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“N for Work”
N-VAN Design Enriches Possibilities for Life with Loading and Carrying
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ABSTRACT

The N-VAN is a microvan that as successor to the
ACTY VAN represents the first full model change in 19
years. Since the time of its founding, Honda has pursued
experiential value that would help enrich customers’ lives.

Honda Design refers to this as experience design and
engages in vehicle design that ponders ever more deeply
about the customer’s experiential value. N-VAN development
was also based on this kind of thinking, and in order to
reach a deeper understanding of the customer, research was
done into the actual circumstances of people who work
and people who engage in loading and carrying cargo. The
designers themselves worked with package models and went
through repeated trial and error to experience directly how
different cargo would be loaded, what kinds of issues would
be encountered when loading, what points people would
have challenging with, and so on. As a result, it was decided
that customers are of two types, those who emphasize
functionality and those who also like to emphasize style in
addition to functionality. First, for customers who emphasize
functionality, the concept of “a tool for a life that involves
loading and carrying things” was determined, with the idea
that the vehicle would become like a familiar tool that is
easy to work with. The base G and L grades were designed
around the keywords of “a feeling of flexible usability,” “a
feeling of unstressed security,” “a feeling of solid stability,”
and “beautility.” With these G and L grades as a foundation,
another grade called +STYLE was configured to support
a world view of each customer who places importance on
style in addition to functionality. With these two grades, a
new standard was created for a new microvan that becomes
an important tool for everyday lives that involve loading and
carrying things.
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Fig. 1
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Fig. 2 Experience of N-VAN design concept
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1365 mm
Person can stand up stooped over

Large space with square
frame and low floor

2635 mm
It can hold rolled-up 6-mat
carpet (about 9 x 12 feet)

Dual large
openings

525 mm
Low to ground for easier loading

Fig. 3 Space that gives feeling of flexible usability
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Fig. 4 FF layout
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Fig. 5 Package models used in 3D Y-gaya discussions to find ways of “using space completely”
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Ceiling light location

Vertical steel panel with built-in nuts

Pedal-hampering
prevention board

Fig. 8 Comprehensive functionality enhancements
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. . Carpenter, facilities maintenance,
Small-lot distribution, Motorbike, general-purpose electrician, other occupations

home delivery, etc. equipment business that carry long objects

Fingernails, eyelash extensions,
dog salon, banking,
insurance agent, etc.

Dry cleaning,

used clothing business, etc.
N

Fig. 9 Conceptual images of uses for large space with low floor
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"Maintaining good posture" as in yoga pose

Fig. 10 Driver’'s seat with sense of unstressed security
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Driving position on par with passenger cars
N-VAN
MR layout

Entering and exiting as easy as
in passenger cars
Fig. 11 Driver's seat helps maintain good posture
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the center of the body
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£ Current
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Fig. 12 Greater ease of access
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Fig. 13 Seating by function
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Fig. 14 Comparison of seat-back sections
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Fig. 15 Front seats
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Leather-like texture
T

Different textures used for areas people touch and cargo area,

with lower-part texture that makes scratches less conspicuous

1 Areas people touch {

| ==t Satin-like texture

Fig. 16 Measure 1 to keep appearance attractive longer

Scratches stand out on flat surface Stripes help prevent scratches from cargo
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Fig. 17 Measure 2 to keep appearance attractive longer
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G grade: Grey interior finish for spacious feeling
and making scratches unnoticeable

L grade: Dark tone interior finish makes even
accumulated grime unnoticeable

Fig. 18 Interior color variations
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Thin shelves seem flimsy, lack robustness Thick, solid shelves look robust

Fig. 19 What robust shelves are
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Balancing solid stability of shelves with that of tools

Fig. 20 Three beams expand across the entire area for a feeling of solid stability
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i‘t\m Feeling of unstressed security

Fig. 22  Exterior concept
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Fig. 23 Simple design fusing functionality and feeling of unstressed security

F7o, P XARDEZZEDOERBEKEI L. ZORE
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WAWFHIRO A 7 7 L L% DL 572012, Honda T
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. 75y MEBIRICT R L, 2O FTIHBEERD -
WIZJENFRE DL ETH S, 22T, 3SAODE—FEAh
52 L THRE AT L 72, Fig. 24 OHMIOXKIZ7 2 > b
F7OWiiE T 7+ ALZEDTHD. —DODKEKI
TOL B EMENFH 5570, KEL ZDODM THK L
7o, EEETHOMRMBEEAHTD 3 AL - FTOHT
2. —RYVTINTT Ty MR ADKERRIZSEIZE
MEATRRR TTETWA, ZO kS0, B a3 AL —
FIETHA V2 Tha<< Bir6EEFN728DTh 5. Z
DE—=FTFHFA VDEF—TWEV2ITAIVDA=Y 7 —
2T, FREOBE L L IZT A4 VIR S ERHO T
HIZ X AERE > TV, 72, BHEDOEA, 2105
HOKHE, v~ — 2 BEERT—IIRXA VY VT B — 20 %
W, 22T, ARPICEBFEMROBRABS ZEZ Y- FOH
Mk B~ =2 B EDRZTTERGEL 7.

e AP0 R AN GETE, ¥ — PO 2
NBATE L= BEENDEA =V RPNkt 725E
HAHE, ThEFEUIMNBRERE L .

L—THRBBREADZD, WEEHL LTS, B
FRAPEHE T B FRICMZICE > TFEE DAL V% Rk
W, FHFHA L TRLSADTELZOFY X)) OMLA
THREEFZE o b &5 R F —RaEM e L an
SRR EDL D EiF7-. 7u v VD DFHFA V@
[HEEE | & [0 OIS & MG U 7z, IO 25 WiaRgE T
WIEZB BT O NICRDEE G- Z 120 eF 2. BEMK
Ny P v 745H, 9V —2BO4% 0 EAL LT
A BMEFAEN. 2T TNy F T4 MIKESAKEREHFT
BLEARBL, 5V - 2RO S KFEEHTLERN
RO KZ XI2E EW, MmIEAREEFE-72. 2Ny F T
4 MEEEZ T TEL, Fig. 25 IR T & I2REeEMEE S
—IEBATHA VY L. Ny FIA4 b EMITEOALE I
BL, K&EL, W2k K512V 7V o 2 %8G L 7.
H—v 3L Bl KoMk s LS icL .

@ Three lines of beading for greater flat panel strength

Peak created to assure
press formability
Side section that
achieves flat panel
Convex section
with rigidity

Damage to stickers also lessened by suitcase beading

Peak created to assure
press formability

Outermost line

Fig. 24 Design with three lines of beading born from function
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iS22l T4 v &9 52 & TTEWN I EICHEE L 22
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@ Minimum opening enhances aerodynamics

@ Given large, square shape and positioned high up.
Safety headlamps enhance visibility.

High/low beam

Turn signal

Front position lamp

Position

Fig. 25

Lights designed with primary concern for safety

@ Usable, loadable, large opening gate

@ Placed high up. Safe rear combination lights with enhanced visibility

Tail lamp

(in-line-LED lamp) .

Stop lamp
(LED lamp)

Turn signal (bulb)
Back lamp (bulb)

Reflector

Tail & Stop
Tail lamp lamp

’

Fig. 26 Rear combination lamp design achieves balance of large opening and safety
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+STYLE FUN i3 6%kk%ZETMA S VAN 24 1 )L
FHIELZ. 2LvOEREEANY F54 FOFHFA VHiR
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AT EIBREEOSD BT HE DO N-BOX D
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Zh%&+STYLE FUN Cids#E L 72, Fig. 28 127" ¢ &k 512
LED 2D v DXy 3 vy FORcTay 7 &4
ATLED DA/ a—Y—2A%FL, 24—V 7 F it
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JLZ+STYLE COOL &R UEBR7ZA3, 3ADNN—DHA
hEFRTIFFE s - Ay FE L2 ETD 2K

RAF—EOLTEIELT, -7 EIRLALRMKE
FEBILZ R4 = F o I, AT TS5 90
PR E T Z & TR LI ERB LA L7V — NixL
THEDLDEFA —LF vy TEOAEHET LI LT, K
ELMEMEAEEZ, BLARTORE LT ARENTE .
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Fig. 27 Van style greets customers with smile

Combination
grille

+STYLE FUN

Advanced headlamps with rich expressiveness
put smile on customers' faces

LED Two-tone
fog lamp wheel cap

Turn signal
(bulb)

Turn signal

Front position lamp
(in-line-LED lamp)

Front position lam
High/low beam P 2

(LED lamp)

High/low beam

Fig. 28 Detailed design expresses sense of fun

+STYLE COOL THHL7=D3kEME 7 —NIZh v
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F=HF—TAyFEZILDNEI LV SEERIPSDT
Wi, W22 LROBEMRIZE 5 T EEN 2 flifi & LT
WL 72, F/, (HHEoEETH B L, H 24
LAHENZNEHE LN LI /B L. B2 ZNEES
EL T LBRGOROHNICED - EDfEFENG AL 5
B, Vsl EICHE L. ZZTHYBEET, /2
ALRI—-FORFIHEBYSL BTV A%ERS 5T,
Fig. 29\ XD I2h BRI H Vb 5158, IRFTE

BNWALA) 9y aaT A IZEe® hif7.

=2 A4 v all e 572812, £¢ Fig. 30
ISRTEIICT— L —FIZLTTF— AT — b ZAEA 7 5%
HL& HEDDIEE, A9y FTILTAY FITAL M ED—
AT 2L, L LoE LT 4 FREEFEH L 2.
LED 742753713270 —LA9yFDOH—=vw 2T
D, 94V 2H—=yvadra—uxtyF0R0HY
Ll VYarvexr—vary7 73207V RcL
729 2T, NEBICEnmic 7 s v s @¥EidT I ik
D, 7 —N5HhyAXIERBTE .

Fig. 29 Van style greets customers with cool look
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+STYLE COOL

B

f:%ég!

Crome-plated
license plate garnish

Crome-plated
fog lamp garnish

LOW ROOF presents stylish appearance

—

Yin, Aerosstyle

| & wheel cap /Yy
3 = 4
-

=)

: @)

Tailgate Spoiler

Rear combination lamp
with clear lens

Fig. 30 Detailed design expresses sense of cool

32.TURFIVTHT—

FHEE L TOERN VYOI AT YT HT—IZEAI VL
W=D 2 nwbhd., LarL, Kottt 4k &
T 5 < BREEDOZEITHE O, BREICIA A 4 A L g Tk
FOBEREDTA T AZANREY X A 4EBT 3 ETH
=) T -V g VIFHEEFLEZ 22T, Fig. 310
K2 EIA VT v TERERL .

N-VANBEHHFATH D H—FT 7=y 22 vy 2%
Fig. 32 1R LK D ICIEIAL & F & A% michigudr & It
12, A D22 AN G- 8 50 EHIEL CRSEL 7.

WWANT A TAIANERBTEL T F 25050 —

Colors that are not quirky
and are thoroughly usable

G/L

+STEE

VENR=ZIZI, N T4 MEER=Y 2L /B A
Ko TRESEOHIRNZENT 5, AOXFEHBIZED Z -
2 FaTNEEE LT,

X2, SEEFELTIATAZANREY LAY — VT
DFHAZBREL, R0 BHROT IV TV P AKR—T 4
Th—- X420 92l RILIEERLLZTVLITLEY
7 S= )L EMA. RENZZBETIEH 50, 75—
Ly FPBRKRICASIBU OGNS X IREL, BEMKTH
FHOMMEE FETE, 244 NMZH 5720 EFEATIET
5 XOBEL 72,

Colors that accommodate
various people (jobs, tastes)

AT AR AR

COOL

exclusive color

FUN

exclusive color

NEW

Garden Green Metallic

Fig. 31 Line-up of exterior colors
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Color Effect

Green expressing sense

Soft highlights

of security and confidence
X X

Color palette conveying Thoroughly visible
gentleness base color

ADSIFEZ=EMNCISTFIINAT—

Natural colors that enrich people's feelings

Fig. 32 Concept of exclusive new color, Garden Green Metallic

33. +STYLEX >F U7 e Efxic <2 XL, 8K 7 -
+STYLE @4 » 5V 7 CMF i, Fig. 33 1284 &9 1 v — PRI WL A2 ) R TOMX AT Y b —
24y Y2 T E a8 B A HE L /- LU 2RI T, BIEDE WY NS — B RBIL 7.
LV —FONEAEAN=-2IZ, 7aV b T34 =V E) =V TCA—T AL = LA VTITIIT IRV
2777V 2D ZAR, A VA MLAY bSHILELE AT LTI AT YT H T —ERIRGIZHD AN
GICE L RIZWEIED B 5 VA i # B L7z, 257 72D E EE O/ S XOTIENEM AR TS, Loh b &
VIOERA AR R TNV FLEDDIZIEL 72 =R BT 3 kS WA ENT.
7Ty EMMIOTI SR -2 3 v ERbYE, =2 28 AN FER L 22O BEROFEMERFHSICA DY
EAX TR DBAEICINA 2 4 4 L FER L 720 BRARICIE A SN & W THRIC L 72,
5 A & S L 7z,

Areas differing by +STYLE grade

Fig. 33 Conceptual images of +STYLE interior CMF
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4. N-VAN DEIHE L8 - EREFDEHD S

Honda IZAIZELCE, [B35, B, Bl9Z]o =B #%EE
TEEROEEEZBMZITEZEE2BRLTES Z0OR
M %JCIZ, Honda Design 13%H 0 17 < DT, &M,
DA\ ZE X BITHLE A2, KBMEARSS b7 2
IVAFHA VAR I >TCHL I TH 5. N-VAN 7
YA E, ZOJEHIHN, BHRIZH 5 72 (R - SR

m Carpenter

B Plumber

EXOIZEMIT S0, FUSMICEREE MM L, BEMK
O AR & F2H$ 2 IR Ol 2 A& 42 Z & T, iR
BNV OFFAEER D Z &2 HENCPR 2D 72, Mg s
HT 5 B FMIZIE, Fig. 34 1T &1, HRtE x4
GBI LZL— FEREE BERICmA 24408
FIRLZ20WB&EMIZIE, Fig. 35, 36 1R TLII244
AMWTHETESL +STYLE 7L — FOIREA B I 5w,

O ESEEOE» E B IRT .

m Construction worker
(scaffolding builder)

Fig. 34 G and L grades

B Trimmer shops

m Nail shops

m Used clothing shops

Fig. 35 +STYLE FUN grade

m Carpenters

Fig. 36

m Surf shops

W Music shops

AR
RE !'iﬁil‘r?

@ )

+STYLE COOL grade
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Tool for customers to create events and experiences = N-VAN

RILDIRT - EnEFZZENCLIEWV!

We want to enrich many lives with loading and carrying things!

Fig. 37 N-VAN goal
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2020 CRF1100L Africa Twin O3

Development of 2020 CRF1100L Africa Twin

NN I FH Ec

Kenji MORITA Nozomi OKADA

WA A & oA X!

Hiroshi OKAMURA Shota SUZUKI
- =] ABSTRACT

2016 121806 %% 72 Africa Twin i, A7 v — FE
Y=V TETEELLEELDDLT PNV F v —F
FLELTEHOERAMH TS, KT, 2016 42
LARERTCETLF oV VEHEL, =V Yy, difki
1, BIED, NEETRTONH A B Z %> 72 TORER,
St AR & 2 1A B ek e DKk & K L 7z
LD A7 - FETEXIDELD S Africa Twin
&, BiOAFEZXD K0Pz y —) v amREL T 5
Africa Twin Adventure Sports % FEB L 7=.

Ever since the revival of the model name in 2016,
Honda Africa Twin has been well-supported by the
customers as an adventure motorcycle enjoyable on off
roads as well as for touring on pavement. After four
years since the initial launch in 2016, a full model
change has been conducted in this project, renewing
everything from the engine, frame body, suspension
to the exterior, gaining more power by the increased
engine displacement while reducing weight of the
complete motorcycle. Accordingly realized are the
more off-road friendly Africa Twin, and the Africa
Twin Adventure Sports more suitable for touring with
abundance of extra equipment for long, comfortable
rides.

1. EANDE

WX Africa Twin iZ, 73V, &H =I5 Y — T 1986 -7
5 4 AFHAGHE I A 385K U 72 NXR750 DFidhia 7 4 — Koy y
JUTHBEINZT FRVF Yy —ETLTHS. 7V —T
5D 72 8D LIS 75 38 A B BT B ot &, R
DIAF 4 v CHEPNERTHPEE AL EE LS. Z
DEER: & et & e D D A% Africa Twin ThH 5.

1988 41248 Africa Twin & LT XRV650 A3/
L7z, ZO%, IR A EET L F 2V V2B R
WAENSH Y 2003 I FDEFEER T L2, ZTDOHIE
WR» 5D Africa Twin {HiGA LA I3@®<, 2016 4
2 CRF1000L Africa TwinY& U TG &% F72. &5
122018 4F12iE, kDY — V) v/ ETEEE LD B Africa
Twin Adventure Sports # %4 TEBM$THIZ L T7 FX
VF Y —ETFNLELTOELADEEJLTF 72, 2020
TFALTE, Ths -2OD %A FZREFhOMRE %
[l 72% & DIZF XL, HHBHAFETETALF 2V V&H

DR HEIE R A

L, Tvvy, 5K, 20, 5, 5 TON
WMEabBIhkol. TP A 70 - FETEZ2LDELY
% CRF1100L Africa Twin(Fig. 1) &, Kb Puizy —

Fig. 1 CRF1100L Africa Twin



Honda R&D Technical Review

Vol.32 No.2 (October 2020)

Table 1 Comparison of specifications and equipment between developed and previous models
Developed model Previous model
ltem CRF1100L CRF1100L CRF1000L CRF1000L
Africa Twin Africa Twin Africa Twin Africa Twin
Adventure Sports Adventure Sports
Displacement (cm?®) 1083 998
Bore x stroke (mm) 92.0 x 81.5 92.0 x 75.1
Maximum power (kW/rpm) 75/7,500 70/7,500
Maximum torque (Nm/rpm) 105/6,250 98/6,000
Curb weight (kg) 226 {236} 238 {248} 230 {240} 243 {253}
[240 {250}]
Seat height (mm) 870 870 870 920
850 (Low position) 850 (Low position) 850 (Low position) 890 (Low position)
Fuel tank capacity (L) 18.8 24.8 18.8 24.2
Windscreen Low height High height Low height High height
(Manually adjustable)
Tire With tube Tubeless With tube
Electronic suspension - -
[Equipped]

Headlight LED LED LED
Cornering light - Equipped -
Meter LCD LCD
Display 6.5-inch touchscreen colored TFT -
Apple CarPlay* Adopted
Cruise control Equipped -
Riding mode select 4 fixed modes and 2 user modes 3 fixed modes and 1 user mode
ABS mode select 2 modes (on- and off-road) -
Torque control 7 levels and off setting 7 levels and off setting
Wheelie control 3 levels and off setting

Numbers in { } show DCT model.

Numbers in [ ] show optional electronic suspension model.
*Apple CarPlay is trademark of Apple Inc.

) v Hn[BEE 9% CRF1100L. Africa Twin Adventure

Sports (Fig. 2) T 5.

DTFIZZEhThoBEHThr s, A 70— FETORLDD
HALE Y =) Yy DO A IS EEE L TnL.
KB, ARBTEINFNOETLAELUTO LS IZIERT

LEd5.

Hi € 7 )L STD: CRF1000L Africa Twin
HIE7 )L AS: CRF1000L Africa Twin Adventure Sports
AE7)L STD: CRF1100L Africa Twin
AKEFI AS: CRF1100L Africa Twin Adventure Sports

Fig. 2 CRF1100L Africa Twin Adventure Sports

2. AEODR SV

Africa Twin 2VESFO T T2 8D, A 7u—F
ETEY =)V IETOEBLEHELYDLENS T ETH
3. koL B, FITEFIIZIZSTD & ASDO DD 4
THdHB. STDITITZY) & TR AFEKIZ K 2P0 E 7
O — FAETTE L5, ASICIIREROBRE 2 v 2 L
RERT 2TV VI XOFRICY =) v X EIELY BFF
MAEH-E TS,

KEFLTIE, Thd DD A4 FTORMAE X0 7-
BEDIZT B2, STD OF 7 a — FEFHERICER %
MY, AS TREDPEAEY -V VY ERLYDSZ L ER
SWVE LA LALEDRSHIETILAS 2XR—2I2X 6k
%Y =1 v TOPEEDOMALZ X 256, HfoEN %A
Elok2ERMAE, 70— FETHEROEKFAEZ S
M3, &7, STDIZH T B4 70— FEFHREDME(L &R
EWERD, FZTREFMIZENTL, TRTOEPHD
RELEBIk-T, XA 70— FEFUREICENRZ STD
L, V=) VIO OMAER S AS DFEBLAEHIET
Z &k L7z Table 1 I FHEAREE M —EERT.

3. #70— FETDHDEIL

KAV /70— FEFILITITYDOHRT, Africa
Twin DFFHIKE TV B JEEIN B PME %2 X 5155k



2020 CRF1100L Africa Twin DE%

SR/ 22T, UTO=21280D bR 3

(1) vy vBLUHEORR

(2) BKHED~ 2 DOHEHIZ L BHEMET— 2 ¥ b ORI
(3) 7V — 2&MIED R L

3.1. #21t

AETNMIZEWTUE, b2 PRI L 28
REDH LMD TEERID 2035 &, ML EDO—%FE
P % S DL B HERR U 2 Y 6 seil i kB TR L ¢,
HIEF AL STD T4 kg, AS T5 kg OfEEALZ53EK
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311. I DBE(L

AEFLTRE, g Eozvicoy v VK ED
ERkEB o7 BEPFXEOLKRE, =Y v A4 X
DRI 5 L OH I BIZHES KE@EE O Fo-», =
VO VEROEMEMNES ZENL . LALAKETILT
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LT25 kg, DCT EFILTIE22 kgD VY YDiREl
AR L7 Fig. BICKEFMICHRALEZZ Y Y VIZET
3 FEEAERT. £72, UTPIZ2 vy v OFRLOKE
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TV v EROERERIE, Fig. 4 1SR TEX MY, 2
Fv oy x 7 VEOTEHRFHOEHEEVMIZIAS
NEPICRELSRAET S, PREIEROFE L UTGEIRL
72 2 b a— 7 PRIEEES OB M A BN X & 5. iRIE
RO 7 DI EEEER M A E < & 5 &, FHEHROEMES T
XHIZEARL, ZOBEMEICHIBT REBMEEL 5 5.
Ko, FHEHEE N EMETLRSICNABSZ L ERD
We LT, BIETLRFEOM AN & 8.9% Ot HEE %
ARE L7z

FEEDROBERERANFIZONWT, KX P EER
FYEVIZOWTIHRARS, VX b VI3 S AR &
FRT 27280, BREFEEELEZ + VEFOHERE %

Changed point | Displacement increased

TBW: throttle boa diameter increased

Exhaust gas control valve

Weight reduction | Aluminum cylinder liner

technology Balancer gear: scissors mechanism eliminated

Optimized reciprocating parts’ shapes

Manual transmission: clutch size reduced

DCT: gear material changed

Characteristic Biaxial primary balancer

Ol (N([O|O|(|W|ND| =

technology 2 spark plugs per cylinder with phased firing

-
o

270° phased crankshaft

—_
—_

Built-in oil tank dry sump system

-
N

KIS 72, €2 b VIESORE/E, C2 b EYEh
D& Uz AmoEdE 2Kk L, €2 20— e
) VR EOEREEDRIZ O AN S, D & D i
OWBD7=DIZBETH 572X bV A A — b [HFE%E
INTE, X5 5BEbTEEE & > 72, K5 Fig. 5138
T2, 2H— MiEZE 11.4 mm, &5 % 3 mm J&EfE L, U8
HOREAEADETE A b Y HIKT 7% O % 3EK
L 7.

P2V EVREMERZITEEERIZEWT, 24—-X
B AR T 2 HARD 5N D, BIETILTIE, NEIS
K BHIPETZEN AIRIL, @ OB 2 LR Uik 2 R4
LCHRIB LT, KEFILTCIE, K0 5 < ahgfg
FED @RI AR 35 2 & ¢, MEMEPEE Tk
2o SMAMEDHERA AR L 20, SMEXE U £ ENRE

Reciprocating

parts ]
7 . N\

DCT model

Fig. 3 Key technologies of powertrain
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1.8 mm ik L 32% wirAfk L 7= (Fig.5). 2k b
VY VHRT 19% OFRLEER L 7. £ OMR, FHEE
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ETIEFE L.
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X0, BiEF L LIRIFRSOERE L MR, YK

Skirt width -11.4 mm

Weight reduced area  Height -3 mm

Developed
model

Previous
model

Fig. 5 Comparison of reciprocating parts

Sub-gear:
scissors
mechanism

Scissors
mechanism
eliminated

Gear width -4.5 mm

| Developed model |

Previous model

Fig. 6 Comparison of front balancer gear

KiZE»hbod, TEIRBPEHOGIHERIIHET LIC
KU -820 g & 7 Bt b 2 R L 72

FizZh o OFFEERIBMOBEELOHFRIZED, 2 b
T — 7 P RBELA O, T Yy RS Ol R
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282 AR - TMBE &Y, S TIL I =T A8IEM
BINZEE, 259 F0ay 5y Mb, SRS A EICZH
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HaEmELERSRHIEF LI DBERAT YD Vi k5T
(Fig. 8).

3.1.2. EfFDEE1L

WIS L =i A RS nE U, S5 & MivE, MR,
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Developed model range (-26%)

|
Good Developed | Previous model range |
model 1 point
4 Previous model
(Sub-gear)

Sound rating

=) Wide

Gear backlash

Fig. 7 Comparison of front balancer gear sound
ratings

Engine :I Estimated weight |

weight .4 ontrendline 1

[ Previous model | %" TTTTT TR TR Y
Light weight T { ]

(OFF ability) - Weight reduction -2.5 kg
‘ : R
Good Developed model

Power increase
— (Touring ability)

900 1000 1100 1200

(Manual transmission model)

N

Displacement (cm?)

Fig. 8 Comparison of engine weights
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5, Hflla w54 FEFRL LIV 2 A TORERD b EH
—RREEICEE L, X510, By T L— MCIERTE
FUERRIZ 7L 280 7L — b % 2 ERADEZ TS
H AR A B 5 A%, IFRIZ 600 MPa flkoD 50 8 % %
ML, WAKZEHJE 1.6 mm 2*5 1.4 mm, 7MiE 1.8 mm 22 5
1.6 mm NZ RN F AL L 7=,

TLIBMDYY TV —L L 24 VT —LIZBWTIE,
FRET B S 23 O BRI & A O O SRS A & LA
INEEMUM L S T THRET 21k E 35 2 & Tt
{L&FEHL 7% (Fig. 10). ZhH6DER, 7V —24K7 -4
hT18 kg, A4 V77 —4TO05 kg &, BAFRBHT
2.3 kg OERELAFEBR L, BRERKROERLIZKESHF
5.1 7.

32 ERENDTRAERIZLBEEE— 2> FOER

SEHMRE A LT 57-0I10E, 23— g—)L Yy F
SHIOZKEDHEME — 2V AKX Z T L nTEL
%%, FRCEmoORKRRL MY 2S WL WA 7 — NETICE
W, gl ETF#o# sy 2T -4 v A
WD Z LR, B E L & FEESELI 3 5 RO
ROWHERBENCO A2, mhizd 7u— FigihE kD&
DUTCENSZZ 2L TS, ZD-OICIFHEKOE
DAL & B 7= 5B O AL 2 R 5 5.

BIZHR L2V Y 7L - 24 VT — LD E
fLiE~ZADHERIZKELSHFE LTS, 51, BRE
WAEMED =012, P 2 P57 2 0Fb & & b
WS Z & 2 B HESAR — MO ARG ICBE L 7.
CORBEZLEAFEHL, SARRBICKT2HEENTH 5
V75 HHAREOMEIZS mmBE D3I ENTE L
(Fig. 11).

INGFHRICEKZ v 2 EROKR, EBPERErT LIZF
542 a3 — 18 4.0%, ¥ FEME9.5% OIK & B 7
(Fig. 12).

<Rear frame>

Swaging pipe

Forged
end piece

Fig. 10 Configurations of rear frame and swing arm

Fig. 11 Comparison of muffler size

Main frame -0.6 kg

Right lower pipe

Rear frame -1.2 kg

Pivot plate

Swing arm -0.5 kg

Fig. 9 Main points of modification of frame body and swing arm
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33. 7L—LHIMENREL
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R, D A4 V34 TOLMEE 20 mm D TPTIC
WMIFBLA T PANORBELEETAL V4 TO%
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(Fig. 13). ZAUZ XD, fERAFD T L — LK T — D5

Pitch -9.5%

Fig. 12 Result of moment of inertia

Head pipe

Front cross pipe

Main pipe

Developed model Previous model

Fig. 13 Top view of main body frame
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Fig. 14 Frame body analysis result
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MRS A REET X 5 X512, 238T 6% LI Lo m k4
HigL 72, b 035 v 252 8A, K EEmT T
12X L 85 em® 7w 7D 1083 em® (BEEME) & L7 bt
TIRSHEGEEC 4 & ORI L 2 X 22 45R, ait T
IR LT, W ART 6% LU E, I KT 8% D k% 3K
L7 (Fig. 15). ZHUZ K> T, BIEF MK L TH 5% D
NEPERE D1 | 2 3R U 7= (Fig. 16).

SR To@ MR LEEX S Z & T, HIRIRELR ED
Hilfoa vy 574 v 3 v, BIRREHEETHEEDY F o
I—YaVilhhrbo I RBER-7EDNREE 2D,
V=) Vv TOWEEEED DT ENEEE ko F
7o, A 7a— FEFOHEICHEWTY, 7S7 7L 58 f11ERE
BETEDIA T4 V7 ERB LI EIZFHES LTS,

4.2. BiEMEEDR
AETILASIZB T 2PAMERER, T4 X NDJRG7-D
AT 5 2 LT, REEAEY — ) v om0ttt £ kL

................

75 || e Developed model [+
| == Previous model ‘
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20
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Fig. 15 Engine performance

AS manual transmission model ® Developed model
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to 400 m
leration ti
acceleration time 0.9
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Fig. 16 Comparison of acceleration performance
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Adventure Sports
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Fig. 17 Comparison of screen height
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1st stage 5t stage

Fig. 18 External view of manually adjustable windscreen

1t stage

STD model

5t stage

AS model

Velocity
magnitude

44.4 m/s

Velocity
magnitude

44.4 m/s

Fig. 20 Result of velocity distribution analysis of lower body by CFD

5. EFHEDE/E

HLORTIAENC d6 0 % AL & F2BLL 7=, HLORE MRS HI%E &
(Inertial Measurement Unit: IMU) D% 2 & - C, Fig. 21
IORTE Yy F u— 3 —-DflE L, itk it/ bk
TONMBEDRDAEFHAL, HIROEEIREEZ ) 7L 24
LATHIET A Z DL Ko7z, ZOMMAENHT S Z
& T, KHERIEORE N KIFCm EL, K246 - 58
WOFE 2 FH L 72, IMU IC K 2H#EHE %2 LI FIORT.

(1) Honda Selectable Torque Control (HSTC):
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O FEE)

(2)w 4V —avbu—):

Tay )T Ty THROYE y T LK A IR 5 7=
¥ D Xy )l

(3) ABS:

a—F) RO T L — FEFHOEAGIE L LT L —F
KONV 2 A VYOFE LAY ZHIET 572007V —FiK
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Fig. 21  Vehicle motion direction component from IMU
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Fig. 22  Multi-information display
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2020 CRF1100L Africa Twin Adventure Sports ES H
BFRlHY AR 3 AT LDORERE

Development of Electronically-controlled Suspension System
for 2020 CRF1100L Africa Twin Adventure Sports ES

M A R & IE S e (T N 78 et
Hiroshi OKAMURA Tsuyoshi TSUDA Atsushi OGAHARA
E3 =] ABSTRACT

Africa TwinidA 7a— FEfTEY =) Vv 7ETAE2E
HBHBEELHBEZRMT FRYF Y EFLTH 5. 2020 F
ETFTNE L THZZICE R 2y g VAL,
CRF1100L Africa Twin Adventure Sports ES #Fi¥ L
7o, ZAFDR L O & B L TEEEHT S Y 7 T
&2 6+ 70— FHE&E T, WAWHEDZh 7
NCmE LR E RT3 OO ARV Y g VE-F
(HARD, MID, SOFT, OFFROAD) ##&i L 7z. ZDH
NyvavE-FNImMa, vyt vy v o
LV—FRE 25 9 FRE DCT EFL0A), ABS ##4,
DRI EODEREMEHIE L 7254 74 v 7 E— FERE
L. BT TESTA TNV FIL A y FEE—D T
W, Ery—VvEfEROIYF 4 v a VIZBLT, 54
ANEDEFIHNIFHEEHROND Y AT LA FEB L 72,

The Honda Africa Twin is a full-scale adventure
model featuring off-road and touring capabilities. As
a 2020-year model, we have developed the CRF1100L
Africa Twin Adventure Sports ES equipped with
the new electronically-controlled suspension. Four
suspension modes (HARD, MID, SOFT, OFFROAD)
are provided to help ensure optimum performance in
the wide variety of usage from high-speed long touring
with a passenger and/or luggage up to challenging off-
road riding. The riding modes are designated taking
into account such five parameters as the engine power,
the engine brake, the clutch characteristics (DCT
model only), and the ABS characteristics in addition
to the suspension modes. The rider can select any
mode from the handlebar switch even when riding to
adjust the motorcycle characteristics to best-suit his/
her desire depending on the situation and vehicle
conditions.

1. $AHE

2016 4F- CRF1000L Africa Twin (&, # 71— FifT&
V=) U IETEEBLERELDE KT PRV F v ET
L& LTI E Nz 2018 4R12iF, &Y — 1 v 7Ok
M % E 72 Adventure Sports & % 4 TEHIL (BLN AS %
A7), TERVF ¥ EFILE LTOELADIEE LT 7-.
PARY Y g VA B =2E20 mm 7 v S LT kI
KB ARV Y g VHERRDEAITEOVFHE A 1SS Z L AT
22, V- MEEBL oI ETRSE AOKRBEES

DR HEIE R A

ETNEE ST

2020 CRF1100L Africa Twin (& FFCE 7L O%MKEHE &
LTSN, KETLTIEEO6Lb54F 70— FDiE
WePEIZBE = &2 51 72 CRF1100L Africa Twin &, PRk
iz ftmL >y — ¥ 7 oPEtt« L0 &7z CRF1100L
Africa Twin Adventure Sports @, DD It 7 | %
FHREEBZ A", Zholia 4 7id, A7 a—FiE
TGP AR o M-S TRVAL O s INZD A 74 N Sz 47 N7 7 W
M—4 57280, — FE 870 mm #5EKEHEE L, D
MO EEXD 26, ThEThORE%L & 612k
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Table 1 Specification comparison of previous models
and developed models for export (US, EU)

2018 model 2020 model
As | sto | as | sm

Front suspension 25 230 230

stroke [mm]

Rear axle travel ~ [mm] 240 220 220

Seat height [mm] 920 870 870

XHBHZ L L HAXRYY 3 VEIZ, 20184EEFL
CRF1000L Africa Twin 28 L7270y b2V T g
YAbbua—=2230 mm, VY7 ALK TN 220 mm (2
#t— L7z (Table 1).

IRYE A =T —L—%0ODNA ZHEKTEETIL L
LT, 7 a— FEREORE X & RIEREHNI 51 5 Pl
PEARM. X2 Z LIFMASRNETH S, FFIZAS 24 7
BT, EEEROKHTR, Ihcx 2Bz Tov4 VT 4
VI, % LA £ CRENT T B, TRIAVETT &M
TEEDERLLTETTESLZ L RDEND. HIERPK
fit, BEIDRDLZ & OBRZE AR ZVWHT, TARDRS
{OMPERE TSI HD, HlfoaI T4 a8
MEASA. 2D K SIS, ZREMRAETY — VIV TE
hzhics Ltﬁ&%%ﬁb B0 A D 2 A AT % TBE
EFBILT, [E2ETEVWTAIRRODELATBRT ST
FLERH L2 EeFB 272 TROEENERIZZZZ2 5
FEO—2 L LT, ATEFHIBES 2V Y 3 VO
T L 7.

AFgcix, Brdlgayr 2~y v 3 v ERMLZ 2020
CRF1100L Africa Twin Adventure Sports ES (LA'F, 4A<BH
BEFI)IZBTAHERE Yy T4 V7, BEXUZORE
IZOWTRHT 5. Fig. 1 ICABIRETF L Do AR

Fig. 1 2020 CRF1100L Africa Twin Adventure Sports
ES

2. AREDOBLOWE Y AT LBE

Africa Twin 1213 2018 &EET A6 T4 T 4 V75 E—
FY 27 L6aRALTWS, ZHiZ, EIT7Y — v EHiljo
2/74/a/ﬂmbf%—bé EIRNL, 94 ZFNPEDX

ICHEN R AR T2 Z AR 0nE LT 5.

HIETIMIZETEIAT A VI E—-—FV AT LTI, =
VOVICEMET S, v vy IR, vy T —F
vk, BREY R EOM AR TR S h Tz, KBEET
LTIIHEMAEEZ 720D =“HRTH 5, £5, 73, 1t
5, OEAMEITNTERAHBL > 27 L0 L%
o7z, K AFALATIR, Ty g vy v T
L—F5E, 29 9 FERE (DCT EF LR ), ABS Rt
EBITH ANV Y g VD O DR EHAHIE L Tn
5. £E— FOREY — v L ERHRHE A Fig. 2 15”7
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d113 6.5 4 ~F TFT #dh S 3 )L, Multi-information display
D% & v F 452 ETEHEEIRTEETH 5 (Fig. 3).
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LERD. ThOEREZME T 2B THIEY 2V Y g
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BAHEDY 2RV Y g VEA T & RO FEE K
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Riding mode Suspension mode Road condition Characteristic
TOUR HARD On-road M_ore sportier and stable riding even
with passenger and full luggage
) The most balanced in various situations
URBAN MID Variety (The Africa Twin)
GRAVEL SOFT Uneven road, More secure and comfortable on
gravel, wet unstable roads
OFFROAD OFFROAD Off-road Maximize real off-road performance

Fig. 2 Presumed situations and riding characteristics

Riding mode Suspension mode

Left handlebar switches
| (Ridingimode selector) -

=T F

Fig. 3 Multi-information display and left handlebar switches

N
> S N S © 2)
'qu S & @Q& orzr@q} S O & o'bé . \Q(\@ ofb'é &2
| 5 6\(@ S &Qq S & & & S8 RS
Suspension NS & ®\5§ $®®§ ) 5 o‘\\ok &

mode

Fig. 4 Optimized conditions image
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(4) OFFROAD: & 7u— FTOHELNY P ¥V 27ITk
fbtL7zE—F
LR D P L % 1T 0D 38 A 1 R0 KA B 0D il S IR UM 1
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Right side

Fi, 94 ZBRBIRL=Z54F 4 v E— FIcd#LCY)
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Stroke sensor
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\ Electronic control valve

Front fork

Fig. 5 Electronically-controlled front fork and rear cushion
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Cornering Lights of 2020 CRF1100L Africa Twin Adventure Sports Using Additional Light Source
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= =] ABSTRACT
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A—=F VT4 P aEtT S ETREL, NV o IC
o C 7= AEEy#i P O F% e, BHNDEEIC & 2 B0 E, EH
PEDOIIH], O =>DHEFKIZD>WWT CRF1100L. Africa Twin
Adventure Sports Z#HWTHEI L7z, 2—F) VoI 4 b
OFEENHIFAIE, FEEEORBETRED N Y o7 FREHE D S
FUE L, BIDEEIC KA RO, T — 4 L FEIFE
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After the revision of United Nations regulations in
2013, cornering lights are permitted for motorcycles.
A number of cases of cornering light applications to
motorcycles are seen up until now. We have developed
the cornering lights for comfortable touring, especially
suitable for riding suburban roads mainly at moderate
speeds, and applied to the CRFI1100L Africa Twin
Adventure Sports. Using the said motorcycle, we
conducted studies on the three key factors in the
designing of cornering lights; the setting the operating
range according to the bank angle, the setting the
light distribution with an additional light source, and
the control of visual distraction. The operating of
cornering lights is determined from the frequency of
bank angles measured from actual night riding. The
distribution of light from the additional light source is
determined so as to illuminate the cornering direction
at the same intensity as the dipped beam. Regarding
the visual distraction, the cornering lights are designed
so as to increase intensity gradually after turning it
on until reaching 100%. A hysteresis is also set in
the switching to help prevent flickering. With these
measures taken, the cornering lights suitable for
touring have been realized.
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Fig. 4 Threshold bank angle and lighting pattern of
cornering lights in CRF1100L AS when
leaning right
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Experimental Environment for Verification of Speech-based News Delivery System
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7 =1 ABSTRACT
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An original spoken dialogue system was developed
that is capable of diverse responses to user utterances
while communicating information using news articles
distributed on the Internet. Most conventional spoken
dialogue systems are question-and-answer types, and
are not suited to communicating large amounts of
information such as news articles. In addition, users
are unable to interrupt news article read-aloud systems
with questions. Therefore, new key technologies
related to spoken dialogue systems were developed,
including conversation summarization technology,
a paralanguage recognizer, pause adjustment, and a
speech synthesizer, and an experimental system was
constructed that is capable of spoken dialogue in
Japanese using news articles distributed in real time
on the Internet. This enabled easy system verification
in various usage scenarios. Practical application of this
system will enable spoken dialogue in the manner of a
conversation partner for drivers while driving.
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Table 1 User intention types, their effects, and corresponding system actions
Effects User intention System action
Question Answer
Increasing information Request supplement | Provide explanations
Request repeat Repeat
D ing inf i Disinterest Change topic
ecreasing information . :
9 A|ready known Omit details
Avoiding overlaps Wait request Listen
Table 2 Discrimination results of intention recognition
With BERT pre-training With BERT pre-training Without BERT pre-training
With auxiliary information | Without auxiliary information |Without auxiliary information
P P+U P+U+S P+U P+U+S P+U P+U+S
Question Majority vote 0.920 0.958 0.962 0.957 0.961 0.940 0.951
At least one vote 0.920 0.957 0.961 0.953 0.956 0.923 0.938
Majority vote 0.836 0.911 0.913 0.901 0.906 0.895 0.896
Request supplement
At least one vote 0.827 0.882 0.887 0.881 0.887 0.847 0.865
Majority vote - - - - - -
Request repeat
At least one vote 0.700 0.826 0.832 0.795 0.805 0.784 0.805
. Majority vote 0.893 0.913 0.908 0.903 0.898 0.898 0.897
Disinterest
At least one vote 0.797 0.811 0.805 0.810 0.804 0.804 0.803
Majority vote 0.818 0.939 0.939 0.939 0.939 0.939 0.939
Already known
At least one vote 0.702 0.825 0.831 0.817 0.828 0.806 0.817
) Majority vote 0.716 0.885 0.865 0.885 0.858 0.845 0.838
Wait request
At least one vote 0.614 0.688 0.692 0.688 0.689 0.634 0.672
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2 —PREEXDO T NN F AL IS T & TR L 7.

___________________________
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%. CNN Autoencoder O Hiftiifign & 15 5 41 5 AU %
AR (PYICANIT 52 LT, BEERXD 7 ~IL % H{iE T
E 5. 21— YRIED G AR R PEET O Y A T A% &
ARBIER (L) IZA T2 2 & T, w7 N2 HEE T 5
ARAEB (L) 1% BERT 2 & 2 2= 2@ L 7=,

ARET MK B HEER X ORGSR % Table 2 1I3 Y.
P 32— IEEOERFED A% AV THEE L 72855, P+U &

11 Probability of !
I intenton 't
I 1

1024

v,

Decode

- g

Time
a. Generate spectrogram

Fig. 7

b. Feature extraction part

l:[ LSTM™ }-:-b[ Attention J«
1 1

c. Discrimination part (P) d. Discrimination part (L)

Intention recognition model
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VR E AW TY 27 AHEFEOM (K — 2) &4 12
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(1) ZFICHEX B2 ) CRIETHZ &

(2) TR X2 OICEEAFEIE BEETHWE
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(3) FaEPIEM 2 H DA 5 T HEME 2 Bk L, B
THREhBEcAR B E AN Z L

AKETFTNICK DK - ZOHEEM & IEORRIED E X b
7'F L% Fig. 91T, 0.2 BAMOBREDHIEIL 77% T
Holz.

332 REBFR—XHEET I

JEaEh & FEE DM DK — XA HEE ST 5 ETIIL%E Fig. 10 12
R, BUEDFEE & RO FEEEDOER & O THREER O K —
ZHRMEE LI, FEEEMIOF — I3 E BRI, FEERN ST
K= ZXHFEETFT LD LSTM O RFEOENEOME W,
WEIRGE T ILD—DTH 5 Bayesian ridge ETILIZ K 5

0.529 0.000 0.000
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Fig. 8 Pause estimation model between phrases in
utterance

THEE U 7z, 22 I3 IERE N S AR — XHEE £ T L &R
BIZER - B4 &3 — 825 HH L KEFLIZEK
5K — ZOHEEME EFORIEDO L 2 b5 L% Fig. 11
IR, 0.5 B ARMmOFREDEIAIL 75% TdHh - 7-.

3.4. EEEAHKEH
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BHMAEBE TN, B THRETIHMNICHET S, 2
D LT, REEHOEBERBIZAZVNEEEL L (M),
BARZ 272000 — F X (FEE), HREmdd 25X
(2) O =22 ML, Zho & FHAROMBE#RE L
TR 3. Zhic kb, FBEERAI K TR M Ol
EUREE L7z, REEHORBOM E Fig. 12 128§, HH 4
JROIAR S 2 7 L3RG E I HD S EHAKY 2T 4
T® % Merlin™ #FRH L 7-.

34.1. BEARET IV

WREEEIZ L2 EFAKRTET LA Fig. 181278 F. AT
FITIE, AMICSERMR 7 L — 28BS A TR
DONE & 18 % &R RAERIIRHR) & 5- 2 5. FéahiHi
ORE I, BEDORENEENOMEH Th 22 2 m 316
WTh 3.
GHEAKREFLOEFICIE, = 2 — A4 39 K% 5 E
DA LT T =2y FEFHEHL 2. Gick LT ERIICE
Ho7COREHOBREEZRLTHD, FHEIZIZLITO 3
RUZOWTHER A B I Ao 7.

(1) BOEHNONEEHEFICE->EDEDLS &5 IZ5E

Fz&

Paragraph| Position | Role Content of spoken phrase
1 1 Front satellite | = Z &I L T\ 5 v o7 OB RSN H 5 AT
e
2 Nucleus ZRDBIERRAHO THVMEE) 2R L7z> T
THHEZEDTHALE T
3 Rear satellite | {it5H1o KFEF W ES TNDHEH LK
2 1 Nucleus fFHNIANT 7 LV AEDW OIEREP BN AT >
<
2 Nucleus % D RITHIERD> BAIBEAEREN TV T
3 Rear satellite | 22 &, £ T\ D A7zl
3 1 Front satellite | i 5k SO 3R E 4 Fe9 2 ES T D O vdh > T
2 Front satellite | Zh 2B 5 LaGbE7m AT &
3 Nucleus HiER & 013D S L7z U o AT REME A & D A
72T
4 Rear satellite | 72 J272 = & 13bhHARVATET Eha

Fig. 12 Example of discourse structure

Table 3 Comparison of performances with and
without utterance sequence features

FO-RMSE | dur-RMSE MCD BAD
Base line 36.420 4.779 5.064 0.660
Proposed model| 35.435 4.768 5.047 0.659

(2)HEFRI BT ELERLIENTHS I L EMEL, &
PFTeRkEMERTIBLZERLFHTI L

(B HEZFEDOL > HIOFTHZ FIZ=2— 24842 5
DENTHTZ &
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THHLUTCRY 27 452 B2 58 A 5 X 51295729,
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LT —FHREFGHE TR R Y A T A B ML /2.

FERY X7 LA DOREK A Fig. 14 128F. Web ED =2 —
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RALEE Y — /313 Web B2 6@ IHMIC = 2 — 23t 5 % IUE
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Fig. 13 DNN speech synthesis model considering utterance sequence features
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Fig. 14 Experimental system
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Guide Robot Management System

oE E R E R R
Kenji NISHIMIYA Shinya KANEKO
B =] ABSTRACT

KANTRy bY 2T 41, aRy FAREOZEMTEN
Y-V AEETTEY AT LTH S, EEMME SEED
TRy PG L B0 SRS ENY — 2 EFETT DS
7200, EITERAES [ENuRy VEHY 2T 4 &R
L7z, aRy FOBBEHR A ~ 7 T EORKIZ LI
bk Hs, 7799 FPBXUIoTHfEEZHNTY 2T
LEMEL 72, AHOJEHRTENY — X 21858 L 72 FE8%
ERAH I, BRy POEASEYNCTE 5T & %5
AL 7=,

We have developed the guide robot system to
help efficiently give directions to people in public
spaces. The ‘management system’ for guide robots
can facilitate effective collaboration between multiple
units and types of robots in operation by using fleet
management algorithm and communication channels
through clouds and IoT technologies. It would expand
the area in which the robots can operate as well as
overcoming some restrictions in network availability.
We have tested the system with robots in a public
facility, simulating a real-life guiding service, and
successfully confirmed its functionality.

1. 13U®IC

Honda i3 20304FE Y 3 Y IZEWT, [TXXTDAIZ,
[PE3E O FTREVE 2 23 % B O8] % $2 (1§ 2 — 1t R — A
VLl TREETES LIofE{bEzY) — F+5—]un
5ZF—bAVIPERLTWE Y, 2 [ALIAE, th
LTz op TR >uRy M OFEHEEHEL T,
ASIMO iIfRE XN B a kT 1 7 2R OFFIZHLY A
Tx -2,

ZOWDHAD—D L LT, NRIEERE THET 25N
TRy b AT LA L. —BOMAEZIZO Ry M
EXBENY - 24§22 2T, ufy L DT
ICA 72 E ES 720D DTh 5. FNuKRy b v

Vsq4grs)z—v vy a—

https://doi.org/10.69239/hondatechnicalreview.2020 32 2 6

FAl, ZfuRy NEFETERy O FEEOTE Y |
TRk T3 (Fig. 1).
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VAT L) EADETCHELE. uky b 5% RTK
BF—2&{ LI, HHY AT LANENY 3 7488128
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5. aRy P OBIIFEECA V7 IHEEORIZLIESh
VLI, 759 FBLUTeT Hfg2HWTY 2T 4%
WL 7=,

2T, HHY Z2F 40y A7 A RISOWNTHET
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(b) Guide robot

Nawgatlon gmde

[ Route guide

Fig. 1 Guide service scenario
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EHLODEWHFAL LA 5T T S, Zhaxy M,
FIHE S A A S HE AT & & 9 FOSFUANTIRET S
&, FZETO/IEARY GEIERN) . KISHED R v b
25, B TR 28X 2256 RNT 5 GREEN).

ZhtaRy PR ZFEENOREEFEET R b

IZHEID RS OH, HHY X7 4 (Fig. 1 c)]“CZﬁZ) >
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ZOoHE, ZMakRy P EFEET Ry b ORERELE
ML, =7 —EREEHEY BT 22 Th 5. M
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LT3 (Fig. 2(c)). 54 22 M5E T LzKiTRO 2
vV FERETS. /o, EHEYED, FEaRy O
MECKEIREAERT 2 EHT =2 2w LTHED, b
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OB T —MRELH, LB REMRT S 2L
T% % (Fig. 2(d)).

(b) Command

Guide robot B

(c) Status information

‘ (d) Visualization
Operation monitor

Fig. 2 Guide robot system configuration

(a) Guide request

Reception robot

Management
system

Reception robot

BEHY AT LD
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7 F) THEE & T\ %, Honda RaaS(Fig. 3(b))idw K
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MluRy FEREREEN A 2% 5. Honda RaaS &%
Wo Z2 FiEliE, 7— 2 A M) =322 & REST API T
HHEL T3 (Fig. 3(c)). &Zftuky b -sFEafRy biE
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EE¥%E ¥ Z %5 (Fig. 3(d)).
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FAFIZEB 1T 5 H] 51X, Honda RaaS O+ F o 7 &lifg - 73
A 2887 — 2 L EOBBEETFEH L T3 729,
TV — g VBRI Y — 24P TEBRZETH
. HICB T AL, BHOY =R Wi-Fi 2#H L
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Management system

(a) Guide cloud

Guide job Fleet ) Notification of ;
Robot monitoring : " H
management management status information B

REST API <« (0 —>ﬁ Stream data

(b) Honda Raa$S Platform :
[ Data collection ] [ Object storage ]

[ Web API ] [ Data streaming

[Device managemem] [ Remote connection ] [ Data viewer ] [ User management ]

@ @ @ Operator
(d)
Reception Guide Operation <::> i

robot robot monitor
Fig. 3 Management system configuration
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Fig. 4 Guide sequence
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| Start |
o

i
Stopped
T
End
k__/]‘-

Fig. 5 Guide job monitoring sequence

{

"robotld": "XXXXXXXX-XXXX-XXXX-XXXX-XXXXXXXXXXXX",
"taskList": {
"Type": "GUIDE",
"task": [
{
"id": 1,
"type": "picking_up",
"goal": {
"name": "meeting_point1",
"coordinate": [
"3.11",
"-4.67",
"1.59"
]
}
b
{

"id": 2,
"type": "guide”,
"goal": {
"name"; "McDonald's",
"coordinate": [
"-4.12",

Fig. 6 Task list example

6. EHEMEDIER

»H B AMOMHRT, BNV — 2 %5 L 72 FHHER
AR Ikl ZONRIE, BANTH D 556 F PRI
500 m DIAE B0, L DT+ FRFELTVHS. &
EhaRHFHIZE ST, E55DFANCITTIEH M
EDHETBE2HIDIZ WEAERH B0, aky M
KXBRNY—EC2D=—Xh b b LEZT.

HEHY ZF 40T 2 TR, VAT LARREDEDICEN
Vg T REAET LTS, loT MEAFHL T
Ao b OKERELERTE 55, KEOBTHREE B
Zko7z.

HEHIZ BT, BUNICEHOY -3y U — 8%
fZRETDIZEBLT AL 2B ENTER. T2
MR, WIBERRE OEFRERE & L C, EEOMARK X
DELEVEZMfaRy F1HEHEET Ry F2HE L

FTAMZBNC, EHY 2T L0 TFO X ISHEREL 72
Z & aERRL 72,

C BIIREER N oy T VIR E O LIS W T, 2 B0HE
TRy oY 1 BEEIRT S 2 L AL 72,

- B BRI T — 4 &, SRy MoEY A 4 A
IVIUTIKMET S L HAMRL, SRy P HBFH
HEIELLSRHELC, BlA -FE- B eI hz 4
20 HFqT L.

CHERR AR ARBE L T ABET Ry b ET -2 DORKR
Bakliwn, Biia<#Eary b OREEHR»H
HEINBZLE2BMTBZLT, [oTHEEZHNT, 1



EARAOKRy MERY X7 LDORE

g

o
¥

=

08:21:53

Past Maode

magellan®3 is giving a waming.
bHeficdde dale 40all heh? SASHMATT
2020/23 181443

a3_node - fmove_base_simple/goal not found

magellan¥3 is giving a warning.

bbatdobd-Bock-41de-a01 7-Satcaibbbind
Foi = R TRE T

FBAS Node ; /mave.
magellan#3 is
TFISIND T2E Akt D74 A e b
0TI BI040
rana_node ! fmenve_base_simple/poal nen four
magellan#3 is giving a warning.
bieScde-dale-40all bebT SEHEMATY
2020/8723 181430

83_node - imove_base._simple/gosl not found
magellan#3 is giving a warning.
bb#idobd-Book-41 de-a017-Sale42bbba2
TS T A5
rEas node : /mave base_simple/poal net foun
magellan#3 is giving a warning.
1992956072 4ch2- 83244 7ed2bdfbdal

OV BILM

mna_node * jmeve_hase_simple/gaal nen found

magellan#3 is giving a warning.

Fig. 7 Operation monitor

Ky bOEHR IV Y FRENLRENIZI T L%

ffERB L 72,

HHY 27 £ OEEMEREREIE LT, HE= 4
(Fig. 7) D F v 7 F v Hif§ 2" 4. HHE= 212, #X -
TouRy FOMERPE, vRy TNy 7Y ERE
5 E ORI NERIREE R L, BT 522 & T, MY
ZT AR Ry b OBMIREEZEHL Thb 2 & AT L
2. bET, P I IARLEIIE LT —EEAER S
FEFHYS WA 5 2 & AR L 72

P EOKER» S, ERY A7 L 0BEHED IZENY 3 7
R AFITL VWA Z L, IoTMEARHELTaRy
N OREERE A BT X 5 Z L DR I L7z,

7.%&ED

ENaRy VERC 2T 4%, 779 FBXU LoT 5
ERHWTHEE L. okry MIKDAEANY - 2 4HKBd
% 7=%1Z, Honda RaaS OPHM e #WEH L 5236, &
WY o 7P HdE- v Ky b AREPRRERG 2 & ORE & B
BUSFER L 72, ALOfE CIME W27 2 M2k Tk
W, SRR SRR 0Ky PR 2T AE2BLT
TEHGERE U a2 6, WUNCEfES 2 Z & ARl L 7.

BIHCHHOY — 03y b7 — 7 Fefii & 3% iE T 2 0%
Mgz, vy b OBEFEIPHOHK A 2 <, 3 <Ifl
HEBBETHZENTES,. 259 FELW T (3 % Fl
U 72N 86812, FRED Y — ¥ ZERE A2 BT 5 Z

LTV AT L AR T AZOFED, SEIFharT 4
I A —C2AEET S5 A THMIEEZEL TS,

SE XM

(1) https://www.honda.co.jp/sustainability/report/
pdf/2019/Honda-SR-2019-jp-016.pdf

(2) ERMES, WO —8S, Sz, IhEaE, i
EF5 5 ASIMO DFi%, Honda R&D Technical
Review, Vol. 18, No. 1, p. 38-44

(3) #BF.:Honda RaaS Platform 7 5% FEufrTF 4
I AEMEEEST Ty T+ —24 - Robotics as
a Service Platform, Honda R&D Technical Review,
Vol. 32, No. 1, p. 32-41

mE Enl




https://doi.org/10.69239/hondatechnicalreview.2020 32 2 7

FANTHRET

INBV T BEE T INA A L X2 2 T IV ki

Development of Deviceless Tumble Enhancement Method for Small Motorcycles

oA R S L S E S O ok B

Makoto FUJIKUBO Yohei NAKAMURA Yosuke INOUE

B £ B H & % A Koonow 5

Keigo KAMEDA Hazuki HIDAKA Hironobu OIKAWA
C:3 = ABSTRACT

AN TR A R & LT, REGEIE DY) D A R
AHOTICICAMBERO A D 2~ T &iild 5 ik &
CFDIZ&DERLZZ. w2754 28 AL TOTF
TCIE, Avy PIVIKBEFEIRIC B TR W 5
BENFETE. 20y PALSLTO FHRICRRE— &
LTz h#T 242 RET 5 2 & T OISR E
T2 3 Z MR E N, & 51, REEDONHE % e
t35Z LT, KEOWRKIEE—HOWMKIZENL, 2 v
TIROERIZ BB RRENF 6N D Z L HHfEE S -,
LYY U OBBIRIERANIC KD, IKAMFERIZK T 5
PRI AT Y NV Y g FILAR— MZHARTHERmEL, b
WEBODOA Y TIVREIZE > TWA Z &AL Z
DRGSR, 52D WMTC & — FBRET 1.7% O E1ES
N3 Lr iz, EUROS5/A ~ F BS-VIHEA A A BHIME 126
AU BEECH 725 TiE, K — b rhHICBRES %2 K
TBHA) y b EHRTDE LT, WREEAESHE - RBIE L 72,
KD, HEBEOMNMR, MAAXMOEE LA 5
Z e FERLAEREE L.

Using the CFD and targeting at small motorcycles,
we have pursued a technology that can enhance the
tumble flow in the cylinder only in a low load range
of the engine without the need to use any intake
path switching mechanisms. In a throttle body with a
butterfly valve, a reverse flow occurs after the intake
air has passed the throttle valve when the throttle
valve opening is small. We have confirmed that
installing a flow separator behind the throttle valve that
vertically divides the intake port flow can successfully
capture the reverse flow into one of the two flow
paths. Furthermore, we confirmed that optimizing the
separator position can capture most of the intake air
into one path, thereby gaining the required amount
of flow that can generate tumble in the combustion
chamber. Through the analysis of combustion pressure
of an actual engine, we have confirmed that the
combustion period in the low load range is shorter in
the new design than in the conventional port design,
which proves that the target tumble effect has been
achieved. With the new design applied, the emission
norms of EUROS and India’s BS-VI are satisfied as
well as improving the fuel economy of the motorcycle
by 1.7% in the WMTC mode. For mass production,
the separator is created as an integral part of the inlet
pipe casting by incorporating a slit in the port core.
This enables application of the new tumble port design
without adding extra parts or modifying existing
production equipment.
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Table 1

Vehicle and engine specifications

Forced air cooled,

Engine type 4-stroke, single-cylinder,
gasoline engine

Bore x Stroke [mm] 50.0 x 63.1

Displacement [cm?] 124.9

Compression ratio 10

Valve diameter [mm x number]

Intake: $25.5 x 1

Exhaust: ®21 x 1

Valve lift [mm]

Intake: 6.3; Exhaust: 6.2

Ignition system

Full transistorized

Fuel system Fuel injection
Throttle bore diameter [mm] ®22
Maximum power [kW/rpm] 6.1/6500
Maximum torque [Nm/rpm] 10.3/5000
Transmission CVT

Vehicle dry weight [kg] 107

WMTC mode Class 1

——

A Cylinder
Piston

Fig. 1

Inlet pipe

Fuel injector
Insulator

(cylinder head)
Inlet valve

Exhaust valve

Combustion chamber

Section of test engine (conventional port)

N
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w
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Throttle opening [%]
n
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o

3 4 5 6

Engine speed x 1000 [rpm]

Fig. 2 Distribution of throttle opening and engine
speed in WMTC mode
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Table 2 Improvement rate of fuel economy compared
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WMTC Class 1 Idle-stop on Idle-stop off
Tumble port without TCV +1.7% +1.8%
Ref. Tumble port with TCV +2.0% +1.7%

Table 3 Results of emission measurements
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WMTC Class 1 CO [mg/km] | THC [mg/km] [mg/km]
Emission regulations 1000 100 60
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Ref. Tumble port
with TGV 268 34 16
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Development of High-efficiency CVT for 2020 Model Year CITY

O Rt ok & R e AT
Soichiro SUMIDA Yoshifumi MURAKAMI Makito NAKASONE
7 =1 ABSTRACT

PREERE & B ERE A SO Tl ¢ 5 Z L 2 HIEE
LT, 2020 4-EF)L CITY JHCVT #RA% L 7=.

WS LT, vy v/ EEEANL P BLXUHEHAV
MR T =V, EESREL A LRy TV 2T L %A
L7z, Zhicky, &~ b X CVT o3 H Kk %Kik
U, BEEMR A1 E L7 A A DE SIS
720, CVT & UTHRKEAIREBHTEL LS5I2CVT
R O iR b & FEhE L 72,

& 7z, BREERE & fed b9 B AN K S B PEREIC T 28
BNESIZ, FIANONEREZE CVT #lHO U 0 &% A4
&> THEBILA CVT OLERIEEEZWE) e 35
ZLT, BB OEBIAAS BT E Lz X512, A
Tyl T NEFHTSZ LT, BEAT Y Y VRIS
V= TIEREL, KBNS R U 6B RE L L.

Z DFER, New European Driving Cycle € — FIZHWT,
CVT & LTHEREF AL CO, P E A 5.7 g/km HITK
L7z, F£77, 2020 - EF L CITY LT, 24 D21
I —BOROFHE L 72 B CO, HEHIE 100 g/km DU % 35K
L7.

A CVT has been developed for use in the
2020 model year CITY with the aim of realizing
a good balance between fuel efficiency and power
performance.

As new mechanisms, the developed CVT employs
a belt with a modified rocking position, pulleys with
multiple V-surface shapes, and mechanical and electric
oil pump systems in series connection. The application
of these technologies has made it possible to reduce
the main sources of loss in a metal pushing V-belt
CVT and to increase power transmission efficiency.
When these new mechanisms were combined, CVT
control was optimized in order to help ensure a
reduction of loss in the CVT itself.

In addition, the driver’s intention in accelerating
the vehicle is realized by switching CVT control in
order to help ensure that there is no decline in power
performance, due to the application of control that
optimizes fuel efficiency. By setting drive power as
the target parameter for CVT shift control, it has
been possible to help avoid decline in drive power.
Furthermore, the application of stepped shift has
meant that vehicle speed follows engine speed linearly,
and vehicle occupants experience an increase in drive
power.

As a result, the CVT has realized a reduction of
5.7 g/km in CO, emissions against the previous unit in
the New European Driving Cycle mode. In addition,
the 2020 model year CITY meets the 100 g/km or
below CO, emissions standard for the second phase of
Thailand’s eco-car project.
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Fig. 1 Breakdown of power consumed in CVT
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Fig. 2 Main sections of new CVT
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Table 1 Specifications of pulley and belt
ltem Current model New model
Distance between
E, pulley axes 156 mm 156 mm
> Single angle Multiple angle
o -
V-surface 11 deg 9 deg / Round
Element width 24 mm 24 mm
Rocking position 1.00 mm 0.55 mm
= Single angle Multiple angle
M V-surface 9 de Grooved
11 deg:i Grooved g
Curved: No groove
#1 ring diameter 208.8 mm 208.8 mm
' Current ' New

£
IS
0
L©
[S)

Change rocking position
(Reduction of pitch deviation)

Comparison of current and new elements

|- Linear range

o1 Curvature range

Fig. 4 Pattern diagram of pulley and belt
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(o]

Qa

Mechanical oil pump work

Energy loss

Torque
onverter

Flow rate [L/min]

Lubrication

*P;: Hydraulic pressure from mechanical oil pump

Fig. 5 Oil pump work in CVT
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| Clutch I [ Drive puIIey] [ Driven puIIey]

Electric

Regulator oil pump

valve E_@ % Bypass valve

Motor
Lubrication

One-way ball

Driven pulley
pressure sensor

P1 pressure sensor

Regulator
valve

Mechanical
oil pump

Lt

Fig. 6 Hydraulic circuit

Electric oil pump work

. Reductionloflenergyiloss) ‘

Torque Energy loss
converter ‘

Mechanical oil pump work

Py

Pi

Pressure [MPa]

Lubrication

Qa Qu
Flow rate [L/min]

Fig. 7 New oil pump system for CVT

Table 2  Specifications of new oil pump system

Item Current model New model
Mechanical Adopted Adopted
£ Flow rate Up to 72 L/min | Upto 72 L/min
(0]
‘Q Discharge pressure| 0.2 - 4.9 MPa 0.2 -4.9 MPa
(2]
2 | Electrical Not adopted | Adopted (100 W)
e Flow rate - Up to 5.8 L/min
Discharge pressure - 0.2-1.8 MPa
| Reduction of energy Iossl
E \ECG workI
x
5]
=
©
s}
|_
Me'chanlcal Adopted Adopted Adopted
oil pump
Electric Adopted Adopted
oil pump Not adopted (100 W) (300 W)
System type

Fig. 8 Effect of reduction of energy loss
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Small Size Power Control Unit for 2020 Model Year FIT
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Hitoshi NISHIO Yasuhiko KONDO Yuichiro UENO
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Kenichi NONAKA Yukiya KASHIMURA Kenichi TAKEBAYASHI
7 =1 ABSTRACT

Honda Ti& 2020 -5 )L FIT HIZ 5 3 AR/ Hi
N7 —avtu—La1=y FEREBZ -7,
NRISF LTS —ay e —)ba=y b OFEERE
BB TH 5787 —F Y 2 — M & 5087 — Bk
IZRC-IGBT Z#RH LHIt: AR E & 12% HIWk L 72, &8
2 MR TR TS 5T — 2 ECU & BE)EIERIEN T
HBT— P FTANTTEE T2 HIEER 2 A L,
TR KD S & el 3 5 ) — & & & HIE L /NVEE
AR Zho7 Fv/28 212 LTI Voltage control unit
HOBFEBRM A EX B2 2L TARE 50% KIKL
o, INSHEAABALZZ EICXD, PCUNEIZ12 V
DC-DC avnN—2 %Nk L7=> 2T, B85 L &%k
U, /Rl AN\ D RS BE 25 e k1 JT 267 kKVA O PCU %
PATES 2 Z &N TE 7=

Honda has developed a third-generation power
control unit for compact cars for the 2020 model year
FIT.

Downsizing was achieved by employing RC-
IGBTs in the power semiconductors used in the
power module, which is the main component of the
power control unit. This reduced the longitudinal
length by 12%. The control boards that were divided
into a motor ECU (control board) and a gate driver
(drive circuit board) in the second-generation unit
were integrated to reduce the wire harnesses that
connect each board, achieving further downsizing. The
capacitance of the capacitor was reduced by 50% by
enhancing the current followability of voltage control
unit control. The application of these technologies
realized development of a PCU with output power up
to 267 kVA that achieves a volume of 8.5 L even with
the 12 V DC-DC converter incorporated into the PCU,
which enables mounting in a compact car.
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Table 1  Comparison of GEN2 and GEN3S
specifications
ltem GEN2 | GEN3S
Maximum total output power [kVA] 388 267
Maximum boost voltage [V] 700 570
Motor maximum output current [Arms] 320 270
Generator maximum output current [Arms] 155 155
DC-DC converter output voltage [V] - 12
DC-DC converter maximum output current [Arms] - 140
Volume [L] 8.9 8.5
Weight [kg] 143 | 134
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Development of One-piece Reverse Rim Aluminum Alloy Wheel Using Flowforming Process

K f& IR &' EIE N RS I

Masayoshi OHASHI Muneyoshi SAWAI Tomonori SAKAI

VN S oA F 2 Nk f

Erina KOBAYASHI Hideyuki SUZUKI Minoru KAWAKAMI
= =] ABSTRACT

HlOEEE A L+ 57289, Bl—%4 X TEHEMN
ICKBRICRAB I N=2) AEEDOT LI F A — L%, B
EeOMKT 2 bTEEY 3 kAT L2 GDC #ED
TU—T =L LIBT3 EMMOMEE ) 45801
TAEZRE L, T EE MLt % R L7z 2Dk
BOUN=ZY LKA = LE1IE—-2TEEFBZ N T
72, UN=Z2N LT HZETHRA—NLDT 4 AV MHE
Y—FFay 7Ty 7OMBICA U % MEKN ZKRd 5 2 &
NTE, 184 VFLIEDKA =L T5% LI ERRE(S T
% Z L% CAE @tric K DR L 7=, &2, 184 Y F Dk
A= LERIEL CAE MO ORELATE 5 Z & &AL
72, BT, AR=Y AL TOHIZFHEN TS KA —
LORMEL B Z 50, BREIZTHA Y EhihkAf - TY
2% Ll E#RRALTX 5 Z L AR L 72,

In an attempt to increase freedom of design in
automobiles, a method of manufacturing aluminum
wheels with a reverse rim configuration that realizes
lower weight and lower cost has been developed. The
configuration of the molds and the machining process
for the rim in the GDC flowforming process were
modified, and the machining method and machining
conditions were optimized. This made one-piece
manufacture of reverse rim wheels possible. CAE
analysis verified that by converting wheels to reverse
rim types, it would be possible to reduce the excessive
thickness between the disk surface and the bead drop
area of the wheel, reducing the weight of wheels of
18 inches or more in diameter by 5% or more. Next,
a prototype of an 18-inch wheel was produced, and it
was verified that its weight was reduced in accordance
with CAE results. In addition, a prototype of a wheel
employed in sports-type vehicles was produced, and
it was verified that a weight reduction of 2% or more
had been achieved despite the fact that the wheel had
been designed to realize reduced weight.
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Table 1 Test results of temperatures

Temperature| 300°C | 350°C | 380°C | 400°C | 420°C | 450°C

Result Crack Crack |No crack|No crack [ No crack | No crack
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Modeling and Utilizing Expert’s Knowledge, Experience, and Thinking in Automobile Development
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= = ABSTRACT
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Measures were taken to realize the structured
knowledge and thinking of experts, personalized in the
form of tacit knowledge, for the purpose of enhancing
the development efficiency of design work.

In this approach, the words are extracted from
procedure manuals, checklists, and so on, that are
usually put into written form and managed. Those
words are categorized as design information and work
procedures, after which they are structured using two
types of machine languages. By further extracting
both the knowledge and thinking that are the tacit
knowledge of an expert directly from statements, the
newness and quantity of the information were assured
within a short time. At the same time, the thinking that
experts perform based on their own empirical values
was structured and incorporated in a model. In order
to verify the effectiveness of that model in operation,
a system for obtaining suggestions not from other
people but from machines was constructed and applied
to design work on actual crash safety performance.
The results confirmed that, by comparison with
conventional cases in which only procedure manuals
are referred to, cases in which the present model was
used to perform work showed that it became possible
to advance the work efficiently so that goals could be
achieved in approximately one-half the time.
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Search for Alloy Catalyst for Automobile Exhaust Gas by Means of Integrated Flow
of Experiments, First-principles Calculation, and Materials Informatics

J& W ! = k= & d o H g &t
Satoshi HIROSE Hitoshi MIKAMI Masafumi SAKOTA
(TG Mool oW !
Hiroki TAKEORI Tatsuya OKAYAMA

C=3 =1 ABSTRACT

EIBEE 7 2 A2 O S e 2 BE R = 2K
T EDEEMBEDOTR A DRI Z h S Hiizn 70—
EHEEL 7. 2070 —OREIE, WEk» 5k ZhbNT
& T 5 R PR O E T ek e SRR Tk L,
FHREEEZHOAE - FHMEREL S IZY TV T A v
TA YT 40 ALTNENORHEBBENISHEG L2ZLT
b5, FTVIOICERREE - FEEE A0 LR b
FOBRICSIT % 5 2w, iR se IR & 2 28 11k
REEEARE L. KIZZTOBE FIREEE 2 AR E L
T, RTVTAIA VT A7 T 47 A EH—FHMER %
WT LR A EMEOVEREEH &2 THIL 72, % LTM6E L
P& GRS M B D U R A S 2 FZERIC AR L
PBEHIE 2 B 2k > 7. T ORE, BUEME OSSR &
LTCEIZHOWEN TSI U A & 0 EPkbE & 56 iE
TAILEMEE AR T2 Z A TE, it 7 u—0aHM%T
R T X /-,

A new integrated flow has been developed
that makes it possible to efficiently search for
alloy catalysts that reduce the amount of precious
metals employed in catalysts for the purification of
automotive exhaust gases. The distinctive feature of
this flow is that it functionally integrates the properties
of the conventionally performed test methods such
as catalyst activation tests and X-ray photoelectron
spectroscopy with those of first-principles calculations
and materials informatics, performed using computers.
First, experiments and first-principles calculations
were used together in order to conduct an analysis
of the nitrogen monoxide reduction reaction, and a
density of state was set to function as an index of
material performance. Next, the performance rank
of binary alloy catalysts was predicted using first-
principles calculations and materials informatics, with
this density of state as the target variable. More than
10 binary alloy catalysts calculated as displaying
performance in the top rank were actually synthesized
and their performance was confirmed. The results
showed that it was possible to create an alloy catalyst
that displayed a higher level of performance than a
catalyst using palladium, the main active metal in use
in current catalysts, demonstrating the usefulness of
the integrated flow.
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P U 72 IRRECARMINE 2 FZha L 7=, #F AFdE FIEE U Tid
NO ZWidl L 72 N, I2T/8—=Y L, CO Z¥B L 2% N,
T/8= D L7fk, 2210 em™ 35D NCO f ¥ — 2 BRI MIE
EFEEL 72,

(4) BHEEODEFIRRERRMT W IRREMRATIZ I3 X #Ok
BT K (X-ray photoelectron spectroscopy: XPS) % vy
7z, W SMFE, HZESE KT © MONO (AD #4k, M 15
kV, %9 10 mA, WE T FILF —471% -15 eV 2 5 40 eV
FTE LA Y TIGRTLEE L LT 500°C TR %
B o Tk, DEMEA 2T TR T2 EEINRE & AT
U7z & FlE @ IC8 A UHlE U 72,

3.1.2. ERER

AR 3 Z BB T T 2 N5 720, Bk # 2
& NO-CO T NO BEILMEREIZ A WEERE L Bz
& & i R R ER - CHERR L 72 (Fig. 3). % DS,
FEEHE AT 2 Sff & NO-CO S:fFIZ351F % NO HICHR O
IR B B Z AV E =728, DIFIZ NO-CO &:fF
T A HED 5 Z LT L7

KIZ NO BEICOE L L JIEFE L E b TS iREEC &
BRIBISAA A=V % Fig. 4 1289, FERIIIZ NO Ot
B & B TCHEREDAHB & N5 728, fRdERE % DRIFTs
TR L 72, 2 OB, BRI N JH1% 0 i1 % 81l <
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Table 1 Sample catalyst
Catalytic active metal Support oxide
Pd, Pt, Rh, Cu, Ag, Nd 7 -AlLO,

Table 2 Simulated exhaust gas composition

Gases Concentration
NO (ppm) 500
CO (ppm) 5000
CsHe (ppm) 400
H, (ppm) 1700
O, (ppm) 4900
CO, (%) 14
H,O (%) 10
N, Balance

Table 3 NO-CO gas composition

Gases Concentration
NO (ppm) 1000
CO (ppm) 1050
N, Balance

ERW2, REEEEE U7z N JFE T2 CO 23EA LA &
1% NCO FEOWRAE IREE % MR e & UM L 7.

ZOFER, NO REEHE L NO EICRIC I E O HE 3R
W57z (Fig. 5). & - T NO OREERIGIE, NO EILKIE
IZE S THELMIBTH S Z & AL 72,

— WM OFFEEER R OBXE )11, NO O K 5 124
BT E2HOHTO5E, KEGHHENDOE 512X 3
K@ nE i b5h3 (Fig.6) 2.

Z OS5 T OMAGEIZ, NO 2 725353 5 i 4 e
ERAZONEHNTH D, Ko C, ilEEE» S NO 4
TANOBE TGS K 0 REERIL A RBLL, ZOETt50
HZ g X, I Do X 3fEaEoE FIRERE I

. 4
7

(o]
o

£
? 3

NO reduction ratio (%)
for NO-CO gas

N
o

<
0 20 40 60 80 100

NO reduction ratio (%)
for simulated exhaust gas

Fig. 3 Correlation between purification ratio for
NO-CO gas and simulated exhaust gas

WHETDZELER. OO MEEIEOE T IREEE OE
W2 XD NO ORBERE I O TV B &g L 72
(Fig. 7). % Z°C XPS Tl fifi #8717 O B T IREMEAT %
B Zotz, % UTMBEO ALY OR824 Lo 1o Tl
4@ D A DA E - DB IREZ S (Indexed valence fif)
& NO DO fipER M O A BE MRS & S0t L 7=

Adsorption Surface reaction Desorption
g N & &
© © © ©
L » oo %
Metal Metal Metal Metal
Oxide Oxide Oxide

Fig. 4 Image of reaction path for NO reduction
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Fig. 5 Correlation between NO reduction ratio and
NCO adsorption intensity
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Fig. 6 NO molecular orbit
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Fig. 7 Model of NO dissociation by electron donation
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ZOFER, Fig. 81T LI ITEWHHBIBRAUR & h,
fiEEIE A 5 NO B ANOEF G208 X N SR %15
57z,

INETO—#OD NO EICIZB§ 2 HER TR 5 =R
HELEOBELTOXSITKHS.

- BIEEHE A Z SIS B NO EILEE NO-CO FfFick

% NO EICHEIZITAHBE DG & iz,

-+ NO FZITIZ 6\ T NO BSOS X HE 2 GHEE Th 1,

f e & R TTIERE ISR A b 5 Z & ZHfERA L 7z,

- NO D BER M I iSO Indexed valence fiEi & FHEE A3

A 5.

Pk s, fEEEoEFIREER & NO ZILERE D
IISAHBEBI R RO T % & B A, & —EEHRIC & 2 E6
KETIREMT A IS5 2 E LT

3.2. H—EIFEEIC & B3 RISDEFIRERRT

NOEITCIZHEWTEHE L 25 NO O fFEE S 3 a4 )
26 DBEFMEIZ & - THRBT 5 Z & & BERIIZENT,
FHVTVTARIA VT AT 42 AT BETIRER
DRI A BET 5720, B JRBIE R A W28 T
IRREMNT 2 FENE L 7=,

32.1. 5tEH&

B HEGEORENFETH 5 FENBEE DFT)
12 & 5T NO fREEE @R O E T IREMNT % Table 4 123
T4 THEIEL 720, BB MHTIZIE Nudged Elastic
Band (NEB) ¥ Y % i L 7-. % DatE %4 Table 512
i

322 EFREBENEEET IV

FIEETF IR ESEE L TCPd AL 724
THE L, PAd(111)3 @2 5 7 F L O Fic KISE
WHIRREL LT NO 1%, 2o TIREE LT N BT
OO R TFZEE L 72 (RIH 178 38). ZhZhold
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Fig. 8 Correlation between NCO adsorption intensity
and indexed valence of catalytic active metal

Table 4  First-principles calculation conditions

ltem Detail
Software Quantum espresso
Functional PBE -GGA
Cutoff energy 35.0 Ry
K-points 3x3x1
SCF conv. 1E-07
Magnetism Spin-unpolarized

Table 5 NEB calculation conditions

ltem Detail
Number of images 11
Optimize scheme Quick-min
Path threshold 0.05 eV/Ang
Spring constant 0.1 a.u.

EiE b 52 UM R AT U 72 1Tl =g i & Ik
Tl ZOREE LT, fee hollow site 12 NO 312N
& Pd 2% LTI LT 3 IREA #AIRFE (Image
0) &L, OF172Mi#% fee hollow site (2 fRBEN:E 9 5 IKRE
% A&IRAE (Image 10) &3 L 7= (Fig. 9).

3.2.3. EtEER

NEB #EIZ K > THEE L L 72% D Image 0205
Image 10 £ TO NJF T & O FH T OIHEE (Fig. 10) 2”7

ZOFER, B L TW72 NO 712 Pd Zli~Elh
Image 5 DIETIRAICNHF & O I HFOMEERIAD D i
FECIREEST 2 Z b o7z, 2 2 TEBMEBRICET 3
TIRREMRAT 2 F2hE L 7=, 2 DS, O T ICEHLCET
KRN 2 B Z -7z, ZOHEE LT O FHFIZIGIRGE
TPdEm»OREEENTEH D, FIRET Pd RmIZA
T 5 72 DPERRIC K 2B TIREE LA REKRELShDL
ZAil=P5THB. Fig. 1112 Image 0 2°5 Image 10 £ T
D O Ji+D p BN LDOS ZftE % H# 7 —~ v T TRY.
Image 6 LARET 0 eV 3L (HIBEGHRIN) O LDOS A S
% Z LR Ehsz. ZHid NO ORHEHRFE T Pd 2

@ Palladium
 Nitrogen
@ Oxygen

(a) NO molecular
adsorption model
(image 0)

(b) N atom and O atom
adsorption model
(image 10)

Fig. 9 NO adsorption model
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50T (NOZT) D7 x )b IUERIAHENTE T A5 X h
72ZEERLTHWEEDEEZEZLNS.

P, NFET & O FroidEZE 4 5 ICE T IRERE
ZAL2 5, 7 x b IJHER AR O TIREEE S Y NO O i
FISIZBES LB EE L FLTT 2 )b IHERAHTED
B IREEE N EONASAIEIE NO NOBE TS5
0 NO OREEREZ 6 64, BRARIIZ NO EICIERED
MEAGTCESEEEL . 22 TR TIE T 2L 3 HE
PABEICRFED T AL X — i & E L, ZOHMHIZK TS
LDOS #MEHFESRIER & L7z

B YTUTINIA LT3 T 1 7RICLD2EERER
3.23. HTHRELZ LDOS 51t & HIZARIZHREL,
ZOMAKREL BB K5 & LREEE, HENT—4
B dm < T THNEE A BN S SMI™ & HnTHERL
7z, R BAWIZIC B 2 BT OB ENIEER I O %G T &
D, AR R E XTI Ch 2 hd 2tk a v v S

3.5
=) PS
L%, 3.0 /
(@]
o 25
G
Z 2.0 //
g /!
215 "
5 a
o 1.0
o
g
% 05
2
0.0

01 2 3 4 5 6 7 8 9 10
Image number

Distance between N atom and O atom for
each image

Fig. 10

LDOS change (a.u.)

|
O

Energy (eV)

Table 6 First-principles calculation conditions

ltem Detail
Software DMol®
Functional PBE -GGA
Basis set DNP basis set
Core treatment DFT Semi-core pseudopotential

b E L8, EIREEE O 7 VIO T
(FCC) R — 2 Ot sk, MBIITEFIEE L 1 1 T5s
FEAELTWBEFILE L.

331, EFRERESNEET IV ESESRMA

JE - Bl AR AR A A LIS L N
L2 ETIL(Fig. 12(a)) #1EK L 72, GFRTFNEIZ, S
' TG RECEI R AL 226, (111) mTY)
DLz 6A T 7ETIL (RBET K 24) Z1E% L (Fig.
12(b)), MOREEEELEI R 2N L 72, 2 L CiREMO
B2 FFI2DOWT 7 2 L IR FHEDOBET 3L —
WO LDOS #5M L7z, PADOZATHIIELL =M%
LDOS #5f# (Indexed LDOS) & L 7=. Et5i4%f% Table
6 C:ﬁ?ﬁ‘m)’(w.

3.3.2. LDOS #EIEEIC T 5 FRIE T ILDIER

H 2B e i 748 2 510 1.DOS f81EE % 3% L,
B BIICR D AN N T 2 — 2 2 HO = THIET
L% SMILIZ & DAER L 7= (Fig. 13).

F9HHOTME T AEKTIE, HigE 48 L —JC
R4 42 FEOAE 90 D LDOS 51l 4 vy 2. 2D

@ Vetaia
Q VetaiB

(a) Bulk model

(b) Surface (111) model

Fig. 12  First-principles calculation model
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Fig. 11
NO molecular dissociation process
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Fig. 13 Prediction model for indexed LDOS
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FER2 5 LDOS A & Pl e h 7z " TRAEED
BA-FEHE DFT Cat BRI L 72 1%, ¥EmE L TE 51
EBMUTPYHETLAERLE. 20X T7257 47
TR Z NPT T LORE & X
7z, % U CIRINZ AR 164 FHO M| B KU TTRA
0 LDOS i & 2 THIET L #/ERK L 7=

3.33. ZtRELFHUETNERER
TFHMEFTILDT 4 v T 4 V7 ERE S O ERGE
(Leave-one-out cross-validation: LOOCYV) #%# % Fig. 14
IR

T4y T4 YIRERESTIZ LOOCY #3513, Sz
BUALFIIEGE ST A — 2 AT LAZET L E LT
i, WEFNE B BDRARFTH - 72, KETEICER K EIT
F L L OHARE EBRW SR L O ICRA K
2048 D DT, TTISPEN 2 FLAEEE L THW SR
T3 Pd® Rh, Pt D=20&E%EIZ, WTFho LDOS
B R 30 MBI D B2 5 v 7 B HEHRE & o 7-.
ZOXIICREN LA LS LAbETE, ShfEKL
72 LDOSEHHEET LB LU THET LOZYMEITE NS
DEHZ 7.

34. ZTRELMEOEREX YT VL2V E—Va Y

333 HOTUMET L L DH S N7z LDOS 2 K =
W OTERA SR Oh 2 S, HEECAKTREEE LN 5
BEMBEDO AR A B Z 0, T ORBRIRE L TERL 7-.

34.1. ZxRALMEOERFE

Fl e BT v R R O e T BT I 2 T v 2 L
B ) X5 KBTI 2 B 2 L AR B 7%, RfEd
JTC 3K O R A 1 438 T BE 20 R T4 20 2 VWA &k L
7K % y-ALO, FICHHE L 72, Al EEIcEDOBEICEN
ENKELFAENEPES TR EVWEREENSER, 55
WIEETEHI OB TCEMN L EOTEHRE FLRICDNTET —

12 :

= Fitting plot | Pdcu PdPdN]
. ©LOOCV plot PdCo | 4 -&

~ 1
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Fig. 14  Fitting result and LOOCYV result

275 X EHNT y-AlLO; EANEIEZ/ Sy 21) V2§ 5
ZETamkLE

342 ZxtRhEEMEOXF v S22V tE-2 3>

y-ALO; It ETAER TICE->TWE I L%
fEild 5729, X ray diffraction(XRD) 2 &k % #idfit
fIt, Scanning transmission electron microscope-energy
dispersive X-ray spectroscopy (STEM-EDS) {2 Xk %Ki+
Sy ARIE 25 5 NS ICR T & 35 T 2\ < il 5 B D B
T RA TR L 72,

R&EFIE UT, WHETTETHR L 72 PdCo A&l d
XRD #l@ s A Rd (Fig. 15). BT E — 7 BT OFER,
Pd(111) & Co(111) Z/R§F R AEIZE — 7 BB Tunvis
W—HT, T 5 ONITHEDMIC PdCo HEHRAEEER
T =2 (KRH) 23 HERR & re.

Z D& 512 XRD IZ & 2 hid A T IEVE A S L2 fERR
ENFH Y T DONTE STEM-EDS 53#i& &5 Z > 7-.
Z 2T PdCo A &M DBIGRHIR & & CNZILR IR R %
/R (Fig. 16).

FHrHFICERLCay P72 bERHELNS S
BRI (HAADF) 12X 0 v -ALO; Bt BiZEEh
THAEIBEL TS Z AR E Nz, £/ EDS vy
YU KB TUR D AMIRER T2 5 Pd & Co 2 X[
CHREICAFAEL TR Z &b 57 22T, XRD il
ERIRE STEM-EDS BI%H#RE D PdCo 358K 1

3000
Pd Co

2500 (111)  (111)

2000 1 A
A IR
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Fig. 15 XRD profile of PdCo alloy catalyst

Fig. 16 STEM-EDS analysis of PdCo alloy catalyst
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Table 7 Results of synthesis of alloy catalyst

Alloy system Synthesis : Indexed valence
Method Success or failure (a.u.)
Pd (Ref.) | Liquid phase reduction S 26.1
PdNi Liquid phase reduction S 30.2
PdCu Liquid phase reduction S 12.2
PdCo Liquid phase reduction S 36.0
PdAu Liquid phase reduction S 6.2
PdAg Liquid phase reduction F -
AuNi Arc plasma S 11.9
CuNi Liquid phase reduction S 9.1
CoNi Liquid phase reduction S 5.1
CoRe Arc plasma F -
CoGe Arc plasma F
NiSn Arc plasma F
MoNi Arc plasma F
NiW Arc plasma F
CoMo Arc plasma F
NiRe Arc plasma F -
CoCu Arc plasma S 11.2

ELTy-ALO; BILW FISAFAEL T3 & HiT L 7=, [H
FRICU CHRHEAEMIED ARG EHIW L. £26%
i c o 5 WML 2 Y FLICBI LTI XPS & %
BREHE & L, HEFERIRE Y720 O Indexed
valence fii & R L 7=,

FHRIC K B D AR T & & - 72 ZI0REE O Al
BT EL S CICABRKRE L 2 5 A&MiED Indexed
valence fED—E % Table 7 12”7,

4. ZnRE EME O MEERHE

B MO Fran ik O VERERFM 4 3.1.1. 1 (2) D NO-CO
ZMFCH Z %\ Indexed valence fHIZHF 5 300C 12%
\F % flEVERE O MH BB 6% 2 B¥Al U 7= (Fig. 17). fildEvise
R, DIFORX (1) T£E M5 Turnover Frequency
(T.O.F.) f8fia Hv /2. Z ks RIS FE (Reaction surface: S)

1.8
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Fig. 177 T.O.F. against indexed valence for various
alloy catalysts

37 N2 MDA SO FEEDO IR & Yk %2 6 5
H L 7=

T.0.F. (mol/sec-m’) = A (mol/sec) / S (m?) (1)
A : Reaction molecule amount per second

S : Reaction surface

ZOFEHR, PHED Indexed valence {2k & W A4 fil
BEOZRITTERE S S OB 23R 5 7z, R PdCo A& fil
B3 Pd il (Ref.) D 1.6 f5DMEEA /N L 72, 7 Z T,
PdCo &Mz onT, 3.1.1. 3 (2) OBEEE 7 2 S
BT EPERERHI A2 FLh U 7=, 7 DR % Fig. 18 1Z/8 T,

PdCo A<Ml Pd (Ref.) fIZ3 L C Pd &A HIIH
HIET Pd DR 2/3 THHIZE 21 H 5T 300C 256
400°C OHiPH T Pd it & 0 B 7= EICEREA R U 7=

PDE&y, BYOHWNTH 5 BEEMHEHEEKKL DD
FEIUHERE AR A L3 5 BBl 2 PRB U IRET 5 Z &8
TZE 7.
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Fig. 18 Results of performance evaluation on
condition of simulated exhaust gas
composition
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Material Database for Efficient Development Using Materials Informatics
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Tsuyoshi ITO Satoko ISHII Hiroshi HONDA
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Nao SUGIMOTO Yoichi TOYOOKA Toru FURUSAWA
E3 =] ABSTRACT

HWEEZIDH L CRMEPIIEZ BT 55 2 & THERIC
K BRITHERR AN 2 2 &, ERhE LR A B 2 &
ABYTVTNZIA VT ~VT 4 2 ADWEHAIEHET 2 7=
B, Mk — & L BEE A — S 72 TR, R,
T E AN BB T — 4 N— 2 & RESEL /-

T = A R=ZDY = )LEE & NS DOREEIZ B\ T,
FHBED =) 7 4 REM ML E DENEEET S Z
12k, M1 AR XSS TORET — & &%
HEIIEDREAN D TE T L7z,

ZHNIZEHST, 9T VTN AL VT~ T 427 ADWEH
FOBETHB T2 oL YOI B LA RIRT
EHRZLITMAT, R CAE kETRE L LDLT—4
DATFNEZ L 50, BN b & B FEE O HIIC Bk
TELZENMERTE /.

A comprehensive material database that enables the
storage, management and export of material data and
related information in a standardized format has been
constructed to promote the use of materials informatics
to achieve highly efficient materials research, such
as the application of information science to predict
physical properties in order to reduce experimental
trial and error.

Usability and user differences such as expertise
were taken into account when selecting the database
tools and creating the internal structure. As a result,
storage of around 10,000 test data and standard
properties in various material fields has been
completed.

It was confirmed that this enables a reduction in
the work time required for data cleansing, which is an
issue for use of materials informatics. It also facilitates
the acquisition of data needed for design and CAE,
etc., and helps to increase operations efficiency and
reduce development costs.
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Table 1 Comparison table of DB software
DB Software
Requirements Software | Software | GRANTA
[A] [B] MI
Material name, standard name and product name can be input together +++ +++ +++
Input Attributes can be added easily, and input template is created automatically + ++ +++
Unit can be converted automatically +++ +++ +++
Links between data can be created easily + ++ +++
Display items and layout can be changed according to the purpose + +++ +++
Display Graphs can be superimposed easily + +++ T
Graphs can be created from the results of search and statistical processing + ++ +++
Search Complex search including process and test conditions can be performed + ++ +++
Export Data can be exported in Excel, PDF, CSV format, etc. + +++ 4+
Works with Abaqus, LS-Dyna, FEMFAT, Nastran, Enovia, CATIA, etc. ++ +++ ++
Access can be controlled by data, folder or database + +++ +++
Administration Revision and release history remains + 4+ 4+
Easy modifications for large amounts of data + + +++
Reliability rank of data can be displayed + +++ et
Cost Reasonable purchase price and maintenance cost +++ + +++

BEICRTAANEND D728, F— 2 DOnavikirglt, 1
Pize & DEMMBKRIE L7220, M7 & U TEEA R %
T2 EDELEDIESDENFMELZD TS, ZD7=
W, T AMAESERICIE S LA R L, A E &R
L7729 ATTF— 2 %8800, BB EH > T\ 5
LOEEFNL, 7— 2 OfLE, B, HEEOLRLEEDE
RNEZAZT—2) X b &KL, ESICHMIZH 72
FAEWEE B I ho TR U TRITNICE TR TE 32
LB, ZDEI T — 2 ENE, AR, BT 57—
Jo VYV IICET AE¥E, MI & &0 EE 12
NEIROTHEE DS L wbh, MI 2WEHT 5% LT
DRERPEE > TB O (7

2. EEOHRS WV

MI %3G U 22530360 2 AORH R O 2 BUZ X, kT —
AN—Z (DB) NMRRERT — 4 & & IC8ERT R ED
R A BRI L, Z2h e 2R T3 2
CIZEDF— 2oLy YV s ERHELT S I EABETH
3. X5, MR T — & & & @ IC#E CAE ICHW 5
REW 2 BB E 23R DB IS — 0 R L b X huh
i, 7 — 2 OREHE(L, BuAbe TR, 2 ooy ok
A, EHREMOPHEL L E DX & & FaEBNEO™ LR
AT 2 b O HEFETE 5.
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(1) %W MIIEHD 720D F — 2 7 L v 2 v 7 Ok
(2) EFHahRm EEPRET 2 PHIKRO 220 DM — 4

D—ITE R
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BHEREER ) 2 MEX N8 DTH Y, Z OO R R
SR ERBR T — 2 ARSI BB EHD Y 2 T ARBE Y
WEL B, 512, MEDB &L RN ICHERE S
5121, FIHERD B HERABIIE N TNB Z L 2T
i, == XOEISIBC TESIZT — & 286, BIE,
MR, WHNRTED LS HIELEBETILELH 5.

Ihe#FA, DBREICTu IV rSiERED
B2 RN E2RBEE ST, FRITBESWREZTTIRO DB
V7 b7 RHHL, AEMEO S DB MG DG &
T2 DEMEL TR o7-.

31.DB Y7 bz 7REE

DBY 7 by =7 DREIZH72D, tLNATEMD D 3
BEDOY 7 by 2 7I2OWT, AR, KonFERE, M
FeRE, M OUBRE, & PIRKGE, AIFH 2 2 b & & O HTEHE 2
B5Zk-o72. Table 1ICZN6452FLDEDERT. Z
DOFEFR, V7 b 27 B & ANSYS #1# GRANTA MI 2
FEITRFEOFMi L &> 720, ANWF V7L —boHBE
B, BRI TCOMBRENT], T — 2 O—FHEIL% EH
WREL WO RFRAEM L, MMM GRANTA MI %385
L 7.

Fig. 112 GRANTA ML D> 2 7 4 DBEE A R§. —fi%D
Web 7 7)) r — 2 g V[Ekk, &2 —H B KO DBEMEIL,
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29347V FPCEDA YT Hy PRRHT Microsoft
[ISicas 4L, GRANTA MIDOHEY ZT 4 Th 5
MI Sever T7 7 ¥ ZfEDHER T — 2 MBI B Z b,
Microsoft SQL Server NOEEKD DBIZ7 7 v 24 5. %
7o, BEFEAAE O Y EH L EMMEOE NI L 5T,
7 — 2 %%, ATy, A TTRE R i A& HIFR 5 Z & a8
TZ5%.

3.2. DB 1B&DEE

MR T L2, ABEOEHBM & Zh ok o h
BYEA Fig. 2 158, 2D &S, S TIEaRiE LMIE,
BHIE# T I M RS, BEMEA Cld iU &, AR
T LACHR S R EMRMES R B 720, AU
BB B EEH Sk 5 5. F72, BE KON
T, $hil, FEAE, BERS, STHVRR, AM AL 3 F8FEh Y
DBFIEL, TNTNEHED/87 A -2 EHHT 5720,

{7 > DB THEHES 515 BRI TH 5.

—77, WalEBR CAE it TIRIAHH OB O &K
PEERLHIEFEE WS N D 2, ZThEICDNWTEY T
74 Y RMRBRBR G 2 &35 2 KO T — & 23 k1
5o TS, Bl AR DN 57 ok g HEUE & 3 e 5 B BRI,
M SN AR IRO SEE T 10 K26 30 K9 DOD
R Z hbh, EHICKME, B, MEALICK
ZIEIX S DEDWENEEIND. 20720, EMHE
T — 2 BBNCERT 20BN B B.

22T, DBHEE LTIEFig. 31oand &1z, RFEH
PE% % PE§ 5 Design and simulation DB &, #5582 &
DR T — & 54 % Metal DB, Resin DB % £ ® DB
2 g RS L L7=. X 512, Design and simulation DB
T, RRE R IREE 2 & Ol WS & I Wi fiE 4 45 P
9 %5Hik (Design table), CAE @ H RN REPEAL 2 & P4
2 il (Simulation table), {2 FH K 4 5 B4 2 1
1% (Application table) IZ454F, MHAEIZY) v 7§ ARk E L
7o, — 0, BT — 2 #E T 5% DB Tid, Fl—oMfET
LEBOEESM MR E B 2 S Z e EEh D

DB server 728, MBI ) 2 b A G A5 (Material list table),
) N N N s A P b .
- Microsoft 1S | HLRCR BOE S 7 £ OB A 45 BE§ 2 73k (Pedigree
i table), #HIRBRSME & 7 — & A 45 5 Ak (Test data
- MI S e
g L _— | table) %5313, HIHIZY ¥ &+ 5kt e L7z,
£ g Access control 295952 &T, i%Et° CAE OIS FIIH RO FH I
e W2 U< T8 LA AR 2 MR LS 7
Microsoft SQL server Rk
= = = - X ATERIED, BDEIIBCTENLDET —ZIZD
o= 5= O O TEENOIE > THERT 52 LA TES, F7, MR
e e N
Administrator L y Z Lot s DRk iR T — & R BLE RIS DWW T FK
WA T2 Z LD E 55720, MY ERT -4
Fig. 1 System configuration of GRANTA MI AEMUMAHTAZENE S k5.
Metals Polymers Magnetics and Chemical
catalysts
L l _
Parts ’; S Ay i i
- - S
Body, cylinder block, Bumper, tire, oil, Rotor, stator, Door, color, seat,
gear, etc. engine cover, etc. converter, etc. etc.
Materi Steel, aluminum, Resin, rubber, oil, Ceramics, magnet, Adhesive, paint,
aterial . . . )
magnesium long life coolant precious metal fabric
Fatigue strength, Environmental Core loss, flux density, Adhesion strength,
Demanded elongation, rigidity, resistance, wear conversion efficiency, anti-corrosion
properties weldability, heat resistance, fluidity, etc. performance,
resistance, etc. etc. viscosity, etc.

Fig. 2 Material classification and required properties
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3.3. T — 2 AAZIEHEEDEN
R U 72 GRANTA MIiE, AJIEHH ORGE & [ E 8

BHIZATI TV T v — P PMER S N B FER A AT 24, I

BETIHATABENOHRIA 2N, 2078, R ELK

DI—FNRF— 2 & HEHIZ AT L7254, MBS

RTF = A DREEIZENEL, T—2 2L VYV VY TOHAM

BRI IZD 28 5 2o, Bl 2 XA R T, N — 2 H8HE,

ISO Bk, *LNEEE, + 754 YD L —FaRE XXX

N BEMRE EMICANTA0ENH 5. £/, SEM

R, W BRO KSR & sl s E o f
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AL D B GE, T A DBIENME L L5771 TIE AL,

LT — A PRBTE RV EEDOREAITOENS.

2T, BELET-APELIRBTESE LS, AT

VL= bALUTIIRT & 5 B AJTAERRE A BT L 72,

(1) HH OB HH £ 12549 2 R OE N 2 /N E T
5728, HHOFHM & FEHl %R L 7.

(2) IRV 2 b OFE: ANTIHBERILELZ AL D7
O, L ERANEPIRE SN 2HBRZ T L LY v
A= 2= 5DFEINE L7,

(3) W7 7 A LA KREOEIRD AT & 2)#HT 5
728, 7L — b LOWHE T 7 4 L OXFRA BT
IZECA S A HERE 2B L 72,

(4) A8 A:ID & E DB LD — iz TitA E h
BNEHEITHBRA L L.

(B)NEF w272, B, A G D7 -2
ANIELOWZ &R, WHEHHBRLAIN TSI &%
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Table 2 Number of records
Databases
Material -
categories D§S|gn gnd Metal,
simulation resin, etc.
Metals 755 7104
Resins 304 363
Rubbers 87 495
Magnetics 121 785
Fluids 49 66
Catalysts 0 394

3.4. M¥F -2 D—TER

MI ZWEHT 21213 K0 2 < OFEERT — 2 B HEfii T %
BZENLEE LV LaL, BT — 2 iditEM oAk &
B O EES 720, BT, Bt w2807 -4
HSRBES TR AW, 22T, 2EnF—2KckB\WT3
TR TREE DAY — b~ T YV TALAA VY T~
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Ak B Z b, TOMRE, TSI HEICKET 5121
1Rz S LB t» o AT — 2 nBELBRRE
NTn3 " Zhaiis i, ADB TOEMT — 2 KD
HEfE i A8 g v s h 5 E% 500 MO AL LT
1 L e, WERAEN Y I F — 25 E O AR %
BTl otm TORSE, Table 2 1283 X512 2020 454 H
MR E CTOMNIFHTHEIMEYDOL I - FOBEHENT
T U7 Zhig, izt DB © MMPDS @ 1130 {4,

~ Design and Design data Simulation data
:l—_j sk ien b (e.g. density) (e.g. true stress vs. plastic strain)
o - N ; B e | strain rate (1s) (s)
Design Datatype # |Density (g/icm*3) # | Reliability % g : : . =
Represeniative | 1.12 Validated - - : ‘ — 0.1
Simulation @ g : . - RS
Guaranteed | 1.0710 117 Validated @ : =0
Application 'g == 100
=— 1000
0 U DU DU
v y ¥y Plastic strain (-)
il il .
*-J-#‘ \-J-/‘ Pedigree data Test data
(e.g. microstructure) (e.g. test piece, stress-strain curve)
Metal DB Resin DB Rubber DB a“";ﬁ ‘_E:Fh
S e
Bl

Material
list

Material
list
Test data

o

|
7
v

]
—

<l o

L e
j.-. K v

2 ’_’?‘33/_5\ Wt
gf.mﬁ 3 Sl

Stress (MPa)

//_
S
B\

Strain (%)

Fig. 3 Structure of database and example data
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Format integration
m Data selection

4. FAEREGIRET

m Data collection

Hr
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%720, Fig. 5 ISRt LT -2 2Ly v richhs
TRIFE 2 80% LI EHIIT 5 Z LT 7=,
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7HER % Fig. 6 1289, ZZTid, DB KO ML 7 25 il Fig. 6 Property predicted results of adhesive
OFRBAE R & 0 SRR B R & SR E OB 2 3ko, 2 materials

Before After

.

Viscosity (Pa-s)

Contents €+ ¥ ol Layout: Test data: DEMO  View Tools Units ©
[onoa o .Test data: W 20190001, 0001
» E ¥ Projects “| Adhesion strength test result z
v [ ¥ Test data: I 30 Lo chogeree e o
T ¥ Subset:Test data: o
v 208 120 1 ggs I
v [q¥ b Ma 160 1 .1
~Ov _2019_0001 Deta\ = o , g)zs
E ¥ o001 ./’ gz;.-... 5
» ¥ -2019_0002 " ﬂ ! 232 T N PR
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» v _2019_0004 2 Fpa
» v _2019_0005 E sl
Yy 20190006 | Export all data " i : ‘ J 5
»Du v _2019_0007 0 100 200 300 400 500 600
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» v _2019_0009
» [ v
» D ¥ A A B c D I N 0
» DI ¥ 1
2 & =
3 B 40 128 4 5.5 29.839104
7 | ® 41.73505652 1357614433 6.393266857 5.628210799 27.653184
11 | | ) 20.69320585 15.16579362 6.759448981 8.898193243 10.924416
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19 1 2 14.57705588 25.0968115 4.361733241 2.926131948 18.484416

Fig. 4 List output of adhesive test data
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Fig. 7 Properties of developed material
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Fig. 8 Temperature and lifetime of rubber materials
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Fig. 9 Relationship of core losses by frequency of
electrical steel sheet
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3D-structured Cathode Electrode for High Capacity Lithium-ion Battery

FEREA T S won o =P R SN
Kiyoshi TANAAMI Yuji ISOGAI Shintaro AOYAGI
wog B Tr otk i R A i
Kazuki OKUNO Hiroshi TAKEBAYASHI  Kikuo SENOO
L TN
Akihisa HOSOE

L3 = ABSTRACT

VF Y a4 A vEROMEER LA HKNE LT, ROk
WA BROEBBRISEHT ARt 2B 255 7.

HNLIE Y 72 D OBMAFEMAETH 5 BT ®%, IE
1T 150 mg/cm® L TAILET 2 ZENHHETH 5 Z & % Hif
AU FOBEMAEM L 725 E OER T 3L X — %S 4
EPELL -5, EEBEEAICT LA A L X - EH 4
10% BEMTE 5 Z L #W 5 L7z,

EMOHTEA 90 mg/cm® & [EE L, HEEBEMmE
SRTTHEE MR A LU U SR, SRR & ST R O il
ﬁ##mﬁa Ll k0, W OB 2 4 E A

L, 17% K1k T& 5 Z & &8 L7z, &7, ¥4 7Lkl

1236 B KPR, EEEEM TIE 149% 12 L, =
VORISR TIIREZ s Il hs Z &2k D, 29%

IRl 2 T3 Z & &L 7=,

SRITCHEE B A ) F Yy LA VEBMICHEBE T2 Z L
T, AT AL X —FEOI LIC A, FETH 5 IKYTHE
& i AP T ORI 2t T& 5 Z & #5202 L 7.

A study was made of 3D structuring applied to
electrode collectors for the purpose of heightening
lithium-ion battery performance.

It was confirmed that loading, which is the
electrolyte composite coating amount per unit area,
could be increased to 150 mg/cm’ on the cathode. The
results from the calculation of energy density when
that electrode was applied clearly showed that energy
density could be increased 10% with respect to the
foil-coated cathode.

The results from comparison of the foil-coated
cathode and 3D-structured cathode with the cathode
loading fixed at 90 mg/cm’ confirmed that increasing
the contact area of the active material and the collector
can reduce the initial resistance by 17% with respect
to the foil-coated cathode. It was also confirmed that,
while the resistance increase during cycle testing was
149% for the foil-coated cathode, this amount was
held to 29% for the 3D-structured cathode because of
the suppression of structural change.

It was verified that application of the 3D-structured
cathode in a lithium-ion battery could achieve a
balance between enhancing energy density and
addressing the issue of suppressing the increase in
resistance and the decrease in durability.

1. FANDE

R FEAEZ O FEBIZ MY, BE)HEO CO, Y = O HIRIE
HERETH D, HEHEOBHLIC ié%%&%‘$”5
B ORI 2% %A, ZOREELNETHS P P2
l%ﬁﬁﬁﬁwﬁ

ST SE T, it (A
PR ST —2 = b - T RAOLE RS, T (D)
S ERERLERR S

https://doi.org/10.69239/hondatechnicalreview.2020 32 2 14

DO, VFTLAF VEBOKRMT XL X —-EED
] b A R & e 5 ) W

U F LAk EBONEEEE, Fig. 11583 X1
E@,ﬁﬁ,tﬁv—ﬁ TR CRER X, RS (UL,
FkR) 3, WEPVE, SEEBAL SEAL BERTHEKENT
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W3, KT 3 ILF—FE (Wh/L) X, &8 (Ah) XEE
(V) =1kRE (L) TE 2 5. B0 R, Ehhoib

BORMNEREY 2D OFREL, %wﬁiﬁﬁfﬂiiéh%

— M) F Y 44k VBMOERIE, Fig. 2 1R L
TG X h 5. Fig. 2(a) 12T & D IZ& MR A VA & —
%cﬁﬁb,Aﬂzﬁu~%%WT5 WwIZ, Fig. 2(b) i
N B NN e IZ&k D BEEOEEREKMICEAZ 7
) -é—‘ﬁ%ﬁ‘ﬁbf:?ﬁ, IR E IR R KRS E 5. T O,
Fig. 2(c) ImT &dicu— L 7L 2 THIERA$ 3 Z &
T, BT T S.

AHETILE—FE LA LXE52012, BWEOEE
HILPSE Fft«@ﬁih%ﬁ&ﬁvﬁ%fzﬁé# Miif AR 22
EVEDIE T 25 & OFfEFET 5 10,

—HT, IWE AR, @@@ﬁﬁﬁ%%f;@@
e (DT, BffU®) 28¢5 2 &7T, ERokE
BOYIKRE N2, ZORE, v5L — 2 REBHROMHE
DHR T E, L NERIZ I 2 EEEIA BN 5 2 &
T, %-Eii’gd)fﬁél?\)wﬁ“-%?fgéﬁj:éﬁé ZEMARET
b3, BT EEZBEMX B3 72012, BEFOEEIZAH
zau-%ﬁ%u%ﬁ?%%%#béﬁ,DQX7U~§
DN, Kl & PHICHERF 2 Z L AFH TIRA S
55729, A EIZIZ ER2A S 2 V0 £ HiHTE

: cathode collector
(aluminum foil)

Cathode ‘4 : cathode active material

: conductive agent

: binder

: anode active material

: anode collector
(copper foil)

Fig. 1 Schematic section drawing of lithium-ion
battery

©: active material
e : conductive agent
o: b|nder

5o ¢@¢@

(a) Slurry mixing (b) Slurry coating  (c) Roll-pressing (d) Electrode

Fig. 2 Schematic view of lithium-ion battery electrode
processes

DI EMO L2 HE$ 5 Z & ¢, Eitho K
OB, MERHAEL BT EICXD, MAMESMET
FHMEH B Y IR, EREEAMEE TS L
T, Bt EERNE s atnE g W &7,
Z o NAREBMTIE= o r O SR A EEEIEHE T
3T, BihRom E29B L Tnwg @)

T I =Y LD ZRTTHEEEERIE, 500 pm M EOJE
&2 90% DL EDEWEREE G T 5728, € DZEHAN
W AR 5 Z sk, BT EABIL AR T %
A -BEQM EXATREE LS. X612, TLIZUAD
OV R K A ISR, —ROTE RS R 'ck%)mﬁ
AFEOA LR T X, R 2L X —FE DA i
3 EO IS E L 5B,

2. EEFEETERH

METRLZEIE, VFY 44 VEMIZENT, &
N4 Xk—FE L, IWYEMEZEE L7258 T T
YLDORBT AT —EEER LIE57-0I100F, L
N OEPE R AWM E L NN ETH S, Z
OEMOKETESNT, BWOHM I REAM ExE5Z L
Th5b.

PERDEBEEMIT, B WL, HAHFE 90 mg/
em’ BEE CRRAETHETH B L X Tz )
T, ZWIChEEBERIL, Fig. 312 X5 1282 iUk
THY, ZOEBIZBHMAHFA ) —#FHH$T 52 & TH
BTN 720 150 mg/cm’* LLEDO BT EATRETH 5
ZENMRINTNE D,

YIHA X e—EE L, WWBEME & BRI E
AEEEL, @FEOEBEBBE LML 28 &, = RITHhHE
FERARAM L 288 (—XICkEEMR) <, Z2h 2 h Bt
JHEAZE S LGAO XYL ORI T 3L X —%E %5t
B 7= B4 Table 112, A5 % Fig. 4 IR
Fig. 4 IZR T K512, SRIOFRESEMFICHNT, Bt &E
150 mg/cm’ T % &, HEHEMO L IL OERFET $
L —BREIE 599 Wh/L Sk L, S KICHEE M Tl 641
Wh/L Th O, 7% ORMPAHETE 5. 72, ilfEmTEEL
HAEEEmO BT EORRIZ 90 mg/cm® H 5 DT, #H5%E

(a) Appearance image

(b) SEM image

Fig. 3 Images of 3D-structured collector
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Table 1 Calculation conditions of electrode
Cathode active material LiNiy,;3Mn;,5C04,50,
Cathode active material content 94 wt%
Cathode collector foil Al 15 pm
Cathode 3D-structured collector porosity 97%
Anode active material Graphite
Anode active material content 96.5 wt%
Anode 3D-structured collector porosity 97%
Element ratio 83 vol%
Anode collector foil Cu 8 um
Separator 15 pm
Negative/Positive ratio 1.05
Cell volume 360 mL

Table 2 List of cell components

Cathode | Cathode |Number of . Energy

loading | thickness |electrodes Ca&i(;ny density

(mg/em?) | (um) () (Wh/L)
Foil collector 90 250 40 57 581
3D-structured collector 150 469 24 61 641

SEEMOKRRET 3L ¥ —EEORAIL 581 Wh/L &40,
SROTHEE M A L 7258 10% O 3L ¥ -5
JEOBMAE TR 3 Z L2k b, ZDXILHER A Table
2R, EBROREREEA 40 h 6 24 Bl x5 Z
& T, ORI R AR & 2R, AR T L X —
BENWENT 2 Z b b,

% 72, Fig. 4 & ZXKICHEEFEMIIIEMEA 90 mg/cm® LA
Eo AT RT, HEEBEBBROKR T 3L F —FE % L
5T ENbrb.

650 I I
=== F0il coated cathode
e 3D-structured cathode

600 4 _____ 2 o
/ 599 WhiL

/ 581 Wh/L
550

/

Cell energy density (Wh/L)

500
/

Loading limit of
foil cc})ated cathode |

450

0 40 80 120 160
Cathode loading (mg/cm?)

Fig. 4 Comparison between foil coated cathode and
3D-structured cathode

Fig. 512 = KIUHE B RO ZER L 2 2L S ¥ 25
D, 2R L RE I AL F - B ORBROF RAERE R
4. IEMRO B EIE 90, 120, 150 mg/cm® D 3/8% — ¥
TRMAE L 72, BEBEEMOBRET AL X —FEO FRE-
Z 72 E1E, 90 mg/em® TIE 97% LI [, 120 mg/ecm® T
1393% AL, 150 mg/em® TIE 89% Ll L&k 5.

Y Eo#ER» 5, EEEOFEHGENT, B HEZHEM
SHDB 720, ZRICHEROZERR A2 | X &, e
DOREREEZRNE TS 2 ThH 5. BIRIIZIE, EEBRD
ZepiR A 97% & L, HIHF & 150 mg/cm® DM 4 {EH4
52 LT, EEBEMEH ELIST L, AT L E %
JE210% M B33 Z &AL

700 I
680 || & 90 mg/cm?
-0 120 mg/cm? ()D
660 I o 150 mg/cm?
-
= 640
=
%‘ 620 [“Cell'energy density limit
c of foil coated cathode
$ 600
>
=
§ 580 [mmmdmmmmmtmmn——x
c
(0]
8 560
540
500
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3D-structured collector porosity (%)

Fig. 5 Relationship between 3D-structured collector
porosity and cell energy density
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3.1. EILERH

3.1.1. ZRTABEES K

IEAREERIIERER ERA SO T LI =g 20+
LAy PEMLZ @ REN Y% Table 3
2R, kL Xy M, Fig. 6 1o &5 ok s A
BRI R A B T 5 728, A v FHEIDK
DTLI=ZTLEMNEL, EakEERETSEZ L THS
ZemTEs

3.1.2. Ef&

WE L U It R IR LiNi,5Co,,5Mn, 50,
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Table 3 Physical property values of Celmet

Aluminum-Celmet

Porosity (%) 97
Average pore size (um) 550
Specific surface area (m%m?3) 5500
Thickness (pm) 1000

Area density (g/m?3) 100

(NCM), EEHAE LTTEFL YT Ty 27 (AB), it
File LTHRY 7 b= 5> (PVDF) i L, kit
% NCM/AB/PVDF= 94/4/2 wt% & L7=. §FIA5 ) — %
SYOTHBE R A FIE U T H M s oo i A ffERE U
7= I, HEHF 2390 mg/em? &3 XS, &
MR 3.2 g/ecm® 12785 & 512120C D a2 — LT L AT
FU AL TCEMRAEZRESEZ, — ), V7 7L v 2%EMIT
15 um D7 I =9 AFEICEAT L, W HMITEZ 90 mg/
em?, BIEE A 3.2 ¢/em® 1255 K S IT/EBLIL 7=, & 7=,
YOG B AR OM B RS ISR E O Y 4 X052 S5
BEMRT 2 HNT, WWEE ZhZIPER T8 d50 =
5pm, 7 um, 10 pm O 3FEFCIESLIL 7-.

3.1.3. &if

B & UCTRREER (Gr), HEHAIE LT AB, 5%
Fle LT2F LYy T2y TA (SBR), BERFIE LT
HILARF Y AFIL XL T—Z (CMC) ZHEFHL, fKILIE
Gr/AB/SBR/CMC=96.5/1/1.5/1 wt% & L 7=. il & Al
%, 10 pum OFFEIZ, Wim H AR 45 mg/em® 1274 5 &

ISHAT L 72, ZO%, BRSNS 15 g/em’ 1285 K51
BIDOT =)L TV ZATTL A LT, BASERE 27,

314 /XL —4%

JEX 15 um F Y TF L VIS U A L 7.

3.1.5. EfER

B, = F Ly =K 3 =1 (EC), Y AFILIH—F
% — bt (DMC), TFILAF)ILH—FK%— b (EMC) DA
AL L, [k % EC/DMC/EMC=30/40/30 wt% & L 7.
RAEEBCZFEDOR 7 vy YY) F 7 4 (LiPF) %
1.2 VR T S TEMKE L.

3.1.6. 9 &K

JFX150pm DT I F— b T 4 L LmFHL .

Carbon

Urethane —

SN

Base material Carbon coating

Urethane foam

Table 4 Test cell components

Cathode active material LiNiy,3Mn;,5C04/50,
Cathode active material content 94 wt%
Cathode loading 90 mg/cm?
Cathode density 3.2 g/lcm3
Anode active material Graphite
Anode active material content 96.5 wt%
Anode loading 45 mg/cm?
Anode density 1.5 g/cm®
Electrolyte 1.2mol LiPFe
EC/DMC/EMC = 30/40/30 wt%
Separator 15 pm
Negative/Positive ratio 1.2

3.2. BILEEIAE

MR % 30 mm X 40 mm, Effi% 34 mm X 44 mm 178 5

NI B N2, 3L =2 % 40 mm X 50 mm 24T H
ez, B, LSL -5, Bk, SV -5, BfkE A K

S, MEL T LAY PEERLEZ T34 - T 40
L% 88 mm X 220 mm I HIKE, “OHOICZLT, 2D
WERIZZ L X v M &AL, B 1 mL 230 L, i

HiELT, 32— ML EFERLE vLiZZhEh3
AL, FMiifERE LT, 2O FEEsKMALE. L
DK % Table 4 1277

3.3. LILEHEi A&

3.3.1. ERMERER

YL OBEREMRTZHNTEEL 72, = —Y v 7

LT, vk 25C oEmfEicE L, FIRER4 42 V
ELTO01 CTEERCCREL, EEE (CV) K% 1
R & L 22EBEBEAE (CCCV) &3 24\, 1 KEH
Rib U, PREIEA 25 VELT02 CTCClRETAZ
EHELIVAINLELTEHS I A I NFEHLZ. LLOFR
3, FRREIEA 42V ELTO03CTCCREREL I AW,
CV Wil &2 1l & UCARE L 2%, 1HERKIEL, TR
FBEA25VELT, 03 CTCCHRELEZLEEZDERSE
L7, &k, CL— bOERKT, 1KHETWKET 2B
fiZ1C&L, C=vILDFR (Ah) + JWKERER (h) T

Aluminum  Aluminum oxide  Aluminum

|$ - $ Reductlon
Thermal processing
Plating decomposition

Fig. 6 Schematic processes of production method of Aluminum-Celmet
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REND. 2FD, LILOFEENEDOLE, 0.5 CIid 2
F'ﬂ?iﬁiﬁﬁka@#é@ﬁﬁf@ D, 2 CIZ 0.5 R CHikES
EWRETH 5.

3.3.2. 10 WERIEHFE (10-sec DCR)

YL ONTBIEPT 2 FHli$ 2 HICTHEIEL 2. £ LD

BIHE (SOC) % 50% IZFHIEL 7=, &K, KEBFMET
10 BEfkEL, 018, 18, 10 ﬂ‘fﬁt%ﬂq@%’ﬁ%(ﬁﬂﬁb
7=, BETEWMIX, 03C, 05C, 075C, 1.0C, 1.5C,
2.0 C, 2.5 C & U7 Bz FM, HficEEE LT,
KBTI 2 {EMOBELEA T2y ML, ZOfEE %
P L, 10 B ToEY2SRENifiE Lz 72, &
72 PR ST %, 0.1 EFOIEPUE (0.1-sec DCR) 2% 1
P, 0.1 25 1 8% ToOEPUE ((1-0.1)-sec DCR) &K
IR, 1206 10 B & TOMPifE ((10-1)-sec DCR) % A4
F R AndZ e L L,

3.3.3.C L — M EMH

%m%iﬁzﬁm B35, R % HH)THE L

. FRRTEIEZ 4.2 V, TFE*’F»&% V&LT, REBER
L%, ZhZh, 03C, 05C, 0.75C, 1.0C, 1.5C, 2.0
C, 25CLL-LZDREAFMIL -

3.3.4. 1 7IViRER

YL DI AN % GHli$ 5 H T L 7z, L% 45C

ORI ERE L, FREEE 4.2V, FIREEA# 25V &
L, k% 0.5 C D CCIk®E, &£#E4 0.5 CD CCCV &
L CV R Z 1R & U, IRIEIRERENE 1 IR & U CEHEl
L7 200 %4 2 L2 &2, fHEM % 25CI1I2LT03 CT
DIRERBETERL 7=, 600 %4 7 L& THIZIE 10-sec
DCR % ll5E U 7=.

3.4. EBD A

3.4.1. RFED AR

WYVER T OR R A E R 5 BT, KR AmHlE
%, Beckman Coulter 1% 1.513320 {2 & O #llE L 7=.

3.4.2. EEEEFIEMEE (SEM)

BRh OIS & EEBIROEMRE A LT 5 HW T,
suAtk sy g R Yy T EHIFEL, Carl Zeiss
1%L ULTRAS5 %! SEM % FWCRISE L 7=,

3.4.3. LA TBIE

RO Y A 7 L ERERRT %2 $5 0 2 LA DZEAL % 5 &
19 % HI T, Quanta Chrome #1%14 H Sl £L 5 A0 1 2 2%
& Pore Master 60-GT % MW\ TRFYEALTHIE L 7=,

4. BREEH

4.1. [EfRE SR

Fig. 7 IC =YOhEEERIZ, d50 = 7 nm OKiF{ED
WEEHHAL 28825 —&2FRHEL T, B EOHH
EHERR L 28R AR, Fig. 7 &0, BEE HATE R

FEOBBRTHD, 271 —H 40 25 165 mg/cm’ DHEPHT
TELTREIN TR Z N5, £->T, HfHrE
150 mg/cm® TOBMOIEEAHETH 5 Z & HMHfER X
Fig. 4 IR LA AL X —FEDREHAHETH 5 Z
LRSI 2.

DRk, SEEEM & = ROTHEE Mo ik %
Hi & LT, $EEHEEMOMER 884 FRRO 90 mg/cm®
T, MR A FRUGHE U 72 iR R &2 7R 5

4.2. *i%?%t%#uﬁ##’l&*

Fig. 812, EMKERERIZ B 3 Bl ERT. U
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Fig. 7 3D-structured cathode loading
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Fig. 8 Discharge curves at 0.3 C
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YBT3 HERE L T B Z & ATl L 72,

Fig. 912 10-sec DCR OfERERT. V7 7 L v ZFEEMk
IR 2 2RO S B R O RSB, (@) d50 = 5 um,
(b) d50 = 7 um T, THEFH 17%, 22% OHKBUHIH] % fE 2
L, 0.l1-sec DCR O 53132 Fh 19%, 15% Td -
7o, L7eAo T, “ROthEEBEROBEHICK D, BT
PRI XN D Z ARSI %572 —HT, (c) d50 =
10 pm 2BV T, BEPUEIZ 50T 8% O, 0.1-sec
DCR Tid 6% O A AL 7-.

Table 5 IZ&HWERI 1234 5 Dy, B O RFE R A
10% 127 5K 11%), Dsy U OIRFEREA 50% 1274 5%
T1E), Dey IS O RFERRIA 90% 12 7 5 0 1-1%) DR 1%
%789, Table 5 &1, (a) & (b) 1% Dgy DFIPHAS 8.1 um LA
TThHDHIZEMNMERTEZ. — T, (c) & Doy DELFH K
16.1 nm AT TH % Z & Mfisd S, (a) & (b) IZxf L, (c)
RS A ZNICKRELERDR DD b2 5T,

Fig. 10 ™ (a) d50 = 5 um & (¢) d50 = 10 um {2 =&XJC
MG BEMOWIM 2 SEM THE L 28R 4R 3. SEM H
&0, (@) d50 = 5 um T, HWEH ZXKTTHELEE K
OREMEEDNEIZRA L, RIBOFEHREIRT LS I, %
BIROTIL I = ZTHEWED - RRICEAL Tnhb 2 &
MHEFRTE 5. —JiC, Fig. 10D (¢) d50 = 10 um TiZ,
HEEROTIL I = AWFHIZHEEL TOSEWE O —
2, P OBEEA RS & 512, HEEAICE M IR
M2 D5 BMREATZR L 72, ZhUL, BRAH E2 = XKITHE
EEARICHET B8, EBEDORO 7L I = 451K
AL OB HIRIC 10 pm L EOTEWE R 1 93—
RATHZEDNEDG T L L0 HEILOND. T

1.4
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Fig. 9 Results of 10-sec DCR

Table 5 List of particle sizes

Dy (Um) Dsp (Um) Dgo (UM)
(a) d50 =5 pm 2.5 5.0 7.5
(b) d50 =7 pm 2.7 7.0 8.1
(c) d50 = 10 pm 6.1 10.1 16.9

IS LLEMUTOAEWEICIETFOMG2rEES
TbNBHR, HL TR WETANOB - OMSIE, it
DWEWEREF Z T L TOBETOMG L & % 720, K
4. 20, MWEORTENRESLZ LT, &
B EEBAROEMIRNAZA L, EEBERL S OFE D
RENPZALS 5 Z & T, 0.1-sec DCR DIRHUEAZA(LS S
LEIONS.

T ORI 5, KW TH - SRS SE A
FTAHWEWEIL, KT d50 =7 pom AN Th % &, i
e s Z EDHE 2T 5 7.

4.3. BB

431. L— MEEMH

Fig. 11 12d50 = 5 pm @ C L — b BRI 3513 %
HEMFEFREZRNT. XOUEEERIC L 2 FEHRED
Fevkm EshiiE, 1 C YL EOMER TR CX /2. 25 CIZ
BT 3% OMERFRENITH - 72

3D-structured
‘collector-=, .

(c) d50 = 10 pm

Fig. 10 Cross-section SEM images of 3D-structured
cathode
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Low Relative Permittivity of Magnet Wire Insulation Coating for HEV Motor

& BRI [T S R A
Ryotaro KANEKO Tadao NISHIYAMA Keisuke AZUSAWA
=z = ABSTRACT

HEV & — & I & i 2 57 & 4 72 0 gkl 15
ERRFELZ. KU A4 I FBRICRL T, ML L 2 57a %
—IZEE RS T LT, WmEER 250°C &0 ) EiiEL
a1, WFEREER) TFL VA EOKGFER
Pk & RIS AKUED 2.4 £ C W B0 & S U 7. AR Hl
WX DRERD 7 F 0w b T4 YIS U THERBE % HER: L 2
25 BRI X A5 20% (KUK 35 Z L AT &, EARWTG A
6% WML 7z, Z OfERE U THPATEE — 2 DK &1
KE— 2T H%IINT 252 ENTEL.

An insulation coating that achieves a balance of
heat resistance and insulating properties was developed
for use in HEV motors. Technology was established
that lowers the relative permittivity as low as 2.4,
which is at the level of polyethylene and other such
low-permittivity materials, while also having heat
resistance with the high temperature index of 250°C
by causing independent gas bubbles to be dispersed
evenly in polyimide resin. This technology made
it possible to maintain the insulating properties of
conventional magnet wire while reducing the coating
thickness by approximately 20% and increasing the
cross-sectional area of the conductor by approximately
6%. As a result, losses in newly developed motors
were successfully reduced by 5% relative to
conventional motors.
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Fig. 1 Schematic diagram of inverter surge voltage
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Fig. 2 Partial discharge of magnet wire and example
of erosion of insulation coating

3. MRENERF BRI

31 EFEREDFAE

Fig. 3 I EAMERBIEOWE IR E WFEROBH KR E
AT BB E TS Ry b T A Y MG Ol B
DIFED—>TH % "9, HEV % & DEREIH € — % DA%
P el e S ol N B A NP D= = A &
NRDEND. ZD, WHHE-—2ITBE T2V 1y
7 A Y OMFHEIIZAEY 7 I F 4 2 F (PAD, FV
I—FLIZ—FL¥ Y (PEEK)REV A I F (PD) &L
DA—IS—TYy DT YT T I AF 9 ZIZHHI NS
BEESR LS HOSR TS, L2 LZhoDIFERIE
31 ETH, KVZFLy PE)RKRYF I 7040
IFL Y (PTFE) D& RRFFERDIKOMEIL D 30%
PLEg @<, s il s E» 5 5. —F, PE
ARV TV v (PP) I3 BIEOH T 2.2-2.3 DK b
HERE R T AMEEIME S, BRI @ BET G & T
EBRIE & e B HIRHRE) T - 2 IZIEARAE TH B, &

— 126 —



HEV E—2RA~ 7 % v b7 A ViR DEFEE(L

7= PTFE %5 & D 7 - FBHE X EEHVEC MM MK 72
W, AL OBEEMRIM TN EREh S~ %y b Y
4 VI3 & .

Z ZCIMNBWEREEN R ED~ T F v F T4 Y OHbigek
JEE & U b B & i U D D LA A S D G i ol
DRF ARG L 72, AR ORI 2 %+ % b
TR—=Z T BHIGI2I1E Fig. 31283 & 512, EifEE:
4 UL L R 0K PT 23R L 72, PT DS
BEETF3FHRIL oW Y xhthy, R (2)
12789 Clausius-Mossotti DRUZHEY, 4 2 FHEREAZ T
%3 L 2 XEOEEIZT 5 &0 o 2 G
FD—DTH5. L2rL, WIFhOFiL LFEHRIL 2.7
BELTETFON2EDDPIOEHTDH BMEMENT
MoTLES ZENMEINTNE Y, 727 5 HEVEIC
&2 WFBEOMEI S W 1 T B, pidER S
FERER L, FICEEUOKTHREE 55720, v
Iy b T4 Y OFEREEIEANOEEE XA S Tl .

_ 1+2(Pm/‘/m)

PtV 2)

P, : Molar polarizability

V.. : Molar space occupied volume

3.2. [ANBUC L 2 HEEDEKFEXRIL

B TIE~Y 7 % b7 A4 YICBEE XN B R % i
LA WHEREZEINT 2 Z L EFDTERND,
MR DT & BRI KARIZEH L 7. PLEE
WIZXWBETER & &, WEHRE NP3 F LI IhE Tl
%’ﬁ(%{i%“" (8), (17), (18)2_5%-([(\5#;’ %@Jm%*ﬁ@;{ﬁ@
BRI UCERL X zflid 0. Fig. 4 125 ERA 7
KTATHUC K B BIEDO WHEEROKMTF LA~ 2y 1Y
A ¥ DIEIF PR O FHE A TR L 72

5.0
45
4.0

H%OOH

OrPal

3.5 PI-’:I:IO PI

3.0
2-5 p':

PFA
2.0 O OFF O O

PTFE

15 4%3

1.0
100 150 200 250 300

Relative permittivity: ¢,

Temperature index (°C)

Fig. 3 Relationship between temperature index and
relative permittivity of main insulating resins

MBI AR EE BB A B E A LT H 5720, /Ny FIF
TOHLEN ML & 0 KBTI, . £ 72rhZek
TEHOWEREBREE RO~ %3y bIA YD Tt
IEFTBET B % 28, BB ORI E %525 7 = 2D FK
BT PIDOFIEATSH 2K 7 3 v 7l DEEENKE
WAL RT L, = ZDOREREMICHES D B,
F 72— 2 B RIS K B R T, &adbd B B
BT AR E DA D BEILE BB 720, E— XD
HNZH W B 4 4 L DY BA AR HREHEEIL (BDV) O
TOREND D, 72 TRA AR 25 B L0 T
H B ML A RS B =012, SR A AT 55U %
O Z2BL BRI K D R A M &85 2 & 2Rt L 7=

Item Supercritical | Hollow material | Thermochemical
method method method

SEM image |

20 ym

i s

15 pym -

Gas bubble |1-5um 3um
(Controllable)

size (Large (Large size)

variation)
Gas bubble |Connected Not connected | Connected
connection
Varnish Stable Not stable Stable
stability
Continuous | Not acceptable | Acceptable Acceptable
productivity

Fig. 4 Methods and characteristics of gas bubble
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Fig. 5 Relationship between relative permittivity and
porosity of Pl

Tensile
direction

Gas bubble

*17// PI

Tensile
direction

High stress

Tensile
stress

Low stress

Fig. 6 Simulation results of elongation and stress
distribution of bubble film
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Vs : Spark discharge voltage (V)

P : Barometric pressure (hPa)

D : Electrode distance (um)

B, C : Constant (Air: B=94.5, C=0.095)
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Fig. 10 Schematic diagram of discharge generation
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)

In order to investigate “Customers’ Joy,” one
of Honda’s philosophies, a survey was conducted
in Japan and the United States to collect keywords
concerning the attractiveness and value of automobiles.
The collected data was visualized as clusters of
keywords by using the singular value decomposition
method on discrete data, which is a quantification
type III of statistical analysis. Then, through semantic
interpretation of the keywords belonging to these
clusters, the concept structure of the attractiveness
and value of automobiles perceived by automobile
users was clarified. As a result, it was noticed that
both Japanese and U.S. users share common values
on economy and fuel efficiency, while Japan users
value handling and safety and U.S. users value
reliability, asset values, loading capacity, and comfort.
In addition, the differences of value by age and
value preferences by gender were also visualized by
analyzing user attribute data collected in the survey.
The differences in brand recognition between Honda
and Acura were also explained by the differences in
value concepts of reliability, asset values, and premium
values.
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Fig. 4 Comprehensive polar plot of keywords of car values from Japanese car users

— 134 —



BHEERF -7 — FHHEIC L 2 AR EAREDBEEL -V EEMED 5

Pl &5 LMo h%, mblic, Fig. 4 DK EJH
AT KRELEF—T—FDO2 I ZARITHEML, 7L
Th5.

Xrh, 2 EAMINZ BENEER e WS F— T — KT Ty b
XNTVE, ZHIZDr T 22 BRET 2 EIRMMiED
F—-U—-FTh5b. FUCHMIL, BTV —F, et
WA, Wy VXA KEDF -7 = FRIEATHS. ko
T, 20U 5 2R %IRRT 5 &, AgiEoR et
L T2 =P C T A RMiE O & %2R L T
Ez6NM5.

REWD 7 5 2 4 O, HEE, Fip, EfrEeE, Eix
LRV, BORPTVAEEDF -7 — FARRGHEZE L
TIHATHS, 2T —RHBH AT 5 & 2 I10%
U %N MifE O e & R T & 50T, D2 7 2
CREA0IV a3

REED 7 5 28 OEIZIE, Feh O, FEhkn, Yo,
PedEtE, Fe a0 —FrEaEdE,» S ZEHNZKT
F—T— FPIATHD, ZHEFOHOEMN S E 29
0T A8 ERERTES.

DEaENT 2L, KEOKEK 7722103, R
PERENE, SOt & S ERES SRR I E 5720 T A
RTHD, AT % & Vehicle dynamics & &1 5
NAMSHE AP L Thb &0 5.

ZDOI AR ERAB L, HER LTV, Mo L%
T, EHEELRT IR, HE0IE, BEN, R’E, ety
BVl PEE®ROF — 7 — FASTWREIZ 7Ty b &
hTW3Zenbnrsd. Zhid, AFEMUEES%E6;
IZEMRETE TSI EAERLTWS, £72, ThHH
P& F — v — FOSMFH AR FEO S REEE Bt &
ZERLTWEENZS. kb, HELRTEDOF—T—F
PR CHRZEFDIZ T ay F IR T30, okl
DA & & BHESEN-H EE L S5NS.

WIS, MO T rTOREHEF—I—-Fr I 24I125H
T 5. KA TiE, BE, RENOOD, RENRRVEWS F—
J— FQEHFT, MM 7)o F, REICELWAEEDF —
T—FERL T 7 ALIAHET D, Thbid—MOHBH
2= PITIREMEROMIEME S L LT < 6hTwb LR
mcx3.

ZTOMENRE Y 7 2 4 D TIZIE, MHREIRN, B,
BiEngn, HHE, 28 0F—7— FBEY, MISEN
EZAITY, ik, L WS HEDOEOF -7 — FAK
FhMTTEy FERTWSE, Zh6 ZREMERESN DR
FEOAEM & & R T X 3.

F72, BFEMED 2 5 2 2 OISIWNEIZIE, 38y
N, NEL) 238 < NElD 23 & < R EE, bhbhaEln
Bl LR EFESfEE S ThH D Z e 6, W BILED 2~
T AR ERRIRU 72,

DEAERTEHE, TOKTOKRE LY I Z21%, RE

PEBE, A&WEME, B0 Ol U, & RTC & AlfEfE 2 % -
7225 22 THY, 2K T Economy and easy drive & £4f}
o N BB MEOBEEHE 2K L Tnhd EE R 7.

K2, MOEFOKREEF—T—F 27 ZA2IEHT
5. X, —FISMUOF -9 —F, GoHFmMIZ, 77—, 4
B, b, BEEOF—T—-FBRIEATHS. ZhiZ, ¢4
EHDETAMMEERT Y 7 2 4, PR &0 S S
ThHdHEMIRTES. 72, 2O LD, F¥4 v, BizH,
Mol JEEEDF -7 — Fid, FIZBIRO R & I12&
CAMNOMETHBDT, # v 3R X OMIEEE & R
L7z

F72, RN AT L T3, IR, HNRIAD, BN
MR, Y= T LYV EEDF -7 — FiE, SHBIIk L
& B3 2 WNZEM OMifiE 2 £ 3 DT, IA X OffifEiE &
fERR U 72, INE D7 7 2 23R 0fllifE & & B A
B 570N AMLTONB EER 7.

PIEZ2ERNT2 L, fHitaokEnr 7 22103, MR,
oy ARE, JREEWI lfEHEORE 5722 7 24T
0, 2fk& LT Design and space &9 BTl OB &
Gz L T\Wa &gt L 7.

P EO@RE D, HAD - ZHBHIZL O
i #&CTHY, 2heh, & MEMAMEC 5 ETE
AAMEREE R D E R IEAS L TNnELEELLNS.

(1) Vehicle dynamics i&, &2V, Her:, F oo
filfifid CHERE & N 2 MfERE S T 2

(2) Economy and easy drive 13, BREMERE, REME, HLD
| LTk S T A Ml T b %

(3) Design and space (&, v AR &, MW, L THE
B E N B e S TH %

3.2. KE

KENZOWTE, HAREHEBKIZEBZ B -72. 1356
N7zF—U—F7avy % Fig. 517,

Fih & FEEESEEN T T Oy P ENTWAEAF -7 —
FEFNB &, Kt FIZ color, /212 gas mileage, 4 FIZ
roomy 2 5.

F9°, Xhf5 EOF—7 — F color &R UJFIANZIZ red,
blue, white &9 BURIEL DITZH, attractive, stylish,
sporty, pretty, sexy, luxury, beautiful, cool Z& &, L —+
DRI DN EF -7 — FRELAAE. 2Thb
FEHEHICEC AR AER T 7 A2 Th B LML,
TV 37 AMEOMERES & AT 7

F 72, ZD T D, looks, look, appearance, exterior 7 &
DF—v— FIIBRNAEOMIEM 22 E£T 2 7 2 4 LR
MU, ELX LT

X HITMHNZIZ, style, styling, design, sleek 7 & L[]
F#1Z, sunroof, leather, leather seats, heated seats 7% &,

CFELF ATV g VEMOF T — FRWLA TN,

— 135 —



Honda R&D Technical Review

Vol.32 No.2 (October 2020)

K oT, ANHFAOEHBIHEIZTE 3 4 X & L EOMEN

ThH B LML 7.

PDEEEHNTZE, HEOF—U—-FrF241F, 7L
IT LM ELE, A AZ LA IMEMEES K E 5o
T2 EBELTED, 2&fk& LT Style and design &I

NBHESJRLAMEDOBEE T H B & FEMRATT 7.

wIZ, K, —FLEMOD gas mileage DN EHT S

&, good gas mileage, fuel efficiency, fuel economy 7t & 3

WATED, HRERU S REBUBEOHED Y T 2 4 &
N

72, REMERED 27 5 2 2 D FIZ % economical, gas,

fuel, hybrid, affordable, cost, good price 7 & HA &l

URFNOBED 2 5 2 2 NFHET 5. environmental &

hybrid Of7 FIZAZE L, #&FPES 7 2 207 LT

DREUTHAREFEETH - 72,
EHITRE] Y 9 A2 DT %R % L practical, towing,

ease of use LEDF—T— FXWATED, HAEEHEL
TS B A& mfifE, SERHMEOBEES & R L 7.

REMRE Y 9 24D EICHAOFARTIZIEFLEALEH

N F —7 — I reliability, dependable, durability,
maintenance K EDN— F v = 7S EHTEOME 2 5

2A4MWH D, EHIZFD EIZIE reliable, warranty, resale

value £ W5 B OHEDAEA HIK D LU Z & Offifl &

Vehicle dynamics

MERZWED s 724055, ThbidzhZhGH
HPEEMMEOME LML 2. Thens 5 221320 HB
B G SHFE T b 5 728, KEMRR OB RAifEion 2 7 2 &
ThHbdEVRD.

Dbz TIE, FllOKREEF—T—-F7 T 24
(F, PREVERE, REGETE, SEAME, BRI, BEREME OB
N LA - 724k & LT Economy and secure & X3
BEORZLEY T 22 ZRKL TBD0, RE DR
Th5.

Zofhizd, A EAMIIZIE, HAOD Vehicle dynamies (2
BT 5F =7 = FRRRILEADEL > THML TS, K
EOMHATIII NS BRI E B VASF -7 -0 T
22 EPHFICER A m WA, ZOME T Ty b OB L
7o 2Wh & AT B = HOETIAIZF — 7 — FA4 5504 LT
W3 L E NS, £ 2 CTKETE Vehicle dynamics & —
DOMITRAiMED 2 T A4 L LTERT ST LI,

72, KEZ — s TIHBUHE & <, Rl 25+ —
T—=FREFSTOEORETDI TALTH 5.

W & pagE 2 E < BHF 2+ — 7 — F roomy D AN,
cargo space, storage, size, luggage space & & DD
WRYECB S A6 2 5 2 2 BEAET 5. RS REMED
WE& & L 72,

ZoAH Ut ElZid leg room, room, space, comfort,

Style and design

color

L Beauty
Nl <L

Practical NG
EA%

Economy and secure

Customizability
VEINES

interior

Space and comfort

Comfort
RIE %

Loading capacity
AEEE

Fig. 5 Comprehensive polar plot of keywords of car values from U.S. car users
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Table 1 Comparison of keywords cited by EV users
and EV reluctant users

EV tlsers Keyword EV reluc:ant users Keyword

[%] [%]

14.15 Color 25.63 Price

13.21 Price 22.50 Color

12.26 Safety 20.43 Safety

11.32 Design 19.99 Comfort

11.32 Good 13.90 Style

10.38 Comfort 12.52 Reliable
9.43 Gas mileage 10.99 Size
9.43 Quality 10.17 Comfortable
9.43 Brand 9.26 Gas mileage
8.49 Comfortable 8.78 Safe
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Traversability Analysis for Mobile Robot Navigation in Rough Terrain

H & BEAM! |moA &% B
Shintaro HIDAKA Norio NEKI
= =1 ABSTRACT
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THIE L AERSE L 2. AFRE, 2L OETHIZEERIC
£, ZDDAT v ISk EIhS. FAT v T3,
F9, (1)uRy O EE Y » FordlL, (2)
By FIZOWTHmETLELERLZDB, (3)H
BTN EFHET 5 Z &1 & TR O &7 v & E %
19220580 Th 3. AFHEE, ETMLT 28EmD S
)y R4 A4 X ERELT 5 2 12k, BAAREORIE
APHCTET LTS Z OB ART S ENT
ZHMTHRM AR L TEY, X5 IZFHIEREFO A NER
AR/ MERED 7 4 ZIZE RN DEEIST X — X hid
ANEWIREAA T 5. RPN, FEYE ET R
AT BRIT ISR T A W U 228558, a8y Mmoo
ETAEHE Z L 70, BB BT 2 af# % &
5ZENTET.

For the research described here, the road surface
necessary to enable autonomous navigation by a
robot in rough terrain was modeled and a method of
traversability analysis of that road surface was created.
As in much preceding research, this method consists
of three steps, which are (1) dividing the road surfaces
around the robot into grids, (2) generating a road
surface model of each grid, and then (3) performing
traversability analysis of those road surfaces by
evaluating those models. The new contribution made
by this method is that, by optimizing the grid size
of the road surface to be modeled, it can assure the
validity of modeling a road surface on rough terrain
by means of planes. In addition, this method is robust
with regard to outliers and noise near maximum and
minimum values in a measurement point cloud, and
the small number of setting parameters is another
distinguishing characteristic. Application of this
method to an environment of rough terrain, including
slopes, uneven surfaces, and obstacles, made it
possible for robots to correctly perform traversability
analysis of road surfaces and to navigate autonomously
in that environment.
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Gaussian distribution model

Fig. 1 Road surface model based on Gaussian distribution
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Fig. 3 Example of incorrect estimation result
(!1=0.05m,0,, =25 deg, h;, = 0.05 m)
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I
|Est|mated ;I

(b) Ideal estimated plane

Fig. 2 Definition of obstacle model and traversability estimation of obstacle
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Algorithm 1: &;,,,,,,.(a, 1)

1 h < null; traversability <— True

2 while traversability do
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5 return /;
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IR EEDEE, B hOREMIZONT, h <
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0.02 1
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0.00 1

-0.01 P S e e ——
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Fig. 4 Objective function of grid size optimization
(@4n = 25 deg, hy;, = 0.05 m)

Dividing surrounding road surface into n
girds with side length of / derived by Eq. (5)

I
| Get point cloud data |
I

i< 0
Loop of traversability
estimation for each grid;
i<n

NO grid; includes some points

YES

| Estimating grid; plane by RANSAC |
I
| Calculating effective model area |

| Calculating T, and 7, |

— o

YES
Traversability of | grid; is traversable | | grid; is untraversable
grid; is unknown
i<—i+1
Loop of traversability

estimation for each grid;

Fig. 5 Flowchart of proposed method
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Fig. 6 Test robot with stereo camera
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Fig. 7 Test environment

— 145 —



Honda R&D Technical Review

Vol.32 No.2 (October 2020)

Definition of arrow color

T.=0 T =1
Ti=0 Clear Red Red
Ti=1 Clear Black

Table 1

Green (traversable)
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Ti=land T, =1
then traversability = 1

7

(b) Bar is judged traversable when / = 0.20 (m)

Fig. 8 Grid size optimization
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direction

(c) Grids with obstacle higher than %, are judged untraversable.

Fig. 9 Result of traversability estimation
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