OIAMEREREE Table 11
REEOTH B, S.CHEMOEEETLELD BIZH725
T BRI IR Z N %5 % 5 iRk e
We- PR RFEITCE OBIRAEMET Lz, ZOME. B2 oh
TV B PERFARE (dvi, dve). 7317 Y 7 b (hi, he) K
UAAEMBERY (L0, 1.C & E.O, EC) JIEEHIETH
% LHIF L. Gulp factor BGm 7 22 5480 F#4RH (WOT)
BRI MR (Ne) T, & 0 @O E % 4 5
DIZ BB W - PR B T Hi R (Zmi, Zme) %
KD, WIZENSD Zmi(Zme) EFTTIZEZ S5 TH
% dvi(dve) 7* 5% Ne BsD@Y) 2 “) 7 17 (hi, he) &, X
Zmi & V& Ne R CIAUEM IR 2 R KICHIAT 5 729
DK FAEREA LA (1.C) & RERAIC R 72 ®, Wiz k
WOF — 2% & LT Xm0 ) 7 PR (K &
LNAHA (B) Z3E L, 2N b OFFMEE & 72 9 3 55
LT %S ao. MAX a KU, ri/rec 23K % & Table 2
DK D, BBRITITH LFEMA (¢) 13T 50 HE
K[ADOH AR <) 7 M 2RLTH 5,

Table 2  Shuttle Cam mechanism specifications

a. SPECIFICATIONS
SHUTTLE CAM FACTORS INTAKE EXHAUST
BASE ANGLE @o | deg. 1.8 10.7
MAX. VALUE of @ , deg. 338 32.7
Ii/Fc RATIO 0.556 0.556
MIN. VALUE of LIFT RATIO Kh 0.368 0.344
RELATIVE CAM PHASING 3, deg. 12.2 122
b. VALVE TIMING AND LIFTS
[ CAMLOCATION ANGLE p,deg.| 0 | 10 | 24 | 45 | 78 [ 134 220

INTAKE VALVE TIMING :

at imm LIFT [
OPENING, deg. BTDC | 10 9 9 8| 6 4 0
CLOSURE, deg. ABDC | 401 38| 35 30| 23| 12| -6
VALVEMAX. LIFT ,mm| 80 7.0 60| 50| 40| 30| 22
EXHAUST VALVE TIMING

at imm LFT [
OPENING,deg.BBDC | 40| 39| 38 37| 34| 30| 23
CLOSURE, deg. ATDC | 10| 7| 4 -1| -8|-20 -39
VALVE MAX. LIFT ,mm | 75| 65| 56| 46| 37| 27| 20

Fig. 512 S.C #M 2 @MH L 2zifMEEBEOL 4 72 b
ERLTWS, ALYy T METAFT—F ¥y 7 b
EHDICREITA AL A — Ik D XEHEIhTW3,
Oyl =7 —LDXFEMEIIR L, L& T LFYOMH
IR S FAACREEH T L. ‘U 7 PIRMELS LD,
DH LMD IR S, B h ARENT. KIIRT
HOLFRNE —ITREA LT+ — Lk =L ET 5 —LF
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Development of Ellipse Piston Engine for “HONDA NR”
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ABSTRACT

An innovative new engine featuring an ellipse-shape
(regular ellipse envelope) piston was adopted in a production
model 'Honda NR', launched in March 1992.

With the cylinder configuration of V-4, the engine
generates power at speeds more than equal to the conventional
8-cylinder engines.

This paper presents the advantages and structure of its
ellipse piston, valve layout and steady air-mixture flow as
compared to the conventional piston. It also discusses the
sealing characteristics and specification of the ellipse piston
rings.
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Development of VTEC-E Lean-Burn Engine
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Reduction of fuel consumption is an increasingly
important target of automobile manufacturers today. As one
of the effective approaches to improve the fuel economy, a
four-valve lean burn engine was developed.

This paper describes the development of a four-valve
lean-burn engine which involves improvement of the
combustion, development of an engine management system,
and vehicle test results.

Among the major themes discussed are : (1) the
improvement of brake-specific fuel consumption under partial
load conditions and achievement of high output power by
adopting a variable-swirl system with a specially designed
variable valve timing and lift mechanism; (2) the development
of an air-fuel ratio control system; and (3) the improvement of
fuel economy as a vehicle and an approach to satisfy the NOx
emission standard.
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Table. 1 VTEC-E engine specification

Cylinder Configuration  In-line 4 Cylinder
Bore X Stroke (mm) | 75x84.5
Displacement (cc) 1493
Compression Ratio ' 9.3
Valve Mechanism SOHC VTEC-E
Number of Valves 4

: In. 27.5
Valve Diameter Exh. 223'5
Fuel System | PGM-FI
Ignition System PGM-IG
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ABSTRACT

A compact and high-performance ECU for lean burn
combustion control applied to the '92 Model New Civic has
been developed.

This paper first presents the methods of ensuring the
reliability of its surface mount assembly designed to reduce its
size. The EPMA method was employed to evaluate the
reliability of solder joints that are judged by the measurement
of the growth of Pb particle during an endurance test.

It is then followed by the description of the actuation
process and outlines of the Lean Air Fuel Ratio' sensor, the
sensor amplifier and wide range air/fuel control system, all
combining to help achieve a high fuel economy by controlling
the VTEC-E engine.
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3.1. EPMA (Electron Prove Microscopy Analysis)
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The engine for the 1992 Prelude model was developed on
the basis of studies with emphasis placed on the three items of
volumetric efficiency, maximum engine speed, and thermal
efficiency.

Specifically, improvements of volumetric efficiency
based on the variable intake system plus VTEC system are
involved with the development of an FRM liner cylinder
block, timing belt auto-tensioner, and valve springs using high
carbon materials with a non-circle cross section.

The maximum engine speed was raised by adopting a
mirror-finished crankshaft machined to very high accuracy,
secondary balancer, and oil jets for cooling pistons. The
viscosity of engine oil was changed, and metal of revised
composition was selected for the connecting rods. Reduction
of blow-by gas and oil consumption, and improvement of
breather functions were also achieved.

The thermal efficiency was improved by examining the
configuration of the combustion chamber and the adoption of
an engine knock control system enabling the engine to burn
premium gasolines.

The work resulted in a 2.2 liter four cylinder in-line NA
engine which achieves 101.4 Nm per liter.
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Table. 1 Measures for Improving Output Torque
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Table. 3 Comparison of crank shaft specifications

Modell  AccomD PRELUDE
Item |
Engine type F22A | H22A
Red zone Ne 6500rpm 7400 rpm
Bore x Stroke(mm) 085 x 95 87 x 90.7
Crank shaft surface Supar-finishing Ultra-finishing
finishing (0.8 pm or less) (0.4um or less)
Connecting rod .
Base material Improvement
metal |
Engine oil 5W-30 | 10W-30
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Development of Programmed-Fuel Injection for Two-Stroke Cycle Racer Engine
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ABSTRACT

For two-stroke motorcycle racer engines, the adoption of
an electronically controlled fuel injection system has been
required which can more strictly control its air to fuel ratio.
But the problem with the extended use of conventional fuel
injection systems for four-stroke engines in two-stroke engines
is delayed recovery to normal combustion cycles after
misfiring. This is due to the wide difference in the delivery
ratio between firing and misfiring cycles due to exhaust
pulsation waves peculiar to two-stroke engines.

A new fuel injection system for two-stroke engines was
developed which solves these problems. It has a registered
specified data of intake air flow rates according to the engine
speed and the throttle opening which are mobilized to make
adjustments in case of misfiring. The air flow rates are
compensated by sensing the depression at the engine manifold
in the small throttle opening region and by sensing the
combustion pressure in the wide throttle opening region. This
system provides compensations for ambient temperature,
ambient pressure, cooling water temperature and exhaust gas
temperature as well.
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Fig. 1 External view of test vehicle
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Development of Nickel-base Superalloy for Exhaust Valves

O A B A W OIE M li] O
Yoshitoshi Hagiwara Masao Ishida Tomoo Oka
® =] ABSTRACT
PERSIL THIZ, BT L < = v VA EAE 4 HI 461 A new nickel-base superalloy HI461 was developed for

ERFEL 72,

KEGE, RO = v F VEEAEIZH L, B
OB R ONEREEE TS, =y F L EAR
MRS N7 RMTH 5.

PESSL 703, BER T = — ZITER D S & L 7= i Bl Y
DEDWRFETH ST, REEEHWLZLITKD,
MRS LIZIN A . B D - DRI WTREE & 5 72,

AEEHOPT I T, TR IR AV ) v &l
4% ZHwEic, 1990 fF &k 0 BEEMH ST 5,

exhaust valves.

With its reduced nickel content, this new superalloy is
less expensive yet offers greater strength and wear resistance
at elevated temperatures as compared with the nickel-base
superalloys previously developed.

Lighter weight and lower cost are another advantages of
this new superalloy when it is used in place of hard-faced heat
resistance steels.

Thus this new superalloy, applicable to both unleaded and
low-leaded gasolines, was adopted in the exhaust valves of the
production motorcycle engines in 1990.
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Table 1 Nominal chemical composition
Composition (weight %)
Material | C | Si [Mn| Ni|Cr|Fe| Ti| Al| other
HI 261 |0.27]0.02|007| 46 | 18 | 30 | 40 | 1.2 [occa B
Inconel 7510.05(0.10| 0.1 ; 72116 7 l23l12hom
] I ‘ IPNEERD
BONi alloy [0.08/0.20| 0.2 | 60 | 18 | 17 | 25 | 1.0 |g50’p
40Ni alloy |0.06]0.15| 06 | 40 | 19 | 37 |275|085|0.010E
21 — 4N | | [
e} 4 |21 Ba.| — | — |o.
(SUH 35) 0.53((0.35| 8.0 | : 21 :Ba: Z 04N
21 -11P [y I | _lozr21mMo
(SUH 38) 0.30((0.50/ (1.2| 11 | 20 Bal,; 00058
SUH 3 0.40] 2.0 [¢0.6] — | 11 |Bal.| — | — [1.0Mo
SUH11  |050| 15 |(06) — |85 |Bal| — | — | —

Table 2  Structural analysis of Ni-base Superalloys

Theoretical amount (weight %)

Material o Intermetallic Cgmpound Cartg@_e__ Ni in
| Ni AL | Nis Ti [ Nis Nb |7 'Nia (ALTiNb)| Ti |Nbe| Tatx

HI 461 9.0 136 226 1.4 275
Inconel 757 9.0 108 | 0.66 204 0.87| 55.3
6ONi alloy | 7.5 11.7 | 0.81 20.0 0.70| 43.8
40Ni alloy 49 1.7 16.6 0.3 26.6
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Model 1
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Hl 461 applied
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Fig. 15 Reduction of valve stem diameter and
application of HI 461 to exhaust valves

<

IFriction welding with SUH11 stem |

O
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&

( Heat treatment |
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| Release of distortion by rolling I

<
<

| Machining of stem and face |

O

] Flame hardening of stem end I
&
\ Grinding of stem |

O
Tufftriding
<

[ Grinding of face I

Fig. 16  Fabrication process of exhaust valves

Table 4 Weight and cost reduction ratios of exhaust

valves
Weight (g) Cost ratio (%)
Valve materisl o dueion | Cost faduchion
ratio (%) ratic (%)
20-11P (vath stellite) 1.2 100
82 88.5
Inconel 751
-179 -115
9.2 86.7
Hi 461
-179 -133

8.2. HER/NILTADEAG

AEEEMHHL 2L T7OH % Fig. 1512mnd . §¢
K. BEEHEONIL THIEFEIZ 4.0mm HBIR/NTH - 722
Inconel 751 OWHIZ LD 3.5mm F THHEEIZ & - 7=, Ml
Hibic X 28R b & HI 461 OWHIZ K 5 2 2 METH
% Table 4 IZ7R9, 17.9% OFERAL L 13.3% DT 2 MK
WAER E 7z,

ZORE TR % Fig. 16 1287, HI 461 & O #HE.
SUH 11 & OPFEREIE. 31T Inconel 751 LW U TR
A, Ua U Ml IS PO B R e 1 & WS N 1
FEEEICIE TRPVETH B,

Fig. 17 ISHfkEE AR¥, 3 7 ofifkiz L 78mic
THETHD, BEL TS,

Fig. 18 ICiA#HEME 27 3. HI 461 D FEH L
Inconel 751 % LM 2585 465 %,

Fig. 17

Microstructure of HI 461 in an
actual exhaust valve
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8.3. MMARRER Table 5 Engine specification and
Table 5 1=~V F5 2 b &b 5T, condition of bench test
Fig. 191XV F T XM TDT = — AEFERERT,
Type of motorcycle
HI 461 3 MEHMESI A VU ViU, 2754 b # 6% Engine spec and
test condition 100¢cc 250cc 400ce
Inconel 751 E[EIZFHLL ED 7 = — A DIEFEN 26T 5, business sports sports
Engine specification
Displacement (cm') 100 250 400
Cylinder layout Single In—line 4 In—line 4
Number of valves Intake 1 Intake 2 Intake 2
1100 Exhaust 1 Exhaust 2 Exhaust 2
E - Materials of exhaust | Stellite # 6 Inconel 751 | Inconel 751
= I~ valve face and HI 461 | and HI 461 | and HI 461
& 1000 — Materials of exhaust [lron base sin-|lron base sin-|lron base sin-
g valve seat tered alloy tered alloy tered alloy
5 i — Qutput (kW rpm) 5.5,78000 | 34615000 | 46.3,713000
£ 900 1= Torque (N+m,“rpm) | 17.2./8000 | 22.6,711000 | 39.0,10000
g‘ -
I Condition of
@ 800 I bench test
@ Engine speed (rpm) 8500 13500 10400
;C’; i Load Full Full Full
= —
700 Duration (hr) 200 200 200
Gasoline Unleaded Unleaded Unleaded
Inco.751 HI 461 HI 461 20-11P 21-4N Leaded
" =3 £ g4 + (1.5g Pb.“gal),
SUH3 SUH3 SUH11  SUH3 SUH3
Materials (valve head + stem)
Fig. 18 Tensile strength of welds
Unleaded Leaded
(1.5gPb.~gal)
N
][]
Valve Seat Valve Seat
100cc businesss type face face
0.5
0.4 |~
; 550—
0.3 |- 600‘\1
650"’\
- o2 675 —]
=
E 0.1
ISR | % 700—]
- Stellite # 6 HI 481 570— 750
= i
z o8 250cc sports type SOOmE
]
; 0.4 |- 630
= 0.3 |- 550.___‘_\__‘ I
8 2 660 =
E g2 670—pHh—1 800
% o |= 680-___>
= |_| 870
= 0
% Inconel 751 HI 461
; 400cc sports type
@ os
=
O [ 600 I
0.3 -
0.2 |-
01 |—| ' 800 &ig 840
¢ Inconal T51 Tl 481 Model - 100ce Model : 250ce
Materals of valve faces business type sports type

Fig. 19 Wear loss of exhaust valve faces
and valve seats in bench tests Fig. 20 Valve temperature in bench test (°C)
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Fig. 21 Valves after bench test using leaded gasoline (1.5gPb/gal)
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Fig. 22 Material cost
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Development of a High Fatigue Strength Free Machining Microalloyed Steel for Connecting Rods

woOE moET % W # K
Toshihiko Matsubara  Yasunori Satoh
ik A ¥ ORT H O R *

Zenji lida Takashi Taguchi

2 B
BHBHL Y O VRO I R 74 ¥ 70y F ORI

BHEBT 57280, @RI I IE B M O BT & 1T,

FFLERET L. ROKRIE S hiz,

(1) Wy mEEfenrag a8 & LT, 0.33C-0.45Si
-1.05Mn-0.5Cr-0.12V RO b, FEthaR bR o
HIFEFRE M & BATE L 72

(2) B FE 8 o> 9% 57 5 8 1% . B Dl JE B SRS LT
20% L bk Ed 5,

(3) ZOMFMOEMAARAIZ, 22T 4 v Zay F
OFEALAZXID | 9 15% OB R TEIZ L7,

ABSTRACT

A high fatigue strength free machining microalloyed steel
for connecting rods of automotive engines was developed.
As a result:

(1) A new grade, medium carbon microalloyed high fatigue
strength steel was developed which contains
precipitation hardening and matrix strengthening
elements 0.33C-0.45Si-1.05Mn-0.5Cr-0.12V.

(2) It has a fatigue strength 20% higher than the
conventional medium carbon microalloyed steels.

(3)  The connecting rods made of the new microalloyed
steel offer a 15% weight savings as compared with the
one made of conventional steels.
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Table 1 Chemical composition of current
micro alloyed steel (Wt%)
[ c[si]m i e [v]m][s ""Ea"_é
[0.39/0.35[1.050.09 | 0.11|0.23 | 0.11 | proper

Table. 1 B HPHIIEGRE S (LI TBRAME W S) D
AR AR, £ 72, Fig. 1 (I Ml dizs iy oF )% 57
TR E R OBIRAE RS, T Y1y N OSEFREERFE.
HRC 20~30 T 5,

Fig. 1 X D IEtREIFEFRE S (LT R — 28 &) i3,
Wi Lo & & 109 E 3 LA 2 64 Rm 3 5,
LSRRI A5 HV260 & 0 Ei< & % & PHITEHED P,
S S O FE & 20T T I T 9 5 A
b B, ZODEMWIK LEIERIEOR EEX B 720
IZiE, X—= 2@ OB RE DR L Aby., SERT
DIRHITCRE DN & 5 9% I7 58 IS ORI % 47 - 72 8
e IEEM O RN R E L 1 B,

DlEofizE 2 ¢ @ aEMomEs K va v
a2y FAOFFAIHT 2 H W& TLOMRIZREE L TH
Fe#AT > 72,

(1) BLFHH % FEARI 20% DL Lo @y dmEl %X 5,

(2) &b CTHEM & RS L ~OL QYN % i3
%, (B IZBUR L AL &2 B i)

(3) PRFESAA 2 v 1y FITWF U7 s i LR & 5
RKiREMAEZRF L. B v v FERI%OME-
MR 2L 2R L T, HIE15% O mit & mHE L
T3,

g Non-fee machining sieel
(Based stesels)
= = g = Frea machining steels e

(Pb+5-0.26-0.39%) ak=1.0

@
2

In order to imEcwe the fatigue

skength, it is necessary to

=500 1 ram- eniorcs the Idlowngs.
E Target ine -
£ (20%improved srength) - @ Improvement of latigue
= e——— - - . - .9_ shength in based steels,
:_E 400 009 ® Prevension from decrease of
F / = 4o- - fakigue stength at high
8 je—— = 7o" - - hardness range.
S
2 .
=
g 300 4
= HRC20-39
-] <
& € >
| (Range of practical hardness)
200 250 300 350 400

Hardness (HY | =3

Fig. 1 Relation between rotating bending
fatigue strength and hardness
of conventional micro alloyed steels

Table 2 Chemical composition ranges
of the steels used (Wt%)

c Si W | P | s |

Wﬁ}smoﬁfmf@ﬂ E@?§dmﬂ
1 i \ !
0.50 | 0.48 | 1.13 | 0.022| 0.022

" Cu Ni o | v [ N ]
0.03 0.10 | 0.10 | 0 |

§ 0. 05 $ ' 5
0. 06 0.51 | 0.30 | 0.015]

3. N—RDEFEE M L DIRET &
N — X HH K ETE
Fig. 11289 & 512, BRI U H i & 20% 2L
L B xR B i3, K (% )75~ D Pb. S
G OB D 25 O HHER) TR — 2O @mE N L
K2 0ENH DI Eenrd, FMLTFEIZLSE - ZAWD
WEITIREE I EORMET 21T - 72,

3.1, BtEAMOMER & A&

Bt U 22 ekt o (L2 3 #iDH % Table. 2 127§ 1k
SRR g LA SR E LT, il il + S
it (ViR & 2 rE{ ottt + C, Si, Cr &
D izEAl) . riasit (Vo) . EERL (Ni
WEIR) #HAIZC, Si, Cr, V, N % Table. 20
FPHIZA L & 27,

AP, S50kg HAZHEUAT, LA ¥ Ty b 25k,
A YTy b 473K IIIER. 40mm FAMIZH#GE. 7 D%
1373K ITHIFA L . B 20 mm ORFRIZHE, 248 L. FiE
OB I U FERICE U 7=, 5738 1, P ek i
Fr & FO 2o/ el 952 97 AR & AT O fERE L 72,

32. HEBHER

HREEAMA OB | Ol F 9 57 500 A R L 7o SR 4
BILREGAROREE UTEIML 72,

Fig. 2 13fR& & LT C, Cr & & [t 39 #g ¥
KU ORISR E RS,

BRAFOEEL L TE, C, Cr, VIZEHEEOBEINC
Plevo B - B R O 07 SR IS B fE A A RS A%
Si, NIBARICKBZHEN DV, ZOXTHERELE
DB L WA EA Y 72 0 OIS - BIE O R 2L
THCHE % L ESiE & L C Fig. 3. 4 DR %155,
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Fig. 3. 4 O RA2C v 7 — Z2WE (HV) 1 KA ¥
M AR 280 R A LR TR 5 & Table. 3D
X351t x5,

Iho ORI, VIR & b RE(H &ML &1
LT 2580, VEARORINC X0 JEI R LA
L anmlx o LR AkEL 55, Hibi{t A7 Cr
WIE, B LA A ORI A LR X SRR
KEWVW,CERUIENT A B, Si lIHHE - JE g
DB 7% < . GH ORI PO FE TR i 278
T, ZDOZE &, WEAEB A TEITBREONLEX
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W EENTH S,

Table 3 Variations of the fatigue endurance
limit per 1 point vickers hardness (N/mm?)

cr | v | N

c Si

[£3.0 [*01 [+6.0 [222 ] o

Relation between the fatigue endurance limit as well
as hardness and C content.

Relation between the fatigue limit
as well as hardness and Cr content.

i . I‘G 1 700 ak-10 —
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700 s | . gssh»nn\fﬁ-—" ——
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Fig. 2 Influence of each alloy elements on the rotating fatigue limit and hardness
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Fig. 3 Variations of the fatigue endurance
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Table 4 Specific chemical composition of based steels developed (Wt%)

I —
| Current steel 0.39 |

| c | si |

0.5 | 1.05 | 0.09 | 0.1 | 0.02 |

| Developed steel 0.33 0.45

cr | v s | ceq
0.698 |
0.50 | 0.12 | 0.02 | 0.694

Table 5 Free machining elements and chemical composition ranges (Wt%)

Free machining elements j Cc Si Mn S Cr \ Pb Bi | Se . Ca
) . 10.3410.240.80 0.094 [ 0.08/0.06{0.14| 0 |
Pb-$-Ca steel (with Bi) | § § § § § S | 8 | — |Proper|
0.50(0.49 | 1.13 0.135(0.15]0.20 0.28: 0. 06 | .
0.43]0.42|1.08 i 0.091 | 0.13 0.25 | L0 ;
Pb-S-Ca steel (with Se) § § § $ 0.18) § | — | _§ | Proper|
;0.45 0.46 | 1.10 0.107 | 0. 14 0.30] !D,U _
10.39(0.36|1.05 0.007 [ 0.12]0.12 0. 11 | l
Suitable Pb, S § § § | — | — | Proper
0.4110.46 | 1.08 0.112 | 0.50 | 0.18 | 0.21 | 5 '
Oxide inclusion shape 0.3910.43  1.07 0.004 | 0.49 0.1 I |
§ | $ § 0.18| § — | — | Proper |
controled 0.41[0.47]1.13| 0.021 | 0.029 | 0.50 0.21 !

3.3. FRN— X (FEHREIE) Ok »EEE

FEFE MO 213, RFE Y’ (Ceq) & HBIBRIZH D,
X OHEEDH 2 VITEIL, Ceq MAEEL/ST X —4
THD. KROBESHE xh g, @

filfi & (Hv) cal = 273.1Ceq + 25.2(r = 0.972)

F 7z PV I & O LRIk TR S B 2
END, RO LEXS LT X AN LD
ZENELLND, LA L, ZOBALRETEZET
3 L& A 2 & 3BEMIN THEOK T & I R
D, ZORDHRER— ZWMOKTRGHE, X0
BN & W %I RIE O EAR S Z & EHERIC Ceq %
B LRV ~Licifl 2 T, Fig. 3. 4 ISR L2/ LK
DX - JEITHRE N ORBE L 0 | SRR 2 E L 7z,

Table. 4 (23 U 7= [T~ — 2 8 D FEAKEAR & BLH
N— 2 AR L TORY,

ZORG RRREHE, B =280 V, 12X 5 REL
WON R 2 AR I S OBEREM A 5728 C m &k
A&, HHbagibIic & 20 EE LA XS 2», Cr D
BHEOKIERIMN AT > 72, Ceq MIXBM N — 2 i & [F]
HTH 5,

Z OFFEM OFEAMBALZ Fig. 3, 4 ISR L 72K K 5
DL 57 38T Jo & O S NOEE A\ S e
L&A & SRk 5 & BIF N — 2%k LR 1349 Hy
10 K4 ¥ b E5 (Ceq K D3R Hy cal fEiZFAI%) L. 1]

BEIHNTHE I R 135 84 N/mm? O LA cx 5, 20
B diz Hh 9 35 58 O Fid. Fig. 1 ISR L =BA#MO T
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Anorthite, Gehlenite, Calcium-Aluminate JERE% JH >
TIHEBL 7=,
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Ca-Pb-5 containing free machining micro
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Fig. 6 Relation between the drill corner
wear and S content in the drilling tests

Table 6 The approximate hardness and melting
point of some inclusions

;Hardness Melting point |

Inclusion
| (N/mm?) (K)
Al20, | 32130 2323
Si0, | 18730 | 1993
"Calciun-Aluminates | 11030 1593-2003
Gehlenites | 14130 | 15831863 |
(Anorthites | 11280 | 1423-1825 |
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O:Cr05
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Fig. 7 Relation between the drill corner wear
and Pb content in the drilling tests
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BFHIZ. B AL LT ALO, % i Lt o i Table 7 Composition of oxide inclusions (Wt%)
& Gehlenite TH VD, Zh 64 E&®HT Table. 5127731l P reitieion |
BT, Calcium-Aluminate, Gehlenite Anorthite {t.%&3H > No | 510, | Al.04 Ca0 | MnO | Hardness

type

I

| |

THALHITAE & GIMINE D BIR % J <72, ' i
I

|

I

|

Al 10 | 54 | 33 | 2 | Genlenites| HB312
Table. 7 13, BT OBRALMHIK I HTHER (EPMA THH 8 50.21518-1]-Mm%Mﬁ”H%%
&) & BBALYIERE B K O UTHIGRERM ORI L XL 2R T, C 0 T -86- T 9 4 i Corundum I HB_3:41—
Calcium-Aluminate t.%JH - 7= {30 1%, A RIC K g : 5 ra]r — ‘.lll_mlmlf‘ 4l Iﬂlllg—-
0 Corundum 1278 > TV 5 2%, I ArE D EELYIR T
NGO T 5, Anorthite RiFZ. WELZ FVAMILAHFSA T3S,
Fig. 8 1. /iR % Ca0-Al,0,-Si0, IREERNIZ A E D BRSO BRI EE L Gehlenite Td % 23, i
LR L N ETR LR TS 5, EPMERNIZE 22D 5T, Anorthite ROEHE L <L
Fig. 912, Zh 6 fE M MY LI TR R E R T, O ITLE FYUMIHERRLVRLTHZ, 2DELD
Corundum RiZ, HERNEHNZ & & H S5 F VLML IZITEIC R UTid, Anorthite BR{IEMIEED Vo —
134 %, Gehlenite RETUMLE AL BB L F VYIS ARBNWZ EDBbrb, 2ZOZeh o, HHMIINT S
FRELARWICHEML, FYLINIHEARETH 5, I EPESER & LT Anorthite L34 2 W H U 72,

Si0z
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Table 8 Specific values of the free machining elements (Wt%)

i Current steel Developed steel Reference

Pb | 0.15~0.30 0.15~0. 25 Prevention from decrease of fatigue

: S I 0.09~ 0 13 0. 04%0 D? strength at Hv260 over hardness range

; Ca i 2Uppm over ZDpnm over | Eaqual to current steel level
Inc:usnon type : Gehlem te Anorthlte Improvemen* of machlnabl I i 'r\_.f

12X DHEEZIT. Pb+ S EAZ W LIEITREDIK T A
KEWEE LD,

BURI M o 1Blimith o 96 57 38 Min = 360 N/mm” {25t L 20%
DLLosg 7 » 7 %X 3 (alzihF 57 580% = 430 N/mm?
PE)7=®12id, Pb, SEEMKIT 2 8E,AH D, Pb=
0.25%, S=0.06~0.07% I Z 2L b 5,

4.4, BERHITRES L VREEAREDEE

Zh & THRANT & 2 PHNL TR OME RS R » 5 GIHIH:
[ B3 U Tid Anorthite RITFEMME 2~ b a— L3
WTH BT L. 728 Hv260 LI LW #E DK T 4
#l42720121F,. Pb=0.25%. S=<0.06~0.07% @ Pb.
SEIV M- ABRELEZENHENITE S,

#-> T Pb, S moi EA L. HAMOREIEN % &
D.Pb=0.15~0.25%. S =10.04~0.07% I3 L 7z,

F 2L RIZD W T, Pb, S, Ca iD=
PHI A 2 FEARIT | TRRE S SR T 9 97 AR KT &
T 575D Pb, S wOIKWIZHED CIHIMEIL T 2 B
RAERD Anorthite (b THIN—FT 2 FEAEAL 7=,
Table. 812, &%7& L 7= MRHIICHR O K IE & B LR 1
MIOWREE R,

! b
| ey

{20%UP- 43kg /mnf_line}
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machioy
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Fig. 11 Influence of Pb, S contents and hardness
of developed steels on fatigue strength in
rotating bending fatigue tests

Table 9  Specific chemical composition of
developed steel (Wt%)

l

| Current steel

|
H

Developed steel

c |osr-o04 | 031-03
s 0.25 - 0.45 | 0.35- 0.5
e 0.90 - 1.20 -
T er 0.07-0.20 | 0.45-0.55
v [om-o1s [ oos-ois
e 0.15-0.30 | 0.15-0.25
s 0.09 - 0.13 | 0.04-0.07
e | Proper | < |
| Cea | 0.67-0.76 | 0.69-0.76
e L L
! type Gehlenite | Anorthite

| Deoxigizer | (A10,) | (Ca0-5i0,)

5. HERHBEIFEREHED
X TE M Rk B & AR AE

BH JE e I T AR 8 oD SR MBI . BHFE X — 2 8 o FEAHH
BABIZE 3T e U CTBHMMOE M A & 0, & 51 PeHl]
TCRDFRENE % HHX T Table. 9 I1I/R L 72 fE &% E L 7=,
Table. 9256\ T, JRFEYE (Ceq) IHHAMOIRIN X
DAL ABETH B Z &2 6, BIAMOREME v
Pfiil U, ZORFYUREOMFLEGEH L T, FAFHH
DOREEET S TRRME ORI A X D ke & Uiz,

F-BHMEFARMOGIRB X W - o - &R
il B e B - [l O 0 7 R A SRR L 7o, R RN
% Fig. 12~15 1759, Table. 10 13, Zh b D RHHERE
fiE % BUF S & B FE & Ui U TR g,

B FH A & B S D ek P & 0 . 8 90 VB R e L
U, O848 0 - i 5k B R 23 s & s A IS 22 >
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Table 10 Comparison of various propertis between current steels and developed steels

No ; Current steel | Deve loped stael | Advanced ratlo |
1| Tensile strength (N/mm?) | =780 | 2 840 8 |
| 2 0.2% proof strength (N/mm?) =500 ; =570 +14% |
|3 Elongation (%) = 17 = 18 + 6% j
| I | I i B __.__.___.__.__1|[
. 4 Reduction of area (%2 = 33 = 42 +27% |
| 5 Charpy impact value (J/cme)j = 20 = 35 + 75%
+—(U-notch) |
. 6 Rofating bending fatigue strength(N/mm*) =360 =430 + 20%
7 | Specific hardness | HRC 20-30 HRC 22-30 —
°

4 1100 - -

i —®— Developed stesls - L

"E ~—0— Gurren! steels ° T ° — @ — Dovelcpod stesls

E ~. — (0 — Current steals

E 1000 Q Y - 75 \‘*g < o]

L 7 ~

4 ° § \\ Lol e

o 2 \’X \.‘.\ ) )

£ TV g AN

-] o] L]

g > 6\

g S g N H

Q © Specific hardness =3 Specific hardness ~

@ 800 range of developed E 2 range of developed s

E ./ staals stoels \ "..

= ] Y

:jj HRC22 - 30 HRAC22 - 30
70 20 25 30 35 o5 20 2|5 30 a5

Hardness (HRC)—————3

Fig. 12 Relation between ultimate tensile strength
and hardness of developed steels

(compared with current steels’ ones)
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Fig. 13 Relation between elongation and
hardness of developed steels
(compared with current steels’ ones)
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Fig. 14 Relation between impact value and
hardness of developed steels
(compared with current steels’ ones)
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Table 11 Chemical composition of

charpy impact test specimen (Wt%)

Table 12 Comparison of impact strength between
current steels and developed steels

el e [V THaness| | Current. [ Developed.
Current steel |0.41]0.710.10/0.10 21.1 | | steel steel
"Developed steel| 0.41| 0.7 0.50| 0.10] 235 | | Crack initiation encrgy () | 15.8 | 18.3
' S | Grack propagation energy(d) | 26.4 | 30.9 |
B, FhFig 1R ES Icayvmy Fage L | Tex imact foad (N | 20800 | 21900
THLR &R AR, IR, oo el Ol [ 928 | 615

5 PR Sk C DTS - VE T I8 & & KR 2 A
SN, BIETETH B VIREC O Rk 2 FEA
12 Cr BRI & 2 ik o ff & hE{LcR T
®% Pb, S mOWIELIZ X 2 JE57 ML F EANDORHRL Y
kit ofz, EHIT, REUGEOMPAE N K 2 0%
MRE L OGNS & 0 Wz i 57 58 O i bk 3
D20% 7 v THEKTE =,

6. AEHEOSEFEEICATIEER
FEFE MG DN HF g &1 L &5 FEE LT Cr
BNBEHTHBZ 2R LA, CrifEEH§Z &
IZ& D ERRORRIE ORI 2o S BT DT RIS YK
I LE§ 5 2L MR L 2, 2 ORI EL 0y
28 b bR RE SRS LT, Criihiic &
DR A B L. Z OBk EAE ST RIS O A ¢ 7
ELTWBRZENELIOND, ZO/REMNAIEIZTZ720,
i 2Rk - BAUER T X L FITX % Cr IO
B EONENBIUBIRICN T 5 Cr RO E LA L. %
FrRE A L OHEE & 17 > 72,

6.1. #HEMBLURBREEICONT

Table. 11 IZfiE{H O & 1 X 278§, Cr FH RO
BAEFANRD 7202, Cr &RIFBIHMN— 2D 0.1% & FHFEHM
N=2D05% & L, fhDILRIEF— L <IZFHEL /-,

kAR, EEFEF A O TEEL =4 v Ty M &
40 AFRICHE L. Z D% 1373K I L 22m L 7z,

ALY v oL B — AR, LEEHEM A JIS 3 51
HRBRFICIT U 338y v oL ¥ — BB C i
B & AN DOBR A R 72,

W7 B AMERRIRER L. ASTM #ks Ozl L 72 ICT 2
BiH (BE 6.3mm) & VS SIHE 0.5, Kmax =500 N/mm ™
12T 2~4mm & & DI B % W B T 5 2 72,

AR X OWEIIMIRA ML, P ERESRNT

FMEIZ LD 1/100 mm OFEEE THEALD i DB E
SEWEL 72,

DB LB NI MoOBEEX (Ci) b & U RAEREEY
((da7dN)i) 1. TREIZ& D R® 72,

Ci=(a, +a;)/2

a;y, a,: MiZ&mOBZEE X OFEME
(da/dN)i = (a;-a;,)/(N;- N ;)

% 2SR (AK) 13 ASTM, E647 iI2& b, kX%
T L7,
AP@2+a)
BVW(QA-a)*?
F(a)=10.886+ 4.64 « —13.32a” + 14.72¢° — 56"
a=a/W

‘F(a)

AP : fifEE#HilH (AP = Pmax - Pmin)

B e

Wb

a AR (RELOCiEHV3)

6.2. EEAEY+ IVE-HRICLIEEFE-EN

FFEHEERIER
Table. 123, %M — 2R PED BIfR & 2 S8
B IER TR,

Wi X &Y OBRIZ. Fig. 14 1R L 22RICHIE O
LHE b IR KT A I A R,
Cr=0.5% &H 3 2 7M. BEakAr O & 23 BLHE#IC
W UTEHETEOA, TRPEREOBRRET XL X,
YRR T 1)L FE K O a8 I BUHM X b K E v,
Zhid. Cr BOINC & 0 IR D/ Y — 5 4 b DG
KE LU= 14 bDF A5 —RROZEISERS % &
HEE X, ZOZ &iE, Cr=05% &AI1Z K 975005 1.
W RARE B L OCRABIHII L THINC L5 Z &H
TFiHlxhs,
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6.3. EFBIEFMHORIER

Fig. 16 (ZBH s & ORI Fe8 D3 57 B EUERRRFE T B
BB E (da/dN) & AK OBRETRT, da/dN & AK D
Btk paris HIl (da/dN=C(AK) ") DR¥ % R/ — 5
WIzk DR, ZOBBRIETEOME 5D, BERMD
1K A K 3T )57 BAUARRIE I ZBUAMIZ X U Tk,
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ZRREEIZTEMIZ0 & 2D, AK,, 2 5 & 23
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7RISR ESR AT (da/dN) & AK ik Boit L g & &
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Bt LAERNC 2D 7 A Ly 3 L e Eh b,
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Fig. 16 Comparison of fatigue crack propagation
of both developed steel and current steel
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Fig. 18 Micro structure of actual connecting rod developed
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Fig. 19 Comparison of tension and compression
fatigue strength between developed steel
connecting rods and current steel
connecting rods.
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Fig. 20 Comparison of the fatigue endurance diagram
under tension and compression stress between
developed steel connecting rods and current
steel connecting rods.
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Fig. 21 Comparison between developed steel connecting rod’s weight
and current steel connecting rod’s weight
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The orientation of the electrodeposited Pb alloy crystal is
related with morphology of the deposits. The orientated
electrodeposits of Pb alloy consisting of the (hoo) plane has
good wetness characteristics when combined with lubricants.

As a result, the adoption of orientated electrodeposits of
Pb alloy for the overlay of bearings has given a 30% or more
increase in the anti-seizure parameter PV than when
conventional deposits are used for the essential sliding
characteristics.

Meanwhile, the adoption of sintered lead-bronze alloy for
the lining material of bearings has yielded a good fatigue and
wear strength characteristics, which was obtained by a newly
developed Cu-Sn alloy matrix and a decrease in the amount
and the grain size of the Pb phase.

By combining these orientated Pb alloy overlay and the
strengthened lining, high performance plane bearings were
developed which has enhanced anti-seizure property and
durability, as proved by component and engine firing tests.
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Table 1 IZHEMOME % RN & FERM & I L
TR o PERMICHANEHRRIES KO kLT
W5,

O :New material bearing
:Conventional material bearing

480F

Seizure

470F o

460F 50

450} . O

Seizure
A

Table 1 Chemical composition and mechanical
properties of lining materials
| New . Conventional
material matsrial
lining lining
o Pb 19,0 23.5
Composition
Sn 7.0 3.5
(mt%)
Cu Bal. Bal
Tensile
strength 285 185
(Npa)
Elongation
1.7 1.5
(%6)
Adhesive
strength | 187 148
(Npa) |
Hardness |
104 75
(HmV100g)
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Table 2  Seizure test

TEST BEARING
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_:T_--_'r-.. \f

TO SERVO

Load step up

LOAD

_j—jd 2940N/5min

pattern

TIME

Test conditions

Bearing size #5018, 6x2t{mm)

Revalution 6000rpm
Lubricant oil 10K-30
Qil inlet temp. 393K(120°C)

0. 29Mpa (3ke/or)

0il pressure

0il clearance 30 um

Shaft material e
Shaft roughness 0.8%0.1S h
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Table 3 Fatigue test

Dynamic load
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Test conditions

Bearing size $50x18,6X2t(mm)

Revalution 3000rpm
Lubricant oil 100-30
0il inlet temp.

373K(100°C)

0il pressure 0. 44Mpa(4. Skg/cnt

0il clearance 50 um
Shaft material S48C/LCN
Shaft roughness 0.8%+0.1S
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Fig. 15 Fatigue strength as limit pressure of bearing

a. New material bearing
after 107 cycles at 160 Mpa
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b. Conventional material bearing
after 107 cyecles at 130 Mpa

Fig. 16  Micrographs of cross section after fatigue test of bearing
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Table 4 Specification of bearings and condition of engine firing test

a, Seizure test

b, Durability test
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bearing bearing 13 o2 ™ 18
0 “I | | C4 1
= ——— —
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hearing hearing
Test conditions Test conditions

Revolution step

250 rpm/15 min

up pattern
Lubricant oil SN -30
Dil inlet temp 373 ~ 415 K

Load cycle 750 =7600rpm /3sec
(w.0.t)
pattern (holding for GO0sec)
Lubricant oil 5W -30
0il inlet temp 398 ~ 408 K

0il pressure

0.39 ~ 0.48 Mpa

0il pressure

0.12 ~ 0. 48 Mpa

_____ :Conventional material bearing*
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Fig. 17 Anti-seizure limit of bearing by

engine firing test

Dil clearance 302 um Dil clearance 30+2 um

Shafl material S48C/LCN Shaft material S48C/LCN

Shaft roughness 0.4 8 Shaft roughness 0.4 8§
() :New material bearing Seizure

B } . }
a. New material bearing

(25% down width)

-
b. Conventional material bearing
(standard width)

Fig. 18 SEM photographs of bearig surface

after durability test



HONDA R &D Technical Review

Vol.4 (1992)

5. % & ®
(1) fl32 * 2 LFPEE L TA —73— L 412 Pb (h00) i
MEEMEOMA LD, REAMEIC L 2 HBHOEH
HAEEL, WREEMEESA LTS 2 ENHS NI
o7,
(2) ikt do FOSHRROmELIZ L D EPEFTEICT<Hh
7254 =V IR T E Pb (h00) BdrfS s A — /3 —
LAMBEDHAGDLBIZLD ZIRETIIEVEWA
i CHATE 2H% 2 2 L1 H SN,
(3) ARFTHZ X 2k, TTICF-1VI2Z Y Y Vit
WT 191 EDNY H Y =25 ) EDEHEh, TV
Uy oEt b e AMEO W 2 5 HERED & & 2 FEGE X
NTW3, 5HITILV—ZAHZ VY VY NOEHATHE L
MR A4 U, BEHEAOILKERZ G- T & 7240,

6. B &

KR EED BI24 720, B - EHIC BV
ETHWZMF 1 O 4, WUl X 2 L ORIEICE

mZ

WL R D & THU 72K [E] 4 2 L T3ERR D 7 2 128
REHELE T,

R, AWfEO®E ETEL k5 kEANEE TS
LA RIIRICENOEE R L 7,

7.2 X &k

(1) Maruya, Nagashima, Yamamoto and Oyama; HONDA
R&D Technical Review Vol.2, 202 (1990)

(2) T. Watanabe; Jounal of Surface Finishing
Society of Japan Vol.40 (11) 1221 (1989)

(3) R. FIRATESIi. Roventi, M. Maja and N. Penazzi;
Jounal of Applied Electrochmistry 14 505
(1984)

(4) Jong-Sang Kim, Su-Il Pyun and Hyo-Geun Lee;
Plating and Surface Finishing Jury 89, 50

(5) K. S. Willson and J. A. Rogers; Tech. Proc
American Electroplaters Society 51, 92 (1964)




SREEO> Oy KA ORISR

EEEI >0y KRV bDRF

Development of High Strength Bolt for Connecting Rod

O ke ok A NI O
Yoshitoshi Hagiwara  Atsushi Murakami Toyotaka Kinoshita
= = ABSTRACT
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The connecting rod (conrod) bolt is required to be
compact and light, since its size and weight affect the
performance of the engine.

With the existing low-alloy steel, which is heat treated to
make the conrod strong enough to withstand the high load, the
bolt cannot be designed to exceed the strength limit of Class
12.9 because of the susceptability of the low-alloy steel to
delayed fracture which increases in proportion to its strength,
especially in excess of 980Mpa.

Thus a new steel alloy was developed by improving the
alloy elements that excels the existing steel alloys in rigidity
and yet helps the conrod bolts increase delayed fracture
resistance and secure a higher strength at Class 14.9, thereby
reducing the size of the bolt.

The new compact conrod bolt with high axial tension
fastening was developed and has been used in production
motorcycles since 1990.
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Table 1. Chemical compositions of test steels (wt%)

Material C Si | Mn P S Cu| Ni | Cr [Mo]| V [SolAll N |Fe
HB149 SPEC. 0.31to| 50.10| 0.20to| 50.015| <0.005| <0.30| 50.25| 1.00to| 0.90t0| 0.25t0 Bal.
0.35 0.40 140 1.10-( 0.35

Sample alloy No.
A 030 |0.02 [032 |0.011 0.001 <0.01] <001} 099 | 0497 |0.31 Bal.
B 030 {001 {032 |0.005 0.001 <0.01] <0.01]1.00 1099 ]0.30 Bal.
c 030 |0.02 |033 |0.004 0.002 <0.01] <0.01{ 1.00 | 099 |0.30 Bal.
D Wire| 030 (001 {032 |0.006 0.002 <0.01] <001} 1.00 1099 |030 §0.027|0.017 | Bal
F 034 1005 |032 (0006 |0.002 <0.01] <0.01}1.01 [0.99 |[0.31 ]0.031|0.015 | Bal
J Wire | 035 [0.06 |029 |0.010 0.002 002 |004 j098 |099 |0.28 |0.039(0.016 | Bal
K Wire| 034 |0.02 |032 |0.003 0.002 <0.01] <0.01} 1.18 | 099 |0.29 |0.033]0.016 | Bal.
L 033 1003 |021 |0.004 <0.001 | <0.01| <0.01) 1.00 |0.90 [0.25 {0.031 |0.009 | Bal.
M Wire| 0.35 [0.08 |030 |0.012 0.002 0.02 |004 |121 |1.02 |0.32 |0.037 |0.016 | Bal
u 037 (0.6 |042 |0.004 <0.001| <0.01] <0.01} 139 |1.10 |0.35 |0.035|0.012 | Bal.
SCr440 039 (026 |072 (0018 0008 |0.10 [0.09 |1.05 |[001 - 10026 | 0.006 | Bal.
SCM435 036 (025 {076 |0.020 0014 0.10 | 009 |1.05 |0.16 = 0.017 | 0.009 | Bal.
SCM435 Mod. 035 |025 |003 |0.001 0002 |Ti:Tr|B:Tr|1.01 |0.28 Nb0.032 Bal.
AMS6304E 044 1026 | 060 |0.022 0.021 5035 <025 1.02 |055 | 031 Bal.
AMS6304 Mod. 045 |[0.06 }|030 |0.015 0.004 0.10 |0.12 j1.00 | 056 |0.32 Bal.

Sik Mnid, Mix ARBORABRILEZDE L. il
MR E B EE 2 72DRNFVHELVODOT, 2h
Z10.15%. 0.40% % EFRE L7,

CridBEANMEDH LIZFHE T 2ILHTH 5 28, W
L4 &2%L Si, Mn & RBICR AR ZIE LEL
W 2R X250 T1.00~1.40% & L 7=,

P& Sid+—27+4 MEKEOERMBEIZ K > TH —
27 F A4 PRRICREN £ T, A& 2 CibEh
Bt A T 245, P30.015% BT, S120.005% LT
L L7,
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ERERAIL T S O REHERR & TR 9,

4. M HBRER

FHFESH HB149 OEUFIREE, MR IR, BN
X PEHREE IS OV THMA L 22, iR I3 IR
TIABIML S, MEE 2 LOBRERBA I T, Z0
BICEFEORBITME U 7=, BIRABIIHE/ JIS 45 308k
Frafw, vy L - JIS 35 M 2 v
720 TNENOREM OBIIFFEDONTDT 2 I ER
% Table 2 Jz U Table 3 i, BMIEE IOV TOHIR %
Table 4 127”7,

4.1, BAIPIE

PEAIIE & & DR A Fig. 112, PR Ll & il
DRk % Fig. 2 1T T,

ANIE L L2 &y iciixid A4 %78 1213
~1223K LA ETIEED 5 K, & 2B ANIRFRREH O 4E

RICHEOBRANM S KT 52528, R LM 3L A
L BN D B, ZhiEA — 2T F 4 MEBEO AL
YVIOBEERNOKEEEZ 6N 5, ANRE L, Y
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IR E L, PR LRHE & LT 873K 12 kil
ko -2 28h, 2D & % HRCA8 DIkEi & 35 h

Table 2. Effect of quenching temperature on

the hardness of HB149

2-1. Hardness in quenched condition only.

Quenching Hardness, as-quenched. HRC

temperature

K Alloy No.

(X30min. 0.Q.) A B J L M U
1173 52.2
1183 45.0 53.0
1193
1198 48.2 | 528 | 465 | 51.9 | 63.0
1203
1213 543 | 495 53.0
1213 (60min.) 53.0
1213 (120min.) 52.8
1223 495 | 48.8 | 53.8
1323 495

2-2. Hardness in quenched and tempered
condition.Tempered for 60 minutes at 873K

Quenching Hardness, as-tempered. HRC

temperature

K Alloy No.

{x30min. 0.Q.) A B c 0 L M u
173 453
1183 44.9 44.0 47.0
1193 45.2
1198 445 449 | 452 | 48.0
1203 455
1213 457 | 46.3 | 46.0 48.0
1213 (60min.)
1213 (120min.) 47.2
1223 46.2 | 46.3 | 469
1323 46.7
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Table 3. Effect of tempering temperature
on the hardness of HB149

Tempering Hardness in quenched and tempered condition. HRC
temp. K
(X60min.  |Alloy No. A [ B L M u
AC) Quenching tsmp. K-

-~/ 11228)1323|1198(1223|1183[1198|1213|1198[1183{1198/1213

573 47.5(475
673 46.7|146.5/145.0(46.4
723 46.3(46.3 46.0
773 45.5|45.5/143.0(45.2(42.0/144.545.0 47.5(48.0/148.0
823 45.346.7(43.5(45.2|142.0{43.0/45.5|45.56|47.0{47.5|47.5

848 41.5(43.5(44.545.5|47.0/47.5|47.5
873 46.2|46.7|144.5|46.3(44.0(/44.0(46.0(45.2|147.0|48.0{48.0
898 45.0 44.7

923 44.1145.3|141.0/144.0(40.5|143.044.0 41.5|144.5/445

Table 4. Typical mechanical properties
in room temperature

Alloy Henwgatmennemp'l Tensile [0.2% proof[E! ion/Reduction| Charpy {ardne:
No. ﬁuunu_hmg Tom.uelrlng strength| stress of area | impact value
%30min.0.Q)xE0min.AC| MPa MPa % % Jem HRC

A 1023 il 1746 1177 | 15 52

873 |1451| 1363 | 18 65

898 |1442| 1334 | 21 67

923 |1402| 1324 | 21 65
B 1198 773 |1402| 1344 | 18 61 69

823 |1397| 1334 | 20 61 78

873 |1422| 1324 | 20 65 82

898 |1402| 1324 | 205 | 65
923 |1304| 1275 | 21 60.5 1286

c 1198 823 |1748| 1334
873 |1451| 1331
888 |1442] 1330
923 |1402| 1276

F 1198 1834| 1255 | 12 41 64 49
673 |1664| 1442 | 16 57 58 48
T73 | 1442( 1348 | 17 58 61 47.0
823 | 1432 1344 | 18 60.2 79 48.0
873 | 1447 1348 | 18 60 |. 88 46.5
898 |1427| 1334 | 18 60 88 455
923 |1353| 1304 | 185 | 60 93 43.0
973 |1010| 981 23 67 247 33.0

L 1198 848 |1422| 1376 | 20 65.7 83
873 |1393| 1383 | 205 | 66 96

U 1188 848 |1520| 1442 | 18 56.3 76
873 |1500| 1422 | 195 | 685 86
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Fig. 10 Geometry of conrod bolt used
in the application tests
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Fig. 13 Comparison of fatigue strength for
M7 bolts made of HB149 and SCr440

BB ARRRZE L2 e e@BlRLICEDBRoh:
fEREEZONS,

5.4.2. JEITREE

1 EEE3E, 2 [mlEEE D& 4 TELE L 7 14.9 fR L b
DT, THIFEE 7 AR A F T R0 L g 30Hz T
5 R ITRBR % AT 5 720 P S11E 490MPa & 1176 MPa @
20E L. BAIBSIREAZ A T 2X10° 1 & THD B
U kB 2 AT\ YRR 23R 720 2 OSSR % i A BRIEHRIXT &
LT Fig. 151284, 1 Mz 14.9 ML b i, SCra40
D 1RGO 12.9 #ARL MR, 20% DL L0758
Eom kA, 22 HERER TS, 12.9 HD 1 R
WAL b & D IEITIRIE A0 B LR A5 7,

Mk & SRR Lo bR L2 iz k
B FMEAKRORE I B EISA ., EEICXD 3 OB
DEMEFEIB IS L, oIt VEOME AKX L
MolzZ &M, R MNEROWEFEE DR LIZHFS L&
EER-E

5.4.3. MiHE AU D ERDRE R

aTvuay AL D TOENBEEREIZ, AL b ERE
ISR DT, 2 A 0.1IN OMEREIZ 200 BEREIRE L 72,
HNDORELRERD B HihE & 57, DD
AL b IR T O ORfE— ORI & D k72 0.2%
if 71 &AM E LT3, ZDER%E Table 6 1287,
BAFE AL M IZ 0.2% ML LK T & Bl o R 13 e
<L 129 AL b RTEHEE % 83 L 72 AMS6304Mod. & 0
BN 7-MHEN AR 6 h iz, Fig. 12 1SR4 &5 12
1 [BI#RE AL b DA UK O R A X (3 2 [\lfFE R )L b O
XX @D, MHENBSEEDEVS PRI

1l

2. ZHEORETIZ, 1 1HgRE & 2 MG TOZEITRD
SNz,

6. & &
Fe—0.33C-1.2Cr-1.0Mo-0.3V % SEAHMKIZ, P, S D
AU & e BE & DR LAC K0 | R T B L
AAARSERNT BT O A KL b G <6 (H8149)
WP TE 72,

Table 5. Results of Tensile Test on Bolts
Material H?Qdﬁr’ce)ss 0.2% proof stress| Tensile strength [Elcngation
1401MPa 1512M| ,
HB14g 455 4z Skarmm) | (54 3@rmm | 35%
1218MPa 1284M|
scrd40 | 405 ohaenn | aar o ramy | 31%
1278M| 1357MPa ’
SCrad0 . 418 (130akermmd | (138ekasmm) | 27%
Specimen : M7 Connred bolt
Stress area : 31.136mm’
Gauge length : 41.5mm
6 —
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;
I
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X i
e H SCr440 HRC41.9
o
@ /
9 ‘
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Fig. 14 Comparison of tensile curves for M7 bolts
made of HB149 and SCr440
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Fig. 15 Fatigue limit diagram of Haigh method
for conrod bolts
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Table 6. Results of exposure test on M7 bolts dipping in 0.1N hydrochloric acid for 200hr

Hardness| Plastic | Stress

: Number of |Non fracture|
Material (HRC) strain | (MPa) |fractured Bolts ratio portion

Fractured

456 | 02% |12569
w452 | 02% |[1252

014 100 %
010 100 %

HB149 1" 4s5 | 139% |1447| o8 100 %
455 | 23% |1384| 0.8 100 %
405 | 02% [1101] o7 100 % e
SCr440 | 419 1.6% |1051 1,/8 88 % | Incomplete thread
419 | 19% | 995| 28 75 % Body (2)
ANSE0Mod %455 | 0.2% |1203] 216 889% |Thread (1) - Body (1)

¥ Bolts adopted double rolling process

AR A AW Z23 v ey FRL M, kO SR
JETH 5 12.9 AR MR L, B TBEBEENE A &
B D 20% B EFEIR X D _E L 758X 5y 14.9 R
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&
ARBRFIC & 72 5 T KA 5 W1 73 & THO 7= (0 KRR 2k
K OV AL T R T BT BIRE B AL L R
ERLET,

2 E XK
(1)T. J. Hughel, “Delayed Fracture of Class
12.8 Bolts in Automotive Rear Suspensions”,
SAE paper 820122 (1982).
(2)HHr: @ $ M4, RBRAET. P.30-32, Vol.35,
No.11 (1986).

BE =l
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& Bk, P.12-15, Vol.35, No.11 (1986).

(4)S. K. Banerji et. al., Metal. Trans. A, 9A (1979),
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Isolating Vibration through Use of Traveling Center of Engine Oscillation

A T | A A0 1~
Kazuyuki Shiomi Hiroshi Mizuguchi
- = ABSTRACT

360° ZHMIFEAAD4 2 bu— s EH 25 [Ty YV
12X % 8 L O BRE & BT L 72,

ZOEME, TV Yy o1 REC (RO HH
T2 05v 0Dy a— 4 PEFREL,
PO, LYY REOIEEA R EES KS5Icn vy
VYV MEEETSEDTH B, ZOMREIE. M
NG UH =Ny Y LY B,

AT, TV 01 IR [REHO A
T 2720 0O5M%%KD., ZORFBHPOLOBHE 75T
YVOURYVFOREEEREL, WNT, T OikMERE
EFPUIT5. 512, Z ORI FRAZNHIEA L 2
B e OIRBYEIRO R R & B RS,

A new vibration isolation method for a four-stroke, in-
line, two-cylinder engine, with an even firing interval of 360°,
has been developed.

This method involves setting crankshaft counterweights in
a way that generates an ‘oscillation center’ in the engine’s st
order vibration mode and also arranging the engine’s rubber
mountings so that they reduce the amount of engine vibration
transmitted. The effectiveness of this vibration isolation
method matches that of an engine equipped with an additional
rotating balancer.

In this paper, the conditions required for the existence of
the oscillation center is first discussed. Then the arrangement
of the engine’s rubber mountings is considered based on an
analysis of the movement of this oscillation center, followed
by the estimation of the effectiveness of this vibration isolation
method. In addition, its effectiveness when applied to a lawn
tractor is presented.
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IOk T VY VISKRKT 2RE) & RET S 20O
IR LD L ITbhTE 2, R SR h
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EXPECTED WHERE AN ENGINE HAS AN
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Fig. 1 Basic concept of isolating vibration
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Fig. 2 Two-dimensional vibration analysis model
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Fig. 3 The condition required for the existence of the oscillation center
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ABSTRACT

Synchronous drive belts are used to drive car engine
camshafts and other driving mechanisms that require
synchronization of torque transmission.

An analysis was made of the relationship of the
dimensionless tooth load distribution ratio with the
engagement position load relative to the belt tension load, on
belt cam pully used for a four-cycle gasoline engine in
operation. In the process, the load was measured on each
tooth of a synchronous drive belt with rounded teeth cam
pulley followed by calculation of its dimensionless load
distribution ratio by dividing the tooth root load by the load
measured by a belt tension load measurement on drive pulley.

This study provided the following conclusion: when
material properties, tooth profiles and other specifications of
the pulley are the same, under either dynamic or static load,
the tooth load distribution ratios of pulleys with rounded teeth
used to drive engine camshaft remain almost the same at the
normal speed range of production car engines.
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Fig. 1(a) Synchronous belt with rounded teeth

Fig. 1(b) Synchronous belt with trapezoidal teeth
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Improvement of Wear Resistance of Al Alloys with Laser Surface Modification

O | W [ (= ao otk "
Naoya Watanabe Shinji Okabe Takashi Iwasa
B = ABSTRACT
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JEX 0.8mm Bl LART, 2 OB IEEERG T AT
BE e i B REEIE AL AN D 7L I B4 0 H O AT REM: & R
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Aluminum alloys have been used in a variety of
automotive parts to replace steel and iron and have contributed
to weight reduction of automobiles. However, its wear
resistance is inferior to that of steel or iron, and there are no
aluminum surface treatment processes to eliminate this
problem. Thus the laser surface modification was applied to
the aluminum alloys surface to enhance their characteristics,
thereby achieving improved wear resistance for the materials
that otherwise cannot withstand the sliding loads arising from
high radial and sliding shear stresses.

It was found that the new surface microstructure, which
has been produced by superficial melting of the aluminum
alloys surface and alloying Ni and Ta, consisted of fine Al;Ni
and AL;Ni, matrices in which Al,;Ta particles precipitated as
the reaction products.

The new surfaces showed sufficient hardness and
thickness, at Hv 600 and 0.8 mm respectively. The high wear
resistance of this surface was demonstrated by a cam-rocker
arm simulation test.
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Table 1 Chemical composition of the
A5052P substrate (mass %)

AS5052P

Si Fe Cu Mn Mg C Zn Al

0.08 0.3 .024 .002 278 .21 .003 bal

Table 2  Alloying powders used in experiments

substrate alloying powder

Si Ti V Cr Mn Fe Co Ni Cu Zn
Zr Nb Mo Ta W Sn Pb Bi

AS5052P

‘ owder
modified surface layer

Shrg,,
dj ‘| molten pool
M
i L

Al alloy substrate

[

Fig. 1 Schematic diagram of the laser
surface modification

maximum load = 3000 N
sliding speed = 11.2 m/sec
oil (10W30)=11 mm? /min

laser modified
surface

carburized steel disk

Fig. 2 Chip-on-disk type sliding test method

P(S i Joud) maximum stress . 668 MPa
pring (Pv value : 568 MPa - m/s)

lub. 0il(10W30) © 200 mm? /min
rotating speed . 500 rpm

Laser modified surface

steel cam shaft
(carburized)

Fig. 3 Cam-rockerarm simulating test method
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Fig. 4 Effect of the Ni concentration on the hardness
and the obtained phases of the alloyed surface
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1 3 2008 b i
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Fig. 5 Effect of the Cu concentration on the hardness
and the obtained phases of the alloyed surface
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SIRIMEZRAIZH LT ERH AL E&ERILAY
B LIE 28 L Cw<, Fig. 4, Fig. 51213 Ni &
LU Cu EAELL -8B OFNE & OBHRL L O
Z 0L FIZWHEBNIZER XM A LAYHOBERE R,
Ni DA, BANO Ni #28 40mass% LT Tl a —Al ~
MU w2 2 ALND OEOLE AT L 2 %
LD, WNRORNE & 3127 ORI L
& EH LTV, X512 Ni B% 40mass% Dl L2 BT
W] EHUEREIZ AN & AN, & DL A EAIC

Mn| ' ' Hv600: [[Isingle intermetallics
: hybrid intermetallics
Fe | Hv 900

Cr N Hv 750
= DO
¥ AN

T T T
100 200 300 400 500 600
DPHI (gf)

Fig. 6 Diamond pyramid hardness indentation
(DPHI) value of the alloyed surfaces

2\ S
%1000 _ 10

e TR N NN

Fig. 7 Microstructure of Cr alloyed surface (OM)
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sEEERmIEOhTHEL, 22 TRA B LLOE
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1100 _primary alloying element Z‘ NL,

900

700

500
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Melting point of the second element ( K)

Fig. 8 Effect of the secondary alloying elements
on the DPHI value of the modified surface
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Fig. 8 {22 DFERO—E %R, MR OM M %
FEBIZ VRN U 22 B R O AR RA S AR 3, K
SHS LS5 Nb, Ta, W, Mo &\ o =Rl H
SR ORIRFTRING & 0 BB R 0 824584 IR AT E A3 1) 1
THEZENbD ol ZOMFIZELIZ Ta, Nb T
FHTH o7, Fig. 913 Ni OHHRM (a) & Ni, Taldl
REAIT (D) 12 &k 0135 h =S tEimo, SEMIZk
KHET (BSE)§42mR L7280 TH5. Ta % i
TIN U 72558 0 MAE Ni AR O Z hiz b TH A
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Depth  (mm)

Fig. 10 The microhardness depth profile in a
cross-section of the Ni-Ta alloyed surface

L 50

Fig. 9 BSE image of Ni alloyed surface(a) and Ni-Ta alloyed surface(b)
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7 ORIFIE, BRIt XL —¥—Fav 2404528k 0.
FENTEEE, Y2 UCZ ORI E Rt L <5
N7 MR K CRLEWOKEZEE Table 3
12, ZOBOLV — % — 7 a ¥ 25%4M% Table 4 IZ/RT,

(a) Cu

#

Fig. 11 Qualitative analysis map of the Cu-Sn alloyed surface by EPMA

Review Vol.4 (1992)
Table 3 Chemical composition of the Ni-Ta
alloyed surface
elements Ni Ta Mg Al
mass% 39.5 11.5 <1.0 bal.
phases Al3Ni2 Al3Ta Al3Ni
vol.% 45 =10 205 Bal.

Table 4 Typical laser processing parameters

laser power : SkW (CW)

beam diameter : ¢ 2.0-2.5 mm
beam oscillate width: 5 mm

travers speed: 250 mm/min

alloying powder : Ni, Ta
powder feed rate : Ni=15.0 g/min
Ta= 5.0 g/min

shrouding gas: He 2x10%ent /min

e

iy _.,,_' A
#* . »

&

the elements for the formation of
hybrid intermetallics

™

N|O | F |Ne

Cl |Ar

s |Se |Br |Kr

"] Sn

h Mﬂ I Xe

Cs |Ba|La Ir | Pt |Au [Hg | TI Pb/\{il Po | At |[Rn

e JCe Pr |Nd |Pm |Sm [Eu |Gd |Tb |Ho |Dy | Er IAA\ Yb Lu‘

'Th [Pa | U |Np |Pu |am [cm [BK | cf [Es [Fm M4 Rx{ Lr |

high melting point elements \

+ refinement of the microstructure
- enhance the DPHI value

solid lubricational elements
- lowering of friction
coefficient

Fig. 12 The effect of the alloying elements on the laser modified surface
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Fig. 13 Results of chip on disk sliding tests
for Ni-Ta alloyed surface
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Fig. 14 Results of cam-rockerarm simulation
tests for Ni-Ta alloyed surface
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Elevated Temperature Properties of Rapidly Solidified Al-6Cr-3Fe-2Zr Alloy
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BUEEEB AR 7 2 2 HWT, Sl ToOMEICEN
TZMEET L I =2 A58 Al-6Cr-3Fe-2Zr &[T L 72,
REFIIEINRE L =SB ELAY & Bl 5
ERTOBRERTEHRHLES & T28DTH 5, AN
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DI, BRKTH A ZOHEEFNRZEDTH 5,

FEEH AT F ¥4 X (He, -25pum) BEK EAKEH 2
7 k¥4 X (N,, -105 pm) B3R %2 O - A0 ER T
DFHREE ., FEHE, 2 ) — TR DWW T3 ik
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IZULEE 2618 KDENTHDE I EHMERTE 2,

AESIATFT L I =7 A5 O HEE ORRA % Bk
A% 350C FTCOMREWTOMHANAIETHD, TV Y
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A heat-resistant aluminum alloy (Al-6Cr-3Fe-2Zr) was
developed by applying the rapidly solidified powder process.
This aluminum alloy exhibits excellent strength at high
temperatures by dispersing themally stable fine intermetallic
compounds. This paper describes not only the effects of
atomized gases and powder size on the finely dispersed
compound particles, but also the tensile strength, fatigue
strength, and creep resistance at elevated temperatures of
aluminum alloy extruded from high-pressure gas atomized
powder (N2, -105um). The strength of the Al-6Cr-3Fe-2Zr
alloy at elevated temperatures was higher than that of
conventional heat-resistant aluminum alloy 2618. Therefore,
Al-6Cr-3Fe-2Zr alloy can be used with temperatures as high as
350°C, which is beyond the working temperature limit of the
conventional ingot-metallurgy aluminum alloy. Consequently,

this alloy is expected to be widely applied for engine parts.
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Table 1 Chemical composition of the alloy
[mass %)
| |
Cr . Fe Ir ‘ Al
5.95 ; 304 1.99 bal.
Table 2 Conditions of the gas atomization process
Low pressure ' High pressure
| gas atomize gas atomize
atomizing gas He. Ar.N.. Air 1 He. N
gas pressure (MPa) : 0.44 7.9
diameter of nozzle(mm) 328 92,0
melting temperature(°C) 1200 1200
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a) high pressure He gas atomized powders

b) low pressure He gas atomized powders
c) low pressure Ar gas atomized powders
d) high pressure N, gas atomized powders
e) low pressure N, gas atomized powders
f) low pressure Ar gas atomized powders

Fig. 1 SEM micrographs of Al-6Cr-3Fe-2Zr alloy
powders by gas atomization.
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Fig. 2 Particle size distribution of
as-atomized Al-6Cr-3Fe-2Zr powders

Table 3 Properties of atomized gas

Density | Kinematic viscosity | Thermal conductivity
(kg/m*) T {mm?/s) 107 WAAm < K)
He 0.16 122, 6 152. 7
Ny 1. 14 15,7 25.9
\r 1. 62 13.9 17. 6
tr | 118 15.8 2%. |
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20 4 m

53 4 m

105 1 m |y

a) Ar gas atomized powder b) N, gas atomized powder c) He gas atomized powder

Fig. 3 Microstructure of powders by the low pressure gas atomization
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Fig. 4 AEM microstructure and diffraction
patterns of N, gas atomized powder TR -5 UET T35, ZOMEMITHARBIZLS T
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(a) High pressure gas atomization
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Fig. 5 The effect of powder size and atomized gas
on cooling rate of Al-6Cr-3Fe-2Zr powder
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Fig. 6 The effect of powder size and atomized gas
on tensile properties of hot extruded
Al-6Cr-3Fe-2Zr alloy
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Fig. 7 TEM microstracture of hot extruded
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Fig. 10  Stress-creep rate properties of
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Fig. 12 SEM micrograph showing 400°C creep
fracture surface of Al-6Cr-3Fe-2Zr
alloy (alloy B)
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The Effect of the Vehicle’s Frontal Configurations on the Struck Pedestrian’s Behavior
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The number of pedestrians killed due to traffic accidents
is a serious problem and demands attention. Most pedestrian
fatalities are due to the impact on the head from contact with
vehicle bodies. To investigate ways to protect the head, the
locations of the vehicle body in contact with and velocities of
the head need to be studied.

This paper describes tests carried out using a full scale
sled to determine how the orientation of pedestrians, shape of
the front bumper and hood edge, and energy absorbing
characteristics of those parts of the vehicle body affect the
head injuries of adult and child pedestrians. Computer
simulation was also used in some cases to check the results of
the actual tests.

Prior to our study, it was though that bumper lead and
hood height had individual effects on pedestrian injuries, but
the study revealed that these two conditions interactively affect
head impact speed.
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Table 1 Test Conditions and Results

No. Specification HIC | Head impact speed m/s WAD mm
01 | Base condition 1590 11.8 1940
02 | Base condition 1449 11.5 1830
03 | Hood edge 755mm 1303 11.0 1850
04 | Hood edge 830mm 464 8.0 1840
05 | Hood edge stiffness A 1305 11. 4 1830
06 | Hood edge stiffness B . 12.7 1900
07 | Bumper stiffness A 1788 12.3 1770
08 | Bumper stiffness A 1438 12.2 1830
09 | Bumper stiffness C 1549 12.3 1970
10 | Bumper lead 40mm 698 9.2 1820
11 | Hood edge height 830mm. Bumper lead 40mm 1002 9.9 1650
12 | Hood edge height 830mm, Bumper lead 40mm 947 9.5 1690
13 | Dummy angle 20° 1305 9.5 2040
14 | Dummy angle 60° 2248 13.0 1820
15 [ Dummy angle 90° 2912 13.3 1840
16 | Dummy size C3Y 2122 ~— 780
17 | Dummy size CBY (Base condition) 925 7.3 1110
18 | Dummy size C6Y, Hood edge stiffness B 1174 7.7 1080
19 | Dummy size CGY, Bumper stiffness A 1614 9.3 1120
20 | Dummy size C6Y, Bumper stiffness C 2303 9.5 1060
6. 7 X bR ¥, WAD 1% Wrap Around Distance D& T, Hhifi»
Table 112, &2 TDT X bOZMNHB LI UORERERT, 5 I 22V B F T & BAREI IR > Tl > - MgE T
15 Hb,
< 6.1. BIRM
[« N
vs 10} ZDT A MEOBBEMAHERT 5720, EEOTKE
= C INVIS—EETE L 2HARIC DWW T 2D T X b &%
173
& B B 72, 2 OGS, SEIBE G B & OTAIR S 1< D
3
2 5 R W REETE 5 &Rl L 7.
3
g
2 6.2. SEEREIZHEE & HIC
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25 50 ORRERT, Zhh»6bh» 2 K512, liHORIZIEM

Compressive strain (%)

Fig. 3 Crush characteristics of the bumper
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Fig. 5 Head impact speed vs HIC
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Design Considerations of Bag Shape and Deployment Methods for Front Passenger Airbag

B " G R iz " woR '
Kazuhiro Seki Iwao Imaizumi Satoshi Takizawa
f& M —* TTR T M H R*
Kanichi Fukuda YukihiroYamaguchi ~ Minoru Kanda
= = ABSTRACT
)L EHET A RBREEE TH LT TNy T OH) An airbag for a front passenger has been developed as a
FREHDOY 2T L 5L, supplemental restraint system.

MDA ¥ M3, RAREERELIE L2 LT, w»
PIZU TNy I HEBHT 2OFEICS 2 A/ &
{ETBENEVNHIETH S,

AR T, ZORBOREEOHRH» S 2 DOEEKIHHE
BT 5, F—0HEHEIE, Ny rORBREA YT L —
A — (HARAER OREORITTHD ., Ny VY ORR
LT 4 Y T L —2 =07 2R A R 12 3%E
THE, FAICHZAHERIINILS BB LRSI
Ko7,

BOOFEBIZ, BV 2L (N = b)) D
REBEHEORHTHD. A YAV AV FISFL (X
Vo= F) EHICHBEL. Sy ETL Y FY =L
IZR-> CEFICEBH &SR FRICK D, HEINEL< A
5 Z L EHERL 72,

The test results were analyzed to find ways to obtain
effective protection capabilities of the airbag while reducing
its impact on the passenger during deployment. Balancing
these two elements is the key in designing a passenger airbag.

To meet this requirement, two important design
considerations were incorporated: 1) the bag shape and inflator
characteristics; 2) the module location and bag deployment
direction.

This design has proved to have the following advantages:
1) the bag deployment impact force decreases with a larger
bag matched with the same inflator characteristics; 2) the
impact force decreases when the bag deploys toward the

windshield.
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Table. 1 Frontal Crash Data for Two Types of Bags
| Type | \ !
| ! A | B
Data _ }
| RIcC | 2043 | 1083
| Chest ¢ | 44.56 |  26.56
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Fig. 1 Bag Shapes During Initial Stage of Development
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Table. 2 Neck Bending Moment Data
for Two Types of Bags

| Neck | 130.4 N-n 0.0 N-m
 Bending Moment |
' ‘Backward) i (Not including rebound’
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Fig. 2 Four Types of Inflator Tank Pressure

Table. 3 Four Kind Width Bags & Crash Test Data

I
|

(Type I, 1, 1ll and 1V)
Data Type| I | 0 | I | W
' Bag Width(mm) 400 | 500 | 600 | 700 |
| 1 ; '
| Bag VolumerLiter) | 116.8| 134.8 | 1548 169.0
| Inflator Maximum I
| Pressure (KPa’ 332 | 385 445 485

{60¢ Tank) | |

(a1

-1

[ Data (Chest G» | i

I Inflator |
i Max. Press. ‘ [2.84 | 2.86 2.87 | 2.8
Bag Vol. | i f
| |

{ Frontal Crach : i

51.1 | 47.3 | 47.7 | 50.5
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Fig. 3 Deployment Impact Test Position (AF5 dummy)

kS

2 4

AGAINST TYPE I

dﬁge

HIC AND CHEST G RATIO

1 4

"100 A i 200
T TYPE T TTYPE v

TYPED  5aG VOLUME (LITER)
Fig. 5 Deployment Impact Test Result (AF5 dummy)

TYPE 1

WIZINS a B a DIFTED/INy ZIZDNT, Ny T
JEBHIE DO EEE ) N OSfe L ORGEEBE & LU L 72,

Table. 4 2O g L U CHHIIL 2237 — 4
BN L7z, 7 A bk, wilElo Fig. 4 &RBICT - 72,
ZORER»E, RO b5,

1. RNy 7% KN2O2OFEIRED L v 7L — 4 —
TEMT 354, ERFoOERIZ. ENFEOKZ W
AV IV —2—TEBLEPAkELS A%, (a &
D a DFHK)

2. FACAVYIV—=A—TKIN2DDNy 7 EJEH &
08 IBHIEOBEIZ/NE VN SO FHRKE N,
(a" &0 BDTTHK)

ZORKE LT UTO 208 Ex2 6hM 5,

FLCAYIL—2—T. Kh2ODNy 7 EEHT S
Bt
1. Ny ZBKREVWHREY 2 — LEFDOER 2 LA

Lk EE—FiZk %, (Fig.9)

[ Windshield

C3Y Dummy

Module

AN J

Fig. 4 Deployment Impact Test Position (C3Y dummy)

o
1

HIC AND CHEST G RATIO
AGAINST TYPE 1

oo 4 4 200
T TYPE T TTYPE v

TYPE T  TYPEN  pgaG yOLUME (LITER)
Fig. 6 Deployment Impact Test Result (C3Y dummy)
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BFFEITNv T —ZOMRERRFEND—EE—

2. Ny IHREITIER L & 5 720Ny SERFIANE
{75,

KIZ Table. 5 IZRBIRFEVRD LK EZ/R L2, 7 X b
Tk S I —HEiEEFCTh 5, ZPEFIT Y
ZaDT—2%100 &£ LEBADHETHD, /MW
AEEMLESRIE D, ZOBELS. RO EnD
»%,

- HBHIEEE T, Y- P RL P EFHAL TS REIC
RERPRIETCE 7Ny V&R LT 5,
(AXDOHITIEa 24 F) LhHL, ZOTTINy S
DY =NV PRFHOFERISHT 2R, $4ab5
fiZ2es 2 FFOEFEET - 2 ZX T LERBEEE A
BV, (BXOFTIE, N b REHERICH LT,
a’ 44T 8D a8 4 THEEAL T MEHEIZR L
%5,)

Fig. 7 Bag Deployment Process

. J

Fig. 8 Comparison of Two Types of Bag Shape
(type a and )

Table. 4 Deployment Impact Test Result
(Three Types of Bag & Inflator Combinations)

§ | a i 8 a’
L oHTC | 318 | 2007 | 140.7
| Chest 6 | 30.4 | 225 | 125

INSDREERLE, a B a DA SNIL FHEHZIC
REOMHMERERT 2 ThE., o« 2147855,
Zhid, B~ 2O00EE, $abb. 1. N
FERB IR OMREIREERET S, 2. vy VER
R B RIT TR & NI 3 5,
EiET 206 TH 5,

UEofkamia 2 ERTIEL 20Ny ZERE,
Fig. 101I/Rd . £72~UL M FHHEB OREIRER VN
DR 7 vt 2 % Fig. 11 1287,

3. EVa—-ILAT MIBEDRE
EVA-ALAT Y FOYEIT, EEREEREE Ny
ZIRAROREIC KT TER DN T v A ik Rol§
HBOEI—DOOEBELBEHRTH 5,

3.1. Ny TEFEARORKRE

Ny ZORBMAKEEEZL T, T A b &EIT 572,
(Fig. 12)

9. REREERICKITTHELMI LA, Fig.13
.Sy T a4 Y FHANBREE B L. REH
N IER X 7238 DNy ZRIGER D4R L TV 3,
ZOWIET 2 M BERDIENF A B,

lAir Bag Module Bag

Passenger
(Child)

M.!E!V_ Instrument Panel Surfce

. J

Fig. 9 Bag Deployment Shape with Standing Child
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Table. 5 Frontal Crash Test Results
(three bags & inflator combinations,
and with & without seat belt occupant)

BELT | With Seat Belt | Without Seat Belt
T -
I“f.-;,r;,)*ﬂb""' a A | a a | & |a

pesotrs SOf| HT | LOW | LOW | HI | LOW | LOW

HIC (Ratio) | 100 |108 | 78

Chest G(Ratio) | 100 | 85 | 90

1. Ny 7 A5RAECIRT 5 M (Fill time, t) iZ[d6
CThY. ZThRBoOREEIHREMIEERRSTH 5,

2. Ny FOREFBIEICIIEN S 5%, ZOMOFEER
FEVEREICE A U B TR B B

2 OMEHERIZ. AR T EIE L, TEICRKIE S HR
JIei & I EE A D B Z 212 T B,

7 A b A s EA, LML I - 3F LI -
BRI L. 723y o FF IR B 0D BEER K O i &5 o> i et
ZFHHIL 72, (Fig. 3, 4) Mi#H®O 7 A b A5G CeEm

ColliBlOn==mm= e e s s ms s s s s ————

»Dash sensors perceive the impact
+Cowl sensors perceive the impact

Inflator activated--

sHeater commences

eZirconium potassium perchlorate ignites, heat and pressure

generated

¢Sodium nitride ignites, nitrogen gas is generated
eNitrogen gas £ills the air bag, inflation completed

Nitrogen gas expelled---—--—-----c—c—m——aea—- a2pprox.

¢ Nitrogen gas expelled from air bag
[Because ot the effective discharge of the nitrogen gas from
the air bag, the impact on the driver's head due to the repulsion

force of the air bag is mitigated.)

------------------------------------------- appProx.

approx.

75/1000 sec.

125/1000 sec.

ERLEDT, 3FREI—DF 2 MEROAMNT 5,
Fig. 14124 I —D ¥y MIEKU/ Sy FOEH %
M~

Fig. 15127 A MEREZTR T, ZOHRED. 24 v F
oL Pl CRANEREE 2 & RO
BERMNZEBZERbrs, Zhid, BREYA V Py —
LEDORIZNy 7 ORKT B2 VT 5V ANDEHET
mxha,
WIZZOFBEIA VY FV =L FOBIZZ YT IV R
BMIENGA LML T2k Tk 5 50, Fig. 140
FBEORL T BHEIZ6 F 4 I — (COY) X &,
FZ L7,

* p—— e — -

Fig. 10 HONDA SRS Airbag System
when Fully Deployed

15/1000 sec.

approx. 125/1000sec.

Experimental Data from Collisions with a Frontal Barrier at 50]

km/h
Fig. 11
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BFEIT7NY T —2OWREEBRAFEND—FER—
INEDT A MERPE, EV2—-LDLATY MI

Fig. 16 127 2 MERERT., 3F DT 2 b LIH UF
BIZOWTE, LTOZENER S,
Ny ZFOERIZ, 94 Y Ry =L FiZik->TLEAIC

fWAERLTED, Y4 Y FY— L FIZR- =B,
BHRNIE > TS, Zhid, Ny ZOERIZLD . 1.
FEEVNEZGIIHRANEH L, ¥4V P =L F ORI JRRHT 2 D2, FRITKT 5 M8 KK O E WA, 5
ISy ZOWFEEMBECEHETH S, F LW,
2. FEAIRIE, BV A - LEXLICIYALA VY=L
3.2, EY 21— IVERBAE DR fHINGREST 5 Z & ld 5,
HIECRBIZKTT 5%y VRO S 23R/ T, 3. Lidoyy 7 EAERI. EEREERIZONTE
B o7 U@ Fig. 1)1 L, TV 2 - L& EHITY A Kb FaREETE B,
VR =)L FUINFEE) U 72RO 3h R % JR 7= DA Fig. 17
TbH b, HEFZL Table. 6 IT/RTHICIKIRX B3 Z &0
Windshield R

Instrument Panal

Wind Shield

Instrument Panel
Bag Deployment
Direction

J

Fig. 14 Angle Deployment Test for C3Y and C6Y

Fig. 12 Angle Deployment Test

t 3 (Fill Time)

Timet

Deployment
Toward the
Windshield

Deployment
Toward the
Passenger

Fig. 13 Comparison of Two Types of Bag Deployment Directions
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4. Ny TJOREE—FI> FO-ILDOAED
T2 -ILFH1

HIHE TTWEL 72y S DIEFHE— F 2R L7205 HIC (Ratio) | Chest G(Ratio)
Fig. 18 Th 5. /3y 7l 4 ¥ F ¥ — )L FIZROOD S U 100 100
P ARG L. A OTBIRE TR 5. Z0%, @ U. 41 71
OISR L. B ORAEIRE & 5. FeRREMRED
A 513, ERBRFE BOBRIZAE2T5 244 E L <,
3 =
ZORIZEY 2 - MTNEL ZRREERNT 5.
Q
= I
=
£ 5
(Gl
O
ag *
pagal
O =
22
< <
28 Windshield
z
1 - Q]
CH@\S‘ U
Ta Module
=la T 4
0 35 70
(H) (M) (U)

DEPLOYMENT ANGLE (DEGREE)

Fig. 15 Angle Deployment Test Result (C3Y)

HIC AND CHEST G RATIO
AGAINST DIRECTION H
o

CHesy o

_{f’ T T T

0 35 70
(H) (M) (U

DEPLOYMENT ANGLE (DEGREE)

Fig. 16 Angle Deployment Test Result (C6Y)

Table. 6 Deployment Impact Test Results

(With Module Moved Closer to Windshield)

Fig. 17 Deployment Impact Test with Module
Moved Closer to Windshield

Fig. 18
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‘,"'_\\ Cover
——dm

Bag ‘ Passenger Side
Inflator a

Reaction Can

Fig. 19  Example of Bag Storage

Passenger Side

Bag

Reaction Can

Inflator

Fig. 20 Example of Bag Fold Pattern

4.1, Ny TR E DR

Fig. 19 1273y ZWUNEDHF 2784, T OS5 EOFREIE.
AV IV —=A =Ny ZELNaZTFA Ty ML
TR THD, ZTHIZED ., /Ny I HEIT 5K
W EREXBELZENTES, Thbb, Fig. 18D
QDHERETZZENTE DL, BRIy 7R
IZAEDRTV, ZOF Ty bRazERESTEEHDHE
g RELS LD,

4.2, INy T DI - HFDI%RET

Fig. 20 1/%y 7D 7272 B K OHl &R T, ZDHEOFF
BT, ®Y 2 = MIZPERT B 0E, T 227z A28y 4
RERKELTWAEZERL, Wy 7 &Y v N T RISHD
AATWBZETH D, Ny V2R ERIET S LICK
D.BHEEICT Y2 g v (P T) 20, Ny 7iE
TR NIRRT B RRIZ % 5, AhRIE, WIE/ N v 7 U
BREFLTHD. £y 7%V v N7 RISHT D AT

T2k, BV 2 —» 5Ny IR UG 2B,
TUHNFHUEBT 5, 65 C. kA ba—2 (Fig. 7
o S)MWA L, BLSEBENy ZTBIRIZED Bhv, &
72 ZOJEE B O R BRI 5 MR & R
DBdb,

5. & B
[RORENRE Ny ZRHEORIICE 2 5% L

DNV A eI BUER S, Ny ZBIREEY 2 -1

WEHCBT A EREMA L, ZhoOBi» 5, U

DEIPERITF 5N B,

1. Ny 7 BRERGT 56, REAOHIZHET S
AV MIDVWTEFEL BT L E S B,

2. FUEEDA v 7L —2 =Ty Z5ERT 2354,
KEV Sy O AR O B KIX$ FHE I/
%5,

3. Ny ZiE IA Y EY =L FIZlR->TEANERL
72, REICKITTHRIINELS K S,

h & H =
TNy IHGHRETETHRTEHT. AR THD
F7l220)737 2], ThabbREBREEREDA
ey ZRFAKORRIZKIETEE D OKKAEE X .
EELEFAFBIIHLT, KODRVIT Ny IV 2T 4
ERBRRICIZE A T T e, Rekeizibs
HhiHOBBTHBHEEZ TS,
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Development of High-strength Pipe Door Beam

LIS oy e HFE o HOE T
Isao Machida Yoshiji Yamada Masayuki Narita
K i weomoE 2"
Takeshi Yamamoto Takayuki Sugama

B = ABSTRACT

AKHIETIE, FT7E—LKRDOEREL A 5 Fiks <
ELBRHN S GE A TN 7 ¢ — 4%, MR Rk &
BULPRRR Ll O e A I K DXL 72,

(1) A2 b v — MRS OMELRR ., B SIRPTA
BERERC, BEEEFE L. 208 RMEGEENEIC &
3 BUUERRAL A T BE 22, 0.2C-0.1Si-0.7Mn-0.3Cr-Ti-B
SIS HAR B L7z Z OSSR, FEKD 1180N/mm’
Ny MR 7 E = A1 LY 2kg AORREEX 5 72
1470N/mm* WS4 7T R 7 ¥ — L &FAF L 7=,

(2)ZXR=Z-L A7 &FEL-REHRIZRR
RHINBHZRBFE OB ke U Tid, B
BHANEL T 5, ZOHA. MERHAL 2 & X
NB 720, AR RICND #HBMT 2HE1HNTH %,

A lightweight yet high-strength door beam which retains
the fundamental functions of the door beam was developed
with a combination of an optimum material specification and
heat-treatment reinforcing techniques. For the straight shaped
pipe, an electric resistance welding steal pipe which
accommodates conditions for weldability and heat treatment
reinforcement under high-frequency inductance heat was
studied. The result was the selection of material 0.2C-0.1Si-
0.7Mn-0.3Cr-Ti-B.

This led to the development of pipe door beam
withstanding 1470 N/mm’, which saves 2 kg a pipe from the
conventional hut-shape door beam withstanding 1180 N/mm’.
For door beams with unique-shape section and bow-shape
twisting contour, which are used for space layout, the suitable
heat treatment was the electric resistance method. To counter
the problem of enlarged crystallization peculiar to this method,
Nb was added to the basic ingredients.

1.5 20 &

WAE, HRICEEBREE BN L L sk et
HXNW Tk, RABHE 2 —» — & & FHikw o
EAEEE AT, —F, BEMEAOHIBE LT,
BBEYGESEHN L Lz ORI = - I BHE > T
W3,

W TiE, BEIS Yy PR 7 ¥ — 4 (1180 N/mm® #
EIRIMNR : 7L AR ) & PR U (T 2k Ak
EREAT B9 A K- F 7B &R L T30, Ak
BOF FHICRE AR S -DICRKMOERELETS
&L TV BB I AR R B T T 0D XIS A TR
Th 5,

ZIZT. FTE—LRROMEEA#HEE S HAa L, B
a8 MEER B BE E1T 5 22K, Table 112§

* AW
https://doi.org/10.69239/hondatechnicalreview.1992 4_17

&5 B3 TR E HARIZ, BULBRAL 2 LS DE -5
WS THRIR 7 ¢ — A &P L. Kl 25 8 AL & E K
L7z,

AR, WL BEAEE VST 274N T
VA MR BRI ToOER{LRE, FTE -
LADOFIHFERHZ DWW THRE T %,

2. M AR
AFHFEM R & 2 MR, M2 R L D
DEBENT5ETH D, —MRIIC C HOIKIALIE, &
BT LA TS 2 MK T T 5 720, Hlig
SR TSR E E 5D,
Z ZTARFE T, K CHHISHEAER LR E R L .
R BB LB & Bl S K D SR A K L 7z,

— 154 —



HONDA R &D Technical Review

Vol.4 (1992)

Table 1 Constructional feature of conventional
and developing products
Conventional products Developing products
Hat type Pipe type
Tensile
1180 N/mm? 1470 N/mm?
strength
Weight 4, 0 kg piece 2. 0 kg/piece
Appearance /
R e VY e
shape ‘

Wi, BB RIZ R 7 — A0 MMk 2 b L — MBI
7o, BT % F D 72 AEEEER T X P DR S Fig. 1
IR RSB AN E AL 22, IT. Liti
BB DOV TG T 5,

21. KR ERETDEZ S

BEEEARBELODOWE L5 T 5720, lHIZL T
A C ROBEEIT > 72, SAE J417B ORI RIC
kBE, Cyh—2WE (HV) &5 (TS) OB#%
i3 HV 360~520 OHFIPAN TURAAK LT 5, Y

TS (N/mm®) = 4.09 X HV — 344 -+ (1)

(1)R& v, BRXN B TS=1470 %155 7= DI LB i
WX HV = 444 £ % 5,

F7z, CHEMEORMKRE UTRAMELT 5,

HV (99.9% L7 ¥4 })=909 X %C +285 ---(2)

HV (95.0% ~ L5 44 1)=857 X %C +255 -+ (3)
22T, BN A N TV LT VYA LR
95.0% M EAHE T 28,5, (3)R &b REHE
HV = 444 %55 B2 0% % C I3 0.22% &% 5.,

WIZ, Si-Mn-Cr OFEMEIRIZD W THRETL 7=,
3TLEL & ERIRBIZ T — 27+ 4 MHEBINIZLE
b, MANEE L 3TEETH Y. EHIE Mn)
Cr)SiONEIZHR WV, L2 L., ZORhHR % |
X BHITIIBEBNABETH 5720, EHEMEEHEY
NN D B,

F7UE—LZHAIIHRNG BT 57 o P &EET
B OB R EHFES R U, SO @2

Table 2 Chemical composition of developing
material (wt%)

0.2210.18(0.70 | 0.016| 0.004 |0.34 | 0.028 | 0.0018

MHERTE 2 K5 kKR P EETH %, - T, K
BHFE Cld HARVA G S B O WES 3001 12Xk 5 PCM (/A
HNRZEMR) < 0.3 & HIEEIC Rt RO RN %
FRU. ZNZFNEEL 7, F/2. LELITCROWRMEHIR
IHED BEAMEARE 4D 72, B ZW=RINL 72,

B3t — 274 MRERICEERE TR L. RRUIR
FARMMIANFELPEE, A—Z2FF( b>T 274 b
BREOBAER A BES 5 HIZL > THRALLZED S
LETHD, L2E, MEBEMTRELMRL S D, &
BHICHLTEADTH S, M. BABNMLTE BN %
D THHT 2 &2 DRI 55D T, B & EER
RETHER T 272DIZB KD & N L OBAIOH\ Ti %
TR L 720

Pl E & 0 i%E L 7L 57 % Table 2 ISR 9,

——Expansion absorber

>

Direction of coil movement

Induction heating
coil

Water —
quenching jacket

Motor

Fig. 1 Device of induction hardening
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2.2 SHERMBER

B #INZ & 3 AN RIZ OV TIE, ZofEfEE LT
Hollomon&Jaffe 12 & % PRANEG A B (DI i) TOFIR
THIEIT 572 LT, JIS G0561 12k 5 Y 3 I =—ikBRIC
TRIRIERZFNE L 72, DIMEIX Fig. 2 1R d &5 124 —
2554 MESREREES S0 BRINCX DK 2
fBoisBRohd e Tllahs, ZOMREMHRL
Y3 I=—REBOHE (Fig. 32M). 95.0% v L7 v+
A4 PRFICRI BBMAESIE. BRI XM 15L&
HEMHER S Nz

WA, 734 TRIKT ORI EREERE R % Fig. 412
R RUZAR T & D12, MBS R O H 1 o EAL
EXAHFIZKD, 95.0% I EOE LT VA4 MEEE

7 -
6 | B*add.
=
=
8 °r
E B-free
o
3 -
2 1 1 1 1 1
6 T 8 9 10
Austenite grain size number
Fig. 2 Effect of admixing B on DI value
500
o
5 9526 Martensite
(at 0.22%C )
400
>
I
w
g
T 300
©
xI
200 +]

0 5 10 15 20

Distance from surface (mm)

Fig. 3 Effect of admixing B on Jominy curve

LR LTI b N MRS N,

B2ELLT A TR T V= 2 0BLIEH%O TR %
F A A BRI T B, BE B TRRICR TR
KIRTIEZ D 28 MEE NS 720, BB EE DT
BEhd, 22T &HBGEEEMEBEAR & 200~450C
IR AR Uy 2 ORI TR 258 L 7= (Fig. 5) .
ZOMRED | OB 2 A FIZR T & 515RMIE
RO RAR AP ZAL T 2 Fp el S hufz, 565 T, BRI
NI BOMERAEE L2 BA. ZOEB S & RAAE
Hi GRS 2 BRE T 5 A T OBEA RIS IR AL EE % fiti §
FOWEEMPLETH 5,

DE&D. 2 b v — MEREOB AR S L, B
LB R bl & DA RIS K DS T IR TH R

_l | [ I_
600f— Calculated e —
= %)
I — p—
w
@
£ 500|- —
Im }—— —
Measured
400 —
| | | |
0.2 0.3
C-content (%)
Fig. 4 Relationship of C-content vs heat
treatment hardness
_ asQuench| [Baked |
E 1500 o _ | T T
= T Tlensile Strength
21400
3 Ylieid Strength
B 1200 ==~ == — —
B 1000 =
o O~ _ | =1
= T -2 g
K Elongation 10 @
45
0 100 200 300 400 500

Tempering Temperature (°C)

Fig. 5 Relationship of tempering temperature
vs mechanical properties
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Table 3 Elongation and flatness by material
reduction method

Elongation | Flatness

Drawing 12.0% [ 0.78 H/D

Swaging 18.0% | 0.34 H/D

EEBENTE, £7-, TO84 TR 7 — 2134
DNy FPEIF 7 E =212k L, 1RGSR 1.7kg DB
HILEEK L 72,

B HERETCOREEILIRE
Bk b, AIEEEREORAIHT E— 4~ L A
ENBENII P T E— L RETH S, fE> T FTE—
LOMBEE LTI MEICEELAVHEAN TS L
AR IO () ETETH O, ML FEELT
BEIEHEMIR 2y 2 =V Y I MIERE T LN
(Fig. 6 M), KIIRT X2, fiEA T — 212868

2|

Die Die \Q\ Work

== - Roller
Main shaft

Hammer

Plug

Drawing Swaging

Fig. 6 Drawing and swaging

Fig. 7 Door beam positioned in vehicle

AWIALTHEHELZZ 4 20MABTOICH L, %FHZ
T— e EBAL, V- EElTHEZ A5
A X, 7 — 7 EEEE ST A2 S 4 4 X THRAEM L T
WA EERNMLHETH 5,

F20 2 2 — U VT BN TEIC AR IS
NEMEGT 20 HEE S > Th 0., FIREEIS %
5355 2k MT & LT, MTHOMU K O
B2 R (Table 3 2H8) Th 3,

b, KFARTIEZAY 2 -V Y I IMLEHRAL,
2 ML= FERBHETEF7E—-24 1KY 0% 0.3kg D
AL AR L 72,

4. REFAEME(FMVSS 77X )
41. 72 MAE

F7 ¥ — A QFEBEAUH I E % Fig. 7 ISR T, JLR%E
SHURIZ X BFES A F FT7HET 2 b (FMVSS214) 13,
Fig. 814 K512, BRI 25 F 7 DIRIE P LE %
R152.4 mm OB OYLMHE IS CREA N A, FH &%
MEEET 33O T, 2O 5K - R
- ¥ —sfiEEZh TRk 5,

42. 7R MER

i — ALK % Fig. 9 2R ¥, RUIRT L5112, K
BRI RERD Ny FEIF 7 ¥ — 223 L TR Lo

FHERL, FMVSS 7 X b B e L 7=,
=0
TF——TF DIRECTION OF LOAD

Z. ARN
o P
PLAN VIEN

LOADING DEVICE
R152.4mm (R 6 inch)

mm BOTTOM EDGE OF
DOOR WINDOW OPENING

—~
ore
o'~y
=

5]

=
=

E]

2

oo

|
|
|
\ ILI;:
‘ L
/
HORIZONTAL LINE 127mm (5inch)™_~MID POINT OF HORIZONTAL LINE

ABOVE THE LOWEST POINT LOWEST POINT OF THE DOOR
OF THE DOOR

_SIDE VIEW
Fig. 8 Testing method on FMVSS 214
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5. K7 E — L 0F A #H il

IS4 TRIR 7 ¥ — A OREALK OWEREA L% 5 % 7235
B8 THEEKRE LT3 HEME RO &
25728, HFHHEIZ 3G TH 5,

L2L, F7TONEICREROEmIH D . 754 TH
FEREXLTHLZhsLDOTHERTHIENE, 22T,
F7HEHDZAR=Z-L A4 7Y MZDOWTRE 2T -7
FEE. Fig. 10 1SR T & 512754 FHsAR Ok, F7
Y — AR OSEREHIEEIC L O BB TEETH 5,

RO AR TS O BTG W R 2 S BB R O
F7 =4k LT, inRomEEEFEmES s k3
BojgE AN, BB EoORBnREETH 5, 2 Z T,
LROBRISHID 2 BULEE T & & U TR E SR U Bt
ANDEYTH B,

51. 7 XA MA&E

Fig. 11128 ¢ & 5 Ze At RUEE SARPUINFE A SEE & HIv
TEH T 2 P 2175, ZOREOFRMIZ, v 5 v TE
MIZCHEZEEE X TV, - 22k BHE S hz%y 7
YT EMERL. WAKERICARE T S E A0 LD
THb,

52. 7 X MER

BULELT 2 b OFGER. BEAE DO IEAS O JR IS K
0., BULBRRIE IZFEIR CE /2, L L, BULBEEIZ L B
ZIE (RD) XS BEEEMEAT R LR S ek
< RIREERE O T U 72,

——=1 Measured /
-—- FMVSS 214 p
= Pipe Peak crush
= Hat resistance |
[1h] 3 a |
[&]
5 = |
“ ]
-~
e ]
, Pt ~ |
e : Initial crush !
=  Lresistance | :
0 6 12 18  (inch)
0 100 200 300 400 500 (mm)
Stroke

Fig. 9 Strength testing results of
side door on vehicle

ZZC, BULFEEICBE L TG IEBEA L, WIS
BT THIGRET & 5 O T, KR E BRI O W TH
L7,

5.3. (EBEEHMEDERTERE & Z D3t

2mmV J oy FEMEL 2B 2O THE S Y v L —
HER AT - 24558, Fig. 12 108 T & 5 o B ER Y
(vTs: MatEmir#HE = 50% RFORE) 1X—-50C TH D,
B EMEARE AN O Zh (—=100C) Kb &K
IERRHEN S 5 FofER S iz,

AR OISR RIK & 22 A3 5 728 R A N £
BEANI & BEIEPUNEABANM DL — 25 F 1 b fES
R & U7z, 2 DR, Fig. 1318 & 5 IZRi#H 2

M

a) Flattening the end of pipe

3

b) Curved shape as a bow

Fig. 10 Examples of applying space efficiency

on/off Electrodegll)@ﬁ Clamp
Control ]
E é . Hork
to Generator | Temperature
Transformer i Sensor
Clamp

Expansion /
absorber O
(Sliding)

Filter Water
At
Cooling
Pump __
APY.
Fig. 11 Device of electric resistance hardening
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Table 4 Chemical composition of Nb admixed
material (wt%)

C | Si | W P S Cr Ao Ti B

0.21 {0.150.72| 0.015| 0.004 |0.31 | 0.026{ 0.031 |0.0019

K% No.12 LRI TH 2 DIZH L, % IZRE No.6~7
EHIRIEL TR D, EOHEERIRES EA L0
ZOEDEEINS, 72, ERHKLORR & L
TiE. WHEOBIBEANITH L THRE T RARMENEA N
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Fig. 12 Effect of hardening method
on transition temperature (Nb-free)
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Fig. 13 Comparison of Austenite grain size
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Research on Anti-lock Brake System on Motorcycle Braking in Turns

I
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Z B

JEEz 7y v Fa .y 2 T —% 2 27 4 (ABS) % {£E)
D, B BTN B 2 HIER) R & kOB
fLic oW Tk, s M ABS o7 2 F H42H
WTFTICHIZEE LTH D, [Technical Review Vol.2]
IZHRE L7z, ARG TIXABS DfEHI¥ v 7 4 ¥V 7 LRI
EA BN REREFHIEN ABS #HWT, 44 YD
2y TEHE AL U = W OB K OVFEM]E 1T IE O il 84
fie & HARDZEBZALDHIFRAERICSONTHRET S, T
FREZE R T TO6METHD., 7L —F13
7ay b RO Y HEEE L7z,

TR, B 2 SR B E TT A 4 — AR b
EIZIEIR LT, %9 90% DL Lo RAF 2 R LA & L rz,
FROEHZIZ, EEET TR, 2 v TR IKE
KEVWHAETENELSRENTH - 7=, FELGEST TIE,
P& DK, BAKO NN Y 7 HOBEIMKR TR Y o THRD
BINZPE > T 2 OFBHEIIKREL L2, ZHED
IS ATRE 2 LT WP Tk, ABS fRBIE D Lo M 3 F8 40 e
RTEBZ N5,

ABSTRACT

Using a test motorcycle equipped with the mechanically
operated Anti-lock Brake System (ABS) designed for
motorcycles, research was done on the braking effectiveness
and variations in the movements of motorcycles on high-u
road surfaces, with the ABS activated while motorcycles turn.
The results were published in the Honda Technical Review,
Vol. 2.

In this paper, the results are reported of the research on
the braking performance and motorcycle behavioral changes,
both in straight-ahead riding and turns, with the tire slip ratio
modified. In the testing, the ABS system of an electronic-
control type fitted to a motorcycle allows the setting of the
ABS to be easily changed. The tests were carried out on six
different types of road surfaces, varying from high-u to low-p,
with braking applied separately on the front and rear wheels.

The braking performance values of ABS as a result of
testing on road surfaces at high-u to low-p levels, scored
deceleration rates exceeding 90% of the riders’ best braking
values with the conventional braking system. On straight-
ahead riding, even when the slip ratio was comparatively
large, motorcycle behavioral changes were in the small and
stable range. In turns, test results showed that, with drops in
the road surface p, increase in the banking angle of the
motorcycle, and increase in slip ratios, motorcycle behavioral
changes became greater. However, within the riding range in
which motorcycle braking is operable, it was found that the
motorcycle stability was maintained during ABS operation.

1. %20 &

THRHTIE, UiRH S R D 24 YO R v TR,
HIENERE & RO RIS EL 5 2. FISH 1 -
Ty o ORETIE, BROKRE LXEBHEIZ DL S,
ABSdAh A =y 2125 2 508V # B L. SIS
BDOAALAYDRY) 9y FaAy b a—LERBIZTE-00
FETHD., LrdEmMiETr —F 357201013,
ABS fEEIR O HIBIERE & RO R EME M L 24 s

* LI
* % MEARWIZGR
* % % Honda R&D Europe
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W S BTHIEX ABS i, # 4 YDRY »
TROBEDEHITEEMRTH O BIHIRIUIIE T T,
ABS fEBIIED F v ) SR A 12T RO I I T & 5 50
WEEEEL TS, KFETIZZD ABS ###L 72 i
AR, G2 oKy T TOXMEREICE TS, 70
VO RO Y HR T L — 02 & B R R ORI E TR O
FRED & BRI DOV T OISR E WS T 5,

2. ET#HI#HEX ABS OB E
WFZEIC V72 ABS 13, Bl tilm O Hilg okl % « ~ 4
PEDANBEFIZLOBRIAML, TV 2L -2 &2Hld 5

Pressure Controt  Modulator
Piston

Inlet Valve Oneway

Valve

Oneway Vaive

Hear Brake
Mastar Cylinder

Cutoff
Valve

B TH) 7% ECU (Electronic Control Unit). K UZ Ol
IZ&DF v VSRIE#Z b &8, BIE &2 I8 ) & A &
BEEV 2L — AL TS, WEOHIBE
By VA TNLTHEE, YR =) VX OWTEAE
B v VT A b0, W23 4T 5 (Fig. 1(a) .
ECU i3 #ifgnia v AN H 5 L Hl§5 L. 4 v Ly
FOSLT DTS ERBFIZT Y bL oy F2SIL T 2B &
Flyvy =Ty bu— LY VYRBHFICBIHL,
Ay FA TN TIEEAC, WERREEE % 5 (Fig. 1(b)) .

Z LT, —EDMHEREBODHK. 77 Ly YL TIE
PAC. WHERFFIREEL 20 | HifadUE S ICHRET 2

Vaive Operauor:
inlet_Vaive | Open
Outiet_Valve | Ciose

Fressure Cuntrol Modulator
gton

L \rni'l’ Swaich|

vwm,”wJ

Reservorr

I Outler vawe

Oneway

Wheel Velocity Sensor

Rear Brake

(a)
Vale Operats
Front Brake [ Hold | Decrease
Master Cylinder| Inlet Valve | Close | Close
Pressure Control  Modulator [ Outes Valve [ Close | Ooen

Cutoff Valve Piston

- _[ """""""""" Limit_ Switch |
A4 Al / |
1] A
: L |
—l___l [ Reservoir
Wheel Velocity! 32@"5“ |
Sensor | Oneway Valve |
i ﬂ°_° |
! LE.! i I
i ¢ Outlet; Inlet Valve
|

(b) Pressure decrease phase

Fig. 1(a)(b)(c)

Wheel Velocity Sensor:

Electronic
Control Unit

Block diagram when motorcycle ABS is not operating

Vakwe Operats

[ Hold | Increase

Front Brake
Master Cylinder|

- Inlet Valve | Close | Open
Pressure Control Modulator Outlet Vaive | Close | Close
Cutoff Valve Piston
[ Limit Switch:
| BESTITIT || '
: A LR |
A_—‘—J Reservoir H
1 Outlet Oneway i
Wheel Velocity! Val R
Sensor | ety Valve Oneway Valve i |
: el :
| BO=(?) i
e = \ Warning
I Inlet Valve 0 I Lamps
T kY

.1 _Electronic
“IControl Unit

(c) Pressure increase phase

Electronically controlled prototype antilock brake system for motorcycle
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DER2, ECUMBZDOERETRMT L. 4 YLy b
LT HE WEFEOIENN TV y vy —a v ba—)L
Y2 bV aFTFICRE & &, BEIREEE 5 (Fig. 1(c)) .
ABS oML L= 2fHDEY L — 41, 7u v t RUE
it zhzhBFEIh T, ZTho Z2HEdT 5
ECUIR. 7uy b ADALNIC1IDICE LD 5N THREX
h w3 (Fig. 2),

3. R OB E
31. 7 X FEEEHAIER
7 Z MHIE, Table 1 \IRT#ILEFiH, BHIKIZIET
2 NEOER A BIE S 5 72, BREN 21kg DT Y H
FREF LTS,
AHHlIfE 513, Table 2 ISR T 9EHHTHD. 7 A LD
R HEOICIS U R ELBE X h B,

32. T A MEHRUMEARAR

T A ML T A bk % Table 3 X U* Fig. 31IR7,
72 MR 6MHTH D, KO ERREIZT VX
vyaFhTr—FickdTuy ) YORERKT
L—FMD T A 4 — XX MEDWHE LEH L7,
HlB 7 2 P EEOPIHEEIE, NV o0, = 0 OEE
AT T3 50km/h, BEELESTTII NV 2 £ 0 & EEE
ERIZIE LT 18~62km/h IZ3%¥idE L 7=,

Electronic

Warning Control Unit

Lamps Modulators
Wheel Velocity

Sensors

Vol.4 (1992)
Table 1  Specifications of test motorcycle
Item (Dimension) Value
Displacement (cm’) 1085
Vehicle Mass (kg) 325.5

Moment of Inertia (kg m’)
Roll#/Yaw,/Pitch

102.9,784.3,781.3

Wheel Base (mm) 1653
Caster Angle (deg) 275
Trail (mm) 105
Front 11080 VR18
Tire Size
Rear 160,770 VR17
Effective Brake Front Dual Disk - 285
Diameter (mm) Rear Single Disk 285

Table 2 Recorded variables and sensors

No Variable Sensor

1 | Vehicle Speed Non-contact Speed Meter
2 | Front Wheel Angular Speed | Magnetic Pickup

3 | Rear Wheel Angular Speed Magnetic Pickup

4 | Front Brake Caliper Pressure | Pressure Transducer

5 | Rear Brake Caliper Pressure | Pressure Transducer

6 | Steering Angle Potentiometer

7 | Roll/Yaw,/Pitch Rate Rate Gyroscope

8 | Roll/Yaw,/Pitch Angle Angular Detector

9 | Braking Deceleration Accelerometer

Fig. 2 Arrangement of the ABS on motorcycle

FaEEEE. LT Th b,

(1) #fkOFEFHEA & LB : FHEOHEREL LT
NY FfEfMEOdkD I — L 4 b &ZFHHIL. #H8
BEDLEMEIZ DWW THRETL 72,

2 FFHEZAY v TELEER TV —F ORRA e bl {8
B2 o PREREED S FERIC 5V CHIS)
AREZs BRDFRF N v 7 Iz DN THRET L 7=,

(3) HIBHRER VI A4 £ — XA bEDHE: TV~
YVaFhTL—FEMOANZ b I BEEE &
ABS I X 2 HlEIPEREL B L . ABS DRIRIZONWT
Maf L7z,

3.3. ABS OfEEht v 71>

W ABS i, Fig. 4 1R & 2. HIBIERE O
T & HIBIRG O RO AL TE, 512 ABS 28
i B O SHEYPERE % M5\ N Z & A8, [RIBHISR AL $ 5 5
2B 5, Fig. 51T & 512, H{AMUE Vref & il g
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Table 3 Test conditions

No Road Surface |Friction Coefficient u I\?itt}:'v%;allgﬁux::f;i:;dius
1 Asphalt Dry 0.99 &y 4 Bank_Angle
High Rem™J10[20/30|36
2 Asphalt Wet 0.81 1-!;(5) 123 gg 3; g?
i 45 [32[44|56]62
3 |Belgian Block| Dry 0.62 T oy Y
Medium : -
4 | Sandy Soil Dry 051 7, -|Bank Angle
Rimy ™| 10[20
5 | Sealed Tar | Wet 0.39 15 [18|26
L 30_[24/36]
6 Basalt | Wet | 0.19 L 45 _[32]ad]

Straight ; V = 50(km_~h)

Braking point

ﬁ—m

Straight Run

R=15,30,45 (m)

rd

e
~

Test Motorcycle

Fig. 3 Test track for ABS

Vw EDZEAV (= Vref —Vw) Ak E < &% &, ABS D ECU
FEY 2V =2 2 HEINICES . F v )2 WRIE Pmax
EIREAREE (Pmax — AP) 129 % 728, HlE) ) & 2 Ok
e T HRICEEESRET 5 Y, 2oL
1d. BRGETEOMIEIZ S & 5 2VEITRMFE ABS AMEH)
FTHELEEDAANYDRAY vy TEOKELIRPZDAY v
THROBREIZ K >TESA SRS,

Z 2T, BRERIM IS B S EE L ER T L —F Tk
¥ 3 ABS OUIHWEBIREDIR KR Z Y » 73 Smax & F + /8
WEEDWTEHIE AP/Pmax 128 H L. ZhFhfilicwd
2 UKD ZEBZALIZ DWW TGN L 72, ABS 1EEIRE O H1H
2y THEF v ) SUEIE ORI R R R O R R R
% ERli4ZAL &8, Smax A% 80% LI F. AP/Pmax A% 1.0
FTOHEAT, 7A P &FEEL, £/, ThH5DT R
MIZHT2F v VSREDSHTEL — F APin OFPHIL.
7u Y b (7.0~10.0) X 10°kPa/sec T, U ¥4 (10.0
~15.0) X 10°kPa/sec & L 7=,

(D to maintain Braking Efficiency

(@ to maintain Stability
while Braking

® No reduction in the Dynamic
Performance of the Motorcycle

Fig. 4 The development aims for a motorcycle ABS

Front Brake

Time history data examples )
for antilock braking in a turn

Velocity

oMaximum Braking Slip Ratio
Smax = ( 4Vmax./Vref) x 100(%)
oFirst Operation Braking Slip Ratio
So = (AVe/ Vref) x 100(%)

TN z

/

N/

A

O Pressure Holding Ratio ; AP/ Pmax.

Steering Angle
" /

4P

Caliper Pressure
Pmax

time

Fig. 5 Operation setting for the ABS
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TN & 2 HiRDOBE WAL AFHHIL 72, 7 2 PASRO—
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Fig. 6 Time history data example
for front ABS in a turn
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Steering Angle due to the Initial
Fast Pressure Build-up
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Maximum Braking Slip Smax (%)

Fig. 7 Steering angle due to pressure
build-up as a function of Smax
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Fig. 8 Steering angle due to pressure
reduction as a function of A P/Pmax
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Fig. 10 Yaw rate due to pressure

build-up as a function of Smax
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Fig. 9 Time history data example
for rear ABS in a turn
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Fig. 11 Yaw rate due to pressure reduction
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Fig. 12 Front calculated allowable braking slip
ratio and ABS test maximum braking slip
ratios for stable stop as a function of
bank angle
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Fig. 13 Rear calculated allowable braking slip
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ratios for stable stop as a function of
bank angle
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Fig. 14 Definition of bank angle
on turning motorcycle

Fig. 15 Dynamical basic characteristics on
turning motorcycle at steady state
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Application of High Strength, Low specific Gravity Under Body Coat for Automobile

A N
Yasunori Komatsu Junji Kamimura Eiji Suzuki
MOk O T
Mitsuhiko Ueki

£ F ABSTRACT

HEBHDORKRE, ROKA, =AY 2R F oV 7L
A=V L ZNITK B RMETH & OFFIANY 2 MA S 7%
Wiz, (b= L LR7 v & —a— 1 (PVC &)
DA TE 2z, KPR TIE. 2O THHEERE %71
SIRERR L 729 A C. MBIERE & SO RIRMUEE 2
ZEITky, BT Z EaLMF v ¥V sk E A
L&z, 2 aHICBiE N L - Y ERINT A Z &I
DR ILE A 1.0 LT & U, JERMEHZ IR TS
BCEEHRETH 2 kg DRI ETTBEL L 72,

The existing poly-vinyl chloride (PVC) underbody
coating was specifically designed for the automotive
underfloor to prevent chipping damage as well as the initiation
of rust propagation from a scratched point.

This paper presents the development of a new PVC
coating which provides superior anti-chipping performance
without increasing film thickness of the PVC by achieving
higher tensile strength and elongation with adequate peeling
strength. By incorporating plastic balloons in the PVC
formulation, the dried film has a specific gravity of less than
1.0, thereby achieving a 2 kg weight reduction as compared
with the conventional materials for underbody coating.

1. %20 %

HBHORESD 7 ¥ & — K7 4 1%, BRI R sk 1L
R ENZBRICRT B F o Va1 —DE %
U KX B E D 5 OFHEN D 213 5 728 12 &7l
OFEAEX T X7, (Table 1 &) 2L T, &4 —
CORLOWEMICRIEILE L RO T v X —a— B
ZHENTW5B, £72, Fig. 1 IZRT LI, AT 44
ROBEMDO> B, 7V F—a-1rDOLEDZT x4 b
i3 20% DLET, HlRM & RSO AR E L5 T 5,
HEH OMEREARD 5 T 2B, BREHRITR
SRR 2 FHEO—D2ThH D . BEMBHI DWW I
HERBDRAN L ENDDH 5, AR CRIERELEE
PEREAL DM S A $2 7 Y 4 — 2 — b DFAREREN
T 5,

2. B XK ¥
FIBIHOD 7 ¥ 4 — 3 — MR O AR & bR
ARDEND.

Table 1 Typical Rust Prevention System of
Underbody Coats for Automobile
Area of
Usage Underfloor Wheelhouse Sidesill
N - -
Substrate | Protection |Substrate | Protection |Substrate |Protection
Maker Material | Coating | Material | Coating | Material | Coating
Company Al GA |pvcswax| Ga  |Pvcswax| ca PE’S(‘\:‘Y
PVC
Company B GA PVC+WAX| GA PVC+WAX GA PU
upP
PVC
Company G| CR [PvC+WaAX| CR [PvC+WAX| CR PU
PB/BNY
Company D| Gl WAX Gl |Pvc+WAX| CR PVC

* AW
https://doi.org/10.69239/hondatechnicalreview.1992_4_19

[Substrate Material] [Protection Coating]

-GA; Galvanneal «PVC

-Gl ; Galvanized -PU ; Polyurethane Type Undercoat

-CR; Cold Roll Steel -UP ; Polyester Type Undercoat
<PB /6NY ; Plastic Board / Nylon—6

; PVC Plastisol Type Undercoat
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Table 2 Types of Chipping Damage Typically Found

Type Area of Chipping Exposure Types of Chipping Damage
No Slanificant Coating /
o Significan Film - — Toa i
Dirias ~ !.\\\\\%~ Chipping Res‘lstance
Substrate R L Energy of of Film
Material = Stone Coating
*Front Wheel house
*Rear Wheel house -
| | Chipping Resistance
Energy of of Film
Chipping- Stone Coating
peeling
Chipping Resistance
Energy of of Film
Stone Coating
Wearing
Total Energy Resistance
of stone x") of Film
Bombardment ° Coating
Body in White Coated Material Underbody Coating
Distribution Distribution Material Distribution
Undercoat
Topcoat
3.6%

Interior
25%

Chassis
30%

Insulator
30.5%

Frame and Outer
Panel

91.5%

Dust Sealer
Body / Total Car =25% Coating Material / Body =8.5% Underbody Coating /
(Coated Material /Total Car =2.1%) Coated Material =22.9%
(Underbody Coating /

Fig. 1

(L) v & v o

Total Car =0.5%)

Weight Percent of Underbody Coating Typically Used (Compact Car Size)

OWREHEIHD Y — ) v 7O

OfERBEREE TN 2 WISk O MR (4) EReE
(2) THEBREAN D OhHRMEDTELR

OnFISED <A 7'V — 3 v (B Bk

OWNEBIE 1 % B U T i i & %35 1 OTfE(R: 3. MBOFvELTHEX—TJRE
(3) Bkt K OBt Table 2 FFIZRT B F v €V o & X — VLR
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L7223 DT, KEL DI E&h b, w4 =T 2R Table 3 Test Methods for Simulation of

Chipping Damage

D &K IR K & R 5 = % L 3 23 BRI I = X
LEEBLTHECIEBEREE(E—) v 2) &, 7a7
DOXITPEEHEL I LN T a7 wEIAKAE TY 7
DEFRICHAT OIS, ZhoEy Iab— L, §Hlig
37-% Fig. 2 D2 70 4 — 4 KB4 VT Table 3

. = . irP 0.49 MP

SR T A b T TR 47 5 72 AlrPressure o
Stone Size JIs#6 5 ~13mm
4. 74 —0— h@ﬂﬁgtg’/ t°>79)(—:/ Shot Angle 45°

B = LRV ILERIZ T B F v € R L R Test Temperature _30°C
F 4 BATROBGE Fig. 3155, BUPDN CHfiis e
E 500 ©m @i}%é“ mﬁ‘a’— v |SV2 7‘[‘%@%{;‘: Table 3 l:f—\‘j- 5 —No Significant Damage
= . " N . ‘ 4 —Damage Around Test Piece
qu}ﬁ 3T AT yﬁuﬁﬂ{ﬁBf‘ﬁ) 7:: V) DIA—=Y éﬂi"‘f % © Judgment 3 —Large Damage Around Test Piece Edges Only
Z OEE, FRE A 1000 um T T X ZDOL 4 —DiF Standards 2 —Severe Edge Damage

ME< 2 B MUEBATEH R 7T~8Kg WMT 5. - T, #HF
DUBEIZKDERIZT 2 Z L h< Hrggm b &, B
KHELZ XD, SO EEMEORER. O % D &Yt
C AL OIS & AN O BELL L 7=,

5. 2t EBE1E
51. BILE Z L RS

Air Pressure 0.29 MPa
T VA== FOERSIE, B LY = -
Stone Size Jis#7 2.5~ 5mm
EHEAIETED., ZORAGEIGE T TOMF v &
Shot Angl o
Y U PEREE HEIRT B 723012 25% DL, dBAR SO eanee ”
[Test Temperature 20°C

KA MRS 5 728 45% DIT Ofi & L 72, Fig. 412
AT ZO”FAREROBELELAKEL ENIELH 5
JEOBIEEE IS5 N B2, BURD T A VB o g
(140~150C X 20~304F) TIIMEEILIZIRA Y B 5,
B > THERE & = L BIIE ORI % IR (7T~9wt%) § 2
TR MBEIH LA EZIC L. BEOMF v ¥ otk

s ;
B0 5 5 T (1700~1900) & Fusi L7z, Fa /
BT DIEAREAL RS & W A W X B 2 12 ] 4l 4 A Curreint Typa

BH D5y RO EAT 5 72,

Name of Parts
(D Air Pressure Switch
@ Air Pressure Regulation Dial
(3@ Stone Chamber
@ @ Chipping Stones
/® ®Test Piece Setting Plate

= ® Used Stone Collection Area

Fig. 2 Operation Method of Gravelometer
Apparatus
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(1). Chipping

Resistance Test

Item

Condition

Test Apparatus

Gravelometer (SAE J 40)

+ Damage to overall PVC Surface

1 —Severe Edge Damage

+ Severe Damage to Overall PVC Surface

(2).Wearing Resistance Test

Item

Condition

Test Apparatus

Gravelometer (SAE J 40)

Judgment
Standards

The weight of stones required to wear the PVC
coating to the initial condition of E —coat exposure at an
exact moment will be regarded as the level of wearing

resistance.

Development Type  +

’
.

[HIGH PERFORMANCE |

Chipping Resistance

‘T} 1

o o
PVC Coating Weight (kg/car)

(6]

1

1
500

1
1000

PVC Film Thickness (um)

o

Fig. 3 Chipping Resistance and Film Coating

Weight vs. Film Thickness



HONDA R &D Technical Review

Vol.4 (1992)

High
= (Good)

Low
(Poor)™
T

1 L

P700 e 3= P2000
Low High
Degree of Polymerization

ﬁug Chipping Resistance
o
|

x5

o O

3¢

1 1

0% - 10%
Low High

Vinyl Acetate Weight Proportion of Total PVC
Resin Content

Chipping Resistance

High
= (Good)
T

Low
(Poor)
T

(glr C11
Low High

Number of Carbon Attachments for Plasticizer

Fig. 4 Properties of PVC Components and Their

Relation to Film Performance Level

5.2. o]

A VAR T O WIR TN %155 728 . — ATl
DO BEfIR “HE R T 2 7L & Tk EEE L L
U7z, WIHEAIO 53 7RSS & 5 & INBEL R 23 7 <
o BIEMERE S 5 0T, K X % & PHBEA DR
T (24 7V =V a V)IZ k3 %EME. HaRhT s
TOY=REL52RZF, Fig. 5137 & —a— b
DO EF OFEFHIZ 3 5 7 F 4+ VEBEER (ED BIK) O
P A Rl 5 72812, 55°C T S5wi% DOIEAEEHA
AR L 720 ED BEOES D EAVERLZ Y
DTHY, HTREROBANMBOT HRITHEZDIZL< L
EEHEEAFZB I LIS W EBSL B, TOMRE
Bz —arAl e LT MR ORIT 2 CIZ< WY
AN AV 2 =) (DINP) &, X 8A# & U TG
BT AR T 27O VY 4V 2 =)L (DINA) %
EAE,

- N W AUy @
T

]

SR T ey

Corrosion width(mm)

HNERE

E-coati DHP | DOP | DINP| DDP | DUP
only i (C7) | (C8) | (C9) | (C10)|(C11)

Types of Plasticizers
(Placed in order of Decreasing Migration)

Eak=g MO L

ED®HE : #7154 L  BEBRIE

DHP : 75NLEBEI~ATFIL
DOP . 7%LEEYVAZFIL
DINP:Z7#ILBECAY /=)L
DDP :Z77LBEVFYIL

DUP :7#%0AEBECY 7Ll
DINA :FYE VY1 /=L

Fig. 5 Corrosion Performance of Different

Plasticizers using Hot Salt Water
Resistance Test
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Table 4 Adhesion Performance of Various Adhesion Promoter Formulations

Adhesion Tests
Test
Sample, \Method (@Heat @Humidity @water [SHot Salt Water
@ Standard Resistance Resistance Resistance Resistance
Type of . 50°C . 5%MNaCl
Promoter 80°C x 240hr RHO5% X 240hr 40°C x 240hr 55°C x 240hr
No Promoter
A Used PAN X X X X
B | Polyamide only O O PN X X
Polyamide
+
€l Biocked O O O O O
Isocyanate

[Adhesion Resistance Test Method]
*Metallic Mesh Peeling Test

<: - - -\.r,«m-.‘.!u{—%
- EEEEEEE R =

Judgment Standards

(O----Cohesive Failure in PVC Only
O ----Partial Adhesive and Cohesive Failure
X ----Adhesive Failure Between PVC and E-coat

[PVC Plastisol Contents]

*PVC Type Resin————35%
+Plasticizer (DINP) 35%
«Filler (Inorganic Filler)— 30%

5.3. EEMESE

AL = LRV NEBE T BIREANOEE N & iR
% 7= A 5 A & BRI % 23, Table 4 IS/R$ARICHE
WORY 7 I FBIRD A TIIMAMEICS < BEEDOKT
BRI T, o T EEMGAIL LTEARY 7 3 FEIR
DHUZFRNREERIEAFENETa Y 7 P4V VT % —
Mg & ORI L 7=,

5.4. B2{bF A

BFEOFE R (KILE) 22K T 2720, (RILET
O, W, AR R EEICENT T ZF
DSV — VRGeS ) — b T AN
— v %A L TE 7S, Table 5 IR TERIZT 72 F
O30 — VIZHELE MRS T2 2 DRMNIC & %
PEALRIRA A E <. 72, Fig. 6 IR RRICHINGR I
T OO OB & 7L — VRIS L TH T 2
N—=VXDEBIZS W EWnhb,

5.5. ZOhORmME

SRR SIS RTAEE A L 2= RE S Lo & SR
ATV =P, 2L WS) LEDONT VY 2AEEZT
R ERMU 72, Z O, K5 & 2 Fevabhb i o B
Al fERIEOENIEDHF 2 VU b a ¥ — 54 K%
WIS T BRI EFTINA 72,

Table 5 Comparison of Balloon Materials

Item

Glass Balloon

Plastic Balloon

Material Silicate Acrylonitry|
Average Balloon 70pm(MAX150 ) 70um(MAx1 30m)
Diameter
Specific Gravity 0.37 0.02
Externa! P.ressure 28MPa 20MPa
Limit
Metlting 715°C 180°C
Temperature Exceeds Spedifications Exceeds Specifications
Silicate Acrylonitryl
Balloon
Structure

Hollow

Hollow

6. aMMHEEBIEEZ LRV I EE
6.1. MF v ELTHICHET 2 2EYM
BB L7Z=2F oy BV A= D—DTHBF VY

FEt (€= v 2) BRI T 2 BIEM OB,
Fig. 7I1ZR ¥ &S ISP N &8 < $hdi s » ¥y o1k
R L BHAICH %, THUTBEBEM SR Z I <Xk
DTy €y sty eEL6ND, —T5,
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-
12 |
\“-&
2 ._._._._:_\_.._....
® .
= 11 .
(O] %
P 2
!g- '._. /Glasn Balloon
» 10 kY
~
‘Q
Pla_slicBalloon .
i :
0.9 H :
|
3 El 1 1 |."-
5 10 5 20

Balloon Content (wi%)
Specific Gravity vs. Balloon Content

8.0

4.0

3.0

Tensil Strength (MPa)

201

Elongation (%)

& R B W S|
0 09 1.0 11 12 13
Specific Gravity

Tensile Strength and
Elongation vs. Spaecific Gravity

Fig. 6 Plastic Balloon vs. Glass Balloon

o Sf

5]

c

S af

»

8 af

o

22}

a

o

c 1F

(&)

0 2.0 4.0 6.0 8.0 10.0
Tensile Strength (MPa)
Fig. 7 Chipping Resistance vs. Tensile Strength

o 5
Q
c
S af
k7
3
o
22t
Q
o
c 1F ®
(&)
1 L L ' .l
0 5 10 15 20 25

Peeling Strength (N/25mm)

Fig. 8 Chipping Resistance vs. Peeling Strength

Stainless Steel Type 20 Meshing

_F‘--.-_—-"J~‘u 4 !v\

T AT Ty

/PVC Plastisol

i P I

L
E-coat 7'
Substrate

Material

*Test Piece Size
*Substrate Coating
*Test Temperature
*Peeling Speed

........... 25mmx70mm
-------- Zinc Phosphate+E-coat
-------- 20°C

........... 50mm/min

Fig. 9 Peeling Performance Test Method
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Table 6 Film Coating Properties of Various Coating Materials

Coating Material Polyethylene
PVC-SOL F’oly};retgane powder Po_]ly eseier E-coat
Item yp Type yp
Internal Stress 2 MPa 20 MPa 50 MPa 69 MPa 98 MPa
Coating Film Thickness 500 um 300 pm 300 um 300 pm 30 um

Fig. 8 13—V VMBI T2F v ¥V ZHIEEE#F L
T3, 2ZTE—Y) Vg L3 T IREO B &
L =L RV LBROELE®EE % (Fig. 90T 2+ Hik)
WELEZEDTH D, MF vy rkid, s,
Y= Vg ESIUTRIFE & 5, £72 Fig. 10 1IR
FTRICEBIROMOREZ T LA > TEF v ¥ v s HlEk
R x5 k0,

WIZE S —DDF 9y ¥V 7 a2 =YL LTDEFERR
IZHES B BIRIE OB AT D 72, Fig. 11~13 1R
EVCEOVBREOMUEL - VMg &+ -
T VRIS AT A T EE AR 2 DR C & 5 Z & AV 5 7=,

8 S5F [ ]
5
» 4 ® ®
2
C 3F o ee .
=3
£ 2
=
£ 1}k ®
[&]
A A

0 50 100 150 200 250 300
Elongation (%)

Fig. 10 Chipping Resistance vs. Elongation

g
(=]

TFrTTTT

1000

g

OrTTYTTTTTY

A A A A A

20 40 6.0 8.0
Tensile Strength (MPa)

10.0

Wearing Resistance
(Chipping Stone Weight(kg))

Fig. 11 Wearing Resistance vs. Tensile Strength

6.2. WEBSH

F OBV T E A= VI &> TREDBEWT L 220, 20
BIROFE > TV B NEIBIIZ & D EOIGERESIIED S,
DF D NEIRTIE < 2 D HRIE B ENIGA 1T 2 OBk IA
2o REOREHEEAEE LS. L ZOH5HEe
FeWEvy G E R D EEREZES. it-> THHE
DEHN &+ 53R L. WL & T 728G & 5
DRENRD B,

Table 6 IZAFERLRICA T 2NEIB I & KD 728 D
Th b, OBERICIAELE Z LRV EEIL, Z
DBIEIEE A B L TE NI I MENZ &2 h 5.

g
=1 -

8 = 500 B

c o -

S [

w

2 =< 1000 -

o @ L

@ g L

2% sk

£ -

S5 f

g ‘9_ 'l A 'l 'l L
6 0 5 10 15 20 25
-~ Peeling Strength (N/25mm)

Fig. 12 Wearing Resistance vs. Peeling Strength

g

OFTTIYT [T T I TV ryg

1000

Wearing Resistance
(Chipping Stone Weight(kg))

50 100 150 200 250 300
Elongation (%)

Fig. 18 Wearing Resistance vs. Elongation
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Table 7 Physical Properties of PVC Film

Testing _50°C RT
Temperaturs Peeling Specific
Tensile Tensile ;
ltem ; ; Performance| Gravit
e Strength | Elongation | gyronoy, | Elongation y
Tya;g“a (MPa) (%) (MPa) (%) (N/25mm)
Current
Type 3.43 60 1.96 100 49.0 1.60
Development
Type 6.86 150 3.43 250 196.1 1.00
Table 8 Test Results
Test ltem Mater\%! pe Current Type Development Type
water |Humidi Hot Salt H Thermo- - water | Humidi Hot Salt e Thermo-
Test ltem ';::?el l?estis» ;Hersisty !::;: I;-'i::; 2;:];' l;':z" F:aest\s- F;aswsl-y ;:' aslI:r Resis(- Rcz:: )
lance ance tance lance tance nce nce tance tance tance
(DChipping Resistance | 4 1 2 1 4 3 515 5 5 5 5
(@Adhesion Property | (O | X | A X Ola 101010l O 1010
. , AF AF
(®Peeling Resistance 49 | AF & AF 51 & 196 | 195 195 | 196 | 203 | 201
CF CF
@Wearing Resistance 100kg~300kg 1000kg
®salt Spray Test 960 Hrs. OK 960 Hrs. OK
(®Cyclic Corrosion Test 50 Cycle OK 50 Cycle OK
®§l§$£fmr 240 Hrs. OK 240 Hrs. OK

6.3. BARIEILE LR JILDBREMEE

Table 7, 8 IZ/RTARICS IR L 2L = LR
DF VA —T— bid, B TORBEWMENT G FERM &
DEN, RSN 2 BIRSE & & TE L 7%z, TR
DWW TCIIBARILE 1.0 2FELR U A H 6 56k 350 1
2 kL7, F BRI OW T RETH 2kg O
KA ER L 72,

7.8 &
1. FoEryrgx—viilleBErLEmy 85729
I E =L R VIR S L B e 5 B,
2. WHOF v ¥V o & A — UHREIZ R & BRI

X Ehd, iiEICHETZEEDMEEIE-Y V7R
BEHENTHD., BEBEZBBEOMORLY - v

AF: Adhesive Failue CF: Cohesive Failue

HMETH 5,

SR IEERE & U TRER D 3 5 DL LD EEREE A
Hohiz,

B Sy & LT e =L BIIR IR e =L
DT =R v aMHL, AN O 25 %
52, BEMNSHERY 7 IFETErY 2 FAY
YT A= bEHHLZ,

BRALEIE L 3 2 20 BiE/ YL — v & 3RINLEIELE

A 1LOLDTE LEKiEETH 2.0kg DR %%
U7z,
Zh o OFfli & REAIZ L T ER D BE EAOEHEE
fte= LRy La—trOWEH, 24—V Xy F LAOER
LIt =L RV T — b, 61T ZOMBOE&T
FEN T D FRA R ISR & Al ST L 72
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7 L —FEEMAORRE

Development of Brake Friction Material

W W 5L % TE e * & OH i
Katsuhiro Shibata Akira Gotou Satoshi Yoshida
£l L
Yuichi Azuma Koji Nakamura

E:3 =1 ABSTRACT

VHEHFHEH T —FEBMERS L. 7AXZ IO
BRESH RN G K O 7 L — F RS IS 5 Bk L X
ANREESTETCNDS, 22T, FRPJET 2R 2 b T
BEICHEN S T L — FEEAR O IR D MLA 72,

TVU—=F I)AXIFKEA =X LRY v X RREBINE
DIERT 21T R0, Z ORFISHES VTR L 28R,
MMEMRIE LT — RV ilkifEL 7 7 3 il A ke L
72 VT ANRZN, SV AF =AM TH B, .
KM LR UBEIRER L (1) DR D EFE, ¥ v &
JAXITEND VI A,

& 512, MR ORI & RIS RE % O BRI 5 vk & 5
Rl

Due to recent environmental problems as well as
requirements for better quality of the braking component,
research on asbestos-free yet high-performance friction
material was performed. The mechanism of noise generation
and the causes of brake judder were analyzed, which led to the
development of a non-asbestos and non-steel friction material
using carbon fiber and aramid fiber.

It has achieved high efficiency, low wear rate, less brake
noise and less brake judder compared with conventional non-
asbestos materials.

In the process, some testing methods to evaluate the
friction materials were also developed.

1. 2D &

HRCIREMER I T — T v T ENRTWBHT,
T ANZ MZDW TR F O A S K E TRLH O
BENABTED, 22 =F V., FA Y, 24 A, F—
ALY T.FYY =, F 5y X TEBUE RS
FHILTWE, F2ARKICRTEATEOHTHKT
19934F1 H1 HLDIRESRHEICHI L W2 & 2 RE L 72,
KETE EPAIZK D 19934F-8 H 25 H IR SLEEE F 23472
KIhTns,

ZD &S BRENE LT TIZIET AR Z MU
ERRICITR>TETHD IFITRT LTS,

JET 2N MEMEE R OTR T, 7L — FEEMT,
KETREE O 2 & BB & U Cidin & EE A E A
IZh 0. BN HE S REEVEEbh T3,

—H.GH. BEOT L —FpMEIT 5 - -

* AW
https://doi.org/10.69239/hondatechnicalreview.1992_4_20

DERLVARAPETETHSLH>TETHD, 7L —
FIHE, TL—F V&, TL—F T4 =) VFHIID
WTE, K —Eom AR5 TS,

Zo ko, B L dERA Eo=-22 5. /4 X,
Uy AEOM B NEMRELIET ARZ PO T L — FERE
MOBFENBEE & 5 7=,

Sl 2O TV — FEHEMOUITEE 1T %8 - 785 R. 1
RMIZIBL UL RIIMERE. Wi 2 A XM I EEREE ISR
T BEBA DR FEH T & 7=

R TIE. ZORTE L ZBEEMOMBE Rtz onT
PR e WmET 5,

2. BEBMICER SN 2 HEMH
2.1, EEERE (1)
FEBRROE, RIS 7 L — R HIE L ) =7 &
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Table 1  Materials used for brake pads
Materials Function
Resin ? Phenolic, Epoxy etc. iBindcr
r1hcr \3bestos Steel, Aramid etc. | Friction uatnraal Reinforcement
HDt1l Powder Cu. Cu- En Fe, Al. In etc. Increase Friction Coefficient

Solid Lubrlcant
\b.ﬂb]n f‘\l 203, 5102 \ng Fes0, e

Graphltp MoS2, Mica etc

Prevent Micro ‘3110]( to tiw Relur

Cleaning GLufan.,L of Rulur

Organic Fll]Pr

Cashew Dust, Rubber etc.

Reduce Wear at Low Temperature

Inorganic Fli ler

| BaS0.. CaC0.. Ca(OH), efc

Reduce Wear at High Temperature

RIZH D BEEREED SO, Sy FEMFHS 7L —
FRENDEIINDHL THE T, /74X, Vv
FEOBRUEDORELS AT L. BEEAKEIEY
PRV,

FEBRBOE — IS BTEOZMFITx L Th 2 TRE LT
T5, B IRED L2 EEEREMKTT 2. Wb
W37 x— FERBRISHENTWS, 2D KD LBEE
BEBEHRDZ L, TV —FRALOEHEEL, 2
Viba— LRI AR A Y D 5. 16 T, BEERK
EREEITH L TEEN NN EhERE NS,

22. 8

RIS, T —F0%y F T4 = IR T
0., EHN LTS RETH B LRIk XTIV B2,

RIE0 . EREICER, FERORWI ENEE LU,

2.3. 1BFHM (O—24) DigE

HEMOHGE2RK 2 VG A, EEE O AL L,
Ny FEKROER/EMLEZD, v -2 ORELH %
BMRKEECT,. TV —F VX 4OFKE LS. B3
Wi, -2 DFMEDEDEELLLEZDT S, -
T HFEMANOBEEEMENZ EABETH 5,

U, FHEC. Lo dB@Eor ) —= v ks Bk
N5728, TOLRILFHESBEL K5,

24, JAX Vw4

TL—=FENTFTVEE, —RICTL-—FHXL 0D
NMTVWBIRE (F—. /=, Fa2 L, F-F)R., 7
L—FVydlunbhd 7L —FXFILIRER HIKIRE
HEORBFIRA N TS 2545035 5,
ZHhEDOFIIE, WAWALERIEAL TV EHE

MBS, EEZEEBMZ DL DDOFELENREKEW,
I 2%, TV —FIHE, Oy FOHNZ L H
WhI7 A THSB,

25 #{zER

I8y FOBMRERNPKENVE, TL—F /I X DR
BEUZZED, Frv V06T L —-FHANEEDD, T
L—FEOMBMER LD, REOHERX—/S -1y 78]
BITES,

HoT. bEBRERRELEINE | BEHEEE T v
INIBZIZ W Z EDERE N B,

2.6. BEMAKE

FESEM, RS Sy FIIBEREWREIZE S S, F7-,
A, P RIS X o TIRIEARFIZE 53 N5, - T,
ZDES aHREEREIZE LTS, HIB MLy A S
ND 2T OMEMAENBELE TN D,

BEMOMBER & &2 DEE
Table 1 12—y A HRREBHOMIK L &4 O
IS % 7R

3.1, AR

WAEARHE, FERT ARZ P EFTH > 7200, —If
W2 F — LA L 222 I A4 ) v 2 24 TIZEX
Kb, X, mETIRIETARZIRELTT 7 3 it
MENILS RS, ZThEMAADYE 5 TR
ME(ZAF =L i, oA, 2T I v rE)nfliHEh
T3, MHEDOIEIZ T 2R Z R T 20 — 50wt%., £ 3 X
2y 2 RT 40 — T0wt%, FE7 ZANZ FRT5 — 40wt%
Th5,
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Table 2 Comparison of charactenstlcs of fiber materials

N o ! Copper | . | Rock- [ Potasium | _ “I
Characteristics Asbes- | Steel or Aramid | Glass Carbon Ceramic
- tos | Brass [ wgol _____Titanate i
Frlr't ion Coefficient (L ) O O Q O O Fa¥ O O
[Thermal stabiliy | o | 0o [ o [ a [ a ] o] e 0 0
Wearraste = | o | @ | o] o] o] a]o 0 %)
Mért-er]al Strength @] @ O G | 4O X ! O P AN
Nmse Fa FaY o O i -.f_}. Fay : O ﬁ\__—L_ .
Rator Attack . O A O O A . Fay ¥, Fa x|
'_r_héﬁéf Conductivity | O x x |o | o] o] x| o ©
Easv PrOCGSSI ng_._ @] O | O Fa Fay FAY YA O Fay
st = | @ | o] a]afo]e]| x A N
© : Excel lent O : Superior A A little poor * : Poor
3.2. faistH 3.6. ZDMbDAR
BHEARHI ORI DR A & LTl < 728, Z o AT 4 5L, Iva—F v Y hblEdhy a—
I B R O A SR E L R I O i B S % R A A AL, iz, MIET 4 7 & LTEHBNY 728

F—2 L& UTORME (/4 X, BEFE, 5 ete. ) 12K
XL HFET B, MR E LTz, mEMESE L.
BIEM G BIFCoOMlifE RN &6 7 =/ —LEHE
P TN TW 228, R TR OV Y A
IF,EZA9LA IR, D7V L7 4L— FHORRED
IR A E T3,

3.3. EiEtH

HEMRE LT 7774 b RESSHIHEINT
WB A, oM (KR, AL, Bk, 2RE) . &
L= F CRifE, #E) OFBEIZE DSy FORMESZEAML
5,

3.4. £E#H

SIEPHIEERREE L5 A, BEIda -2 M&D
TR DR NGBy R FLERB M S T b, 25y FHfE
B, 74V IoMELEDEDIREN LV S K0BE
7L IR HR A E TV B,

35 tI3IvU#H

¥ 73y R, BB ENICKD v — 2 KEIC
B LSRR AEMAEl 0% L LEREE ) —= v
TE5DICHEMT 2, 2T& L0 -2 ZDED%
HID§ECT, WAWAEREERREAET S -ORNED
FENVETH B,

RENAMIZHH I TS, £/, 7L —FEEMKIZ
O — 2 A\DEEEH O TR VEEIZ LTl BER
B0, KA LYY L%0 pH FLHIEHH S 3,

4. B B oM H

ZEBAFE U 2= PRt 2 R T isdb N %,

4.1, MR

WHER R E LCTRIET ZARZA N THBZEREBAA
DTl FA —NHENDERK & 25 % A F — LAHE S B <
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Fig. 2 Each fiber materials
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Table 3 Correlations between each material and brake performance

g | Resin Fiber ! Filier
Index ‘ : lubricant abrasive metal powder | organic dust
phenolic | aramid | carbon | ceramic | copper - r
i ! B c 1‘ D A B B A B
i 1 t
| uverformnce | @ o] o | © o] Al 0o|loOo | alaj o o
T T | T 7 T
Wear Rate @) | | ! [ | e
H { i
Judder o) i ol . a a |
Noise @] j | ® A ;

© : high positive correlation
@ : high negative correlation
no mark : no correlation

Cashew dust

A : low positive correlation
A : low negative correlation

Graphite

Fig. 10

Newly developed pad and it's friction surface

Fig. 9 Other filler materials
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Development of High Resolution Encoder

T W M AT H o g " R o
Kazuto Chisaka Nobuyuki Tanaka Hiroshi Furumi
= = ABSTRACT

P91 HIZRELZFLY 2 — FOBEBTHIEES
4W S O i i - el U AE AMAT £ v & LT, Bz
Ly a -2 &KL Zoya—-5i,
Yy rw sty b& MR ZzTFROA—LIC &V
BABTRERAL, MAFETORR EH LOER S5 —
YAz kD REA L Z O fREER b & E B o
3 SL Z OREEE R EAX S 7,

A newly developed rotary encoder for a front/rear wheel
angle sensor of electronic control motor driven 4-wheel
steering system (4WS) was applied to the 1992-Model New
Prelude.

This rotary encoder is composed of a ring-magnet having
outer circumference multi-pole magnetization, a magneto-
resistance effect element and a hall effect IC.

Improvements in these magnetic field detective elements
and patterns of magnetization have enabled encoders to
achieve high-resolution and high-accuracy of neutral position

FANDE

WA, BB EORIBEOEIZEN S 4N - DREEE
Bl D, VB —T 24 AEBDHToXL-TL—F-
27TV Y OEEEREE. BREEIC LYY YT S
S ZANEEHS>TVE, AT TV VY SHI Yy a -4
FHEHIE S 27 2B Vs Tn5 Y, SR
LIy a—g23 MAETORRBE YT 2y bOH
LWERB S 4 — 2V Ic kD, fEf L 205 fdagim L e i
HEFIBI AL L 2 OREE R LA S, kD E T
) 4W S P o i - s O IRAE FRKIT £ v &
LOBHT3ZENTEZDOTHNT 5,

2. A & F
HEHEHAEEARMNAFARONREN L 3 HR
e O RO, mEEH T o s

* FE A2 AT
https://doi.org/10.69239/hondatechnicalreview.1992_4 21

pulse.
Table 1 Rotate-angle sensors for automotive use.
Sensing method Output signal
Rotating disc ﬁfmﬁr E#E74 X2 CRY
& v MERY, EES
2 CHRELNREE |2
g FHoOKOBEE | B ]
T 3
8 fLx2REFR |O
£ mLEhT 5, Angle
———1VAHH
Magnetism
§; Sensing .
o clement | VY I EAY M | o
E sRAREToRR |
8 &
g BAXRTCLOVBR [ rl—-ﬂ-
g OEALE T B, Angle
é" Magnet | ——— L2 7
Contact-Brush
. AR % ENRI L 7
%z EEEROLE T (2
52 S mE LR | 2 /
g3 Rowting | L BERZ# LY | S
= E - }::;:fd ¥ B, Angle
———BERLBH
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Table 2 Comparison chart of Rotate-angle sensors

High Temperature Sensor | Grease
Resolution age Size | Compatibility o5t
—30 ~+85T
Photo-electric good good fair poor good
type
Magnetl;;-:lecmc good good good good fair
Potentiometer
with poor good good poor good
sliding contact

Table 112”7, 25 3 RNOFHEZE BB T2 &
Table 2 IZ/RTHRIZ, 3 fRaE. BRETMEIZBY L Cidok2E,
RO 2HFRP WL, 2o ORICITRE HEDIT LN,
LA Lahsnfiies bk &35 e, ERTIRK
W, DEET 0 22 D2y b OKETRIC K B REEE B
b4 372012, 20 v MEE—EEM L L e huds
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Fig. 2 Main Steering Angle Sensor
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Fig. 3 Main Rear Wheel Angle Sensor
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Table 3 Specification

Main Steering Main Rear Wheel
Angle Sensor Angle Sensor
Operating  temperature —30 ~ +80T —30 ~ +80T
Storage temperature —40 ~ +100T —40 ~ +100T
The Number | Phase 180/180 120/120
of Pulses AJB
(P/rev) Phase Z 1 1
Phase difference Phase difference
Phase A (50T s . 070
Output  signal | i
EnNe/z S 5T Phase Z .
14" 22 MY
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ERTW5, AERESSE 7oy by a—# Lk
THHB. VT T F 2T —RIZEA IR0 ) ZH T
HT200EEBIER Y 74 VAN TEIEEh T3,
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Establishment of Estimation Method of Steering Force on ATV
a HFF X
Hidefumi Ishii

E B

FEH 48 ATV Tid. HOMEILIRREA, S B{KHEE £ T
DFEIEORARAC I A R O I 61 5 097 I8 0
72HDF—FKA vV ek o5Tn5b,

Z OIS T OERAETIZ, 45 1EIRRE T DHEY) D e T
EMHBIMERTFIZH D RIS TRETE S, 22
T, ZOIZEH LU THET L 228558, HOREARR 43670
(HEE, THE, AV WA 2 bV)E25252 &
2k, REMZ L — MR B 2 I8 0 BAEH % &t
FICk o TR T &, T L OMBIMES &2 &5
AET & 72,

ABSTRACT

Steering force including a steerage keeping force of the
handlebar in the static condition from stop to extreme low
speed is the main factor which affects the operator’s fatigue
when an All Terrain Vehicle (ATV) is operated for a long
time. The steering force at extreme low speed can be
represented by the static steering effort with the ATV stopped.

In this paper, the estimation method of steering force at
extreme low speed is introduced as a theoretical calculation
formula. The steering force represented by the static steering
effort can be estimated by giving the formula the basic data of
the ATC specifications such as weight, dimensions, tires and
various geometries. The result obtained by the estimation
method has a close correlation with the actual measurement.

1. %20 %
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RO HiI AN Tw 5, (Fig. 1)
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A method of accurately measuring automobile
aerodynamic noise using a microphone in wind flow has been
fairly difficult to date, because of disturbances such as
microphone self-generated wind noise and background noise
in a wind tunnel.

Taking this into consideration, a method of measuring
aerodynamic noise using near-field acoustic holography was
investigated to improve measurement accuracy. This report
presents the result of checking the validity of this method
using speakers and the application of this method for

automobile aerodynamic noise measurement.
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Fig. 3 Relationship of Spatial Domain and Spatial Frequency Domain
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gear’s design parameters.

A knowledge based system, a computer program which
keeps human’s knowledge on computer memory for use in
solving problems, plays an increasingly important role today
in the application of artificial intelligence technology and is
suitable for solving non-algorithmic problems. Its
effectiveness in expanding the option of gear designs is
discussed together with structured knowledge base to support
the decision of gear design specification as a real world

problem, which involves algorithmic parts.
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