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Introduction of Honda R&D Innovation Lab Tokyo
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Masaki UEYAMA Masatoshi SEKIGUCHI
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The Honda R&D Innovation Lab Tokyo in Akasaka
Biz Tower was established for product development in
new areas related to artificial intelligence technology.

The standpoint of the people engaging in research
and development was put first in creating this lab
facility. A variety of different thoughts and hopes
were therefore incorporated through open-minded
collaboration that involved the architectural design
firm and construction contractors.

Those thoughts and hopes were given concrete
form in various ways. In addition to color, acoustics,
and lighting design, there are discussion wagons and
Dokodemo White Boards for a more effective use of
space, smart frames surrounding them, stools with
built-in storage space for water containers and other
furniture, the displays of Honda items on bookshelves
and glass walls for stimulating creativity, objects used
to indicate the directions being taken in initiatives,
idea generation-support systems, and other such
implements and furnishings.

As a result, the Honda R&D Innovation Lab Tokyo
received a New Office Promotion Award from the New
Office Promotion Association.
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Fig. 1 Entrance to Honda R&D Innovation Lab Tokyo
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Fig. 2 A laboratory that we create ourselves and
upload, and that continues to grow
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Table 1 Constraints imposed by a high-rise building

and responses to those constraints

Constraints

Low ceilings and limited floor
load capacity

Responses

Use existing laboratories for large objects.
Take visual steps to address oppressive
ceiling feeling.

Building entry through flapper
gates feels bothersome

Leave door to entrance area open

Feel out of touch with the
changing time and seasons

Use lighting to represent the changing
time and decorative plants that also
function as partitions to produce a sense
of the seasons

Area is limited Use equipment and fixtures creatively for
conferences, experiments, and other such

functions
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Fig. 3 Structure for promoting HIL-TK
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HIL-TK & Fig. 71289 & 512, BFRE DT B ADbYE
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Launch HIL-TK Preparation
Project

Set up temporary office area

[ A
Complete estimates,

notifications, place orders
A4

make

Construction on portions other than
temporary offici area

Start
construction

Operation in temporary office area
office area

Construction in temporary

v

HIL-TK grand opening

Fig. 4 Schedule leading to grand opening

Fig. 5 On-site study location before construction

Fig. 6 Same location after construction

Table 2 Entrance area and work area
LocationlName |Overview |Figure
Entrance area

East Meeting Room gllaese'(isri\geroom for about 10 people at windows on Fig. 10
Green Meeting Room  [Meeting room for 10 people Fig. 11
Collaboration Room 1, 2|Rooms fit about 4 people each Fig. 13
Presentation Area Space that can be enclosed in glass Fig. 14
East Cafe Space usable for simple meetings and briefings Fig. 9
Work area

Work desks e doke oo e By &g 21,22
Central Cafe Refreshment area located in central area Fig. 36
West Cafe Refreshment area at northwest corner Fig. 30
High Counter Free space along windows on north side Fig. 23
Sofa Seat Free space along windows on north side Fig. 24
West Meeting Room Meeting room for 12 people at windows on west Fig. 26
Small Meeting Room Meeting rooms for about 6 people on west side Fig. 26
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East Meeting Room

.
4 Green Meeting Room
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Technical Area

\ \ Main Entrance

Collaboration Room 1
q Collaboration Room 2

o .

_ Central Cafe

- T West Cafe 3

.» Entrance Area
.®
®

Small Meeting Room
West Meeting Room

Fig. 7 Overall layout
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Fig. 8 Objects in entrance
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3.2. East Cafe 3 ) > 7 &h&XFH+
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Fig. 10 East Meeting Room
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Fig. 11

Green Meeting Room

Fig. 12 Transparent glass wall
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EEOHBRLTEEL, WAWAKES 72HMTH S Z
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Fig. 13 Graphics on walls of Collaboration Rooms 1
and 2

3.6. Presentation Area
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Fig. 14 Scene of a talk being given in the
presentation area
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4.2. Project Room
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4.3. Smart Frame
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Fig. 177 Smart frame
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Fig. 19 Discussion wagons
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Fig. 20 Meeting scene taking place around discussion
wagons

4.6. Desk

HIL-TK T35 4 27V 4 & 2 mfliv, Z2uicay
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5 ~ \ Hidden wire management grommet
2 N / (removable)

~>

% Tabletop: wood base surfaced with
e 7~ / melamine laminate

Wiring receptacle box
Bent steel with baked-on coating (white)
<z s Wiring receptacle joint

¥ m—

Legs: square steel tube
Baked-on coating (white)

Fig. 21  Schematic drawing of desk

~— Hidden wire management grommet (removable)

. Tabletop: wood base surfaced
with melamine laminate

Wiring receptacle box
Bent steel with baked-on coating (white)

" Modesty
panel

p - Square tube

Vertical wiring fixed to table leg

hY
\,

' Legs: round steel pipe
Baked-on coating (white)

Fig. 22 Schematic drawing of trapezoidal desk
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Fig. 28 Water bottle being replaced
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Source: NOMURA Co., Ltd., design drawings for Honda R&D Innovation Lab Tokyo

Fig. 29 Stool structure

4.11. West Cafe
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Fig. 30 Meeting scene in West Cafe
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Fig. 31 West Cafe

Fig. 32 Perspective view of West Cafe
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Fig. 33 As seen in the daytime

Fig. 35 As seen at night
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Fig. 36 Central Cafe and Hirameki Engine

RO ZMAEDEIZE > THS TRV O E WKL S &
[xDOHHMAEDE]ELTHREDZ ST EEONS
HHATH 2. ZOMBEARLHRITASOHOPIZH S G
DR L E L TCVWBEXICRBMELEZZ EICRESHh
TW3D, UbMETY Y VIRHEL Ly MRKTE - &
MBIAL T v & L2t 5 28T, REDIEAATS 8D
Th5. O60XT VY V% Central Cafe TEARD T3
LZEIZOSHENIND Z L2 WFL TS,

5. #4t» 5 OFH

PLETHMARTE LS4 L Tk%4Z 5 L7 HIL-TK
3277V N4 =7 VK, BN 5 28O REH LIAA
EZT TS RELEDTIFTKRL -V 3 VOLEDIZEED
KR, Hi LT RIED DBEIC Lhk AL a RN
RO %3217 T 5.

72, HIL-TK &M tEMEA = 2 —F 7 1 2 A
SO0 MAR= 2 —F 7 4 AHEH ZZE L. T
UL T ABRIFTRE L 2B T, (A o—ADa 7KL —
Va VPO ZABIZTIES LOWEBMAEBL 72075
EFHA VEIZIBELTREI D] ED—FNZ 52T T
b5, E2EBOMBEODZHEICIBEL &I &, RFEFE
ARBEO M HEAN = 2 —F 7 4 2 HEER 2 F MO 2
HEETIrbh a4 7 4 ZICBb 2O B HE IS
L, RAEELEET2HHHE T A Y OMBIZL ST 4
ZH v a v Tk EOHEE, FER» SIRGEEEID
ENIFEDEVGH 2THE, 2ETHIENTE .

ID=a—F 7 4 AHEE I EIFEE ICINA T, By
SOERRPEBE FHA VY ORFBFIR L EEIZ S DHEM
K12 40 1 K 30 7012 M Sehs 5 Bl F & 12 & B e
THEDEWVETHS. "b->THZHMMIIZH L5 &
IBETIIAN. M RELTIEAEL, 22 THL HR
PodE CTRIMINIZO E D ZIRE B KO B k->TnWbZ L
R, AR LADEE AR AW E A SERT ALk
B2EIBEHLOTRIFRD AT TS Z ENFADOBS
Tbh5.

FXUIKADROSVWAFEBHL TWB Z & AFHTiE D
ELZFIE» T3,

6. £&O

N TRIBEFE AT 12 B U 72381 L W IR O R B R D 72 0
12, Honda £ / NX—3 3~ F 3K Tokyo Z#RIRIZER. L 7=.

ZZHhoEANTEOOHAMEERT A TV x LK
LHBEEADDELE 57 A Y — L, M EHYIE 2~ — 7
V=24, EZTCERIAPER=F, 742 Hhwavud
V, KRV EORM, ES1EDODORTTEED T ARER
KA ZMEAD ZIREPEZEZDEZ ST E B HEE



Honda 1 / N— < 3 > 5K Tokyo DB

DERDT 4 2TV A, BELES AT LTH2060F
IVUVVEE, MAGHLWTA T T 208D %, tt
WhHheEEZXZAEA—FT Vw4V FDaIFRL -V 3 VIiC
Ko TRID iy

ZORRE UTHEIEA= 2 — % 7 4 2 HEME &2
bZa—*7 4 AHEEEAZHEL .

FOTHNC & BD 53, skt IhRt Casttnk, #hliz
thE TR T v & 2 kg, RStz = — U EZERE, at
light laboratory ik, #RR 2+t 7 ¥ v 7k, HEREtE BACH
fRE, ATHRENZ7Ta 27 b F—201%, RWiz
Al B &5 EMURIMICERG L, SMERIER A BT Z
ETREEBGBAE N, Bb o 22 TOEN [k, ¥t
OB TIE AL, AL THUCAVWERAZSDOTEDH S
BIfRE > CHEME L 722 212 X 0, ¥R D 5 13485
LA RWIEEORMALE RS 2222/ &A1 D L7

Z D%, Honda 4 / X—3 3V 5K Tokyo BRI L,
FIFENRBHDX =TV 4 I R—=2 3V ThB.

ZZE XMk

(1) http://www.soumu.go.jp/johotsusintokei/whitepaper/
ja/h28/pdf/n4200000.pdf

(2) http://www.nopa.or.jp/prize/contents/youkou03.html

(3) https://www.nikkei.com/article/DGXLASDC19H2B_
Z10C17A9EE9000/

(4) http://adec.gr.jp/wp-content/uploads/2014/03/text-
hen-2.pdf

(5) http://wwwl5.plala.or.jp/Aizawa-Tadahiro/

(6) https://www.nobelprize.org/nobel_prizes/medicine/
laureates/2017/

(7) http://www.jlma.or.jp/anzen/chui/pdf/ledBlueLight.
pdf

(8) https://kotobank.jp/word/%E4%B8%89%E4%B8%8A-
513767

(9) https://lineblog.me/mogikenichiro/archives/8329218.
html

mE Enl

bl HE




https://doi.org/10.69239/hondatechnicalreview.2018 30 1 2

FANTHRET

X-ADV ICH 135> 7 FDRIE &
284 ) 2 TTHA1

Concept Creation and Styling Design in the X-ADV

oW E T
Omi [IDA

Daniele LUCCHEST ** Maurizio CARBONARA **

2 B

X-ADV i, BIND Bs&ME 42—y b & L7z, Fikk
750 cc 7 T ADE—LA—H A7 LETLE LTHIEEh
7oo KEFT LTI, RINDOREAL 72150 B5EZRITH L,
BUOHEUCEIHICBRTEIILE#HELZ 203y
T b2 VT A VK, RS TFUMICAR
WICHET A bz, £9, BINOBEERLRE LR
frx B Z kL, “Go Everywhere with Excitement” &1Y9
Bmaye 7 hEEX L 20BN, FHIZEEST
Zv—bEBEETREEL, KHIZERANEFES [7 PR
VFv T =AYy b EHDAII 4L NI T ET
b5, AxA4) VI FHEAL VoSN, &7 X 2R
iz, T FAEET S L 0D, WG Sport Utility
Vehicle 3D @42 KB4 5 Z & IIiRE S iz, AJ1E
MWORGED 720, 2V T P EFILEEK L2, ZOHRT,
FAETDERERRY Y a VEBEL, N IBITA 8%
FoTWwbkork7Tursya v eERELE X612,
BOE XN AR, BERIZZTANS NS 2 26T
578, BINE—2—Y g —lcaryt 7+ EFLEER
L, b7 ) U7 &FEELE. ZOKR, BEKROHEIEE S
eI, B Z SRS ZENTE . X612, ZOH
HAEZ, ZOEFLOBBALLPE L, HEHD-D
DTHA Uz, I X-ADVIX, ThZxT
2NV T e 244 ) VS TEREHOLE LS X,
BT W TR A[ TV 5.

ABSTRACT

X-ADV was developed as a new 750 cc class
motorcycle model targeting European customers. In
this model, we aimed to further expand the joy of
movement for customers in the mature market in
Europe. The concept and styling design were begun
to be investigated voluntarily before the development
started. First, we conducted a survey targeting
customers in Europe and derived the product concept
“Go Everywhere with Excitement.” The intention is that
it is a commuter motorcycle with ‘Adventurer spirit’
that allows smart movements in the city on weekdays
and invites them to adventure on holidays. The direction
of the styling design was set to represent the attributes
of the four-wheel sport utility vehicles, expressing
toughness and protections for the rider. A concept
model was created for verification of this direction.
In that model, taking into consideration the riders’
physiques and postures, the attributes of protection that
makes it looked like the motorcycle is protecting the
rider was expressed. Furthermore, in order to verify
whether the set directionality is acceptable to customers,
the concept model was exhibited at European motor
shows and hearings were conducted. As a consequence,
we could get customers’ understanding, and we gained
highly favorable evaluation results as well. Furthermore,
based on this result, the commercial production of
this model was decided and styling designs for mass-
produced cars were implemented. The developed model
of the X-ADV captures the customers’ mind with the
unprecedented concept and styling and is favorably
accepted in the market.
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Fig. 1 The X-ADV (production model)
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Fig. 3 Styling concept board
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Fig. 5 Proposed sketch B
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Fig. 6 Wide- area farm road in central Italy

Fig. 7 Gravel road leading to a town in central Italy
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Fig. 8 Key sketches inspired by styling designs of SUVs
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Fig. 10 Riding position checks using clay model before its final finish to investigate dimensions of each part
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Fig. 11 Completed clay model

Fig. 12 Three-dimensional data of vehicle body
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Fig. 13 Movable windshield with pantograph linkage
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Fig. 14 Display and adjacent area with visibly arranged mechanical parts convenient for commuting
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Fig. 18 Exhibited hard mockup model

Fig. 19  Production model
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Fig. 24 The Dakar Rally machine

Monochromatic coloring type

Type 1, Silver

Type 2, Matte gray

Adventure color type

Type 3, Rally color

Type 4, Tricolor

Fig. 23 Variations of coloring
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Fig. 27 The X-ADV running through in city and on rough roads
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Development of Rechargeable Power Source LiB-AID E500

hoH O # 5L N e fom B BT
Yasuhiro NAKADA Go FUJIKAWA Yoshiharu NAWATA
S5 i % E T moogE o W
Masashi KAI Kosuke YAMANA Yuya KATO

= = ABSTRACT

VFILAFT YNy T =N —=a2=y b EHA
HFbEHZ LT, AHOPTHHINS & F I B
IR AT HE s % LiB-AID E500 ZBH¥ L 7=,

AEE, BANLI—HFREIIRITANLGNE T4 v &
ﬁw%*ré ZHEEE LT3, BRI A ¥y — 2 45l

SR, GREABEHGETRE TS L L I, WHE
$£’§37‘/Z b LI & V)?@iﬂiﬁﬁ@k%tﬁ@ﬁ%%ﬁ &%t
BL7=. E72, B2 392 7L — AHEEIC K AR
LN —RERC AR L, 3RS AR L DD, /N DR E
R L 7z UDF’L"C, WHMSE DB L U7 7 VEE
DI XD, FOEEEEFEB L 7.

The rechargeable power source LiB-AID E500 was
developed by combining a lithium-ion battery and an
inverter unit to create a power source that can support
various types of electrical equipment used in everyday
life.

The goals for this product were a design and
ease of use that can appeal to a wide range of users.
The use of inverter technology provides an electrical
performance that enables a high-quality power supply
as well as parallel and assist operation support for
electrical equipment with high-starting power. In
addition, a lightweight resin full-cover configuration
using a monocoque frame structure achieves a compact
and lightweight form while at the same time securing
strength. Furthermore, enhancement of the cooling
structure efficiency and optimization of the fan layout
realized a high level of quietness.
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(a) E300 (b) Preliminary design (c) E500

Fig. 2 Design concept

Fig. 3 Color variations

Accessory socket

DC sV - DC charger [RAlEad

PAXON ETG[-Ia AC 100V
AC 100V AC socket

Fig. 4 E500 major functions
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Table 1 Specifications of the E500
ltem Specification
Output AC voltage (V) 100
Frequency (Hz) 50/60
Rated output power (VA) 300
Maximum output power (VA) 500
Output DC voltage (USB) (V) 5
Rated output power (USB) (W) 10 (5% 2)
Dimensions (L/W/H) (mm) 266 x 182 x 248
Mass (kg) 5.3
Sound power level (dB) Lwa 42
Battery capacity (Wh) 377

E500 O 2 7 24 % Fig. 51
N

2, SEIREGATC A Table 112
VFILAF VN T ) =L VIN—=Z2 =y |},

USB 2=y t &HlAGDYE, 28100 V L EH S5 V & H
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DRI
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Development of 2.0 L Engine for New Accord Hybrid
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E3 =] ABSTRACT

B Accord M 7V w FHIZ, Honda E LTHIE &S
B 40% D LA HIEE L2 20LDH Y ) VIV Y vk
BAF L7z MIEFILERBRIZT bRV v A4 2L e s —
L EFEGR VAT %ML &6 &5 F
DEOIZA VT = L TOgHbE LT HR Y — 2 b
LTI M) aEHATEE tf//#/a%&%b
EEfE AL U 72, BEIKIE D 72912138 EGR AL L, &
E7/7W*“b%%@féub~$@@Lmﬁ%¥ﬁb
To. O, iz VD VEKTERHALTWAK TV 7Y 3 »
TIT b =R =2V IR TNV I a VN T VAV T
DRSS 2 EA L, =¥ ¥ v BRTOR/INAR
HEEIE 208.1 g/kWh (Bh= 40.6%) % 30 L 72,

ZOHAFRTY Vv &G THEERE MR 2 MR L 72
FER, AT v ¥ Uk e LT US Combined mode R T
1.96 mpg B3E L 7=,

A 2.0 L gasoline engine for which the development
target was the realization of thermal efficiency of 40%
or higher (a first for Honda) has been developed for
the new Accord hybrid. As in the case of the previous
model, the developed engine employs the Atkinson cycle
and the cooled EGR system. In order to further increase
theoretical thermal efficiency, knocking has been reduced
through the application of mirror finishing to the intake
valves and the use of sodium-filled exhaust valves, and
the higher compression ratio than the previous model. To
reduce heat loss, high-speed combustion has been realized
by increasing EGR amount and employing high-tumble-
flow ports. Technologies for the reduction of mechanical
loss, including low-friction plateau honing and a low-
friction balance shaft, have been employed in the other
engine framework, helping to enable the realization of a
minimum fuel consumption rate of 208.1 g/kWh (thermal
efficiency: 40.6%) in the engine unit in isolation.

The verification results of the fuel efficiency
performance achieved in an actual vehicle through the use
of the newly-developed engine demonstrated a reduction
of 1.96 mpg in fuel consumption in the US Combined
Mode as an effect of the engine unit in isolation.
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D, N4 =V 13Ny TVIZELLhEBRI A LT —%
HHLTE- 2288325 EVETE-FThb. /54—
Y23, Ny T VDT VAMRREEIZKD, T Y VIS
Ko THERINBRZ ANLX —%2MHHL TE— 4 &5Rd)
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— Electrical transmission path Table 1 Engine specifications
— Mechanical transmission path
EV drive Hybrid drive Engine drive Developed | Previous
T Cylinder configuration Inline 4
e e Bore x Stroke [mm] 81 x 96.7
nverter Inverter _Hm’ Displacement [cm?] 1993
Gene-.
S @1 H Valvetrain (intake) VTEC and E-VTC
OD clutch .
Valvetrain (exhaust) Flng(svrit;]ocHlT_eAr)arm
Fig. 1 SPORT HYBRID i-MMD system operations Number of valves 4
Valve diameter [mm] 33 (Mirror-surface) 33/96
intake/exhaust /26 (Na-filled)
Cylinder offset [mm] 6
0 Crank journal
2. Eﬁ%@m 5L diameter [mm] 50
Crankshaft Semi-8 4
NATY g FEHOBEHTY Y Y & LT T4 B BE% counterv.velght. (without dent) (with dent)
Compression ratio 13.5 13.0
L7, EGR system Cooled
) — . - rE b= EGR valve flow rate [L/min] 450 | 230
J 3 1] 4 = A ot
(1) BREHZ D T, M 7Y w F AT B O fef FH RE e Water pump Electric
BT 2 BRRNH B UG (Bh= 40% LI L) Thermostat open
e " N B . v valve temperature [°C] 82 8
(2) =¥ o v EERORGEIC & 2 FEREPERED | Fuel injection type Port injection
Fuel Regular
‘ » . Maximum power [kW] 107
3. BREMEEM LI Maximum torque [Nm] 175
Emission regulation SULEV30

Bah® 39.1% OERE 2.0 L full hybrid electric vehicle
(FHEV) VY v (Ji®FN) Lxttb U=iEc# 4 Table 1
7

3.1, I T BRRE R LR

HTE 7L ORI L O, KUREGDRIN] EO 72 12
FmEhER O I & BRI DI, ¥ K OBEMIERE O D
3 A MRENHE REEO T E L.

3.1.1. BHHENRRE £

MEREGh R O R LIS IEEfE Lo EAE T H 2 5
oy RV sOMMENES. TORIME L TR G
(EGR)EABROIE A V5 — 2 3L T OgEHLE KO
FEVSLHAZFS— X ISV TERHLE. 2hbic
X0, JoFRV oML <L 13.0 26 13.5 £ THEMIL%E
M k& &7 (Fig. 2).

312. EREEGR VX T L

BARIAR D 78 EGR EARDOEMA2 B I k7. Z
L v F v BINOMEEERS & 0, FEfELom Ficg
BHTH5.

EGREARIIATETILD 17% 7 5 23% ~NHEMT 5 Z
EAEHBEEEL, EGR VY 2T 40ERELERE L2, ZTh
X, BGhFE 40% 1S LT, BINLZETH B.

EREILD =012 EGR 7L T OKEAL L FpED» 5 D H
Z R mOME], %720 TGO, L 72 #i O EGR
INVT EBIFE LTz, ST IEIRIEEA Ry b LT &L, Y
LTEDOKEALE B Z K572 (Table 2). Bz ) =7
VLA FEFAL, KREIIC LT 5 BRE ) % i 5 7=
B, T4 ILREE &SRS ERE L 7.

2L T REFACDGRE 5 Z T 72, EGR WEITIHD

Table 2 EGR valve specifications

Developed | Previous
Valve type Poppet
Valve seat diameter [mm] 12.5 8.3
Flow at 6.7 kPa

[Umin] 450 230

Valve leak [L/min] <3

Response time [msec]
from closed state <80
to fully open
KWkAEB I o7 MEHRELDBEA SN EGR 7 213,

EGR/S4 7, EGRZ7—5, wx—4%7% L v FINEGR
H 2AWEEEFET EGR SV TANAD, ZOHBEHY, v+ —4
T MLy b, VY YAy NNl EED, f VT =2

1.0
= — Developed
= _E’ = = Previous
S G
5 £
R
c B o
c O ~
= & -
£ o ™~
o 8 ™
g 5 05 ! =
(0] [0} ™
5 0O ~
£ ~
-1.0
13.0 13.5 14.0

Compression ratio

Fig. 2 Increase in thermal efficiency against previous

model
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V=R =L FNEAXND,

JESIBIBED K % 0 5 72 EGR 730 7RO IR i
% Fig. 31289

HIE 7L ORISR LT,

(1) WA A ¢ 21 129K

(2) F v FARY 2 — 4 %4k

(3)w+—47% Ly b & EGR Z — 7 Diliikd bHil
DA bL— ML

(4) EGR 7 VL 7O A D L4k

95 LT, M E 70% KL 7.

EGR ZARO#IIOBIZ I 2 RIEOFREIZ X B
fEZIE I LTI, Sl & v ek — b 245 Z
LICL D EWR EGR &2 bW T & Sl A2 2B L 7=,

BHL7=HK— MER%E Fig. 41287, K= MERIZEE
T, 4 VT =220 TR O M S A%
BT, AR DSIMICT AL Ta Y TF AL
L7 Zhickhxzry o vEE 2000 rpm, TV Y v EfM
120 Nm O#fzHE A ¥ b THOX VT L ¥ A1 25% B
U, BRIEEIEIZHHBI O & 2 ELFGES) © 1 )L+ — (Turbulent
Kinetic Energy: TKE) & 3% I L L 72, S&GERIR % Fig. 5
IRT.

Z OFER, WiE T L RIS OMREEGIR % %% L (Fig. 6),

High-flow
EGR valve

Velocity
in passage
[m/s]
100

|

(a) Developed (b) Previous

1) Increase in passage opening to ¢ 21

2) Reduction of unnecessary volume in passage
3) Straightening of EGR cooler cone

4) Change to R15 in EGR valve passage

PR

F

g. 3 High-flow EGR passage

(b) Previous

(a) Developed

Fig. 4 High-tumble port shape

IR AT 2 2 & 5 <, BGBEDOKIKE /v F v
DU % ITHEIC L 72,

313. /vy xLITHE

RV IWEEANELT, A VYT =23 TI2id 4
O FF A B 20, TF Y- ML TICIE S
PO AEEALZ

A VT =2 TIZONTE, BBEENICHE T 5/
T ORIEI LN A LT 5 2 L TRER/AERKS L, 3L
7 &2 DA D KRB OBMZEMHI #5572, ThiZk
DEMEENIKRD Z LT, LT AETLTYY) YAy FA
T T RIS ZOBE IS T Z LN [RE L 75 ) &
BERAEKTEZENTES, L THEOERE ST
BBDT, WMRIREMEKL 2 v F v IV WEOMREES

Velocity
0 30 [m/s]
E = 4

Developed Previous

100
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80
— Developed
70 ;
—-- Previous
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Fig. 5 Results of flow simulation
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Fig. 6 EGR flow rate and combustion period
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N3 (Fig. 7(a)).

I =2 MV TITONTUE, BRIZL 2NEIIZF b
Vo LEFEALI VLT R L 72 (Fig. 7(b)). &iftic %
DRFTVWIF Y — 2 b TRADEAE, /3L TN CTIA
L7z b w20 ETFEENZED 2T AFITHES A
WAZZ, WL T 2T LML TOB5L T4 L
T, VIV YEANYRDY =RV vy MIET2Z &
ERHH5TNW5,

ZoOfEMiEEHAL, =V Y VEE 2000 rpm, TV YV
F4i 120 Nm O@EfizE A >~ 12T 0.9 degD /) v F V&
WEDNRAB/DZZENTEZ. /vy F VvV IrORERE
Table 3 (2777

3.1.4. BRI

BEMAEARICBILT, 292 v 7 b, KXV RED
FHEHER, WA v T, FIATF2— v EOHRTR
IR B Eb A & LT Z k-7 (Table 4).

YYyvaTay s LTE, YA N UAEETLw 58
T23A) - TREDOME DIRAGE S EKIKL DD, §Ly
FEPRSELZETFBRAHEPTIEERL N, 7T
b—=h ==V S OMAHREE LI L& 22 E L, i
HEEKIRL 72 (Fig. 8). £/, NTF VAV ¥ 7 MEA 4L
IRYWIZVA TS P ENTED, T2 Y VHEERICHA L
ISVINDA A N ERE T3 Z I & MRS R AT
3. Fig. QISR TEIITNT v Ao =24 MEREEHL T
ING VAT 24 PRENCAANOFNEES Z LTI O
PR IR 2 A% U 7.

Developed Previous

(a) Mirror-surface intake valve (b) Na-filled exhaust valve

Fig. 7 Valve system

Table 3 Amount of mitigation of knocking

Amount of mitigation of knocking

Mirror-surface
. +0.3 deg
Valve intake valve
cooling Na-filled +0.6 deg
exhaust valve

Table 4 Mechanical loss reduction technology

Part ltem
Cam Mirror-surface cam journal
shaft

Crank Mirror-surface crank journal

shaft Increased crank rigidity

Balance | MoS; shot to balance shaft metal

shaft | Change in balance shaft weight and shape

Oil pump | Low-tension oil seal

MoS, thick coat + Staggered coat

Piston Change in 2nd ring shape

Change in land diameter

Cam chain (application R shape on back
Chain | face and smoother surface roughness)

Low-friction chain guide

Block Low-friction plateau honing

WHIAKIZ DWW T, KiREED 5 2 & THIEORE %
KT &8, BRI & I LR BB E2 X5 720, —F
2 &y b OFRIRE % 78C 75 82 CIZ4C E® 7=, Th
&, 313 HTRLE v F Y IeGEEICL D aREE 5 5 7=,

Reduction of surface roughness

TR

(b) Previous

RIRARRAL

Expansion of pitch

(a) Developed

Fig. 8 Low-friction plateau honing

(b) Previous

(a) Developed

Qillflow,,

|l i
Section A-A

Fig. 9 Change in balance weight shape
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FHlFRIRE DZETEIZ K 0 ARBEAGTET IR A & P ESEITIRO
KA E < -7z (Fig. 10), BEMESAMEIR L 72

ZORER, =Y VHE 2000 rpm, TV Y Y HESM
120 Nm OEHLA 4 ¥ M THIETIIZH L 6.4% DM
HIAKIR A +5 Z 78 - 72

3.2. T2 T CEERINED 12 & DIRENII R

SUBRBEIC & D RN & < IEMRARHEZ 3 (Brake
specific fuel consumption: BSFC) ® R iEskiL, [AIEEIZE
NERALREL 55720, VY Y ORAMINT 5. #i
ETFATETY Y VRENSEK§ 5K ETOTO TR &
WA LYYy EOWIRE RE LT S EER A RE L,
FEFMIZ Fig. 111289 & 5 12 @Efd BSFC O &K
A S T o7z BT Y Y i3, BREBSGED
7=OIZEIERRAD BSFC DKW A S e nTE 25 K9

| Higher controlled temperature |

90
80 4

R =
70
\

Coolant temperature [°C]

40
%0 / —— Developed
20 +—+ evej oped |
=== Previous
10 —
0 1
50 250 450
Time [s]

Fig. 10 Change in coolant temperature at cold start
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200

12, D, 574 % BSFC OWEIC K A IREIMN AL < 72
WIZ, TV YV OFRRE UIZ & B ERIREL &2 BE L 7.

R D 720122 5V 22 v 7 FDIBIREZEEL 7=,
27 vo Yy 7 bOREIRE Fig. 12187, @€ L
FRELD=DIZY 2 LA EHBALEIZIRY Th 5 724
ZhzERIEL, E5IZ 2 TORKED 2B 2 572, ik
Wity r=y Yy M) T R OIRE L N h, SERCH
OTa T EET 5 200 Hz 25 770 Hz 122 C,
BB FIZEEAN 5 dB KK L 72, Zh#% Fig. 131273, LU
Lo®EHZ& D, BSFC 28G5 L AR LHTET IR LT
IREIL NI EAKI S 2 Z LA TE .

33. N1 T 1)y FE— Fi%gE

Eioxteiz &k, =Y VdlE 2000 rpm, TV Y VE
fif 120 Nm O3#5AR 4 >~ b T, BSFC 208.1 g/kWh (Zhsh=x
40.6%) ZXER L, BIEFMIZH LT 8 g/kWh @D BSFC i
F &5 BSFC O A% Fig. 11 12§, Xho o5 4
YIENATY Y RN IATE=FIZBY 2E1{EHEE L,
HED T4 Vi BSFC 220 ¢/kWh O, AL v von 5
4 13 BSFC 210 g/kWh D#ij 2779
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Fig. 12 Shape of modified crankshaft
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3.4. EERE MR

FHREVEREIZ DWW TIE, T =L F 2 4 — MRS AIAK
OFHEE 2B CEVETFE—F (Fig. 1)BMEE 1 IV
%50 5729, a2 7 4 (Fig. 14)
ZEM L, US Combined mode MR CHfAT v ¥ VhRiZ
1.06 mpg OEE, 6 K CBEIERRRE LEISRIZT0.90 mpg
DYGEL 5D, 8T 1.96 mpg DUGE % ERK L 7.

Developed
-------- Previous
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Fig. 13 Engine vibration level
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(b) Cooling circuit diagram
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Fig. 14 Cooling system
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Development of Variable Cooling System Aimed at Fuel Economy Improvement of
Air-cooled Engine for Scooters

N S mo — 1 oW B E”
Tomokazu KOBAYASHI  Kazuyuki KOSEI Satoshi IIJIMA
= =] ABSTRACT

T AZA M- HRHE ATV ) VIV Y AL 72X
7 — AHOUEGHHNY 2T LD AEB I k7. 2D
27 L%, MRS O 7 2 F 2 T — & & H U TriHUR
DA FIZHGE X 2L — 2N — O % BHEAES) X &
%. ZOJURNIAS, VrpIR e R B far B 17 e 1 oy HR O 1
A&WEWT 5. ZOEERS, IKAMETRROT Y Y VX A
JRED ERE 7 =) VT 7 v OHHEREOKRE 3 725
T ZhIC KD, BMEKOKEAREE £ 5. AT, T
BRI & 2 PRRHE ST E = OIKIK S nEEE 5 5. MR e
LT, Urban Driving Cycle E1THFIZ$51) % 3.3% DIAE A
gL 7.

A variable cooling system was developed for a
scooter equipped with an air-cooled, four-stroke, and
single-cylinder gasoline engine. In this system, slats
of the louver, located at the inlet of cooling air, are
opened or closed by an oil-temperature-sensitive
actuator. These slats shut off the supply of cooling
air when the engine is in cold state or is driven with
a low load. These operations of the slats help the
engine oil temperature increase and the workload of
the cooling fan decrease when the vehicle is running
with a low load. With those effects, reduction of
the mechanical loss is made possible. In addition,
shortened warm-up time enables reduction of the
injection fuel amount. As a result, fuel economy
improvement of 3.3%, when driven in Urban Driving
Cycle, was realized.

1. EANVE

2 — 27 OFEEBRIZE D EFELAT Y VIZE
BYoshn. T2 —a2HoBmilEsT Y Y VI
BWT, YDAy FRDIEZZ SV v 7 MZERS
N7 7 ickomiichs,. $abb, B> SIRED
WL BIREEIZH > T, TV Y VIZIZEICT Yy Y Vg
Boc il 2z AR E A G S h 5. 72, & BT
LB IS W T HaamAlE InilE S h 5.
Z D728, HEGE%CIKAMERIFIIE, =Y vidn
WHIDIRFEIZ 2 5 Z L%, F 7=, @AHIRAE T DML
ICEDREBMBRENK TS 5. ZORERE, TV vFH AL
OWE L REOBRIZK D, HERFOWEEN T2 51T L,
R R 3 2 & CRMIRE N4 2 Z L s & s
#* “#i R&D £V & —
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K32, ZOFREEMRT S FEELT, vayﬁﬁ“
Ko THHBNAZZEN S EINEGH Y 2T L0835 5.
DY AT LBKELY DY TERIIC—RITH 5. ﬁiﬁ'\]
BHEDTIEY—FZLZ v MK BHHAKDOIERREE DY)
BA, E—421kb7V02—-427 7 VIRBIOWE A &2 dH
5. &7, WG ABHEBEEOY ZF4TIE7ay b2 YL

IZFHPARDPIRR (slat) #3RET 2 2 LI2kD TV —4
DREAENHT L AT 203572V LhrL, "6
HOBEZEHT Y YD VIZBWTHZE RS 27 L1344 1F
LZaEho7.
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i, 2, W, Bl A B IS 2k BHKIZD
WCHE L2, ZOMRICESE, TV Y A 4 LDl
IR D WHRE AT 20 EMmHAIY 2T L EFRL .
ZDYVATLFIY Y VA A NRENRE I N2 EIET
3 LB B Y 2 F 2 T — 212k D, WHIROWA
IR =PRI AR 2 5. 2O 2T Alckh Ty
D VOBEHI AL S Z L TRBEDORFEE RS 5 72,

2. BERT—2DSHAEE

Fig. 11225 v ¥ v 28§25 E— 244 2 (L&
T — A A L) DIV E T Y Y VIEHNE %, Fig. 2
AT YOV EBET S 2y — 5 (LI, 222y — &)
DY4N e RV S VAT RN

THE—2HA 2T, ROTRLZZ YD VORI
25DV ) v aANy FEEUY Y ¥ 2ITETEPEEY
BREE L5 TND. FDY, FETIORTOHHNTE
BThd. —J, BWAr -4 T, KRG TRINIZTY
CVDOKEBIABH IR Ty PRy 2 ZATEbLI TS
W, TV VHIFIZH BV YV ENy PRV VY EDE
TR X B AR T & . Z OWHEARE % il
57291, 22— OGO VIEZIFT VI v T b

Air flow

Fig. 1 Air-cooled motorcycle

Air flow

Fig. 2 Air-cooled scooter

MGG X7 7 VIC &k B RBCHEIMIZH Eh
B, mHEUZER S ) Y Ay FEV ) U AIZRKDET S
n5. BREET YD VBRI L TWa. Fig. 31
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Fig. 3 Location and construction of cooling fan

3. EHISEMBEN © 72 5 §IRAE

WA = 2F, HE, mHRERONBEZ &0k D,
ZEHE— A A 7K LU TUROIIRO KM F iz h
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3.1, A Em

Table 1 IZAMIZE CHIH L 72228 m 2 7 — & LIREIIZ T
R E L THHL-2MmE— 234 2 VLOFITLERT.
ML O P E e M), ElRE R, [ REFRCEA AT 5.

3.2. AENFEDEWVICL B ETHOME

I £ Cab R 72 (I ERHL I 12 T E — F BT % O MR o s
FHllE ¥ Z % - 7z, E17E— FiZ EU Directive 97/24/EC
25T 2002/51/EC Chapter 5 Aunex 1I 2.2.1.1.5 TE® 5
#1172 Urban Driving Cycle(UDC) THZ & 572, AE—F
FiE s & a2 B L R EEIT T h 5. ETEPIZISO
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Table 1  Specifications of experimental vehicles
ltem Forced air-cooled scooter | Air-cooled motorcycle
Engine type 4-stroke single-cylinder | 4-stroke single-cylinder

Cooling system Forced air-cooled Naturally air-cooled

Bore x Stroke 50.0 mm x 55.1 mm 50.0 mm x 55.6 mm

Displacement 108.2 cm?® 109 cm?®
Compression ratio 9.5 9.3
Fuel supplying system Fuel injection Fuel injection
Transmission type Belt drive (CVT) 4 MT

Maximum power 6.6 kW at 7500 rpm 6.5 kW at 7500 rpm
Maximum torque 9.2 Nm at 5500 rpm 8.8 Nm at 6000 rpm

Curb weight 99 kg 98 kg

Table 2 Experimental criteria

With forced

) Without forced cooling
cooling

Without cooling fan | Shut off cooling air

With cooling fan @) (b)

Fan

h 130 mm 130 mm
diameter
Centrifugal Centrifugal
Fan type turbo fan turbo fan

IR A OB A, WA 20°C K.
TOWEEL, BH AT =R T, 1=V VT T 7 UH
WREAGHEZB I B >TNWB I L, ZEF YL 2 5y
FIIA NSV NIZFAE L W72 012, BEEEGDS A Lk
WZEISERTEELONS.

3.3. iEHAHY» B 125 TIRE

RN 72 6 FTEEA RS 5 2012, £, 246
2 27— 2 OEHOMES, BEMHOEEIZLD, ED
FEDENAE T 2 A FERL 72, Sz 1l 5 ke
LT, 7= v 77 VIRIDA U & HEGERT D 258 D D
TIETERE B Z k- WHROMEW 11, wHR O
AORIZEE2 35 ikE & 572 Table 2127 A7 — 4
DEFAM—EERT.
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DETRTHOMBIINTIC THho. 71—V VT T 7
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Table 3 Calculations of fuel economy in UDC
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Table 4 Outline of in-house urban driving cycle

Distance [km/cycle] 1.0
Vehicle speed [km/h] 0-40
Engine speed [r/min] 1700-5500
Throttle opening [%] 0-50
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Vibration Reduction Technology with Mount Rubber for Outboard Motors BF4/5/6
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When the BF5 outboard motor underwent a
model change recently, a model was added with 20%
more output, with faster engine speed and a higher
compression ratio, even as it kept the same balancer-
less engine and the same basic frame structure. The
development discussed in this paper enhanced the
customer appeal of the outboard motor by reducing
handle vibration and yawing while idling. The mount
rubber is a critical component for reducing vibration,
as it transmits the thrust of the outboard motor and
absorbs vibration. The specs of the mount rubber can
also be changed. As such, the mount rubber became
the focus of this study. Changing the characteristics
of the mount rubber resulted in maintaining about the
same level of handle vibration at the greatest speed,
with only half as much yawing while idling, even
though the new outboard motor had greater output.
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Table 1 Engine specifications
BF5 BF6 BF4/5
(previous) (new) (new)
Engine type Single cylinder, 4-stroke
Displacement (cm?) 127
Bore x Stroke (mm) 60 x 45
Compression ratio 8.7:1 9.8:1
Mass of reciprocating 2095 215.8
parts (g)
Inertia force
— 1st order (N) 646 958 805
Full throttl_e speed 5000 6000 5500
(r/min)
c B Previous
s Competitor A
(]
g Competitor B
<

Competitor C

Fig. 1 Tiller handle grip vibration
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Development of Rear Bumper Beam Using Thermoplastic Glass Fiber-reinforced Plastic

o T % H AT
Tomoya YABU Shigeto YASUHARA
= = ABSTRACT
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T2 ETEANE A 7 ZSAME R GRS A& PO 72 SR R Al
ML 7o, IR MR AR 2 s ek HE & HMETZ IR D O
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AR T 1/9 & 75 2 55 SR A TTRE & 25 5 7z

Parts design technology that uses thermoplastic
glass fiber-reinforced plastic with high-impact strength
was developed to reduce the rear bumper beam weight.
Both continuous fiber that provides good impact
resistance and chopped fiber that is advantageous
for molding complex shapes were applied to create
the ideal impact-resistant design for the rear bumper
beam. Short process molding technology was also
developed that can simultaneously mold three types of
materials with different fiber formats in the same mold
in order to reduce parts weight and cost. In addition,
the influence of the rib shape on product performance
in this molding process was clarified, and design
technology that reduces that influence was concurrently
developed.

The developed technology was applied to the rear
bumper beam that is part of the frame of a mass-
production vehicle, and enabled a reduction of the
weight by 46% and the number of parts, except for
fastening parts, to 1/9 that of the previous model.
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Table 1 Performances and costs of various materials
Spectic | Shectc | Spectc
; Moldin i
Material methog stiffness strength | absorption Cost
GPa/p MPa/p J/ig
SP
(JSC2700) Press 26 35 6 1
AL | Extrusion| 26 89 17 3
(A6063 T7) u
GF/PA6
continuous Press 12 224 45 5
FRP
CF/PA6
continuous Press 38 560 61 30
FRP

p: specific gravity PA: polyamide

2. MELEE

Table 1 12 &R CORITHEGRBROERE RS, 2D
Table 75 SP ® AL &0 & FRP At & g 3
X R TEN TS Z b 5. B KR s
5§ (CFRP) XHBEATE VAT A N Th B, ZHIZHNT
¥ 5 ZAHEFRLAE (GFRP) 122 2 M s RoOBIS TER
TWb. ZD728%, KBAFE TIXEN¥ME GFRP 2% L /-

3. BEEHE

3.1.#8EI €Tk

BT VAPERIS & B bt & U 72 FRP & iMbikiE D IEREIC
X o THRMERED ¥ 72 5. FRP O#MEIERE L U C, Bl
Ol E A3 e &, WA VIl § 52 & T
BRI E I 2SR & < IR 3E U 72 A HLGeRR R 232815
5N 5. Fig. 1 12T ¥ FRP OMEHER & & REVERE (1
ORI, AR ORBIR AR T P MHER I3 ER R
J& & iR O BRI . U A ULIkER 2 R W E K
TEHHEMEL 255 728, H@ISIL U THEHEBEIRT 22
Wb 5.

INVISE = ADOBCRFFE A BR L C, WE &M KD

Continuous 1. Material cutting

2. Pre-heating
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Fig. 1 Influence of fiber length on mechanical properties
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Fig. 2 Material composition concept
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Fig. 3 Molding process
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Fig. 4 Test of rib shape molded by compression molding

Continuous Upper die
fiber sheet

Table 2 Relationship between fillet R at bottom of rib
and tensile strength

No rib Case 1 Case 2
t : thickness [mm] - 2.5 2.5
0 : draft angle [°] 0.5 1.5
R : fillet R [mm] - 0.5 2
Strength index 1.0 0.41 1.06

(AN

fiber sheet [ D
Lower die
480

Chopped
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Fig. 5 Fiber distribution in rib after baking base resin
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Fig. 6 Distribution of fiber contents in rib shape by
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Fig. 7 Test piece molding method
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Crosswind Stability Simulation Technology for Performance Design in
Model Base Development of Mass-production Vehicles
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ABSTRACT

A simulation technology was developed that can be
used in performance design with respect to crosswind
stability for various vehicle types. This involves
computation that takes the vehicle model used in the
model base development of mass-production vehicles, and
combines it with the model of driving conditions used
to define actual vehicle tests for evaluation of crosswind
stability. For the modeling of driving conditions, in
particular, the time when the vehicle is entering the
crosswind section and the time when the vehicle is
exiting the crosswind section are treated separately, so
both a continuous crosswind model, for a crosswind
with continuously changing influence on the vehicle, and
a discontinuous crosswind model, for discontinuously
changing influence, were developed respectively. Combining
these to define a half-continuous crosswind model enabled
computation time to be shortened while still maintaining
the necessary accuracy in calculations for performance
evaluation of crosswind stability. The validity of this
conceptual approach was verified using a 2014 model
year FIT, and this simulation technology has enabled the
study of specifications by means of crosswind stability
simulation, for the development of other mass-production
vehicles as well. The effectiveness of the technology was
verified in development of the 2018 model year N-BOX.
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Table 1  Specification list (FIT)
FIT
Length x Width x Height [m] 3.990 x 1.695 x 1.525
Wheelbase [m] 2.530
Track Front/Rear [m] 1.480/1.470
Weight [kg] 1080
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Table 2  Specification list (N-BOX)

N-BOX
Length x Width x Height [m] 3.395 x 1.475 x 1.790
Wheelbase [m] 2.520
Track Front/Rear [m] 1.305/1.305
Weight [kq] 890
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Degradation of Structure Strength by Welding Heat Effect for Hot-stamped Material

AR HET BN kKT oo BT
Hisayasu OOKA Tomohiro NOMURA Masahiro KAWAZU
= = ABSTRACT

HEIHEOHERIZH SRy b 24 Y THIZWT, K%
12K BEDHEROREMREA IS N ¢ 2 BR A S 2
L7z, 7A MY =228 5BIC KD, LA KR v b iE
EWNRTEDOED ZHEFNKE VL — 5 4 & Ol s
T, MEROREMRIMIKT T2 ZLhb 5 2 &% Wi
2L, ZOBBORA I XL HWENIZT 728, CAE
EHWIBN A B2 5 o7, BHEOBIC X0 EEEERE O
AL R T 2 BIR A #1892 720, v slkiliii =
AW THR OB E R E 2 SR L, CAE EF LIS ML 72,
FHAARE RIEERBR A R & B < 3L, MRS RGRE EREDIC T
&, MR LD ETH B Z L A MREIC L7z, X512, #
H@%ﬁﬁl&%ﬁ%ﬁﬁﬁ%@%%%@ﬁ#%:&n;

, BT 7V VEBOWALDEII /N <, BEREB DAL
%%#k%n:aﬁb#ot.;h@%ﬁ IZFERRER D

NEBRkEL, ZOHHPHILL 72720 TH 5. DIk
@iﬁt,%%wiwﬁﬁ%%%iﬁtﬁnf@ﬁféi
TOHRPEHE Nz,

The phenomenon where welding heat reduces the
structure strength performance of hot-stamped materials
used in automobile bodies was clarified. Tests using
test pieces demonstrated that continuous welding
methods, such as laser welding, that transmit heat
over a wide range may reduce the structure strength
performance compared to resistance spot welding.
CAE analysis was performed to clarify the mechanism
of this phenomenon. The material strength properties
were obtained using micro tensile test specimens and
applied to CAE models to reproduce the phenomenon
where welding heat softens the area around the weld.
The calculation results closely matched the test results,
which showed that the drop in structure strength
performance is due to material softening. In addition,
the relationship between the material softening range
and structure strength performance was investigated,
and showed that softening of the welding flange area
has a small effect, and softening of the hinge line
areas has a large effect. This is because the hinge
line areas bear a large share of the structural stress,
and softening occurred in these areas. These results
provided useful knowledge for future investigation of
body structures and welding methods.
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Fig. 1 Applicable parts made of hot-stamped material

2. b e mEHEEERER B DOBAEIL

BT K BB HURDBREMERE N 2 5 B % B L 4
572912, 7L —LEMELET X b E— 2 & HWTRER
BB 2ot HlkohThky 28 Y THMBHVWERS
i, WROBICINFIZ X 3 EEAHAET S &5 i
b s ZEnEn. 2 THTFRERIC K > T % %
ZhE-7z.

21. RBAE

FZ M= Z2DBRIZ L v & ¥ T — DO 75 Wi % A5
L7z, vy MBIRE “RERTER L RS E LTy
M ERE) & L7z (Fig. 2). #fHEb Y P 22 Y THT L I
Wo X E L, ty b2 XY RO 4 Table 1
129, M 1.6 mm, EX1X1000 mm & L72. BET 5~
YOI IX 16 mm & L 7=,

Table 1 Mechanical properties
Measured value
Hardness (Hv) 494.3
Tensile strength (MPa) 1505.3
Yield strength (MPa) 1050.5
Elongation (%) 9.8

RIBBEOF L% Fig. 3ITRT. MFAEER, L — i,
T — O, V- AEEONEN L 3 TEE Lz —ikW
WSS RSW @ 30 mm ¥y F (DUTHHE RSW) & 5
Heb LT A B 2% 5 72, F 72 MRS Ao 2 & 2
HEENTHWBERSWD 15 mm By F (LLNEE v F 2Ky
M) T kA B T 5 7.

I RRER D T4 Fig. 4 18 d. 2y b EBE v idih
RIS AIE T 2 D& Mfl§ 2 729127V — b & 2
L7 BRI 3 ridhY, FEF Ol id R50, XA H
O R30, 25X 700 mm & L7z, [ETFOM LA
Auld 200 mm, AEOHEEE L 10 mm/min & L 7.

22 ABREREER

FRERFER A Fig. 5128 Y. $NTORERKIZ WV TAR%
IEHHEL T nZ &AL 72, kRT3 KO
IANLF—% Fig. 6 1587, N 3L ¥ — 13, SieL g
ZRSWIZKIL, Y v F 2Ky MEHIZ 1.5%H EL Tn
B, L —FEET5.5%, 7T — ZEET 13.4%, ¥ — L0

BT 7.0% DK FOMERTZ 72, 2D X512, HWigAEO
160 |
16
8 -
Unit: mm

Fig. 2 Hat part section view

RSW pitch: 30 mm | RSW pitch: 15 mm
=

Laser weld
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o
5 (@]

Arc weld Seam weld

Fig. 3 Welding methods
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Fig. 4 Bending test specification

40
35 //"R — RSW pitch: 30 mm ||

30 - \\\ — RSW pitch: 15mm | |
\\\ — Laser weld

I’ \\\ ~omwad |

o \

0 50 100 150 200

Load (kN)

Displacement (mm)

Fig. 5 Results of bending test
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Fig. 6 Results of maximum reactive force and
absorbed energy (compared to RSW pitch:
30 mm)
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Fig. 7 Hardness test results

~ Thickness: 0.50 mm

Fig. 8 Dimensions of micro specimen
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Laser weld

Fig. 9 Locations of micro specimens
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Fig. 10  Micro tensile test results (stress-strain curves)
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3. BFETIV

9, TAME=Z22 6010 L 2RE R O, UGk
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oy K, EERENMKROY — 7 2 A TR L. BIRE&M
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Yakl7 Ay ¥a¥A X% Table 21 d. ET &4
fih LK% <25 30 mm OFPH, X 512Z DM 75 mm
DT A v ¥ 294 ZE/ph&L LT3 (Fig. 12).

BEBEFLEEA O BEROET L% Fig. 131287
B3 Ny PEBERO EEBE TIEOMIZ 0.1 mm DX v v 7
FBRITTHED, v o THEHERPES LS ITHBIL %2,

Fig. 14 ICSUEHETRIC B 2 MORHRAL % [ U 7= i

Table 2 Mesh size

Unit: mm
Longitudinal Lateral
direction direction
Low strain 3.75 5.12
Substrate High strain 1.87 2.56
S“gtergi':gh 1.25 2.56
Spot weld 3.00
Joining Laser weld 3.75 0.50
area Arc weld 3.75 0.80
Seam weld 3.75 0.80

(LITRALE 7 ) 279, B RBROMER (Fig. 7) &5k
RALGERH & 3 L CE T AL L 7. BEBRL D5 IRAEEE L
NG IRRER 2 B R 72l TH 5. &k, aIFHOLEE LT
AL A E 572 BnWZ S EFE—0EF L (LIFIE
RALETF L) IZOWT TR B2 e - 7=,

BE, VILNi: ABAQUS ORGfEE:E v 7=

3.2. CAE it R & E R

HHUt L U7z RSW ORRERFEH & CAE € 7L O R
g% Fig. 15 18, fEHON S LA D 2 6 KK I13)
EETE, ZOROWAETSRL L THD, T

Hat part

Fig. 11

CAE model

Fig. 12 CAE model detail
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Fig. 13 Joint CAE models
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Fig. 14 CAE softening models
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Fig. 18 CAE softening model conditions
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Fig. 20 Stress distribution at weld for condition A
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Temperature (°C)

Table 3 Laser welding conditions

Condition 1 2 3

Welding speed (m/min) 1.0 25 8.0

Laser power (kW) 3 6 10
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Fig. 23 Temperature history at middle point of arc
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Fig. 24 Hardness test results of laser weld
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ABSTRACT

An evaluation course was newly developed at
the Takasu Proving Ground in Hokkaido to verify
the compatibility of new type vehicles for the North
American market with local road conditions. The
driving states and ratio of occurrence on the evaluation
route in the US were analyzed, and a course layout
that aggregates sections with similar characteristics
was created. The new course reduced the driving
distance from 35 km to 16 km while maintaining the
same driving feel. This shortened the driving time,
from approximately 60 minutes for the evaluation
route in the US, to 15 minutes. In addition, a paving
method that uses a special jig to create surface
undulation was devised, designing and constructing
the undulating road surface with small amplitude as
well as short wavelength needed to reproduce the ride
comfort. This enabled to reproduce the body vibration
that is an issue when driving in the US. These results
realized a US evaluation course in the Takasu Proving
Ground that enables verification of the driving feel
unique to US road conditions in a short time.

1. EANDE

Honda 1%, 1958 4LIZHI TOHELET A 2 — 2 % Bi%
UCLIRE, BKT BHEBET 2 Mz e Wik T L —v v
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Fig. 1 Demand for test course development
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Fig. 2 Specific views of evaluation route in US
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Fig. 5 Seat vibration during suburb area driving
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Fig. 6 Definition of pavement roughness
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Fig. 7 Pavement roughness of evaluation route in US
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Fig. 8 Candidate area for new US evaluation course
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Fig. 9 Comparison of hill course characteristics
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Table 1 Quality requirements for road construction
Test course
Publi d
uplic roa High speed oval etc. Ride road
Driving safely for all | Testing vehicles Evaluating vehicle
Purpose cars under the law | safely and stably at | vibration stably for a
high speed long period
Stability, durability
: Flatness Flatness Surface profile
Funct
unction Surface strength Wave length

Friction stability Amplitude
Height, thickness, width, compaction density etc.
Quality requirement | Flatness Flatness, Friction Road roughness

Friction (High grade) Spatial frequency
Validation Variance _ Tolerance
(=2 mm) (=1 mm)

Surface course

Spread and leveled pavement made of asphalt mixture
Base course

Spread and leveled pavement made of asphalt mixture
or crashed stone for mechanical stabilization
Spread and leveled structure made of crashed stone
for mechanical stabilization

Upper sub-base

Lower sub-base

Road structure

Anti-frost layer
(Cold region)
Subgrade

Spread and leveled structure made of crashed stone

Leveled structure made of shaped soil
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Fig. 10 Road profile correction by 4 poster testing
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Fig. 12 Comparison of pavement roughness of
suburb course
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Fig. 13  Overview of new US evaluation course
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Fig. 15 Comparison of seat vibration during suburb
course driving
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CFRP RTM B2 & T2 ¥ v v 7@ BR M ORR

Development of Gap Mold Technology for RTM of CFRP Parts

A O N wHoOA ah* [ L B
Hiroyuki KANNO Hiroshi KIYOMOTO Bungo NISHINO Yohei KAJIURA
HOR B T % w1k BT /A NI O
Takayuki TAKATSUKA  Masahiro ANZAI Kohei MATSUMOTO

= = ABSTRACT

CFRP RTM RJBIZ &1 52 STUNOEIEIR T TH %
F vy T RTMEIE &, & HIEITEEE % R 72 2o 0l w il
TV AR TERTE 2 GRRELFT L 2. HZE Ly
SEIEEALFIC B TR B R —EDX v v THE
BT B2DICHAZATY VT EH W, $7-, HETH
RED AT & BHHEAIERE D IEE DR A IS T E 2 HH Y —
NIRRT L 72, DL EoFifli&@H U 7z&8 % How T
Fy v T RTMEEA B % - /8, KIEHTH 50
Ty Y AR = FIZEWTESMANOE KNk EFBT 5
Ly, BIFARIEMENS Z &N TE .

A mold structure making it possible to conduct gap
resin transfer molding (RTM), a method that reduces
the internal pressure of the mold during molding of
carbon fiber reinforced plastics (CFRP) parts, using
standard hydraulic pressing equipment with no position
control function has been developed. Gas springs have
been employed in order to maintain the necessary
fixed gap in the mold from the vacuum process to the
resin injection process. In addition, a specialized seal
shape able to withstand both the negative pressure
produced during the vacuum process and the positive
pressure produced during the resin filling process was
also developed. The results of gap RTM using a mold
applying these technologies demonstrated that they
made it possible to both realize reduced internal mold
pressure and produce a good quality molded part even
in the case of a large part (a lower dashboard).

1. 13U®IC

VAR DOBREMEIZN T 2D MA L L THEHOK
RBAHREE 5> Tnd, &M EFEovEDEL
THHHOERLAME SN TED, TOEHRFELL
TR B CEME 5 R T d 2 IR BEWMEEAIE Carbon
fiber reinforced plastic (CFRP) O@MAMNZE TS5 N5, L
7L, CFRP BB 7221 Th <, BIBY 4 2 L 03 8L
Foaro B ERNZ EICKIBE IR P EEN. £
D78, L — ZHMRHEH L EDOEMTH > TE LR
L2k 5 2D RAEFEHMICIRS N Tl D, HEJHE
mn 20 3 2 123N S K R G 23 T RE 2 R Tk s
BWTH s, 2OFHEOVELEDL LT, HEEMIZEET
ZEIREHE & 5\ Resin transfer molding (RTM) i&JE
FERHFE T3,

* Ui R&D £ > & —
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WIZEMANIZH 5 COIRIE L 722 — PIROMWMEE & v
L, BIEEGROIEEE T 7R FOREENZ 572012
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HENDEIR % B Z 0, MIEWE(L & 8 72 3255 2 LD iy
9. ZORTM K2 LMIZT 5 FERELTNA 4 70
b3 d D, D0 EDIZHIE TR OBINREA O SHELH &
5. L2L, &MAHU ZIRETHIEAESdEAT 2 &4
HINIEN DG & 5 728, EEBIETE A 23 0] B 2 5 3 i
ML 5 E i, RO KRLIZ & G D TEAES
LKDEEIC 720, L AITBELTEEEL 55, &
DI, AR TV AR 5 28810 53%
HEHSEL 2D, N34 2 MLDOE BRI E S N
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Fig. 1

EraiEgsh s @ O (Fig. 1(b)). ¥+ v 7 RTM K
ik, ETSMBICX vy T &2 THIREITEAL, 2
D% OO TIE TRl A2 &R S SRR &
3. ZOTFHETEEEBIEEAZE Z 5> TERNEL L
Mo N0, KEENTE RTM BRIED 4 ¥4 7 AL
NHFETHB. Ly LENRS, ZOTHEEF v v 7RO
HABETH 2720, % — KTV 2k E O E HIE T RE 4
i BRI 25 B, 7 Z M OBIERIE TRV S
MWHETL ZBMTE v v 7 RTM KBS THE T H UL, %
fHE KR TE 5 &5 % 7.

AT, ¥+ v 7 RTM I & 5 BRI R % @5
D THEIT 2 G DOV THE T 5.

2. HiEDERA

JHE RTM RIE CEPRIRE L 72 — FIROMEE 2
FUZERINICEIETEAZ B 285, 2 O, eI EHE
WMEIOIPUZ A 5. Wk L 5D 5 52 A2 D> DT &
THEIERNIZE2 D, SRNOFEJHKIKIZKS. ZDEZ
J & HNT, BROEARMIENHZEBL 7200 F v v 7
RTM T& 5.

TR & Ty O BRI, REPERIAR A —E A 5O M R4
NN 5355812138 Hagen-Poiseuille law 2k DR (1) D
KHITmEnB.

0 = (na*)/8xAP/ul (1)

Q: TRE, a: V88, AP JEIVAEL, w RAKE, L&

JIE R ] D R A & 42 5 vy, B & 72 D OTE AR Q
2L, X (2) 2 5bh 2 &5 IR AP I3
5.

AP/l = Qxux8/ma* (2)

RTM process

FEJVRIBIREEE p (IZ L, B a D 4 I BT 5.
Fx v 7 RTM BB ETEMBOF v » 712K 0 sl
MDA 5N 5720, KFHEY 720 OEARENT 5 2
ENTES. ZHUC KD BN DK & 73 AR O il
HEL kB,

RTM BUE TR &ERBREIZOVTA (3)ITRT
Darcy’s law A &N B Z ENFEAETH 5.

—4 AP

L (3)

0=
O: i, k23— I 7YY T 4, A: Wi, AP: [E)IA0L,
w ARG, L: piEh e

X vy TETEREIC ISR E N Ye L kD, B L
& ZD Darcy's law DFHEHIZIZ L CEL W &0DH 5
23, Navier-Stokes Equation % HFF3 2% ®) 75 & O
B 5EL4 5L, Darcy's law THHWE B F v v 7
rTON—= I 7Y T 4 Offild Darey’s law 6% X 5 h
2 MEHETR 73 OfiF & JEX 17100 2800 L 171000 1255 & & 4
5hs.

—HC, BINEZE TR CITEREICS MR mE s R C
T NRERAEC 2 HIAICREL, ¥ v TEI KD TS
A H9 5. 22 TERIMET v 2o ERIEEGE, 5
TR 2 E R F v v THEEOERK & LTS5 4 5DT, i%
fii Lema 2 Mbefzedw. 22T, KRETIIZ T
N Y DRI E RG-SR 2 MG 5.

ks, HEHEMAEE LTIERDOX v v T EA B AT
R 120 BRI TE3 22 & L1

%72, RTM B &M T3 B2 TREO AT & BHiE S
B O IEIE &I A2 65 “DOMREE & 572 Y — LA
Behd., @EORTMEE CIXEZRE, BiFEE & I128
i TH UIR L 72 BRICMERE % 13 2 ¥ — VRS TRID A
e TH B (Fig. 2(a)). —H, ¥ v v 7 RTM KE TiE4M
IZX v v TRhHIRETE, BOIRETE ¥ — L PEBE % i



CFRP RTM K ICH 115 ¥ + v T2EIBRM O S

JEEEL20I1C, MHIEY 27Ty POy —ILiE %W
% T (Fig. 2(b)). ¥ =27 Ty VREIZEMOE v v TRIC
b oT Y — MR E RTS8, ¥ — LR A IREES
D7D BOEINEE NN ETH S, £z, ¥ —ILERE
T AHMENSINRICR S N5 720, &Y 4 THKE
<k

KBTI, @HO RTM RIEHER &6 U > — L iR
BWTHFv v 7RTMEETE S — L IREREI L. H
PRI B TR L BRI AR ORI THEO —2ith
FCHRELS. BETHETEF v v 7R 5 mm, BINEZE
5 kPa LI'F & 120 BfRFsCEZ A2 &L 22TO
oy TRBME L7 — MROMHED 2 7)) v 28y
EEURE L7z, £ 72, AU TFETIEBIETE 8 MPa %
120 BRIMRIF T X 2 2 & & L7 BHIBEIZAEE T 5 805
A XL TV AN SFH L7z EBRMETH D, fREsNE
PTG D TR DB R EE T d 5.
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Seal

Plane seal
(a) Closed RTM

Shear-edge seal
(b) Gap RTM

Fig. 2 Difference in seals for closed RTM and gap
RTM
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3.1. RERIERR
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Fig. 5 Relationship between gap length and time
during vaccum generation process
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