


— TWMOFHE

SDHEPEEFSRETRENEE R BT B2 BRI IS 27 2%, TR0
P EA A —SL2 B — T TR TRBILE U, T 2 MRS S
HIFROE DI 2SI E GRS BN DELOVEHED POV AL =Y avk
FBELTz, 72, B XL SR AN D FB B 5T =2 av DEANT, __
SRR OTAIEARANDT LERETERB LI ML, .

ZORAUT [ B2 RIS 27 A8 252 1 L OBl ] 245 g A
> FU KO TREPEA DL TEEBNBIILNTT,

FHFA S
fIAA E A




Technical Review
Vol.37

ZUQS\Q

o daR&




B X

Fia

O BTN RRETOBEAIZINT T oo WHE T

RFIEMISE
O FRURRIEML Y 27 ADBFE o eI v - LW #E NI AT
RIET A - =it - Todd W. HUSTON
O BEMA LT 2 b RSB A & o ZOBIF ... AN — AW - N
R Wk HHELE - BFAER
O EitAART 2 MRBEM UEA OFIFE ... gL -k E it
IWAREFE - - B4 SR
O B AAET 2 MRBIEMANSA R—F T L — FOBF. EIESIEETE o e VAN T =
FrHEEK B - 2 i1
O B IR OBAFIZ & 5 MEA FfsE o b, ... ... .. JUVGGASE - 111 FR A - HEDR T
O BRI Y Z 7 A R S R OB, Py
O BBVEMY 2T 2802 —RICNEaTTIVOME. ... . PSS A - H s eer

AR —INA (S

OT7aA=2T 4 v I T3y ¥ g Y EGROBRE th E B #H S A T O
AR EAC - Z1 L] - AR
JiEH — B - i P 2

I FEE
& g*ﬁ 200 V 2R SIS HE 2 5K L 72 SH5BAGE#F Power Exporter e: 6000 O Fi%E

KA - AL - FEFhoR
R K - fEFHLG - DHEDE

=A

& 3

OV FEMIZHR AL . KSR

O 900°C MIBHERR A 2 7 v by Bt Co 7 U —WHEVES . ... ... ... ... .. WAMC - S 5
HED h 7 - LA

O EBRT /) — KRB £ 27~ A MREMEE. NS AT

L - S

OVRPIZEBTFAMNAT Y a—LOHEEER ... o IR e ] - R

........ 63

........ 82



Honda R&D Technical Review Vol.37 (2025)

CONTENTS
Contribution
< Working Toward Introducing Reliability Design. . .. .. ..o v Shinsuke Sakai.....
Special Edition for Fuel Cell
<> Development of New Fuel Cell System. . . .. ... Hiroyasu OZAKI-Kaoru YAMAZAKI- Takayuki OGAWA

.......................... Shuto MANIWA - Taneaki MIURA-Todd W. HUSTON . . . ..

<> High-durability and Cost-effective Fuel Cell Stack with New Structure
........................ Choichi ISHIKAWA -Manabu IWAIDA -Hideharu NAITO

Shigeru INAI-Hiromichi YOSHIDA - Nobuyoshi MUROMOTO . . ...

<> Development of High-durability and Low-cost UEA for Fuel Cell Stack
......................... Takashi KATO-Akira NAKAHARA - Takuya OHKURA

Masakuni YAMAMOTO-Satoru TERADA - Akihiro NODA -Nagayuki KANAOKA . . ...

< Development of High-durability and Low-cost Fuel Cell Bipolar Plate
....................... Kazuo NUNOKAWA -Hiroshi SHINKAI-Satoshi OYAMA

Kentaro ISHIDA - Shuhei GOTO . . . ..

<> High-speed Inspection Technology for Fuel Cell MEAs Using Split-terminal Resistance Measurement System

.................. Hiroaki KAWANISHI-Hiroyuki YAMAGISHI:Kensuke NANBA . . . ..

<> Development of Hydrogen Ventilation Structure for Fuel Cell Systems . ........... Sena TAKEKOSHI . . . ..

<> Construction of One-dimensional Humidifier Model in Fuel Cell System
.......................................... Shuto MANIWA - Yohei HIDAKA

Koichi KIMURA Nobuki KOIWA . .. ..

< Application of Acoustic Emission Technology to Damage Analysis of High-Pressure Container
for Fuel Cell Vehicles .............. Takanori SUZUKI: Takashi KUWAYAMA -Masamichi KAWABE

Ichiro HARADA - Toshihiko KANEZAKI . . . ..

Introduction / Case Study
<> Development of Power Exporter e: 6000, External Power Output Device,
with Three-phase 200 V AC Output Function . ... ... Yuuna YAHAGI - Tomoyuki KOZU-Takuya ODAKA

Kenta YAGASAKI-Takahiro FUKUI-Kosuke IHARA . . ...

Technical Paper

<> Enhancement of Feeling in Turn Focusing on Pitching Behavior. . .................. Naoto OHKUBO . .. ..

< ¥' Precipitation-hardened Cobalt-free Heat-resistant Steel Strip for Exhaust Gaskets Work at 900°C
........................................ Hiroki YAMAMOTOIsamu SAITO

Yoshiki KUMAGAI*- Yoshinori SUMI . . ...

< Evaluation of Anodized Aluminum Corrosion Resistance by Constant Current Anodic Polarization Test
..................................... Hideaki MIYASHITA -Kohei TOMITA

Yuki YAMAGUCHI Takahiro KUWABARA ... ..

<> Automated Test Scheduling Using Vehicle Routing Problem Methodology

........................ Atsushi ARISAKA - Takeshi MIYAZAKI-Kazuki FUKUI . . . ..



(EE Yk

EETDEAICR T T

Working Toward Introducing Reliability Design
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Shinsuke Sakai
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F1  Sec.VIl BERKF D ESEIRE
Year Details
1915 Code for power boiler, 1st ed.
1925 Sec. VIII, 1925 ed. Tensile strength safety factor set to 5.
1942/43 | Safety factor reduced from 5 to 4 based on national request to secure strategic supplies (materials).
1998 Increase in requests to reduce _the safety factor from 4 to 3.5, based on enhanced material performance and
enhancement of standard specifics over past 50 years.
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There is no certainty(safety),
only different degrees of uncertainty(danger).
Anton Pawlowitsch Tscechow (1860-1904)
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Correspond to traditional normative
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Can be used in wide range of applications,
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Tolerance method

Risk size

Risk method

Unacceptable area
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ALARP area Tolerance

Widely acceptable area
Negligible risk
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ABSTRACT

In order to provide fuel cell durability, it is
important to reduce iron (Fe) contamination to the
polymer electrolyte membrane of the fuel cell stack
and to control the humidity to an appropriate level.
The new fuel cell system developed jointly with
General Motors Company adopts a double-layer
coating of titanium and carbon on the stainless steel
bipolar plates of the fuel cell stack that reduces Fe
elution to 1/10 the previous amount. In addition,
the humidification level is increased by estimating
the amount of water vapor with a highly accurate
humidification model and using a high-efficiency water
vapor transfer unit and an electric coolant mixing
valve to perform active humidity control. The amount
of water contained in the membrane was increased
by lowering the coolant temperature and supplying
air controlled to high humidity with a high degree
of accuracy. As a result, the durability is more than
double that of the previous system.

In addition, the start-up time in a low-temperature
environment of -20°C was shortened to 1/9 that of the
previous system by performing humidity conditioning
control when the system is stopped and rapid warm-up
control at start-up.

The fuel cell system cost was also reduced to 1/3
that of the previous system by reducing the cost of the
fuel cell stack and simplifying the system.
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Table 1 Main specifications of fuel cell systems
Previous New
fuel cell system fuel cell system
Fuel cell Proton exchange Proton exchange
Major uel cell type membrane membrane
specifications |Fuel cell power 103 kW 92.2 kW
Fuel cell stack size 33 liters 33.8 liters
FC coolant
temperature Thermostat valve )
control Electric coolant
Main system Water vapor transfer mixing valve
configuration Humidity control bypass valve

for durability  [provide air EGR pump -
v
g:ﬁ:i:éor—? (Substitution by
circulation’ Hydrogen pump control)
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High-durability and Cost-effective Fuel Cell Stack with New Structure
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ABSTRACT

A new structure fuel cell stack developed jointly
with General Motors realized twice the durability at
1/3 of the cost while maintaining the output and safety
performance of the previous fuel cell stack.

In order to increase durability, control-based
temperature and humidity management was adopted
and the stack structure was enhanced to achieve less
iron elution from the bipolar plates, better cooling
performance, and more stable power generation due to
the stack end unit parts, etc.

To achieve lower cost, first the current density
of the Membrane Electrode Assembly was increased
and the power consumption of auxiliary devices that
compensate for stack power generation was lowered,
enabling maintenance of the same net power as the
previous system with fewer cell layers. Next, the
structure was simplified while enhancing the cooling
performance of the bipolar plates. In addition, less
platinum is used in the electrode catalyst of the
Unitized Electrode Assembly, the polymer electrolyte
membrane was thinned, and a fully automated line
was applied from assembly of the Unitized Electrode
Assembly to the stacking process.
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ABSTRACT

Honda’s newly structured fuel cell stack features
a Unitized Electrode Assembly, which consists of
a Membrane Electrode Assembly that generates
electricity and an outer resin frame structure.
Specifications of the Unitized Electrode Assembly
were developed that have greater durability and
lower cost than the previous fuel cell stack, while
maintaining its output performance. Specifically, the
amount of Pt was reduced to 1/5 that of the previous
specifications due to increased activity by using a
Pt alloy catalyst for the electrode catalyst, and the
thickness of the electrolyte membrane was reduced to
3/5. For the outer resin structure, the cost was reduced
to less than half that of the previous injection-molded
product by using a general-purpose resin film.

As for the durability associated with the above-
mentioned changes, the researchers developed
degradation models for the various components of the
Unitized Electrode Assembly and worked to increase
the accuracy of those models. These efforts achieved
both increased durability and lower costs by reflecting
the material specification limit ranges in operation
control based on the models obtained.
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Development of High-durability and Low-cost Fuel Cell Bipolar Plate
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ABSTRACT

A bipolar plate for a new structure fuel cell stack
was developed jointly with General Motors Company.
In order to achieve both lower cost and higher
productivity while enhancing the functionality of the
bipolar plate in this study, a bipolar plate structure
that assumes high-cycle molding was developed. A
coating consisting of carbon and titanium is applied to
the stainless steel base material before stamping. The
seal structure was changed from a multilayer rubber
seal structure to a metal bead seal structure formed
by stamping after coating and a welded seal structure.
In addition, a structure without a rubber coating was
adopted for high-cycle molding.
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ABSTRACT

New fuel cell stacks are being developed with the
aim of improving productivity while maintaining the
same quality for mass production. In particular, the time
it takes to perform shorting inspection of the membrane
electrode assembly is an issue that limits productivity,
so development has been conducted to help reduce this
time. Conventional shorting inspection on flat bases
detects the electrical characteristic values of the entire
membrane electrode assembly. In this approach, signals
of local short circuits are small relative to the change
in detected value due to the charge, and thus they
could not be judged until the change was complete. In
the development discussed in this paper, the detection
sensitivity for signals in each local area was increased
by using a split-terminal base. Shorting signals greater
than the charge change were successfully detected
locally. This lowered the impact on the inspection
judgment, and the measurement waiting time caused
by charging was lowered by 87% compared with
the conventional method. In addition, the researchers
developed an algorithm for synthesizing peripheral
currents to deal with the misjudgment factor of a short
circuit in the terminal gap, which presented an issue in
the use of split bases. As a result, inspection total time
was reduced to 10 seconds, thus contributing greatly to
increasing cell productivity.
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Development of Hydrogen Ventilation Structure for Fuel Cell Systems

omom e
Sena TAKEKOSHI

2 F

B ST — LA YOZHEERE REL 22 v
FIACIZIENT, B BHEE T 4 L & % A 7238 7= e BOREE
W 2T LKFEBHE A FFE L 72, PEORE T VISR X
NTVBH 0+ EHORBEY 2 7 A KRGS
U, BRILT 78% KR HE L & - 7. RFFTIE, WH
HHRR B K OKRRRN AT U, $RA L 2K R
iofmﬁvx%A%7uyb7—FT®$$%EﬁEﬁ
BAREU R CTd 5 Z & 2MEEL 7= ARG
w/—b@«@l?ﬁ&m—%%miﬁﬁﬁﬁmtmbﬁ

i, WhW ARG Y AT A5 HHTEA L, B ER
HOBREFEM S 2 7 2 KRB SURRE N O R RIRE % {6k T
TIPSR TSR ENTE .

ABSTRACT

A new hydrogen ventilation structure for fuel cell
systems has been developed that uses a waterproof
and dustproof filter for simplification towards
multipurpose development of fuel cell powertrains.
A 78% reduction in terms of volume was achieved
compared to conventional model hydrogen ventilation
structures for fuel cell systems with ducts installed. In
this paper, under the assumption of normal operation
and the possible occurrence of a hydrogen leak,
it was confirmed that the hydrogen concentration
in the hydrogen system and under the front hood
was equal to or less than the unusual detection
for hydrogen concentration through the hydrogen
ventilation structure that was adopted. Furthermore,
this structure newly introduces what is known as a
"forced ventilation system," where part of the air
supplied to the cathode electrodes is taken into the
hydrogen ventilation structure, which has enabled
reducing the concentration of hydrogen inside the
hydrogen ventilation structure of the fuel cell system
during normal operation compared to its concentration
in conventional models.
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Table 1  Excerpt from UN-R134

Item Number Contents
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7.1.4.2

hydrogen concentration in the passenger
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results in a hydrogen concentration
exceeding 3.0 per cent by volume in air
in the enclosed or semi-enclosed spaces
of the vehicle, then a warning shall be
71.4.3 provided. If the hydrogen concentration
exceeds 4.0 per cent by volume in the
air in the enclosed or semi-enclosed
spaces of the vehicle, the main shut-off
valve shall be closed to isolate the
storage system.
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Construction of One-dimensional Humidifier Model in Fuel Cell System
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= =] ABSTRACT
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The phenomena inside a porous hollow fiber
membrane humidifier were analyzed and a one-
dimensional humidifier model that can estimate the
water transfer rate was constructed to enable control
of the water content in the fuel cell stack of a fuel
cell system to the appropriate range. The calculation
accuracy of the humidifier model was enhanced by
investigating and considering the impact of the dry-
up phenomenon that may lower the water transfer
rate due to partial drying of the porous membrane. In
addition, verification was performed by comparing the
calculation results of the humidifier model with the
results of humidifier evaluation tests and measurements
of the water transfer rate in bench operation of the
fuel cell system. The estimation accuracy of the
humidifier model was confirmed to satisfy the target
accuracy of +15% or less that is needed for use in
performance design and control optimization of fuel
cell systems.

1. FANDE

[i] A i o3 TRV L, BREEEUT ORI T /YA X
Thh, WIHROB IS L TCEH T 3.

(i A i 3 RUBORLER i D FEER PR RE D IRGE D 72 1213, K
A KV OIREHERE &, T3 & RBEOYIRIN 77 R % £
DEARE T (Polymer Electrolyte Membrane: PEM) d
JEAEIREET B Z DM EETH B, FEEHIZEHIRIIZ AR
END0HFVHANRKETZ DV ANIZED, PEM D&
TR UIr X 4, LA HEN X U CIRIE A iR
T5. AU, PEM &7 L 22MiBRE O K E A 2 D
BEPBMU, KKE 2 SWHET S Z & TREMERADY
el 2§, PEMOEKERER, 7Y 70O %
Wi CEREAL X ¢, PEM OBEOWD 27 <8 5. &
7z, PEM OALAMLEVENME T U T, #EEZLAMEHE S L
VRN — 2=y b ROV AT

E-mail: shuto_maniwa@jp.honda

5’&:7J§%[I6h‘(n6“”3)

PEM O&KEIERD -2, £ < OB 2 7 4
i3, BRFE R 2 jaf\fit%bffzo’h IR % =012
AR LTV (Fig. 1). BB 2 v 2 5 5 &l
a2 (LN WET # 2 L2363 %) Ak &, 22Kk
FRICHRE SN ZNESRNTRATS. WET H 2IC&Fh

Fuel cell stack

Humidifier

Air

Movement of
water vapor

Fig. 1 Humidification system



Honda R&D Technical Review

Vol.37 (2025)

ZAEGIZLD, BRFEMZ 4 o 2 16T 225 (LT
DRY 4 2 L EFKT 2) 3L E 5.

— 5, R Z & 2 NOKGESBRENC RS L, T
/= PO ARZMAG 23 PHE S BB PET U, B
ZALBMEHE S h 5. RREMZ & v 2 NOK G & % EY)
KP4 5 72812, DRY # 2 OHMEE (Relative
Humidity: RH) ORIEINEE TH 5. Z D729, NIk
ZKELRBE RO VRS LETH D, BREM Y X7 412
WS 2 IR OMIFEERE 4 KBk e €7 ) v 712 & 0 fEH
T AR Z hbhTng

Honda &, MIFEVERE & 25088 A3 M. C % % 2 fLUB e
SRR 25 2 R E M > 2 7 A ICERH L 72 .

2. DR S\

Z{UENE, WET # 20 RH AMEWEAETIRIEMERE
MMETT 2825 5. DRY # 2 Z @0 IET 5 =91
1, Z ONREEREDAS MR % EREICHIE T 2 BB B B
2, ThE TELIVBERONMMES OREIZB$ 201981, +

3B IEbLNTIaL» 7= KifETIE, ZOHEL%
K47y TBEE L, ZORAEER % HIFL 7.

BRRFEM S 2 7 & OYEREEEH O K R (L~ DI H % H
& LT, Mg 2 S B2 & v 7 ANDZEK D RH
PRI 2 —XICINEEST T ZMET 5. INgsT T L
I3 P74 79 TEHRORERHE L, WET #/ 20D RH %8
COEME T OHEEREE 21 L& 5. M E T Lo H
FEEE I, BRI Y 2 7 2B 216 D2 HEEEZEL,
PEM OFREZ LB LU T T 97T 4 ¥ 7 DORIED 7291245
B FOHEE RS A Mat L 22, + 15% I & L 7=,

3. MiEEs T ILDIEEE

S1.IMEX HZX L

ISR K AR EM S 2 7 2 ONNEFEIZ W T 3
T 5. NI OBAEL, WET # 25 64 %K% A B
L, DRY # ZANFBICHEE 5 50 20845252 &
TH5. BBEEY 25 4T3, Fig. 2D X5 12hed &
R 2 2 o BEERREER L THD, (1)WET 4
Z & DRY # ZADEZEIZ & D AKZEK ARG, (1) FEIC
K AR E S TR E M Z & 2 20 5 P (CERK D
—¥BiE T 7 — Fhgigi), () WET 4 2 23 REaHZHA
tw%ﬁ4&»f*ﬁﬁ%bfw5 L7=h - T, hiiEds

12 &k BAKZEG BB R N, [mol/s] iE, BREIEMZ & » 712 &
4 K Ny, [mol/s], WET # 2 NDAKS & N, [mol/s],

7 /= FRBANDKIGFEE) & Nyagair [MOI/S]IZTA (1) DF
BRTHOEbINS.
Nw‘tr = Ngen - Nwet - Nbackdiﬂ ( 1 )

REEMZ & v 7 ORIBEIZE DIREN LR LA WET
i Z & DRY # Z[MTIE, NEEZHRAE CESSm» AL, #
2 DIRSELAC DRI A 52 5.

MR, Fig. SITRTEIITIEEY 2 — &, il
EEKT BNy PR Ih TS, JIIEEY 2 -0
PCiE, PEADBT AT I N TR D, ZOHhAERON
% DRY # %, yMil%A WET # 2 »\¥h 5. Fig. 4(a) i3
RO Z KL 728 DTH S, Bom A —&—D

Stack
Humidifier
Power
DRY gas generation
DRIV a
LWater, _gi@at Gergrated
transfer trampsfer *wg'tie'r

WET gas

0) eattion
) Back

diffu:sion

Cathode Anode

Fig. 2 Water circulation in fuel cell system

Gas inlet head

Humidifier
module \ WET gas
from
DRY gas outlet FC stack

head s

DRY gas
from intake

O-ring

To FC stack l —

To exhaust WET gas outlet head

Hollow fiber membrane Humidifier
\ module
DRY gas
_____\__:_—_._._._._._._._._._._._.__

Inner pipe

Section view
Hollow WET gas

/%@@{

/2 ©

DRY gas

Fig. 3 Structure of humidifier module



BRRIEM Y X7 LICH T B —RITHBERE T ILDIEBEE

BB TED, T2 a2 TKGBRMI NS, Pazdk
IROMSLIEE, Fig. 4(b) DFMIl (WET 77 Z{f]) 2* 5 Fig. 4(c)
DN (DRY # Z M) iZfh > TR E L > T3 9,

rh 22 S I P RIS E O 72 8, SRRSO U BT SRk
WEBTTICEVEERE [ ONIME81H 5. F72,
A 7 ¥ SRR R VA IR E UK S O A D ZZ I T, K AERE
WYEE D B 7201 ML A DT L, ZUERT
BEATIE % < JLIEAER T 2. BRIEOREIRIC & 2 20
J AR PERE A Wi X BB 2 EAATRET H 0, MBS
ZT L TORRHIZEL TWh5.

Wiz, ZIVBIROARFELREE) X H = X LD W CHHES
%'V Fig. 5 IZHIALCOKRDOBE 2 H = X L &Y. WET
HZARORIE, W BRIZE D REEIZROWEE 6 h
5. Zh 6 DOAKFIMILNOBERIIZL D DRY 4 212
20> CTHEIT 5. MLA& Wi L 72 KR 3 EM s KT
IZPE S ZERIECT DRY H ZADHhAR S, ZRAHEIC
HZDOMNEA I =X LTH 5.

BB IV - Wlitme 5540 T uS000 RIS e

(b) Outer surface 5000X magnification

SEl 15KV, WDMimm 5230 =5,000 Spm

(c) Inner surface 5000X magnification

Fig. 4 Magnified views of hollow fiber membrane

3.2. —RETINEZEET IV OBE

IEas 1= & 2 KA RSB B 2 I K S HEE S B 720D —
KICHE A € 7L O ERBEE % 34 %. Fig. 6 I2—&JC
NREFHETADT O —F ¥ — b &/Rd. GtHEERET 5
WA ATIO A 2K % AL T, IIREERA DO KZES & i
JED A & i HMICFIN L 2 e D 2R L §5. Wi

» WET gas
° .o .
o ° o
o ° ° o
Ql,
Membrane °
al o
(o] ..
o (o]

DRY gas «————

Radius rl Evaporation and
4 condensation
\L resultin rl > r2,
leading to capillary
transfer.

Radius r2

Fig. 5 Mechanism of water transfer

Input condition

Initial guess
WTR, HTR

I
)

Gas state
N, T,P
!
WET and DRY temperature from phase change

HTR

Gas state
N, T, P

l

Dry up ratio
ndry—up

WTR changing rate
< Convergence criteria

Fig. 6 Flowchart of humidifier model



Honda R&D Technical Review

Vol.37 (2025)

WET # % & DRY # A DEF4E) & (Heat Transfer Rate:
HTR) &, KZE & WD K 5 T8 #AH 5 A
WD oA % R, BIWD KT LW & & & IZKAE
LB E (Water Transfer Rate: WTR) #3154 5. 7=,
N4 7 TRBEOMEEZT 5720, 7 AW LWL H»
5, 3.4. HiTHMT S K747 v 7 (Dry up ratio: 74y,
AR, KBS ROFFIZEEL T 5.

D K ZE KA i & th 22 SR D il 5 vl D 7K 78 553 1 53 AT
13, HERZEN N2, Fig. 718 & 512, 2kl s
AN —YOCICHERL L CRHR$ 5 2 & THIE & [, B
Fod) & I OBIRICDOW T AR TH 5.

3.3. kKESEH

IEERNERBLR O E FIALTHEIZ DOV TR B, KA
@, WET # 2 & DRY # 2 DAKFER IS % Bid) 1)
L5 EMBIRTH B, RAXFEBE N, [mol/s] % ik fl
S[m’] & WET # %, DRY # A DKFELIE Pyyer, Py [P
ENNDIZE T B BB Ry o [S/M] ZHINTA (2) T
HobT.

S . Pv,wet - Pv,dry

N = = (2)

Rmt‘mtal

Z O MU, ENOWERE 7 v & 2 OFPIZ W
5N B SEMMEF KD, (i) 2RI, (i) B
BEHEPT, (i) WP, = >0Es| & i 5 KoM T
bBEH %7 (Fig. 8). ZEFIPII L P EPTIZDOWT

BERBEHL:
Runtm = 17K (5)

34. K147y 7THE

FI4 7y TEHEOFME, EFMALIZDOWTHIHT 3.

Fig. 942, WET # Z NS & K ZELA BB RO BI%
B, BT MK BHEEAE & 4 5ECHMI B FEREE %
LCHEML /RO TR, X (1)25 (5) &0, &
BRI A —ETH 5 EAE L 2354, KRIEXABIRIZ
WET 5 2 DARZERAEIRIT AL, FE8R0 X5 R
AT EMEINS. Lo L, EEOKESHEE R, fe
DESIITHEENAIBEREREID NS Ko7z, THIETP
T4 7w THRIZK 2 BEBIEMIOEMN AR L T\ 5.

LUVBENRIZ 3503 B H A Sy EERRE CB8 B ST 10 %

i) Evaporation resistance

(
DRY f> /
W - (i) Capillary transfer resistance
5~

iii) Adsorption resistance
WET

Partial pressure difference (driving force)

Fig. 8 Three-resistance model for water transfer

WET gas RH 100%

® Test data !
1
- Assumed water transfer ;
1

5, BRI R L RTRANC X0, R (3), (4)Dk> 7 i
[=)] -
CETZENTES Y. HEREHEOTRIDOL A /LXK ‘s =" o
S — IS D - - !
131000 LU F T 0 i & Akt 5 728, MO R . e - ;
CRRROAE R L BREDIGIE, C2TamE \@ T
HOMk, 2T, R (5) TERT 5. = g :
g8 7 ° i
. e !
BT = :
Rmt,dry = dmem-inner/(adry ReO'SSC:lBDHzO.Air) ( 3 ) '
Water vapor partial pressure in WET gas [kPa]
WA R :
Rmt‘wet = dwet‘asm/(awetReosscll?’DHzo,Air) ( 4) Flg 9 Characteristics of dry up
1 2 n n+1
DRY gas outlet : Watertansfer, “.| DRY gas inlet
Na,dry,out! Nv,dry,out! le,dry,out! wa,out :' I', Na.dry,inl Nv,dry,inv le,dry,in! Tdn/,in

— e e

WET gas inlet

Na,wet,inl Nv,wet,in! le,wel,inv Twet,in

________________________________________________________________

WET gas outlet

Na,wet,outv Nv,wet,outl le,wet,outl Twet,out

Fig. 7 Discretization of hollow fibers



BAEIE MY X7 LICH T 5 —RIThliZss 7 ILOIEE

&I, R4 7y TBRICKAIMEERIKT A h =X 4
1IZDOWTC, T X S ITN#i A 3T 7z, Fig. 10 IZ%fLEIC
B 2 ROBEBBOBREE R, MFLN TE L 72K
WHE LT, A =27 2 D124 - T, Fig. 10(@) D &
INZBEWS T O LA FRE) )7 & UCRREId 5. MifLAo
KAHE<L kB e, Fig. 10(b) DX S I X = 2 FH 2 FED
EANEL D, BEIENES. X512, ARITX > Tl
LA DMHHNZ Z2fLAVE ©, REEXUZ Z D8 % SAH TR E)
TBHILIZKD. JMETOBENL, FF20EELHZET 52
Ellk > TP #Z T ARSI NAERIC L > TREId 5 2
X=X VI E 78 B A, WA T ORBENI R L TP K X
W8, ZOWPAND O BEBESHIKS NS 5. EiE
KDL 5 72MFLE, Fig. 10(c) DX S I2r X —+ Vi
Bk 2BEOARE LD, IZITHREL L &5
MALAIZ B TARZEZRIER (6) Th 5 I b Kelvin
DEEHERIZHE > TEEMET 2 M. ML # 20D RH 23, i
DOHMIFLEE, Bl 0 2 GEERIPH M & > 72356, BERE

Meniscus radius

DRY, ©
gas <« D WET] gas
) g

Evaporation

Condensation

(a) High amount of condensate

Increase in transfer in gas phase

DRY

WET gas
(b) Low amount of condensate
(@)
DRY, © © ©
as
g @ Knudsen diffusion WET gas
®© o

(c) No condensate

Fig. 10 Mechanism of capillary transfer

AIZHIALA A 57834 5. Fig. 1112 WET % Z® RH & §
MiPRA & 25 2 ILEEOBIfR A", WET 4 20 RH MK
T35 &, BEERA & & 2 M4LEE & D oK & W FLEE TR
AIGHFLA 2 5285845 Z & &R L TW5. Fig. 1212, I
e £ U EXAIRIR 5 72 D OMFLE G % 3. I
ISR EOMILL ML T, WET ## 20D RH 28
KT U CHEEMERR A & 7 2 MIFLEE AV & < 25 513 & BEffi K
DIEFET BHILHINT 5. Z OWREEIZ 5 BHFLIZ DN T
&, BEMEAR2NIRA U CBEBEPIAEINT 5, & LI
FEHE KR e 55 Z & THREEL < & D, NINEERESMET
TEERE LS.

In%:—%cosﬁ (6)

22T, ZHBEFENOEMFLEIZNT 5, Kelvin A 5
FH XN 2 EHEIRAIC S 2MALBDOEE, V734 T

30

25

20

15

10 |

Pore diameter at evaporation limit [mm]

Relative humidity [%6]

Fig. 11 Relationship between RH and pore diameter

at condensation limit

20

15

Pore distribution ratio [%]
=
o
T

0 1 1

0 10 20 30
Pore diameter [nm]
Fig. 12 Pore diameter distribution in membrane



Honda R&D Technical Review

Vol.37 (2025)

TRLEFRT S, P54 79 THRIZ K MR EGEIKT
#EFLTCHBETS 72012, X (5) DBEBIIITIZF
FA Ty TREEBETS. FIAT v TEREI LB L
T BN BERIIETIA R XL BB Z LN 4 TH
BH3 2 BRI EIC TR S N2z, 74 9T 4 V78
T A= B gy TR L, RA(T)THEDT. gy 1FIEHR
FAERMEHR D ARy o & ORE & R L 72,

Rmt,mem = 1/ (( 1 - ndry-up )“dw-up I(m + 77dry-up kK) ( 7 )

BEBEHITIMILAN OB K D EEEE 2T 5729,
HZJRIRTE & SETIR B D R O BRIk S MR D2 ki
&, BRI R B X 7z, Fig. 1313, MINESH i
9% DRY # 2 D & i I8 & 1, 2088 L
HIREDO Y A 7 L 2R L 25A 0, NIEEHEE &K
AKX EOBREFTINL 28D TH 5.

(A) 13D DRY 7 2 & A &1 THZME & ¥ 72 IRRE T,
DRY # ZDiE % FF 5 &, Az kD EEIBEML
72 (B) OILEIREL 5. U DRY #H Z2DiE % EiF T
WX B, BERICK D EEMET§ 55, KAEKH
HAVETIRRE & RIS MR X N3 (C) DIREL KB, 20
£, EEALE KEXBHEOBMKRIZELZTY &
2 DR E N, ZEFEIC K A IIEERE(C T O MU & B
K BN LA ORE N R E B Z L bh b,

ZOER L LT, Fig. 14 1ZHIFLO S K Oz FE 4
N HEERRIZ B W T, MIILNTIIAKROZEREL &5
28, BIZLIVERER A EOBERIIZHFES L Tk
WEB S DEERF KD FEFT B, L2 T, ML O B A
DVEFR UMY 5 £C, BEBIHRTI2 NS, KEKHE
HEMEZNTNWBE EEZ -,

MRS BT 2 REABHREHESTS5AT, Z
DOEBEBHEIALNOL 257 ) ¥ 22 HET 22 L EE
WThHb.

4.0

Drying

i C
35 © ®)

3.0 f

25

Wetting

Water transfer rate [g/s]

20

A
15 1 1 1 1
-100 0 100 200 300 400

Weight change [g]
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Table 1 Gas conditions for humidifier evaluation test

Dry inlet Dry inlet Dry air flow Dry water Wet inlet Wetinlet | Wet air flow Wet water Inlet .Wet
- vapor flow vapor flow ratio
Condition No.| temperature | pressure rate rate temperature | pressure rate rate N
K kPaA mol/s mol/s K kPaA mol/s mol/s %
1 333.2 237.0 2.87 0.000567 358.9 208.0 2.47 0.937 96.1
2 323.2 167.1 1.90 0.000533 351.2 140.0 1.66 0.712 96.2
3 313.7 145.7 1.52 0.000500 348.5 121.0 1.32 0.613 98.6
4 314.9 135.7 1.14 0.000400 349.7 116.0 0.97 0.547 101.7
5 315.4 125.8 0.76 0.000283 347.3 112.0 0.66 0.357 106.1
6 314.2 117.7 0.59 0.000233 340.7 107.0 0.50 0.190 105.7
7 313.4 112.0 0.38 0.000167 335.1 105.0 0.32 0.103 117.7
8 313.5 108.1 0.24 0.000100 332.0 103.4 0.20 0.060 126.7
9 313.2 105.5 0.14 0.000067 328.1 103.1 0.14 0.028 113.6

* Inlet wet ratio above 100% indicates presence of two-phase (liquid-gas) state.
Inlet wet ratio up to 100% is equivalent to relative humidity (RH) .
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Table 2 Gas conditions for humidifier evaluation test

» Dry inlet Dry inlet | Dry air flow Dry water Wet inlet Wet inlet |Wet air flow Wetwater | Wet inlet Inlet _wet
Condition vapor flow vapor flow water ratio
temperature| pressure rate temperature| pressure rate
No. rate rate contents *
K kPaA mol/s mol/s kPaA mol/s mol/s als %
10 0.497 37.9 119.3
11 0.497 30.8 102.6
12 338.4 224.0 1.756 0.00037 180.0 1.56 0.433 26.0 89.9
13 0.373 22.4 80.0
14 0.317 19.0 70.6

* Inlet wet ratio above 100% indicates presence of two-phase (liquid-gas) state.
Inlet wet ratio up to 100% is equivalent to relative humidity (RH).
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Subscripts
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asm Assumption
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dry DRY side
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in Inlet
K Knudsen diffusion
| Liquid water
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total Total

v Vapor

wet WET side

wtr Water transfer
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Application of Acoustic Emission Technology to Damage Analysis of High-Pressure Container for
Fuel Cell Vehicles
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ABSTRACT

Evaluation tests are conducted in order to verify
the design accuracy of vehicle-mounted high-pressure
containers that use carbon fiber-reinforced plastic
layers. We have developed a method to identify the
state of damage generated in carbon fiber-reinforced
plastic layers that eventually leads to bursting in these
tests, in order to enhance the design accuracy of such
containers.

For this method, we used acoustic emission
technology and processed the measured results into
dimensionless data. This enabled us to set threshold
values for the appearance of major damage that is the
prelude to bursting. For the first time in the world,
this makes it possible to terminate the test directly
before the bursting takes place.

Applying this technology will enhance the design
of high-pressure containers by enabling a precise
analysis of the state of damage in the carbon fiber-
reinforced plastic layer of a high-pressure container.
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Hemld Fig. 218 L 72K 512, ZOREIZED Type 175

Ve ST — 2=y b 3OV F — 2807, A (1)
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- Fuel cell stack

- Driving motor Electricity storage system

Fig. 1 Layout of major components of fuel cell vehicle
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Type 1
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Type 2
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™, . CFRP
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~
Type 4 Forged aluminum alloy
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Fig. 2 Types and structures of high-pressure
containers
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Prediction of burst pressure by 2D

Trial production

mesh model
Insufficient accuracy of Cycle of “Trial and Error”
dome part
| Burst test / Durability test |
T
Burst test: Pressurizing until bursts

Durability test: Pressurizing until bursts or

leak

Problematic damage analysis

Fig. 3 Conventional high-pressure container
development process
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Prediction of burst pressure
by 2D mesh model

% Yy

Design verification test |

Damage area
(surface direction)

AE sensor

Water jet cutter
CT imaging

B
&

Damage site
(cross-sectional direction)

Fig. 4 Enhanced high-pressure container development
process
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] AE energy
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v Time
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Fig. 5 AE waves and parameters

Maximum
amplitude

(1) Generation of resin filler crack

. . CF (carbon fiber)
Filler resin

Crack

(2) Delamination and small breakage of CF

(3) Breakage of CF (transverse crack)

Just before burst:
Generation of
extensive CF breakage

(4) Burst

Fig. 6 Images of damage process in CFRP layer of
high-pressure container
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Yellow points: Dimensionless AE energy =20

Fig. 7 AE detection status in burst test
(high-pressure container: Type A)

#H R, 100 DL R AE &R, Zh DS &k TcRi
L 7.

ZORREY, FIEIZES 206 ORE IR, &4 DI
HEOWR TR L 2k 512, BkEaonig cmL 7= 150
MPa ¥ % T, SO mmEE N IKIEEDOKEL 55 T
EDREh otz Z LT, 150 MPa {5 TR 7 $fiti b5
MRS N8, 2 ITBIEE W AE B2 I S h THE
DR 2 EFIRREE 7 5 72, RARIIC, M TK X
BEAE LR E & S ITHEEFERR TR L 7249 167 MPa THEZ
IZEZ L0 FlRE /-8 57,

ZZT, WHICEARNAZLIDFRLR T T5718,
Fig. 8RR A ¥ v M LTS AE = X)L ¥ — DfER %R
L7z, BEROEBTEOBEOBIEERNITIIERL 72, M
DL Fig. 7 LABETH 5.

JEJ1%9 150 MPa L FOHEFIZ BV THEABRDO I TR
L7zk iz, =z clix e LTEBEEhSZ E
WAoo 7z,

Z D%, R LR L, Zh DG4 IR L, ik
FNIEAREO L HROFERIZIZ 2 &5 58 LA % Re7:
BITHEZAIZ R 5 7=,

Z O Fig. 8 DRE A =~ b EHY 1.3 X 10° (£ 1% 150
MPa) & TOYIC BT 2 BROME X 1L, AE AR T 5
INE DOV AE TXILX - EBIKRL T3, LI, Z
DERERFRIAHIH O BRI WL & M7 L ARBIERIC & 2 IRRE# 2
WIRREL R T 5.

%72, [AkkDORER% Type A-Type B iAo DOE
JERBIZOWTHEM L 7255 % Fig. 9 1R L 7=.

Fig. 8 L [AREIZ, Fig. 9 I W T & H A 5 b B R DR
Bho v MEE T, HED 8L LB EAN RSNz,

L LR S, A REERR? /R L NI EFHRET
DOEMOEE I, FALA R B2 ZThid, vy ¥ -
DOFEIRIER Z 1UPE S BRI, AE (BRI % & OIS
kBB LHERINS. Ko T, fi— L TG % 72
¥, Fig. 8 ® Fig. 9 ORI H S N7z Bt
EHWTIERLT 2 Z & 2ilkA7-.

Steady state Increasing state

Integrated AE energy
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Red points: Dimensionless AE energy = 100
Yellow points: Dimensionless AE energy = 20

Fig. 8 Changes of integrated energy and pressure in
burst test (high-pressure container: Type A)
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Fig. 9 Changes of integrated energy in burst tests of
various high-pressure containers
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Fig. 10 Results of damage analysis using

dimensionless AE energy (high-pressure
container: Type A)
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Fig. 11  Validation results of shutdown technology just
before burst
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Development of Power Exporter e: 6000, External Power Output Device,
with Three-phase 200 V AC Output Function
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G ¥ Power Exporter 9000 &2 X — 212, K 0 KAl
1 CPHM: % Jik 272 Power Exporter e: 6000 % Fd¥E
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and Vehicle to Home 12545 U, PEEMES 5 & DKM OEX,
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ABSTRACT

The less-expensive and more versatile Power
Exporter e: 6000 was developed based on the Power
Exporter 9000 external power output device. A lower
price was achieved while maintaining high quality by
optimizing power output in response to market needs,
reducing the number of parts in line with the reduced
power output, and addressing change points with
minimal cost. In addition, the first known function to
provide three-phase 200 V AC output with three linked
units has been added to realize Vehicle to Load and
Vehicle to Home as an electrical facility for general
use, thereby expanding use applications to large
electrical equipment such as industrial equipment.
The power supply cable length was extended and
the control was modified to conform to the “Electric
Vehicle V2L DC Charge/Discharge System Guidelines”
to enhance connectivity with even more EVs,
including those of other automakers.
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Table 1 Comparison of specifications
PE6000 PE9000 A B

Destination Japan Japan Japan Japan
Rated power (kVA) 6 9 3 4.5
Rated alternating Single-phase 100/ 200 100/ 200 100 100
current voltage (V) Three-phase 200 -
Receptacle igg x i 3-1 igg x i é 100V x 2 100V x 3
Mass (kg) 41 51 21 38
Volume (m?3) 0.128 0.128 0.073 0.093
Cable length (m) 2.1 1.2 2.0 2.0

Charge/discharge system
Applicable | guidelines for electric 2.1 2.1 2.1 2.1
standard vehicles V2L DC version

CHAdeMO version 2.0 1.0 2.0 2.0

TEXERCEXREMG T 5. PEI0O iF Honda 23555 T
XLy O UREROA o= a3 O EBRELCE
D, BB A AHE 100 V & 200 V O A [EEHC 1 T
LREAFED. 2512, 9 kVA ORI 2#E, ME T
MTED2D, FRIZARY IRFy F V- EDBWK
& LT, KA L OFAREITAEE U 75 T 0 SEF R
HELOBEBFELT, 7x2—A7 Y —IZWEHT2Z 0T
x5,

L2 L, HIEOHADN G ER TS TiE, PE9000
KD TIERAIE 2 DR ERE L > TWDE, &
51T, SRIE /IR O Bk E (Business
Continuity Planning: BCP) xHEDHIGAIAH 5 Z & AT
XT3, 20O BCP MG TIE, Fig. 2 12 d & 5 kb
TOMHPEE XS (2023 4- 10 ABAE, Honda diN) Z

Eleqtric External power output device Electrical equipment
vehicle (100Vv/200V)
Connector @
ﬁ Converter | Inverter |:D=g=> J- e U
L . L [E
DC fnput Conilert Ab output

(from vehicle) DC into AC (to electrical equipment)

Fig. 1 Configuration of external power output system

Examples of power consumption
2 air conditioners 1,600 W

20 ceiling lights 1,600 W
10 desktop PCs 1,000 W
2 laptops 60 W
1 electric kettle 1,000 W
1TV 150 W
Total 5,410 W

Fig. 2 Example of instantaneous power consumption
in BCP of small and medium-sized office
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(2) B I 0 2 PUHEEDOHE A
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BILENT.

PEG000

Fig. 3 External view of PE6000 with electric vehicle
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Fig. 5 External view of parallel three-phase 200 V
AC output system
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Fig. 4 System configuration of parallel three-phase 200 V AC output
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Table 2 Conditions of single output test

Table 3 Results of single output test

Vehicle Honda e (Honda) Output mode setting Single-phase | Three-phase
Output power No load One cycle of sine wave T (msec) 20.00 20.00
Power factor - Time difference of zero-cross timing

10.00 6.67
Frequency (Hz) 50 Tqi (Msec)
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FERDIFFEGIZ G L 74 v 23— 2 R © g, HH
D — TN T U =R L2 o8z k> TeEH)
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Ay 27 L2138 & PE6000 & 3 B#lASHLE S 729
HOHEKR R PE6000 OBELRERKE L EIZX-T, 36
F1HB LI 2HED PEG000 D IAIEE->TLES A
BN D 5. ZOWE, UM, VI, WHZKMEZ 2R
Tl 22 0, P & - BRI A IETIHIR & 25 B T REE
Mot T, %8 BOX IR, MY L —F X
Under Voltage Trip device (UVT) ###k L, KfH¥k X UOA
SRR T L = BEE S AR L, 612,
HHnIk % 5722 & % PE6000 DR, T2 —FAWAT
ZIMEEA BN 72

3.1.2. =B M H O E-AEEE

Table 2 DiRERZAF T, PE6000 THi721Z3%E L 72 120 )i
ONFHZEE DRI TE T 5 Z & 2L 7-.
HHE—-FEZMHE—-FT2hZTht I Eh 3R ROEIL
W% Fig. 6, HIEHR % Table 31Z/R§. 4 V) —2 D

i Idlff .
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1001
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o
-50
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(a) Single-phase output mode
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Fig. 6 Comparison of phase differences in single
output waveforms for each mode

Difference of electric angles 6

(calculated value) (deg e) 180.0 120.0

Table 4 Conditions of three-phase output test

Vehicles 3 cars, 3 Honda e cars
Output power (kVA) 16.4

Line current (A) 52

Power factor Inductive load 0.8
Frequency (Hz) 50

Table 5 Results of three-phase output test

u-v V-W W-U

Line voltage (V rms) 185 185 185
One cycle of sine wave T (msec) 20.00

Time difference of zero-cross timing

T,y (Msec) 6.67 6.67 6.67

Difference of electric angles 6,
(calculated value) (deg €)

120.0 120.0 120.0

XIDFE 0,413, TRLDX (1) TRO B ZENTE S,

_ Tdiff
Hdiff - ? X 360 (deg e) ( 1 )

T: Cycle (msec)

T,y Time difference of zero-cross timing (msec)
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E 0
® -100
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Fig. 7 Three-phase output waveform
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Cable mounting space
Power supply connector cable
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Honda e PE6000

Fig. 8 External view of power supply connector and
cable

Table 6 Comparison of specifications of power supply

connectors
PE6000 PE9000

Required maximum current (A) 36 54
Rated current (A) 37 100
Rated voltage (VDC) Below 500 DC450
Mass (kg) 2.2 3.2

Length (m) 2.1 1.2

Diameter (mm) $23.4 (typical) | ¢26.3 (typical)
Cable [ Hv+/-

conductor size (mm?) 55 (10 AWG) 22

Mass (kg/m) 0.5 1.0
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Fig. 9
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Power supply connector cable storage status
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Enhancement of Feeling in Turn Focusing on Pitching Behavior

KA B AT
Naoto OHKUBO
= = ABSTRACT
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42 728, BOEDNHR L 22 oo flEiz sy, 1
METHL 2 ¥y FEH % TS 2 FEERET L 2. He)E
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EAR AT 2 HIEH A Z L L7 Y I2b—v 3 viC
& O HIEHN & B RO RAMGE L, T — L ZFEFNDHE
By FEHORELZA I VST TED T & ATER
L7z, IS, T 2 MCkD, ¥ Ia2b =Yg VAKOD
HMjEIRREL T E T & 2R L 2. £/, BRI
12X, FEMEOE EIZIR2H 5 Z L&, HIfHOm X1
BB BT bh o

In order to provide a natural feeling in turn
for general drivers in daily driving, a method was
examined for adjusting the pitching behavior produced
by steering in control of acceleration and deceleration
linked with lateral motion. In consideration of the
characteristic that the pitch angle response is twice
the steering frequency, a control law was devised to
reduce unnatural feeling in turn. The effect of the
control law and the controlled variable was verified
by simulation, and it was confirmed that the timing
at which the pitching behavior occurs can be adjusted
without impacting the rolling behavior. Next, actual
vehicle tests were conducted, and the vehicle behavior
was confirmed to be similar to that in the simulation.
In addition, sensory evaluation showed that the method
is effective in enhancing the feeling in turn, and that
there is an appropriate value for the control strength.

1. FANDE

HEBERE A1 E§ 5 728, B % < DHIHT IS4 24
Yy v —fEIE ST A, REFIE LT, KEET
@WDEbﬁ&&iLT@%iﬁ@ﬁi%ﬂ%%%%%ﬁ
OfEmOREIE Y P mTL —FHC A YDy 2 &
< ABS HlH, HIEKE) OLELEIZ&KD T —F— XV b
ORI P nbn, 22N T4 RIEEMEEDT
= 7=,

TU—FIZXBHIETIE, T —F— AV b HIfEH e
it XNz LilckD 220 7 4 B E 0, Bam
WELIAHIZ & k4 2 REIR S A S 5 T e B O L
L, 7L =% 554 ZOM M & @ © 5 &AMk
M ENDEELDEE R D720, —KFTANNHBHEN
1 5 Rk (Fig. 1) 1213 & Daﬁ)ﬂéh“(_tz#of:.

8T =75 v MK AT, el 5 &
HitkGROMEREIC L3 —E— XV bR ETH I L

UK LR S
E-mail: naoto_ohkubo@jp.honda

PRI NTE 7, REEE R L 2= hssd o fil g S s
X0, FEEEEE LR L TS 24k GOOAEMBD | £98
952 T, HEOBIEFURIZ B 1 5 #inD g L & & &b
AR B HN O S T Tn B,

A Handling
e enhancemen
" Lane change, control
roundabout Avoidance in -
E i Stability
Q control
[%2]
2 Target area s
o Winding,
% ighway ram
Daily use
0 >

Lateral acceleration

Fig. 1 Target scene



Ev FEEICER L ZieEIRR L

NI =75 v b OBILIZED, TE— 2 DREMED K X
ZHH U - BlE BRI O HGEH 2 280 22 h 5. %
D78, HIBT A K B EABEANORE S B E 5 5.

7z, BERIFICIE I —FHo - L FHe L ity FF
FLREL, v—L L &y FOERO MM A FERIRTEIZ
WEFLLVIWEEH BN,

Z T, KR TIE, F 543500 FILEEICR L
& 2e < KEml4 2 4 (gD & E@F& L, miiboE D)
VR U 72 NGRS S 50 ¢, BEM O &y F 25 8)
I3 H U CHERI& A& 18 L X2, 2D AL & B 5ERN%
RIS I B = O

2. BREICE - THRETBE Y FEF

FEMF S IRk A db 5 & wi % fmE O EFEE AR L,
I—F—2Y N TRRET B EARSNT NS, HHES)
ISR U 72 A NS 3o T, oAl % 001 & 0 g
Bl ZEHET 2T —F— XY FBRETEH, FARKHZE Y F
T AV ERETE D, €y FFEIILHEGTS.

22T, Fig. 2 \ZJRHAEERERE O REMDEE & o — )L,
Yy FAOINEDOFI &R, BIIEE R ° — L3 A O
FAETT AN U COIRRISIBE § 5 DIS/ LT, By Fid
BRE ANTARAE L R WIS % L, €y FAOIRE R
BERESRR D 2 512 R A D B T L hbhh b,

Z 2T, By FRYONMHERZIHETHIEES LI L
TH =L & ¥y FOZEFOIFNZE & F18E T Z AUSHERIED
M EICENTH B EHE L7

60 | '_— Steering angle

30 Lateral acceleration
/

-30 +

Steering angle
[deg.]
o
o
Lateral acceleration
[m/s?]

-60 +

0.0 0.5 1.0 15 2.0 25 3.0
Time [s]

(a) Steering angle and lateral acceleration

0.1

! g Roll anglé /Pitch angle

Roll angle
[deg.]
o
o
o
Pitch angle
[deg.]

0.0 0.5 1.0 1.5 2.0 25 3.0
Time [s]

(b) Roll angle and pitch angle

Fig. 2 Example of vehicle motion during sinusoidal
steering input

3. fieE =)

3.1. Ey FEEDETIVE

Yy FEEBONAH % mith I TS 204 B 2 &
3 7291212 Yy FEBO R A BIEHN AR T T & AR
WoNBEA, Yy FHEBEEEL LS &5 LHBET L
TSR B

Z 2T, IMROETFILTHIRO v FEB) O R 4 7
B 20048 U, 2o 3D < HI a4 #at
L 7.

¥, WIC ko TRAET B Yy FHllE AT B L,
KX(1)&%x3.

I,0=—hF, +M,+M,, (1)

Z2ZC, X (L) AED F 3RS, Z LT, My, & My
WBENETND v v F T 9o T HEF ARV Y 3 VIZE 5> TH
LTI FE—SXV I THD. By FE— XV MIFig.
BUITRT KD ITHT FAD FRIAIET, #HfE L ¥y FEH)IC
HEONE WDy A TF— XV b, XA VHE S KINE, Y
FTER, 7VFEA TV T L2209y MIEHL .

A2 1) P ld Bk x i s EH 3 2 1 Th b, KEmic
Ko TRAETHHIHRNIOAERRE LT 5, BEAERHERT
WOMNIZKOREST ST —-F )V VI Ty DRI
Fx & UTEHT 2728, HIARE MR X & 2 AT Fi 2 I0E
ERAT .

WX AP D EDOT, hta—-F) Vv T75—2
BHELWELTIRS &, a—F VYT T 92k bRtk
7, w2 — ) V77 — X L iRAE & VT, X
(2)D&IIZEBLZENTE 3.

Cornering /
drag force!_ /

Fig. 3 Cornering drag force



Honda R&D Technical Review

Vol.37 (2025)

FX:_FYf5 (2)
Hife I — V) V277 5 — 21%, EHIRREDORINEE Y,
ERHOWTHERICEER T2 &R (3) Lk 5.

|
Fye=7mYg (3)

Yf
ZLTC R(2)I12X(3)#RATHE, a—F )V F
FuiE, N(4)En3.
Fe=—-CmYo (4)
Z 2T, RiEAEAISN T BAREEE 74~ Gy & T 5 &,
KX (4)FX(5) L yitbTE 5.
Fo= - mG, (5)
R (5)&D, a—F VY V7T ZIFniRAEAD 2 FIC
WS 2 728, BAEH EARTEE S, 2D R 5o 15
e D 25 k5. ZORMILFig. 2128 L2y F
FHE ORI E —30d 5.
wiz, R(ATAE2HOY v v F 7 v T HIZE ST
BETHEYFE—AV P ML, 2=ty & —5E, b
Ly K, BLE, 3—F Vs 7x—28EEZHNT, A
(6)k¥3
2
MYJ:Zr:_g(%) (_hfFYf2+hrFer) (6)
22T, R (3T —F ) v 7T 5 =2 %K
W, Tho xR (6)ITRATEER(7) k5.
mh (22 I I,
MYJZZ?(?) (7hf|_+hr|_)YGZ (7)
R(7)&D, Py v FxFTy T HNETHRETEE T
FE—A Y M, BIHEEO 2RISIBETHRAET S, £ 7,
R (5) & ARk BTfRAE AR 2 RENIERE 7 1~ Gy & 1
Wak, X (7)i13X(8) L gitibTE 2.
mh 22 [ I
M, =27 (5) (n g nt) @00 (&)
R (8) LHMGAEAD 2 FIZHMT 2720, Vv v FT7 v
THIZESTRET Iy FE— AV Ny FHEBOR
M —%7 5.
KR (DATEIHDO Y ANV Y 3 VIZk>TRET S
EyFE—AY I Mg, ¥2AXY Y 3 VOV y FIER
BE sy FHlEE TR (9) & &E 5,

MYS = _Ceé - Kee (9)

L7zhioT, it e &y 738 & OREARR 2 BIRIZ, X
(1) alX (4), (7), (9)#fRAF 2 &KX (10) »f5
5h%.

1Lo=h - my 5+2”l“(—)2(—h—'+h—‘)v 2
Y | G g T f (10)
—CH-Kp

X (10) &0, #BhEIZ & > TRET 2 ¥y FHBIOR %
fliZcRK T Z LA TE MG E N

3.2. HlfHRIDFEH

Wi, FEmIEOE I3 EREA I3 5 ¥y FEBO
MM AR IR CHIETEZ LT 22 EPAEMTH
3 LEZ, HifiTR S N EREHWT, Fig. 4108 T
k94— A VvEEDYIDE LEIZ T 5258 & R
ISR T ¥y F2E8) % 6 5 HlH] & BEt L 7.

X AO)HELFELEE, I—F VYT FI 97tk >TH
LT BEIHRIICHBITIE yFE—X Y N THDS. TDOH
EFHOTE y FE— 2V FOMMHEEED 5 hiud, Fig. 2
(D) ISR L 728y FAGE QR MEMRIFTE 30T, Hlf
AT & BB A KK L DD hEm& %1 ET& 5 &% %
bh5.

Yoy FERERD 5720, KX (10) L85 1 EIREER
TRMHERED 2HEZENT 5 &, X (1) 215560 5.

d

- Ir
Li=hm (Yoo + 7 5 (V)

(11)

mh (22 [ I .
+2g(;)(m;r+m7)nj—Cﬁ—Kﬁ

RS 5
Q@mm U

angle /-

0 >
Turning
assist

Traction c
ontrol command force
force I— J

0 ~- >
~—
Longitudinal | Deceleration by cornering drag |
acceleration
’ / >
[Increase deceleration
" ; Without control
Pitch angle With control Ii

0

Fig. 4 Example of control law operation



Ev FEEICER L ZieEIRR L

— 5T, BRI E S Z 55 RBADOY Y FHEENE,
X (10) IR A E Fyc ISk > TRAETEZE v FE— X V¥
PN X NS 20, X (12) kB,

LF=himY o2 (%)2(‘hf||_r *h) v (12)

-C0—-K,0—hF,

HiZ, XD AKX Q) ICRALTEETZZ LICkD,
Yy FXEE R0 5 720 OfilEfE A L LT (13) 235
5h7-.

[ d
Fre=—7 Mg 5 (Ye0) (13)

X (13) TIZHENEEE & aifafe A O3 MT EhTnd
ZENE, By FNMAEED BRI IIE, YD B U AR
WIRGEMNZ, 10 R URAEEIENBEMNZ AR 5. Z Ol
HHITIE Y — 4 VIO y FEBEZFOHL L ENR L
LT3 7:8%, X (13) ORI E 2 U0 1 UEAERE O
HWHITOAERT 5 L5 (14) & L7

d

F,c =min (fll— mz. - (Yo9), O) (14)

2z, A (14) oflEfEa iR (5) 2fCAL T, X
(15) &L ¢t T& 3.
Fye = min (- mr, 5 (6,09, 0) (15)

X (15) I iE (5) & ERRICATmAEF D 2 D BEHR
DEEND 720, BTSN T IR T, D%
JERBE A RAE SR D 251255 T AR L T B,

PbEXD, B #fioT8—V 4 VEOE v F24)
DR % i TN & > TS 2 HIEAID T & 7.

4. alb—Y a3 ER

\’1
11

HIEHIORBESIRES I 2L —2 3 YV TREEL 72

YIalb =Yg YCHOZHEBET L, (T L6 il
JE, ER T A LT 4HHED 10 HHEET LT, v—)b
VA =G, TVFEATHA, TYFAITy PAIZKLD
Dy vFT T EEE, 44 YENRETI-F) 8T —
A EICHIE AR U7,
HiljEFIIZIE, DRI AV FONATY P EVEL
VOB AR L 2. B A EE R -y 4 =T
OHTHIE LTHIKIZG 272, ST =75V F DIEEER
BN & L TEE L 7.

Fig. 5(a) IZ/Rd & 51257 A & — FIZH#H 50 km/h T
DJ & =VEHY, &= A4 VEORIEEE S g2 E) 4
MEEL 72,

Roll angle Longitudinal acceleration Command force Lateral acceleration Steering angle

Pitch angle

[deg.]

[m/s?]

[N]

[m/s?]

[deg]

[deg.]

90

60 |

30

.30 | | | | 1
0.0 0.5 1.0 15 2.0 2.5 3.0

Time [s]
(a) Steering angle

6.0

40 L

2.0 —_/
0.0

Without control ||
————— With control 1
——— With control 2
— With control 3 ]

-------- With control 4
_20 1 1 1 1 1
0.0 0.5 1.0 15 2.0 25 3.0
Time [s]
(b) Lateral acceleration
200
0
R L R Without control | |
200 &S |- With control 1
- With control 2
-400 F - With control 3
-------- With control 4
-600 L L L I i
0.0 0.5 1.0 15 2.0 25 3.0
Time [s]
(c) Control command force
0.2

Without control []

————— With control 1
——— With control 2
- With control 3

-------- With control 4
-0.4 . . ' ; '
0.0 0.5 1.0 15 2.0 25 3.0
Time [s]
(d) Longitudinal acceleration
2
1
Without control
————— With control 1
0 With control 2
[ — With control 3
-------- With control 4
-1 L 1 L L L
0.0 0.5 1.0 15 2.0 2.5 3.0
Time [s]
(e) Roll angle
0.2 Without control
————— With control 1
With control 2
01 fl - .. With control 3 R
-------- With control 4 »
0.0
0.1 : ' : : ‘
0.0 0.5 1.0 15 2.0 25 3.0

Time [s]
(f) Pitch angle

Fig. 5 Simulation results



Honda R&D Technical Review

Vol.37 (2025)

HIBI R A GRS 5 720, HilfZ L &I 0 & ik L
7o, WS D ORFER o 1E, ARAENBIR S Wk /D
XMEDLA 1 ZHUEL U, ZOMED 2.5 %, 545, 10 #%
D4EHE L.

YIialb—va VERE Fig.5 IR,

IR & U TRt N Fig. 5(c) (&, EXER 5 0b] 0 B
U EIER 12 mhéh,hﬁ&%ﬁk%<&éa%@% il
gREL BT

ZDE X, Witk Fig. 5(d) 13 ER o« HREL 55
LLBITB ERDNRELS BN ZOE -2 REL KT

ZOK, ¥y T Fig. 5(f) &, RINNEE & [RkkDZEAL
ARL7. — T, u—)LffFig. 5(e) 3B E2Z T k2
LT &

Ik, R e 12 & - TRIRIEE & &y FfAHl
WTEDZEMVHERTE .

5. XET X MER

WIZFEETF 2 ML AW e B2 557,

FAMEIIZIZY I 2L —Y g YVHEEFLONR— X
ELZEDET XY EDONA Ty NEVEX VEFERL
7. HIEIEAEEHST - 75 v b Y 2T A0ME O
BIEfEE LT 427, Fig. 6(@) AT EH3IZF A PE-F
ZI13HH 50 km/h TDJ &2 — V&V, &4 — 4 VO]
B R & Ik 258 A MGl L 7z,

FHZ DA E/DER 2D AT T v ruakRy
b AR S TEAEL, -1 ¥y FAdd L — 5 —
P& W TERIIL 7.

YIalb—voa VERIZ, s L EEfE s 0 &
L, D 0 ORER oo &R UL %7z

FEHT 2+ OFHIIER % Fig. 6 1587

EHEA 5 DY 0 8 U 10 & h 5 HilEdE 4 il Fig.
6(c) &, WER . 22 E g5 L, Y32 —va vl
BRIZZAL L 72,

R IR Fig. 6(d) & [ABRIZZL L 7=
fi Fig. 6(e) I2DW\W T3, ¥YIalb— 3V &k
TWZ & affEd L7z,

INEORRED, ¥y Ff Fig. 6(f) & RMRIZELL
T3 EHERITE, HIfEREAEOKRE LR 3, 41200

Ty Iab—vg vERBRIZEN L —J5T, HIfEE
AEO/NE BRI, 21, BEFEOFEI LDV I 2
V=3 g v EBROMEmE S b B 5T,

WIZ, ZOHBEORAREAHY L7z2F 28— F K54
12 & B EBEREIT A A L 2z, WA LIiSx LT, R o
%k%<bfn<tM@W®mLﬁﬁafét LAaL,

SIZKEL LTS EWIENRA L 222 LA 5, il
@@@étd@@ﬁ&é:aﬁb#ot
AT, IR %A REET 5 728, HIEHHFEH Y S 16

ZLT, u—JL
L

Roll angle Longitudinal acceleration Command force Lateral acceleration Steering angle

Pitch angle

[deg]

[m/s?]

[m/s?]

[deg]

[deg]

90
60
30 +
0
-30 1 1 1 1 1
0.0 0.5 1.0 15 2.0 25 3.0
Time [s]
(a) Steering angle
6.0
4.0 +
Without control
200 Do With control 1 ||
With control 2
0.0 E——— With control 3
-------- With control 4
-2.0 1 L ! : :
0.0 0.5 1.0 1.5 2.0 25 3.0
Time [s]
(b) Lateral acceleration
200
0
200kL T = Without control | |
————— With control 1
....... With control 2
-400 + - With control 3
-------- With control 4
-600 1 1 1 I I
0.0 0.5 1.0 15 2.0 25 3.0
Time [s]
(c) Control command force
0.2 Without control
————— With control 1
With control 2
- With control 3
-------- With control 4
-0.4 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 25 3.0
Time [s]
(d) Longitudinal acceleration
2
1k i
Without control
————— With control 1
0 ——— With control 2 [
- With control 3
-------- With control 4
-1 | | L T T
0.0 0.5 1.0 1.5 2.0 25 3.0
Time [s]
(e) Roll angle
0.2 Without control
————— With control 1
With control 2
01 H_o.-._. With control 3
-------- With control 4
JOUE T g L LT
0.0 |r———mr et AL ——
0.1 1 1 1 1 1
0.0 0.5 1.0 15 2.0 25 3.0
Time [s]

(f) Pitch angle

Fig. 6 Actual vehicle test results



Ev FEEICER L ZieEIRR L

BOT AP FIANICKDERES B2 %> 7. HlHd
D DIEER tc DFEIE, TF 28— b F T 4 23Sh501E & 31
fliL7-8 & & L. ZORE, Hflad 0 IEHfEZ LiskL
THEMIEA B L LT3 DT XV b BREERT.
PlbE&Y, FELUZHENC X 2 5EREOm ERhRE,
Yy FATERMIZHIMET S Z LT Lh o720, Hitk
TGRS D 7E Bl & B RERHM TR AR5 Z & M T & 7.

6. £&O

i F T A ND HE RIS S AR IS S A H R K
Yy FEE A DR A IR 2 720, ERIFR DYy F
ZENCH B LN A A E X, ool A & 55k
IR A Ik 2 F % Mt L 7z
(1) B/ NROEFILTRIRD E y F B QR A FBT 258
P EEE L, Z ORI < HIFEANZ et L 7.

(2) BRET IR T, BRI D 2L k5 v 5
ZH ORI A TN AAR, €y FAIBE DR
R % Z & cliglnl v o s A KR B HiE
BERELT.

(3) U= NAHNOHEEL Ey FADKELA I V&
WTEXBT a3 —Y g Y CHIRAERL 7.
(4)FHEFZ MZBWTEY I 2 b —Y 3 VIO H

ZEWHRRELTND Z L AERL 72,
(5) BEN 7 4 /312 &k %928 %l 5 7 B HEETHI T, fEg Ml
DELIIRRH 5 Z LIRS iz,

SE XM

(1) PIERE, AEmEE, NI, BAAA, Bes:E T
BB DUSRIRAE S X T 21200, A E
AT 2 A EE No. 921-1, p.131-134, (1992)

(2) RPN, /NRBE T, FEHSEEA, WK, R,
BEWH:7ay 27 7RIy 27 20%, AH)
BRI 2 A 8, No. 34-03, p. 5-8, (2003)

(3) 1A BB B3 0 ] 0D 72 ¥ 0 o g 2 72 P 1 S 2
7 4, BEIESREY VR Y AFF 2 b, No. 96-
02, p. 9-17, (1996)

(4) AEAF7Esh, 2o —, RIH—3%, KSHE], 54T,
KREHEH], HR)FEE, FUREIE ATTS OFYE, HEjHE:
i AT 2 RI4E, No. 971, p. 13-16, (1997)

(5) gaAE W, RYOTH, U, Y —, 5 FE
Bt MABER, NEEE:a—F ) Y248 54
7Y A N KEREDBHTE, BB E Al 2 A i 2 A
#, No. 27-10, p. 7-12, (2010)

(6) /NSEGE, “HHI5E, KAF—Ml: Agile Handling Assist
DFFE, Honda R&D Technical Review, Vol. 26, No. 1,
p. 46-54

KRAREN

(7) BHME, ZmlE 3 —F— 2 Mk 2HEOME
B E ORI 2 DT, B S R 2 i
#, No. 933, p. 199-202, (1993)

(8) 1L aR, 2B E A - BEEE) 1 H AR U Chos 4 HIfE 5
2 L O E B R IC BT S AT — SR ) & 4T
W& T B Atk - RIS LR (G-Vectoring) HIfHIDHE
% —, B AR 2 Al 4E, No. 8-08, p.
9-14, (2008)

(9) MpE R, ZERIEAN, WWFIEK, 588, il HEa, m
FERAE, WHDE, BRI, St SnET v v
R\ EFER G-Vectoring HIMEHMOFAFE, HE)
HLGT 2 2016 FHETR A MGEE S5 T RE, p.
1310-1314, (2016)

(10) W F0etbt, RERUC, (LR, MRy, & H SR s
1) 7 i MR & R R 3 2 W e ~ A~ v 7 4
LB ERHGWza =L ¥y FRIBGHIE~, A8Eiiy
22T 2 RIM4E, No. 145-11, p. 13-18, (2011)

List of Symbols

m  Vehicle mass

I, Pitching moment of inertia around center of gravity
I Wheelbase

I;  Distance of front axle to center of gravity

I, Distance of rear axle to center of gravity

T  Track width

h  Center of gravity height

h;  Front axle roll center height

h,  Rear axle roll center height

C, Suspension pitch damping coefficient

K, Suspension pitch stiffness

Fy  Front wheel cornering force

F,. Rear wheel cornering force

Fyx Longitudinal force

F,. Control command force

Fy.' Control command force limited to deceleration side
Mys Pitching moment by suspension

My, Pitching moment by jacking force

M, Yawing moment

Y; Lateral acceleration

G, Lateral acceleration gain for front wheel steering angle
g  Gravity acceleration

6  Pitch angular acceleration

6 Pitch angular velocity

6  Pitch angle

o0  Front wheel steering angle
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Y' Precipitation-hardened Cobalt-free Heat-resistant Steel Strip for Exhaust Gaskets Work at 900°C

TR N S o %2
Hiroki YAMAMOTO Isamu SAITO
HE B fF &° g RO R’

Yoshiki KUMAGAI Yoshinori SUMI

2 B

IO CHEI N THIR AT AR Y — L TEBHLWH A v
PR AR L. MRy T P EERREEOS
W y'-Niy (Ti, Al Zgfbil & U CRiRsrIZiG il Lg%
EoD, MRS A ER X THEER L & B EEN
LHE CE B I L LD, Vv E—v 3 Vit ER
Lxw3720, by OB LEWEEED, JEHRILH
N-Ni, Ti O 2 I & 8 %855 & BO5EH80C & 0 Mgt
L, Ti+Al=5.9 at%, Al/Ti=1.0 IZFRE L 7=, £ 7=, BWE
MEVE % % 5728, Alloy 718 12X LT Nb & Cr ORIIE
AL, SRS U 22, iR T 1 At D fifE
RELUERICET Sy ORENEEZEE LT, 30% »56
40% ICRYE L 72, Z ORER, FARM TR LA 27 v b
13, BEMGRERIZB VT Alloy 718 897 27 » b @ 750°C
128 B MEAEE 900°C THEMA T & % Z & &AL 7=

ABSTRACT

We have developed a new steel strip for gaskets
that can seal exhaust gas in 900°C environments.
The concept for the material specified the seemingly
conflicting requirements of high performance through
the active use of y'-Ni, (Ti, Al) as a strengthening
phase for high-temperature stability, together with a
higher melting point for manufacturability. To enhance
the relaxation properties, alloying elements that raised
the amount and stability of strengthening phase y'
and suppressed the precipitation of the harmful phase
n-Ni,Ti were investigated using thermodynamic
calculations, and 5.9 at% of Ti+Al and a ratio of 1.0
of Al/Ti were selected. In addition, to enhance hot
rollability, the melting point was increased by reducing
Nb and Cr contents as compared to Alloy 718. To
maintain initial springiness and the stability of y' at
high temperatures, the cold rolling reduction ratio was
set at 30% to 40%. As a result, in heat load tests at
900°C, gaskets made of the developed alloy performed
at the same level as Alloy 718 gaskets at 750°C.
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Table 1 Chemical compositions of developed alloy and Alloy 718
Chemical composition [mass%]
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3Mo-0.5AI-1Ti-Nb (mass%)
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Evaluation of Anodized Aluminum Corrosion Resistance by Constant Current Anodic Polarization Test

CRRE CRE TN
Hideaki MIYASHITA Kohei TOMITA
oo g B OR oW

Yuki YAMAGUCHI Takahiro KUWABARA

2 B

T IMRRMPIGRFIZ L 6T 7L~ A F OENE2 T
WTEBFHEERBL 2. EEWRT / — Noomikzd Ao,
TN A MU —E OB A U 7= B9 A -
HAREAHETEZLTTILYA FHOERA FREYDIR
RO EMEEZFHITE 5 Z & #HERE L 7-.

7, TLIBEhOBRMKTENIEZHZ & TTL
4 b OMEEME T T2 E KB 7L~ 4 b EEEOZELIZK
KL Tn5bZ & EHHEN LAEEOZIZ L DAL 2.
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2%9512kD, 7LV FOLERERHETE S K51
Lo

ABSTRACT

A method was developed that can estimate the
corrosion resistance of anodized aluminum regardless
of the aluminum material or treatment conditions.
It was confirmed that the constant current anodic
polarization method can be used to evaluate the state
of voids and foreign matter in anodized aluminum
and the corrosion resistance by measuring the initial
potential increase rate when a constant current is
applied to anodized aluminum.

In addition, the change in the initial potential
increase rate showed that the factor lowering the
corrosion resistance of anodized aluminum due to an
increase in the amount of added contents in aluminum
alloys is rooted in the change in the anodized
aluminum structure.

This method can estimate the corrosion resistance
of anodized aluminum in a short time, enabling
determination of the specifications of anodized
aluminum at an early stage.
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Fig. 1 Cross-sectional view of anodized aluminum
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Fig. 4 Shape of aluminum test piece before anodizing
treatment
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Fig. 5 Test piece for polarization test

Table 1 Added content of anodized Al materials

Added content (wt%)

Material
Cu Si Mg Zn Fe
ADC12-F 1.8 10.1 0.21 0.63 0.77
AC2B-T6 3.0 7.0 0.31 0.01 0.16

ACACH-T6 0.02 6.9 0.33 0.004 0.08

A6061-T6 0.19 0.48 0.98 0.01 0.46

Table 2 Anodizing treatment conditions

No. | Electrolyte | Current | Minimum | Sealing
density | thickness | treatment
(A/dm?) | (um)
1 | Sulfuric 2.0 3.0 Nickel
2 | acid 15 acetate
3 8.0
4 20.0
5 3.0 None
6 Water
7 | Oxalic acid 4.0 Nickel
acetate
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Fig. 6 Relationship between anode potential Ea and
polarization time of No. 1, No. 5, and No. 7

Table 3  Evaluation results of ACACH-T6 anodized

test pieces
No Differ_e_nces IPIR ROC
from condition No. 1 (V/sec) (n)
1 — 9.4 44
2 Thin 6.6 11
3 Thick 13.9 60
4 Very thick 17.0 80
5 No seal 5.4 8
6 Boiling water seal 8.2 14
7 Using oxalic acid 17.2 78
Table 4 Evaluation results of each test piece under
anodized condition No. 1
No. Material ac?;::ioéﬁrt);nt (\I/'/DSIEC) R(nO)C
(Wt%)
1 ADC12-F 13.51 3.9 5
2 AC2B-T6 10.48 7.1 20
3 AC4CH-T6 7.33 9.4 44
4 A6061-T6 2.12 18.3 72
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Fig. 7 Relationship between Rust Occurred Cycle
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Fig. 8 Relationship between Initial Potential Increase
Rate and Rust Occurred Cycle under condition
No. 1
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Automated Test Scheduling Using Vehicle Routing Problem Methodology

LR wom R A’ B o — R
Atsushi ARISAKA Takeshi MIYAZAKI Kazuki FUKUI
= = ABSTRACT
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In order to shorten the development period and
help reduce development costs for new vehicle
models, a method for automated scheduling of actual
vehicle tests was devised that helps to minimize the
number of test vehicles and calculate the shortest
test schedule. Use of mathematical optimization
methodology for collision test scheduling and use of
the vehicle routing problem solution in particular in
mathematical optimization methodology for function
test scheduling enabled incorporation of the constraints
into the automated calculations to be considered.
Simple applications were created and verified using
the applications with a spreadsheet software. As a
result, a scheduling task that previously took an expert
90 hours could be accomplished in 6 hours.
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