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General Electric Company and Honda have jointly
developed the HF120 turbofan engine to be installed
in the HondaJet. Both GE and Honda brought their
leading technologies to the HF120 program and
targeted top-class light weight, low fuel consumption,
and low emissions as key design goals for the small
turbofan engine. The HF120 improved specific fuel
consumption by 3% and thrust-weight ratio by 17%
compared with an earlier HF118 turbofan engine that
Honda had developed independently. In addition, the
HF120 complied with emissions regulations for larger
turbofan engines that currently do not apply to small
engines in its class. Notable features of the HF120
include wide chord swept fan, carbon composite fan
stator vane, high-efficiency centrifugal compressor,
effusion-cooled combustor, and air-blast fuel nozzle.
The HF120, with these and other technologies,
received a Type Certificate from the United States
Federal Aviation Administration in December 2013.
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Table 1 HF120 engine specifications

Model HF120
Takeoff thrust 2095 Ibf
Length 59.5 inch
Width 25.8 inch
Height 30.5 inch
Weight 466 Ibs
Low-pressure rotor speed 19055 rpm
High-pressure rotor speed 49200 rpm
Interstage turbine temperature 860°C
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HF120 Turbofan Engine Development Test for Type Certificate

SN CE I O ST B "ok 5
Ryosuke SHIBATA Katsumasa ISHIKAWA Ryo KODAMA
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Shuu TAGUCHI Hidehiko NAKATA

®2 =] ABSTRACT
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Honda and General Electric Company have
performed component certification tests, engine
certification tests, as well as associated engineering
tests, to verify conformity with regulations in order to
obtain United States Federal Aviation Administration
Type Certificate for the HF120 turbofan engine.
The results of these tests confirmed that the HF120
turbofan engine satisfies the airworthiness requirements
and exhaust emission regulation requirements of the
United States Federal Aviation Regulations Title 14 of
the Code of Federal Regulations Parts 33 and 34.

A total of 190 certification test plans and reports
were submitted in the development of the HF120
turbofan engine, and on December 13, 2013, a Type
Certificate was received from the United States Federal
Aviation Administration.

1. EANDE

BerlCld b k2 30 FETICHIZE I = v ¥ v O FEFENFSE
ZRAEL, 2003 4 12 HICHtt A BB L 72 HF118
A —R77rxvYY (HF118) % HondaJet 2 ¥ £ 7 b
FERER IR U CORATEANR & BRAG L 72, 2004 4 10 i
1% General Electric 4L (GE) /NI Y 32V = v M

B—RT 7V IV VYOHRENMIODT ARSI BT
L, AIZELIRDETH > 2B EENDR AL, 51

—HHA D7z, 2007 4F 2 FISIOKEREF A2 S (Federal
Aviation Administration: FAA)IZxt LT HF118 D%
MEEPERIT Y P v Th D HFI120 4 —KT 7 v 2Dy
(HF120) ORGRE PG OHIE % I 2 28 5 & [l 2R
EFAEESD, 2009 410 H X 0 ¥ 5O iR %, 2010 47
PoEFRERRB LTy V=7 ) v RRER ARG L 72
kT U R&D £V & —

https://doi.org/10.69239/hondatechnicalreview.2014 26 2 2

ZZcxzyv=7 ) vk, ek e i
S FRIER O BT R 4 R RR O D HFTMRGE, B & O O
o LEERAT 27-0DET -2 OHSEHE#HN
E L7z a0 .

i

2. HEBRONE

KEDE ATz AT, BREREEUSR O 72 8 O
V% RER, T 2326 OPFIIZ & > THEIET 5 Z a
%‘r%kbﬂ\é ARERIZF L TFAA VEVWD R & 1£%E

WA MR E 36 2 7 5 kbR SR E R Th 5. fRHTIC
FEEEHEAL 5 U E B MEE S Nz T L & \“(%ﬁfﬁiﬁ%‘l@
EEIET S, BETFLOM» 6 LXFayR—3x v ik
B L v v v GRS IR & T ORSR2—B0d 5 T & TREY]
35,



HF120 2—4& 7

7L Y UEIKERRE

E

=

S E I - B TEHBR DB

WETIEZ —FR T 7 v vy OMAERIZ AT 72
BIEREROME Z W 5.

21. 3 KR—x> FABK

AYR—F Y PRABRIEIKELS =25 5. MiTAkikEriA L,
I VD VRSN A TR 5 Ik U CHUR TS
BBk, TV Y VI AGER TIE AT IR T & AWK Fl
VHEEOEHRICK U THART I DB L ORI THEET
% ik, ARTE SR A& A Tl O A ISR DA 5 L & &
FAE T 2 DI E M TEET 2 Ty V=7 ) YR
BiCTh 5. HF120 DR TIE T VK — 3 v il il %
FH41 B L 72, ARIClEBlE LTH A L2 v 7k
k%, Power Take Off (PTO) ¥ & UHliREI ¥ YK v & 2
(Accessory Gear Box:AGB) i AGRERIZ DWW THIITT 5.

22. I U HER

I VY VRRBONEIL, EHMEGERER I K O Mg RERH],
Y=, Sk E IS B MR 2 £, VERE, FERE, TRAE
VEZ RS 2 Ak, MREDAABRRC, il SR, T I oy
B &, REE R RC B BN A RS 5 Bk, W
K, Oxd, B, kkE, RITHICI AL TTREMED & % 22

e ZERC T v Y VICoA £ 8 2 aRBR, BRSO A IR
ReTohpEy RSP, S22 IRGE T O BBV iERE AR, =X

WIZT7 7TV — FEEEE, =0 Y v oi2icfiE
MBENWZ L EHERT 277y TV —Favys4 Ay bk
%%, Ve ZEHHEER 2 & 5K S b, HF120 OFHFET

Gt 29 HHO T v Y VB A FhE L /2.
FBRD L < IZ GE BFEML 7228, KLy o =71 V7K
W3 EAL T I L 7=,

ARl D VvilBEom s HE LT, Y=V B LT
Z b = ViRER, B s O AR (High Pressure Centrifugal
Compressor:HPCC) 4 ¥ X 7 fRENIGE IS Sl ilEE, Sk
VIARGRER, TV —Fa v T4 AV bRRERICOWT, =V
VT ) IR GO THITT 5.

Es, B GALGRER AR e PR B 2 0K
7o ECHEREL 7.

R

Ao

3. A K-> MR ERER
AETIEA A L2 v 20t kikER, PTO & &K U° AGB A
ﬁiﬁgﬁ OL\‘(% —3‘5

3. A& TMNRER

3.1.1. BEEH
KEBRFFHZLHA] VTIE, Ty Y v E S S W%
PR % TR 28RN A A5 2 & # TR L T
5. kM & FE VKR RIZ X & X IREEIC 2"514"(7%
MFRAERS X3, AR EMELENZ L4487,

DEROIERZH 720, A& v 70t KGRE % F2hE L 7-.

3.1.2. FHEF &

FANE Y IEEAIET YR -3 v P EERERIC X
THERLEAGEAGEA U 72, Sl B R85 % Fig. 112
R HF120 DA AL Z Y 2134 VA AT 4 Z— b r— 2
(IMC) &~k B >TWT, FANEZ Y I F vy TH LV
L ANRIERD 728D A4 b — 2 & — Z5MANZHLY T
BRRE LT3,

FRBRIZESL B, SR O T TR MR A IR EE L T B 1F
it U, BEE, o — L ERE, KR ER R oA e, A
MDA M & 6B T A ST A& fat L, 4
VART A4 I =T —=2ADFANE Y I F vy T YA b
=Yk EOEEHEL 7.

KP4 T I OBRE R O T % Fig. 2 128§,
Bl L OSRBRIE 14 4 Lt & <, kEPBIEEh
B LYol ZOMRIZL D, KREREFATZZ RN A
BRT B4 A& Vo Ot kVEAEFEEL 7=,

Ak, REBEIETRROTIETE Z & 5 7. s ik
IN=FRIE# B Z &\, KEEE 2000°F DL E, £ 4500
BTU/h D ETh 5 Z & &MERAL 7=, WIZ, & ¥ 7 NOMRR

Sight
gauge

Fig. 1 HF120 oil tank system

Fig. 2 Fire exposure area of oil tank after test
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Fig. 4 Test components for PTO and AGB endurance
test
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Fig. 6 PTO and AGB endurance test setup
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Fig. 7 Crosswind test setup
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Fig. 9 HPCC impeller mode shape
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Fig. 10 HPCC stress survey core engine test
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Fig. 11  Target location and core shot test setup
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Fig. 12 Tip shot test setup
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Fig. 13 Fan case after blade containment test
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Fig. 15 Fan rotor and fan case after blade
containment test
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(1) Fire protection, 14 Code of Federal Regulations Part
33 Amendment 30 Section 33. 17

(2)Accessory attachments, 14 Code of Federal
Regulations Part 33 Amendment 30 Section 33. 25

(3) Endurance test, 14 Code of Federal Regulations Part
33 Amendment 30 Section 33. 87

(4) Teardown inspection, 14 Code of Federal Regulations
Part 33 Amendment 30 Section 33. 93

(5) Surge and stall characteristics, 14 Code of Federal
Regulations Part 33 Amendment 30 Section 33. 65

(6) Vibration test, 14 Code of Federal Regulations Part
33 Amendment 30 Section 33. 83

(7) Bird ingestion, 14 Code of Federal Regulations Part
33 Amendment 30 Section 33. 76

(8) Blade containment and rotor unbalance tests, 14
Code of Federal Regulations Part 33 Amendment 30
Section 33. 94

mE £
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Verification of High Altitude Performance and Characteristics for HF120 Turbofan Engine

A ) v IET YO & OB
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Norifumi IKEDA Ikuo TAKAMATSU
= = ABSTRACT

General Electric L& £[RTHE L 72 HF120 %4 —4K 7 7
VIV YV O ERGEARR & F i U 72, AR tE o
el D & L %HE L Tk 2 habh, SRR
TOi\ER % General Electric #E23H4 L, #7514 ~
T Z bRy FIZ K2 FERITR A Y L 7.

7747 T ARy P2, Ffll= > 2 v % HF120
A=K7 7 VIV VTG LI D 2 2D x v ME
EHOWZ, RITHIZR o3 2 EOT — 2 ICHIB T E 8
THIE S 27 L 2 BNICHZEL, =09 VIRBERAGIIC
@ﬁﬂ%&ﬁ%vzfA%%jbt

ZeRERBRIEE L 7 T4 VT A PRy FOZ DO
ﬁé‘ﬁ%ﬁ}ﬂiﬁifﬁﬁb AL, fERT Y VIR e h
2 2R & 2 AR RRGE U 72,

PRGBS R & = v Y Y IEREE T L OMAEIC LD, =
¥V v HE IR A T O A WGE R VERE T 2§ % Z
&R L 72 MIRERREIZ DWW T R B 2d L, ¥ —
VEXUZ b —)béﬁ%ﬁf“ i*j‘~°)‘?—“/°‘/il§ﬁ§1%éhfbl
52 & EMGEEL 72, 128 % < OEZE PG E)EER I
THAGBYAEI 2 BRI U 72,

The HF120 turbofan engine co-developed with
General Electric Company was tested to verify its
high altitude characteristics. Ownership of the tests
was cooperatively shared between General Electric
Company and Honda with General Electric Company
leading the tests at the Altitude Test Facility and
Honda leading the tests on the Flying Test Bed.
A small business jet aircraft modified to replace
an engine on one side with an HF120 turbofan
engine was used for the Flying Test Bed. A data
measurement system that can handle the large amounts
of data acquired during flight tests was installed
inside the aircraft to verify the engine conditions
comprehensively.

The high altitude characteristics required for
aircraft engines were verified from multiple aspects
by taking advantages of the two different types of test
environments of Altitude Test Facility and Flying Test
Bed.

The combination of performance test data and
engine model simulation verified that overall steady
state performance meets the requirements throughout
the engine operating envelope. Acceleration and
deceleration characteristics have been verified to meet
the requirements. Surge and stall characteristics have
been verified to secure the required surge margin. The
air start envelope has been verified through numerous
air start demonstrations.

1. EANDE

Miasg T v ¥ v B VRE 2 S22 aRIE, A XLy =T 4
vrIyRu—-FELTRERE LY v N BIZk > TER
&N b, Table 112 HF120 4 — K7 7 v Vv Vv (HF120)
DORITEE, ¥ v Bk K OCRKE, KXURE O I/ Ik
i AR Y. 2O&S BRKAENHTTCIEFEIZZ Y Y V2ME
* T Y R&D £V & —

o2& ailBRICTHGEL 72, BRIRREIZB T ALV Y
ViR A I 5 Tk e LT, MR IS TEaRIkRE % B
Bt % it R (Altitude Test Facility: ATF) &,
FEITHEREIC T v D v % 5 U S 2 RAT IRRE T Ok %
B¥Zkh>754 Y25 A2y F (Flying Test Bed: FTB)
Wb B, Ak TIEING Oz Hv7z HF120 O 5224
PERGEEIZ DWW TR RS,
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Table 1 HF120 operating range
Min.* Max.*
Pressure altitude (ft) -1000 46000
Mach number (-) 0 0.85
Atmospheric pressure (kPa) 141 105.0
Atmospheric temperature (°C) =77 55

* Min. and max. actual limitations are defined by operating envelope.

2. ATF & FTB D4
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Fig. 1 ATF test setup and HF120

Fig. 2 FTB and HF120
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Table 2 Evaluation items

Category Evaluation item

Performance

Acceleration and
deceleration time

Controllability

Overall engine

characteristics Surge and stall margin

Lean blowout margin

Windmill

Air start

Maneuver (FTB only)

Fuel system

Control system

Start system

Sub systems Lubrication system

Secondary air system

Thermal system

Vibration and dynamics
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Fig. 3 HF120 operating envelope and test points
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Fig. 4 HF120 air start test points and envelope
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Fig. 5 FTB measurement system

Fig. 6 Engine monitoring camera view
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Fig. 7 HF120 FTB control system schematic
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Fig. 10  Validation process of performance prediction
model
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Aerodynamic Technologies for High-efficiency and High Specific-flow-rate Fan
and Centrifugal Compressor
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Hisato TANAKA Mineyasu OANA
= =] ABSTRACT
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DR 2 s & 8 B2 3Bl 2 B3 L 7=

7 7 VL, I & 5 THE U B IE LD
FHL, 292777 VOG5 2 & - 7= Bl
fEMIc&k D, 2o =27 b7 7 v OEGIEE TFEOWEERIC
K BEIHEIOMKIRE, 28y ol om
FHIL72., ZOBAE—NZAT =) TR A BT 50,
HF118 # =R 772 vDT7 7 /IZxL, =YV
DOREN 5 =D OFEERGM T d % HEpE, LA L EMiTrh#
1.5% DL ko k& AT 2% O k& % L 7.

O EAERE T, MO RN & 5 22 Bl O 1
BN U T, BER R OO BEET G55 Ta2 I A 2 B0 X
B 7 BIBIR A R L, BUETRARRETIC K D SR a el L
7o, TOHAE=N AT =) ikl A B Z kv, HE118
A=K7 7 VIV YOEOEMBEITR UG,
C1bR 7% OlA) b &35 0.8% Ol 14 #E L 7z,

AR THRATHFE L 222 g, HF120 4 —K7 7 ¥~
IYOVDT 7 v EEDEMEORENEREGHIERAINRT
W3,

This paper describes the development of
aerodynamic technologies for a high-efficiency and
high specific-flow-rate fan and centrifugal compressor
during the preceding research for the HF120
turbofan engine in order to achieve low specific fuel
consumption and high thrust-weight ratio.

For the fan, a swept fan blade design was selected
to decrease the pressure loss from shock waves.
Computational Fluid Dynamics analysis provided an
estimate of the decreased pressure loss from shock
waves at swept fan leading edge and flow passage,
and the efficiency enhancement throughout the span.
Small-scale rig testing indicated that the newly
designed fan improves efficiency by 1.5% or more
and inlet specific flow rate by 2% in comparison with
the fan of the HF118 turbofan engine, in three typical
operating conditions: takeoff, climb and cruise.

For the centrifugal compressor with increased
aerodynamic loading from higher exit specific flow
rate, a new blade configuration was designed to raise
aerodynamic loading at the forward area of the blade
where the boundary layer is thinner, followed by a
confirmation of high efficiency via Computational
Fluid Dynamics analysis. Small-scale rig testing
indicated enhancement of exit specific flow rate by
7% and efficiency by 0.8% in cruise condition in
comparison with the centrifugal compressor of the
HF118 turbofan engine. The aerodynamic technologies
described in this paper have been incorporated into the
fan and centrifugal compressor of the HF120 turbofan
engine.
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Fig. 1 HF120 turbo fan engine features
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Structural Design and Verification of HF120 Turbofan Engine

woomosE —F IR LI e (G O
Junichi IKEDA Takafumi TANAKA Ryuji SANO
= =] ABSTRACT

HF120 # — K7 7 Y TV ¥ V&, KEREISHTZ2HEN 86
BT3RS, RZEEHIZ Yy vyofhTry FT25 20
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Bz U, IR E A5 2 & AR L 72 KR

T, A2 51E7 7 v u— 2 &2FlE LT, CFD
R B AR, ST & TR AWM L T, ED k&
INTRRET I L OIS EA L TS I &
FERA L 72025 Ell 2B R %, & 512, BRbEs A 6 IHKIE
A—EVAT—=V 1/ XuHlE LTS, BETI VS

The HF120 turbofan engine had achieved top-
class low fuel consumption and high thrust-weight
ratio in the class of engine with comparable thrust,
and at the same time, shown compliance with Federal
Aviation Regulations. In order to accomplish these
goals, characteristic structural design requirements
as typified by life-limited parts design concept have
been established. HF120 parts were confirmed to
meet these design requirements in compliance with
Federal Aviation Regulations by applying methods
including CAE optimization and enhanced structural
configuration. This paper uses the fan rotor as an
example of how the rotating parts in the HF120 was
verified to meet design requirements and Federal
Aviation Regulations through computational fluid
dynamics, numerical impact analysis, frequency
analysis and substantiation test. The low-pressure
turbine stagel nozzle is used here as an example of
how structural parts achieved lightweight, compact and
low fuel consumption.
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(1) Blade containment and rotor unbalance tests, 14
Code of Federal Regulations Part 33 Amendment 30
Section 33. 94

(2) Bird ingestion, 14 Code of Federal Regulations Part
33 Amendment 30 Section 33. 76

(3) Vibration test, 14 Code of Federal Regulations Part
33 Amendment 30 Section 33. 83
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Materials such as aluminum alloys (A7075)
are often mentioned as candidates for use in the
manufacture of Fan Outlet Guide Vane components.
As a part of weight-saving of the HF120 turbofan
engine, an Fan Outlet Guide Vane made from CFRP
was developed.

Sheet Molding Compound containing approximately
60% carbon fiber was used for the Fan Outlet Guide
Vane. In order to apply the Sheet Molding Compound
to the Outlet Guide Vane, material certification from
the United States Federal Aviation Administration was
acquired.

To utilize the light-weight characteristics of CFRP,
the shroud and vane were integrally molded. The
introduction of Sheet Molding Compound permitted
the number of prepreg laminations reducing to six,
even on the thick vane section, as well as achieving
near-net-shape press molding within 20 minutes. As a
result, weight was reduced by 40% in comparison with
A7075, and press molding process time was reduced
by 90% in comparison with the continuous fiber
Carbon-Fiber-Reinforced Thermo-Plastic’s molding
process.

Outlet Guide Vane components underwent
assessments such as impact and fatigue testing
to ensure the successful completion of engine
certification testing. Subsequently with the completion
of certification testing, the application of CFRP Outlet
Guide Vane in the HF120 has been achieved.
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Fig. 5 Comparison of mode Il fracture toughness
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Fig. 6 SMC molding process of CFRP vane
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Fig. 9 Impact resistance test
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Fig. 10 Cantilever OGV for fatigue test

(a) Bend mode shape (b) Torsion mode shape

Fig. 11 Mode shape
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Direction of vibration

Fig. 12  Fatigue test
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Development of High Reliability Control Software for HF120 Turbofan Engine
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When developing application software for
an aircraft engine electronic control system, the
development process is required to comply with DO-
178B, one of the guidelines issued by the Radio
Technical Commission for Aeronautics. All activities to
be conducted during software development should be
defined by each development organization, and Honda
developed the software based on the process defined
by Honda.

The application software was developed
separately during the design phase consisting of
requirement definition, software design and software
implementation. The verification phase consisted
of review, testing and analysis. In addition, Honda
established the development system for the project
tailored for the joint development between Japan,
USA and Mexico with international time differences.
Documents and design data could be shared and
managed while maintaining the integrity within the
development system for this project.

As a result, Honda established a highly reliable
software development process for the HF120 turbofan
engine control system in compliance with DO-
178B. Jointly with General Electric Company, Honda
obtained Type Certificate issued by the Federal
Aviation Administration for the HF120 turbofan
engine, including the engine control system software.
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Fig. 1 FADEC system
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requirement analysis = integration test = Binary compatible
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Software coding Code review
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Fig. 2 Software development flow
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Styling Design of 2014 Model Year ODYSSEY

R v HIF T B B’ FE o b W
Katsuaki HAYASHI Ryusaku SENDA Wataru MURAKAMI
= = ABSTRACT

2014 FETLAT v AT Ty FIvET IS
[Next Multi Seater Saloon|% 22 F, BRILOL—F 4 )
T 4 i & S FME O w22 /N T v 2 & Ff o 72 FifilifiE = =
NV ELUTHIFEL 72

ZOEBIZHENTUL, BIKIKT 7 v b7+ — L &HKIZO
&0 & BKAEMEAKE O K > TEWEITEREZ FEBLL 72,

I 27 T7THA ViE Solid Streamline 27 —~v & L
THhAENTEAF I v o BALA4 ) V7 EEBIL, A VT
)7 7% 4 VX Modern Suite Room 27—~ & LT 3%
fBEnEhC PE X 2R MEL 7.

The grand concept for the 2014 model year
ODYSSEY was set as creating the “Next Multi Seater
Saloon,” and the vehicle was developed as a minivan
offering new value via an optimal balance between
high levels of utility value and automotive value.

The realization of this concept involved the
creation of a large and roomy cabin space based on an
ultra-low floor platform and the realization of a high
level of dynamic performance with a low center of
gravity.

Advanced dynamic styling was realized for the
exterior design based on the theme “Solid Streamline,”
while the three rows of seats in the interior each offer
a sense of high quality based on the theme “Modern
Suite Room.”

1. BU®IC
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(Fig. 2, Fig. 3).

Fourth-generation
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Third-generation &=

Fig. 1 History of ODYSSEY
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Fig. 2 Overview of ODYSSEY
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Fig. 3 Grand concept
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Fig. 4 Package design concept
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Fig. 5 Packaging
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Fig. 18 Exterior rendering
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AERODYNAMIC DESIGN

Fig. 22  Aerodynamic design
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Fig. 24 Instrument panel rendering

Styling details
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Fig. 26  Interior rendering
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1% 50 cc X7 — % Dunk DEAF

Development of New 50 cc Scooter Dunk

= v W N TR

Makoto MITSUKAWA Shuji HIRAYAMA

K <F DAY 5

Mamoru OTSUBO Yasushi TATEISHI
= = ABSTRACT

H A D 55— M R 1+ B s vl 3 O WG ML & H YIS,
50 cc A2 — 4, Dunk #BHFEL 72

Dunk 3% =7 v b 2=z H7afdE, fgaryxr
FETTVITLAZ = —|LED, [HOAZHDHEE
R, & SIBHEOLEEDOR L AEINT B A — 4]
AT —VICHFEERED 2. ZOT T P REDZDIC,
HMLWEZAHTOTHA v, Bk r =Y v 72 D A
N, FHFH 50 em® = Y eSP (enhanced Smart Power)
IZR 2 EORETEC BRIEMERE S d DY - 72, BREDA
BOTELDHAIIRIANGNDS VEE 27 — 2% i
L7,

Honda developed the new 50 cc scooter Dunk to
revitalize the Japanese market for small (50 cc or
below) motorcycles.

The Dunk, whose target users are male high school
students, took ‘“Premium Sneakers” as its development
concept. The development theme was “A scooter that
expands the fun of commuting of younger people
and their daily lives as well.” To realize that concept,
the development team incorporated a design and a
body packaging created under our new-concept. The
50 cm’ engine eSP (enhanced Smart Power), which
was dedicatedly developed for this application, was
adopted as well to realize a superior economy and
environmental performances. By implementing those
factors, it was pursued to create a new scooter in
superior quality that would be appreciated not just by
high school students but also by a broader range of
customers.

1. FANDE

HAIZ 51 2 56 —F b Spp% 1o B s et (DU A —7d)
BiZ, 198242 — 2 L LT, filE» DM S -
72 b OO, BERTIRWAMEAIFN TV D, 2k, Kt
—MED 8B LA DB 2y — ATHBOWITE 5 5.

JFff—fiZ2 7 — 277 TVICHWTIE, 22 ba—s L
VYU VESET LR T AE GO T2 LA L 1990 oK
VIR BB E# OB £ 0 0 5, Honda IZBREIMERE L S350 &
EPNRT X AR A T4 A b -2 Ty Y VRO 2
7 — ABARIZH T L2, £ LT 1999 4RI HPE dadi e L
THAYIOT A R)V YA by TV AT 4% U 2zAKir
42 a—rx Y DA 2 — & Giorno Crea Deluxe
ERFELEY. OB E T 7y v a T T B A XA
VU AC&D, BRSPS EDOXFESD I ENTE .

o s GOWmMLIcHET T, kY YyT Ik
* “#E R&D £V & —

HO, BEIEVWBALLTWMIEOET L E LT,
2002 FAZZEH A A b u— 2 TV D VA EE L7 Today %
¥56L72. HondaDZ a— "L )Y —2%&ENL, HAT
AL, HETHEEABI G- ETLTHD. THhHIC
&0, 2007 - F CORNMN T, 50 IGHETO L
POREERE. L2rL, 2007 O3 v v 3 VI
MACITPE S HEARZ I X B8 RiF &, 2008 FDY) —~v »
vg oy ZICK AW OMENT, 2009 4K D 2013 FFEISHh T
T, IEEFEOD 24 FEBBOTEIZ P L E->Tn
% (Fig. 1).

52 —DOBALBEE LT —FOEim bz
Johb, Fig. 213 EmEOFEBIHT EIEA BB OHEFE T
559, ZOR»5 G, VbW B¥EO lnE A I
BHhTns, Fiff—fr 521k, I=0v4a332—-4&L
THARICENL B AN S, WEORE L AR HHH %14 %
ZENTEBROMTHS. FRITHEOAZLBIL, TODU 7



% 50 cc X 7 — % Dunk DEF%

2O HABEREINTRHLIELTE 65 Z&h, 5HO
T DAL I I BEARAI R & & % 7=,

Fif—F 27 — 4 7TV I20WT, HWBMEdhOIC
AW 2 IZ2ZIF AN 6N TE LB L LTDio v —X
NHD. ~NLAy FPRY =P TFIZNEB[ Ay M4V ]DFE
MtE, 2E=FEOHZAKR—-—T 1 KZXAZA4 ) VI T,
1988 FDHLGH 5 L DERMRICKF I TRLZ. Lir
LENSZO—EDXFEHRIC, [HH=AKX—T 1%
THA VHRFE WS BEEAEE L, Dio 21— &b
& L7 E RO, #nCMEfOZ (I DOnTOEOFE
ELTCZhrol.

7 ZCARI TN T 5 H% 2~ — % Dunk (Fig. 3) DOF
FIZH7D, HHEBOMPEIER A7 —212KkDBH X
FHBAOAL ST, FWGEECHBME G722 b —F
B, 4—=7y P EROERIIZEREL 2. Zh o FAEOL
REPEZ, BAEDA Y —ZIZBBEVH LWEZ DX
AN YR RAEZGEIZE BT E B IR L, #he
BRBEERE A F B4 572 27 — 2 FH VY V eSP (enhanced
Smart Power) ##H 72 I2HFE L, BHOAZBIZEEIZZITA
hohsHEFOEEEHIEL 2.

x 1,000 units

3,000
Source: JAMA Active Matrix Database System

2,500

2,000

1,500

1,000

500

Fig. 1  Shipping volumes of 50 cm® class motorcycles
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Fig. 3 Exterior view of the Dunk

2. a7 b

21. 2—=4y h1—-HDHRE

SR —FET S OWEM LA HIE LT, HEHIZE =7y
FERS BT YT P ERELRZ, AT 2=y b
W CRA 1A R 2 B aiE] e 2, T0
FIHFBREE & 1 5 X< SHfGH T — 2 2 L#AEE K Z
o7z,

F ARl A R % SR AE S E OFE AT
ZOMPIZOWTHES L7 Fig. 413, EEHEET— 4 Y
Fo K OIS GAEE © AR L, SR (16-18 i)
A Es KO OMR D RFHIREEROF XL 2 5 5
bBLAZEDTHAS. 2001 205 2010 1200 T, Sl
RALI A 20% I LT3 0izxt L, %A &2z
N EDR 60% DIk & %> T b, RERTHRZGS
id, #910% 25 5% FRE L, $EAITIKT L Tw 5 AR
Reffr.

LLans, 22 TCHRoNMET -2 %012, Fi, M
BITHIZAL L =485, 16 05 18 MO Tk & RHHRa %
RENE 5 17 KRSAMEICBWT, 85 FADEEL — ¥

(% 1,000) (x 1,000)
50 500

Total population for high-school ages

4

400 4,000

350 3,500

@16 years old
017 years old
250 @18 years old

300 3,000

2,500

200 2,000

license holders

150 1,500

100 1,000

Total number of small motorcycle
Population of people in high-school
students’ ages

50 500

0

. . . . . . . . . 0
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Fiscal year

Fig. 4 Number of small motorcycle (under 50 cm®)
license holders in high-school students’ ages



Honda R&D Technical Review

Vol.26 No.2 (October 2014)

Table 1 Percentage of small motorcycle license
holders of male in age of 17 years old in
top 10 prefectures

Ranking Prefecture o'f\lﬁg:g::s Z;e;g:ggfse
1 Yamanashi 1,524 32.15%
2 Kagoshima 2,801 29.45%
3 Kumamoto 2,081 20.95%
4 Kochi 822 20.60%
5 Nara 1,387 18.80%
6 Ibaraki 2,836 18.58%
7 Osaka 7,289 18.51%
8 Tochigi 1,583 15.95%
9 Niigata 1,855 15.30%
10 Oita 802 13.26%

GAET B Z NS & > 72 (Fig. 5).
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Fig. 5 Number of license holders of small motorcycles
in high-school student age group
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ZAA N VST ERETIICHD, MHELE Ik
bhfut;i&,xa~&®ﬁa%ﬁ%#6z&~b?
R0 TCIREL, BHORMAREY, 2ZAHRMEL
TRETT 2 2L b L7 #1613, BB SBEIIZETA
AENG, ANOHT 28 BAIETIATL S 0% ER
T3, DFEDFESTVBAEZT —2DES LM FET
BRTELL, N—ZLNTHRENT VYV ZIZ5b L5k
[foTWBAEELO A ZFINEBLEEZ, Thie x4
ANV VDT —vE L7z Z LU TRHERPEBEIZIE—EDZ
EHDEH-> T30, TO[H2FIcNE X b EHE
BEF-—T—-FELTC[EhoR], [Bgx], [l
ED7=.

ZDOIZRAZET, HEDAT — 2IFHET B
BEBETDIEZA» MM, ZOME, 1990 FFKD
22— EFILEEKEICR WL %, [H=<4
TES LEW]HIRORED Jid 5 < 7> Tz,

oD FIE, Wy — PERFICEE, BT T 9 THi
FiTEL, FRiEE-3<iIcREI L, ke L TY 7y
A L7Tz, £XICHARKE WA LB TH - 7-.
F72, B2 64 ZFHT LANUANZ R =Yy 2%, #}
KFXVTORIZFESHD L ICHMOE X BN,
BIANDOBEHEEREKL T\, ZLTAL Ay NI
T2 A ZMEDPESTNBET = 2R,

Pbxy, FEREREIZTILT 24 A~ Ay b, JH
TN ZAR=Y Ny 7GR AN 25 &5
B0, ThEEWZ BT, [FEoTwbdANenlirh &+
DFHFA V&L

9, T4 X OEDOE S &, Yo E M A iR 5 7
WIZHEEAFNHRO X 4 YHLED 3 20 & 828, FO5E%
FA VTHEAR. ZOBIRERX—= 212, BigicHi -k 72
DEI>RAZD LK BEBBROTY b I4 v &L
7= (Fig. 6).

WIZ, FeoTWBANOBIREDAE % IEGHT 52 L TF
REBBL, [FoTWBALECD A ZF|#RIHL 72

ZFLTCZD[A2FN&-T, KEFTEFav 30 b &
gL, ZRHTOTHIRERS L >0 EEARS 72, &iE
DD BINT Y A HWENTH I LN TE .

33. X214 1) > TJRR
FHA VDT y vy ZIZDODNTUL, [EZES &[T

A4 1EED, MF v I 7 25852 L1FL Tk
V. B ETEMAETAIANE LD Z L ICTEREEE, &
FZHRHEWIHEHALTWE A — T+ RNy DT
AT L05D, EHORE], [B7 ], [HReM] 2 K81
L 7= (Fig. 7).

BRI, 7V — v il & Z AN ER TR S h /-
AT =R, 4 VTV — b INLTAEITED, FEIHIZH
Freh7z80 R #KH L= (Fig. 8). 72, NV FL
THORT — Edin & ik Hir & 512D %2 5 8

BN, AT —O—REEBRFAL T3, Z2hiZkD,
2T T 7T wRAAEPEEL ZEIRIZ D b 2k,
20— ABHEDYIVT y b AEOHEE LR A P L T

Fig. 7 Design sketches of front quarter view and rear
quarter view

Fi

g- 8 Rear combination lamp assembly
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5 (Fig. 9).

A—2F, 27 5RO, AR R30S
AMEREHRE & B ITHBEMICEE L, vV TRk L
L 7= (Fig. 10).

34. h5—-)>F
Fifk (BE) @ICELTE, =7y b2 —-F O E&
HHIZ, SOEHEORMIZA > -G EIRL /-
VUTNBERT-BIRE, KOOE-LIZKDEH T X,
FPEEEBELBT AT -3 =T 4 2= 25U TFD 6/
A —VHETAZ LT, WAL —FORIFIZXB A &
L 7z (Fig. 11).
(1) ML & —2 270 — U XV AIN—F— L GHE L 727
AT VEDH DA A=V e FKBl
(2) AX )V I Ty IXIVINIIN—F—)LiRg L v T
12 BB A=V R
(3)/)S—NLETA IXAE—V IV NIIN—F—)L:FF 425
NTZa—FINHEA A=V EER
(4) A2 )y I TN —XZ—O4 XTI —F—)L:F =LA
TN —DREMBEL R LR T —D S Hh
KAVt —v gV
(5)F ¥ YT 4—Ly FXAE—I VY NAN—F— L ¥HF
W Z 72 GHADOMAL DY T B & TR A

Fig. 9 Metallic mole line

(6)YN5L T T v /XYY IE—N:TL—VTY Yy R
BAZANDPE OB Er—Y 3 v

284N VT <O TN LS, ZORR
IZE 507 =0 2, B B3EMOFEREWZ T T
BV, HARRRO RIEEABRHTE L IX 2 RLELE,
WA FEEZWZ 2 PEEOEE & v o 2 15%E g5 T
WA, RS, BHRSRICHE S 2 BRFAT - LOFEE,
DEFMIZE S TR ZEDTERWERE LS5 TW S,
T-ADBHEEERO KK, 27 X E2RBT2038 L &
D, KT ==Y %R MEE» 55F5 7 — F & 3fh
LZEVIRKEEENT NS, ZD10, T-LITKRD S
NEA A=V TH 572, PEEEE-2T7 X0k
ReL<[4&BHAlIThEZL, VAL T74 T TIEEL
[—ZROWIRDED | TH 5 Z L ERUNIED, Bt 4t
BT 7z, FIFOBBERE T, BREIE, S — Y 2o

Pearl jasmine white

Candy noble red

Fig. 10 Gauge unit

Fig. 11 Variations of color combinations



#1% 50 cc X 7 — % Dunk DFA%

TR E— L EMET L 22A, T4 L aFEMEH NS Z
Lz HHer—ry T30 E FHEHEMEOR
ELHEELBERTH S, FfdRICKD, V—-XF Tk
% & BERENY 2 SMER DI 7 % [X] 5 72

7R L, TOT A LLIREMEHNT, 27 vy F0DA4
A=V EEBET 720121, ZOWBIZENTUTDOLS
X F X F s ABEICEI L 2. W X B mEE s
DORWHEDO T 4 L LTI AL, PAREERERITE S
EEHD T 4 N LAEMHBPBEL KD, SEHED T 4L LR
MiZ, W THOPLH RLAEATIFO T I A & 2 MM A
AN =20, EHNEOIR E & WG HEEBREE A O E A
DL XN,

72, RRO 7 4 v 4% —@NOFE TN 5 s
ML B,

X5, TNThOEM T &2l 212l (fHr 727 4 v
A@ﬁﬁ#,xﬁi%%fih&wiﬁtfézké*b
5Nh5.

MPOTHFEBRIG TR L 722 D50, 26 EBOM
A RIS 2 DER D 72, ZO720I2IFEY, &
e <, TIWADRHN 2T, MEHFHED 2O ORI E
LIE¥E2 B2 k- T, TOMENEmIZH AN T 1 LA
DFFEN B Z bz, WITRE L ME M T&E 5T
BOMLERFEE B Z k572, Z L TERZHhOEMmOM
AT IEEOWHEA B Z 5D & E, IHRGREE Y L 7=,
ZDEKIBRZAZAN VY ITORD LB &, KKk (R @E
EIEHAE - LEORRA EMABEDEIZE 5T, ERESE
hToEAEX | L[ PEK] Oy 42, 2—FI{zZbh 7
W7z b CRETE 72

4. BRIy r—=T 27T

kN r =Y v 7 e MET 52L& LT, $XTO
Honda @& DO DDA 54 MM B[~y v~
LARIZTL, ADFEDHD A= ZIFIAL, X 7 R#HIZ
INELJEWIFEZ T #ID A,

ZOBEUZ KD, Dunk ORI HF O T oYM
ERMEPEAER L, RO A EAHEE L.

(1) BB OFE & P2 M 28 5 Fm I

(2) JGft—Ffr 7 A RO Y — IR

ING EEKTS-00100F, BMICHEY 4 242 K&
TEHELH D, L Lahs, HETOMRD LML EE
L, F4 =L RX=213Z N F TOF—FEZ 2 — % (Today)
ERIFEE L7z, 207289, KFARICHEWTE, TV Y v
ZEEIICH L LT, ABmOBE & JEROwE ik D,
FACE A EIEA R L 72, Table 212 FEFHICO K & RT.

4.1. BEM
Dunk &, BXD [0l LM% &5 L 72, BER/NROHERS A

Table 2 Comparison of major specifications

Model name Dunk SCC(:)r?DaPY Today
Curb mass (kg) 81 79 79
Dimensions (mm) 1,675 x 700(1,695 x 625(1,695 x 630
(Length x Width x Height) | x 1,040 x 1,000 x 1,030
Wheelbase (mm) 1,180 1,190 1,180
Seat height (mm) 730 710 695
Ground clearance (mm) 110 115 110
Fuel tank capacity (L) 4.5 4.8 4.6
Brake system Front/Rear Di?gﬁl?nl?s) Dn;E)anJ?nBS) Drl;grfJ%BS)
Tire size (Front/Rear) 90/5%) J1O 90/598 J10 80/123 10

ZTELENES, Ju7linby— by FLETDE
EhKRELH 57 Fig. 1212, by IEA VY b, ) o T
FAVDE, Ty bKRA VY MEMAEIAT A VIRY Y 3
Y EAE AR, IS Dunk, BEBIZHERTE T ILD Today
XL, Dunk B0 EDbDW-7D LRV g v e
GoTWBIZEhbhrb

RIS, Y= R 77 DRIHEERESHSZ LT,
HIEAELHAEOEHHE 2B L2 ¥ — MZIZROIERH
DORFELER LIV 2 VEEAEZ2 28T, Y@Mz
BRI AEEB L. $/-, 707 NCEE L -BE 4
VO, AT —FENEBVEEZE TV -3y P e T
5ZLT, 7urEmd EREWRIL, SR EN MR
BT EICEBEL TV 3.

4.2, o — N

oSy r—=ollhbni, KE=EY — P TI %984 5

12, DT &L 7.

9, E<ODEFALTIER Y — VEH FICRBE I TH
A v o707 FIZRE L. 20720, 7L —A
WBETNT Vv ER=V A4 TERHLTOSH, Zhid—

Dunk
= == Today

Fig. 12 Riding position
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BRIZHWONEE ) 7Y RAA—Vv 24 T2 L CHEE
WZouns. 2 Z TR TIEREBD I S T H 4 XMW
[EDRELAE TR\, 7L — ATEEIIHNERETF LS L
L 7.

RIZ, STy ORy 2 ABTOTI VLV —L o0z, Tk
REEBICIE T 5 Z & T, ¥ — b FIZHifRICR W2 & i
L 7=. Fig. 1312 Dunk ®, Fig. 1412 Today D7 L — 4,
W2 v o, 57y VR Y 7 ZADRER ERT.

ZLT, 77y YiRy g AT HICHEL, YRR
WEOKE WL Y Y IE, Alternative Current Generator
(ACG) A& =2 DFEMIZXD, 275V —2 EED 2
g—aE—-aRREILIN Zhickd, VY VigkA
BioEft U, 97y PRy 7 AT HOZEMEHEIRL 7.

INGEAVA 7Y POTLRIZKD, S5y YRy o2
1323 LONUHAERETERL, LT x4 A~ Ay b &
AP ZFRHICIINTE 294 X238 L~ 2057y
UXRy 7 2, ZORIIEBOIAE A 6, WA Tl X
NABEEDMZTHNB AL A XDV T T 7ANLEHS
ZEuYNT B ZENnTE S (Fig. 15).

Fig. 13 Developed double under-bone type body
frame

Fig. 14 Mono under-bone type body frame applied to
Today

EHIZZOMIROE AR SLFH Y — ME, -9
BhERAAFMILEAR=IY Ny T E2ZTFENB7ZTD
REEATICHERTE, BREZA 24 ) V7 LFEHMEOM
WAZEHR L 7= (Fig. 16).

4.3. 1% & K fwfEE

RO I T AR A BE L, ZhF TORST
—fEZ 7 — 2T VR AR L. £9, HEOMHE
TATLTHDIAVY—bTIx VORBEBEHREAT 7 LY
Uy b, sa—T Ry 2 ZAPNCEER L 7 (Fig. 17).

Fig. 17 Charging socket for smartphones equipped in
glove box



#1% 50 cc X 7 — % Dunk DFA%

Fz, A= F A — 2 WIIIESSICT Y 2L 2BI L
7. 7aY b4 v+ Ty 2iE500 ml A4 TOMSy 7 ER
BHONHAA TREZ 4 2 & L 7= (Fig. 18).

S ST & HERETE 2 B HE L 722 & L C, Combined
Brake System (CBS)#effE7u v b 74 22T —F
R, TLIZTLEAH A R4 =L EFH L (Fig. 19).

Fig. 18 A 500 ml drink packed in a regular paper
carton can be stored in front inner bin

Fig. 19 Front disc brake with CBS and aluminum die-
cast wheel

5.50cc RV —%2HI > eSP DA

AKETLORFEDT v 27 MZpiwy, FFBBEEA T T
DIRESE%EE L =8 ERE &, B R8% %R,
RETIAVSI VLYY VDEREED .

A vy vid, PCX 5 E®D 125 ce, 150 cc 227 —4H
ELTMmtEh T3k NIZ s -2 Ly DV
[eSP]' > ) =212k %, HEAXR 50 em® DAL LT
B X7 (Fig. 20). 22 —ZH 50 em®* KTy v D
HORIBAFE X, 2001 510D Crea SCOOPY LISEDZ & &
55,

BTHEETILO Today A EHANT Y Y V2K L
TWn372%, T LT, KLY v EFLARGAD
Crea SCOOPY (2007 EHE) DL v ¥ v & ik U#i$ 5.
Table 3123 EFILDI Y Y Y DEHEEETTART.

5.1. gy hMEEDE E
20y MILAEFIIRGE T ONNERC, MEEZA MU 0O 2 i)

Table 3 Comparison of engine specifications

Crea

Model name Dunk SCOOPY Today

Displacement (cm?) 49 49 49
Partial

Cooling system water ngltgg Air cooled
cooled

Bore x stroke (mm) 39.5x40.2|37.8 x44.0(37.8 x 44.0

Compression ratio 12.0 12.0 10.1
Cylinder offset (mm) 5.5 0 0
In. Valve diameter (mm) 21 20 20
Ex. Valve diameter (mm) 15.5 16.0 16.0
Rocker arm type Roller Slipper Slipper

. . Not Not
Decompression system Equipped equipped | equipped

Not ) Not

PCV system equipped Equipped equipped
Maximum power
(kW/rpm) 3.3/8,000 | 3.2/8,000 | 2.8/8,250
Standing start
acceleration performance 16.0 16.7 17.3
: 0-200 m (sec)
Fuel consumption (class) 56.6 ) 51.2
: WMTC mode (km/L) (class 1) (class 1)
Engine mass (kg) 19.3 20.4 21.6

BZhbhdxy o v 7,000-7,500 rpm 25T,
PekAKBmTY VAL 6—9% DI IR EEERL -
(Fig. 21).

F 7=, PEREREICR L, 2Rl A 500 rpm B3
Z & Ckimti oM EAEX D, Crea SCOOPY IZxf L T,
0-200 m DOFEHENHE T 0.7 ¥, 20 km/h 5 5 OB E hiH
TO0.5H8, £72, Today IR LT, 0-200 m DFEAENTEH T
1.3 %, 20 km/h » 5 OFFENET 1.3 B O NEMERED ]
AR L7 (Fig. 22). DINIC A ED =0tk 2k >
7= FHBIZONWTHRR S,

51.1. FIEZEDFE L

RV TIE37.8 mmX44 mm THo72KT7 &2
Fa—2% 39.5 mm X 40.2 mm IZZEH L7z, K T7EOHK
IZEDBESILTEE 20 mm 25 21 mm IZgERLZ &

Fig. 20 Developed engine eSP
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b TSR — FOEEK 15% Kx < L, BBEEITHL
I AT #E & Lz (Fig. 23). Zhbickd, kN
LT OEBIERE (Fig. 24) % 18% k4562 LT, &
b (Fig. 25) 2k 20% M Ex w72, &k, Bt 3
55 mm FHIZA 72y bEhizv ) v 2Eeofladibe
12X, 28y PLART—DOES %, kR YV e

[RIZE I HES L 7=
512. 7003 > OXDER

Driz7 0oy ava 2 Lm0 &N L fiplz2nRd.

(1) BBk L 7EOHA (20 mm 225 21 mm) 12 &

D, RvEyruxz 23% KK H7-.
(2) R7BEOTLKRIED, avay FELY VY EXH— |

EDTN)T TV AEMRT B ENUREE LD, Y

AU K DIEEER T 2 & 10% (K% S 7=,
(3)v v 77— 24132014 O PCXITHH E T3
NE L3 D/ L 4 TDu—F BRI, 5 4558)

O 2 % 54% (KK & 7=

s, fhid & T BRI, ok I R AR R B D
8,000 rpm IZHB T BT H 5.

Power (kW)

Engine speed (x 10° rpm)

Dunk

- = = Crea SCOOPY

Fig. 21

4

6 8

Engine speed (x 10° rpm)

Engine performance

10

Dunk
- = = Crea SCOOPY

0 10

20

30 40 50

Vehicle speed (km/h)

Fig. 22 Speed diagram

60

Fig. 23

Inlet port form

YADF T Xy bEE 55 mm IZ@E L7 (Fig. 26).

o)” Crea SCOOPY

1.5
10 | ==
L d
£ 4
’
N /
0.5 | /4
Y Dunk
= = = Crea SCOOPY
00 1 1 1
0 2 4 6
Lift (mm)
Fig. 24  Effective intake valve opening area
100 |
L
T
Z 50 f
- Dunk
- = = Crea SCOOPY
O 1 1 1 1 1 1
3 4 5 6 7 8 9

Engine speed (x 10° rpm)

Fig. 25 Charging efficiency



#1% 50 cc X 7 — % Dunk DFA%

(4)mHHRE, YV v EANy FOREARGX, YY) v
FEAREe T2 [Makm A& RHLE 207k
W, MEOKGRELELT, V-2 ADDH
HAGREMET L, 7Y T — 2 HHIH 7 7 v 0N
NHREE K572, 77V OEE & 4 mm KK ¥ 5 Z
LIk, 77 VHED T Y 2y 3 v A 53% KT
5 Z EMTE I (Fig. 27).

5.2. X MK
BN-FFEAFERET 220120, Eooax &M
HZLLEETHD. Wy KGEKATSZET, I AL
FRAMABZENTE.

521.PCV Y A7 LDEEL

KTy g, 2ele v Y VTR THBIEE%RD >
Vv ARERE O FAEE AR, 2 D720, FEREEOET
EROBRTLEUT TR, 27 v 20 —22H-ET 3 K5%
AN VEANRAE ISR E LTy D v A VIR
ATBHIENRDHD. ZZTINETONIZ Y — 2 KA

Cooling fan system
Dunk Crea SCOOPY

Fig. 27 Comparison of cooling system

IYDVTIRY TV — 2Ry 27 4 (PCV & %
FL)DORA VIckD, VY A4 DRI L B
AV B =N EHNTE 2, 22T, a1y oY
AAD ) v A B RS A0S 5 2 & 2B, wHlA
A&k A E L7 (Fig. 27). Fig. 2812 Y V4
o) v ARERE O ERT. FROKGT VY
IR D VA ADOERRIE A S 2 LN TE, PCV
VAT LERIET A LN TE .

522. o) L AfERERIL NE Y FOEAIE

HAAKGEHTRTIEY ) VI =D vy b &
B, ZD728 Fig. 29 ISR L5 I, kDKL Vv
LT, YUV AREARL b Yy F A2 6 mm PR
INTE, 50 em® R 110 em® DZEH T Y Y Y ERIC~EE T
LT ENARELE LS. ZDY, BIHENOEEBIIZ Y
BLTW3, ZheZEmTy Yy OMLERNELH{LT 3
ZENTE

523. EREN) 7705 —2X

ek, EANTEMEEINTES50 cm® 27 — 2 HIAG T
VVVTIE, BV AV TCEEELPIGRRA A v
T—LDMEL S TEY, 7TV — 2 EHitk#EID 4
A TEFHL TS, L2 Laks s, B, Wyt cdpEX
NTWBAT—2AHIY DY DU 5V 2 — 23 EEHED

100 f
o | =
5 < =" -
2 “r i
1)
50 f /,
% / Dunk
(0]
= ,/ - = = Crea SCOOPY
77 2 EETTTTIREY Today
/;
O 1 1 1
0 100 200 300

Elapsed time (sec)

Fig. 28 Cylinder wall surface temperature

Crea SCOOPY

Fig. 29 Comparison of cylinder clamping bolt pitch
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BATT, Ko 505 —2—~KRK2A V77— %K
HLTW3. HiBROTY YV Tk, Wi ERERSEIZS %
L&A T OEPER M A W 3L, EHEBID D2 5 v
o =2 &ML 7.

5.3. 880> /34 Mt

ACG 2 & — ZDWHIZADLET, 50 ecm®* TV ¥V Tk
Mekb@EONEETaI Yy FL oy v 3 VEREERRAIL 72
KDY VIREIED Y 5 v F v b OIRIED
AL LD, ACG 2 & — &2 OfE) MLy & 15% KI%T 3
ZEN T (Fig. 30). 7=, AR THZLT, I8
JFIEIC 24% ORI (Fig. 31) BATREE & 1), ACG HifkT
15% OERALAFEH L /2. §bD, 2 —) Y77 7 VO
XOEIEEDET, V) vahLrs I YT — 2 hMil %
TOMESTEET 14 mm ORGHE % FEBLL 7=

72, EGEOENY 5 v oy —2— kX2 v o7 —
LD L D 0.75 kg DAL AEX 5 7=

INH6DIERETICKD, fERAKFZ VY VITHL
1.1 kg DIFEALAER L 72,

5
Dunk

4 | N | e———- Crea SCOOPY
E 3l
z 3
(0]
3
o
S 2+t
'_

1 -

0 : : : : '

0 2 4 6 8 10 12

Engine speed (x 102 rpm)

Fig. 30 ACG starter torque characteristics

127.9
115.6

Crea SCOOPY

Fig. 31 ACG starter comparison of size

6. £&O

JFEAHFG oW A HIFL CEEE 4 -7 v b e L
7288 50 cc A2 — & Dunk ZBF L 7-.
FoTWIALEELDHAF, oy Py eSP, [MM
BANIHEDSL Ny r =V v 72 FERELT, XL |
BIREWMA TS VTN BEAZA N, HED[WDOE %
BT B8, 30 O S E N AP M A FEEL
L 7.

ZOETADEL OFFL-FIFIHEH, 0Eh T
% < B OFEMER I & L, iR ek
WSO 03 2 & 2T 3.

SE XM

(1) B2hvs—, R, MR, SR, hisIAsE, Bl
EF: 4z ra—/ 27 =4[V gL/ 2L T DR
%%, HONDA R&D Technical Review, Vol.11, No.2, p.9-14

(2) http://jamaserv.jama.or.jp/newdb/index.html

(3)http://www.jama-english.jp/release/
release/2012/120404-4.html

(4) http://www.stat.go.jp/data/kokusei/2010/

(5) https://www.npa.go.jp/toukei/menkyo/index.htm

(6) http://world.honda.com/Global-125cc-engine/Tech-
details/page05.html

(7) FRilBe—, FERE R, B — KN iRE 4 2 b
Q=T VDT TV —ARHRR Y AT L
DFHFE, Honda R&D Technical Review, Vol.16, No.2,
p.165-170
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Development of HSL2511 Large-sized Snow Thrower

ZN S S N

o pE T L] N

Kenta KOHIGASHI Tsutomu MIZOROKE Takashi HASHIZUME
I O K i
Shohei URANO Jun SONG

E 5 ABSTRACT

g <, MEAL E2R D & fHEETHBELEZY
T Yy TETFTLEAY LT M, RIEH KRG E
HSL2511 #RH¥E L 7-.

NA N, B=) Y=k T ETFERIZEKRE
TR (F — ) OIEE & NEE & > S N OFIfE 2= » b
TR L, BREDOIERSEOME 2 —E ISR 54 —#
TV MEREMBTYD TERLZZ 12k, BT
IAEEI O 2 2R A 1L BER, HEIC D & A
FTRMBERLEL B o7z, X5, PIOHTE T CHBE X
BB, EREZORTHOBRAEZ LD, EEME
N ET R A

MA T, BEA/3F & BTHIEPORHE G E & PR L 72
42 0= VYA VIV DV EBKRLEZZEIZKD, £
BEBAEELM b Ty U VI IE 28I 0 % 4 515
HE— PUID B A AR &, de 2 MU SR 2 <
T H A PHRE L A FBIL -2 & T, fEEMEDm s
) 2 B A B L 72,

F7z, T Dy e RAERREIC X A TEEERE O LI
0, 16% OREIR LAFLIL 7=

The HSL2511 residential-use large-sized snow
thrower was developed on the concept of a flagship
model that realizes ease of use and simple operation
for tidy leveling of the snow-clearing surface.

An auger height motor and auger rolling motor
move the snow-clearing system (auger) vertically and
laterally using a control unit with built-in acceleration
sensor to determine the inclination. This is also the
first snow thrower in the world to be equipped with
an auger assist function that remembers the vertical
and lateral inclination of the snow-clearing system and
keeps it steady while in operation. This reduces the
need to expend care and attention on the inclination of
the snow-clearing system during operation as well as
the need to frequently manipulate the system controls.
This model also has increased workability, so that
even beginners can easily produce a smooth, orderly
surface of cleared snow, or shape the cleared snow
surface to the desired slope.

This model has a four-stroke V-twin engine with
an electric governor and electronically controlled fuel
injection system. It achieves increased workability
and more efficient snow clearing by an operation
mode change function, which switches to different
engine power curves according to various operating
conditions, as well as a speed guide function, which
helps the operator find the optimal working speed.

The increased working efficiency achieved by the
new model engine and the snow thrower’s various
functions has realized a 16% improvement in fuel
efficiency.

1. EANE

Honda 13 1980 127 £ U 1 [ 1 S0 & /N0 B =5 4
HS35 ¥ TR L, BREMTTICSA L. BHHNTHE,
1982 AFIZ FKIEHVINUER T HS50 (5 8112 5 2) DIGE%
BfG L, BUEIZ A 20 2 EL EICiRFEEhTng Y,

ENTISBICE TR, V) vy Iy Y v ERBREET
224 51054 vy TR A, REHREIE 36 TTHIC
BEHo5TW35,

*PHR&D £ & —

https://doi.org/10.69239/hondatechnicalreview.2014 26 2 10
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Fig. 1 Overview of HSL2511
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Table 1 Major specifications of HSL2511
Items Specifications
Overall length [mm] 2,425
Overall width [mm] 1,100
Overall height [mm] 2,060
Dry mass [kg] 595
Width of snow clearance [mm] 1,100
Height of snow clearance [mm] 715
Maximum snow-throwing distance [m] 26
Engine type Forged air cooling, 4-stroke,
2-cylinder 90deg V-type, OHV
Displacement [cm?] 688
Net power [kW/rpm] 16.5/3600
Fuel type Unleaded gasoline

Electronically controlled
fuel injection system

Electro-hydraulic cylinder
Electro-hydraulic cylinder

Auger assist

Auger reset

Auger lift
Speed guide
Operation mode switching system

Fuel supply system

Auger height adjustment system
Auger rolling adjustment system

Main equipment
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[Right side clutch lever|
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@ ‘ clutch switch
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Reset button |Chuter control Iever|

4 —

Fig. 2 Control panel view
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Frequent auger operations are not required.

Fig. 4 Auger assist off
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Fig. 6 Auger movement (rolling)
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Table 2 Speed guide indicator lighting

Indication Status Operation
Light-off E‘“gllr:)ealjsegot Can accelerate

Light-on |Optimal speed | Maintain speed

Decelerate

Blinking | Overloaded
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Table 3  Fuel efficiency

HSL2511 | HS2411Z
Throwing distance [m] 18
Clearing volume [t/h] 50
Engine speed [rpm] 3100 3400
Engine load [%] 80 100
Fuel consumption [L/h] 6.9 8.3
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Development of High-Access Survey Robot for TEPCO’s Fukushima Daiichi Nuclear Power Station
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A high-access survey robot system was developed
to acquire images, doses of radiation, temperature, and
humidity in locations high above the floor inside the
reactor building at Tokyo Electric Power Company’s
Fukushima Daiichi Nuclear Power Station, where there
is a high level of on-site demand for this capability.

This robot system has a crawler-type high-place
work cart modified for remote operation and is
equipped with an arm having 11 joints that can reach
to a height of seven meters. It is also able to insert
the arm tip deep into narrow spaces at locations high
above the floor. The mechanical and electrical systems
were developed according to requirements formulated
using information brought from the site. An operating
interface was also developed to reduce the burden
of remote operation. Functionality assessments were
carried out by endurance testing with a mock-up
as well as by proving tests conducted in a reactor
building at Hamaoka Nuclear Power Station, a
physical environment that closely resembles the one in
the Fukushima Daiichi Nuclear Power Station.

This robot performed missions twice in Unit 2
Reactor Building, on June 18 and July 23, 2013,
and once in Unit 3 Reactor Building, on May 13,
2014, for a total of three missions. It acquired
doses of radiation, which had not been available
before then, from the upper areas inside the reactor
building, as well as images from the vicinity of the
primary containment vessel. It also acquired data on
the geometry inside the reactor building that will
contribute to various upcoming tasks involved in
decommissioning of the reactor.
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Fig. 1 High-Aaccess Survey Robot
The driving posture (left) and higher
posture (right)
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Fig. 3 Top view of BWR reactor building of ground
floor
The survey target areas are filled with yellow.
(Images provided by Chubu Electric Power
Co., Inc.)
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Fig. 4 Inside reactor building (Image provided by
TEPCO)

Table 1 Specification of high-access survey robot
Length 1.8m
Width 0.8 m

Minimum height 1.8 m (when driving)

Entire robot

Maximum height 7.0m
Weight 1.1t
Operating time 5 hours
High place |Maximum velocity 2 km/h
work cart  [p1ayimum incline 15 degrees (back and forth)
20 degrees (right and left)
Maximum bumping height |60 mm
Survey arm |Length 1.7m
robot DOF 11 (except parallel link)
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Fig. 5 Robot sensors
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Fig. 16 Experiments in Hamaoka Nuclear Power
Station (Images provided by Chubu
Electric Power Co., Inc.)
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Fig. 17 Robot postures when robot surveying in
missions
The left shows the step 1 and the right
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Fig. 18 Result of mission 2 (Provided by TEPCO)
The pictures show the images of O and @
from [1], respectively.

Fig. 19 Result of mission 2 (Provided by TEPCO)
The top and bottom left pictures show the
images of ® and @ from [2], respectively.
The bottom right picture enlarges of the
image of the bottom left.
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Study on Application of Engine Load Estimation Method Using Crank Angular Velocity Variation to
Spark Advance Control
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ES = ABSTRACT
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L 7.

The technology to estimate engine load using the
amplitude of crankshaft angular velocity variation
during a cycle, which is referred to as “Aw (delta
omega)”, in a four-stroke single-cylinder gasoline
engine has been established in our former studies.
This study was aimed to apply this technology to the
spark advance control system for small motorcycles.
The cyclic variation of the Aw signal, which affects
engine load detection capability, was a crucial issue
when developing the system. To solve this issue,
filtering functions that can cope with various running
conditions were incorporated into the computation
process that estimates engine loads from Aw signals.
In addition, the system made it possible to classify
engine load into two levels without a throttle sensor
currently used. We have thus successfully developed
the new spark advance system that is controlled in
accordance with the engine speed and load.
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Fig. 1 Experimental motorcycle

Table 1 Specifications of experimental motorcycle
ltem Specification

Engine type Four-stroke single-cylinder
Cooling system Air-cooled

Bore x Stroke 50.0 mm x 55.6 mm
Engine displacement 109.2 cm?®

Compression ratio 9.5

Spark supplying system Full-transistor

Fuel supplying system

Carburetor

Continuously Variable
Transmission (CVT)

5.6 kW at 7500 rpm
Maximum brake torque 8.57 Nm at 5500 rpm
Curb weight 108 kg

Transmission type

Maximum brake power output
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Piston valve

Fig. 2 Carburetor with throttle switch system
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Fig. 4 Flowchart of conventional spark advance
control
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Table 2  Factors of cyclic variation of Aw

Classification

Factors

Parameters in
Eq. (7) and (8)

Examples of specific phenomenon

deformation of components
outside the crank system

Internal (a) Change in moment of I Change deformation, Large ware, Breakage
factors inertia of crank system (Unusual phenomenon)
(c) Variation of IMEP Toy Variation in combustion state, Occurrence of
misfiring
(d) Variation of friction T Repetition of sticking and slipping between
piston skirt and cylinder sleeve (Unusual
phenomenon)
Vibration derived from Internal force | Torsional vibration, Out-of-plane vibration and
deformation of components in In-plane vibration of components
crank system
External (b) Variation of engine speed R Acceleration and deceleration by throttle control
factors
(e) Variation of load Tout Unevenness of the road surface, Changes of air
resistance, Changes in posture of motorcycle and
rider
Vibration derived from Tout Vibrations of drive system, vehicle body and

crankcase, etc.
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Simulation of Qil Separating Behavior for Engine Breather System
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The breather system of a reciprocating engine
requires a function for separating the oil mist from
the blow-by gas when ventilating the inside of the
crankcase. Gas-liquid separation behavior inside the
breather chamber is a complex phenomenon that
involves liquid breakup and coalescence. Directly
predicting this behavior by grid method, which is a
typical numerical calculation method, is challenging,
because the calculation grid deforms and moves
excessively.

This study focused on a particle method suited
to the analysis of complex fluid phenomena such as
free surfaces and liquid breakup and coalescence, and
attempted to predict the oil separating behavior of
the breather chamber with the Moving Particle Semi-
implicit method. An air resistance model was applied
to accurately simulate particle motion based on the gas
velocity field history that was calculated in advance by
the grid method. In addition, a particle coarse-graining
model was newly proposed to take into account the
effect of air resistance on oil mist.

It was confirmed that the simulated oil scattering
and separating behavior qualitatively agreed with the
experimental results by high-speed camera, and that
the oil separating behavior can be predicted by particle
method.
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Fig. 1 Concepts for grid and particle methods
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Table 1 Specifications of breather chambers

TYPE 1 TYPE2
Oil separation performance Good Poor

Breather chamber

Volume [cm?] 215

Distance to
first collision plate 30 15
from inlet hole [mm]

(1) Blow-by gas inlet hole
Diameter [mm] | 15 6
(2) Blow-by gas outlet hole

Diameter [mm] | 7

(3) Connecting channel to cylinder head

Diameter [mm] | 7

(4) Oil drainage holes

Diameter [mm] | 8

412 BFEICEBZTO-—NIHXFNDEE
BRIMPLE T NIC TR FIC2RSEYTU & UTEH
T2 0 2HNGERERT 5720, TBEICkDF v VA
DH AN EGIR U 72, FHRIEA 4 Lo dine I #GE T 2
FHEIZ T T =N A ZREIRARD 40 L./min ZFHIIL 7=
vy VEEER 6000 rpm DOIEHLSM: & [F %40 THE L
To. BREMEE LTHAWMAIL (L) IZE 2 7 v o275 —2Z2N
DIEFINRE), ARBERH RSB E U2z 23 AL (2) 1243
KREE, HESL (3) 123> ) Y2y FREOE RS %
BE LTz A A NPEIAL (4) 13 4 L3 NOH I
Ploed 2 72 OBALMOFEIX L Tk v, BTikicks
YIalb—Vv 3 VERE Fig. 9ITRY. Fy vNED
NRENIZ & > CTH ZBRHTTRA L, BN O I K5
B L TYPEL O¥412 30 m/s, TYPE2 O35412 40 m/s
Ll o7 AREH % Particleworks ICAJI L, ZZ5AKITE
TLDOERFMEL LT

(2) Blow-by gas outlet hole (2)

- a BBV
(3) Connecting channel
,;xto cylinder head
N

(4) Qil drainage holes
(1) Blow-by gas inlet hole

(a) TYPET

(b) TYPE2

Fig. 8 Schematic of measured breather types
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Fig. 13 Results of visualized measurement
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®2 =] ABSTRACT

IST = P LA VY AT LOBEMACICHIG U, FFERH
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A7 Tid, P AKFLTH 5 Systems Modeling
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ZD=DDHH &KL 7.

% 72, Systems Modeling Language Catdk L 72 8:REF
M, 28T — A VEFRII= FDT Ty T —
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In order to support power train systems as they
become increasingly complex, as well as to raise the
efficiency and quality of development, it is useful to
(1) clearly define requirements and verification items,
(2) structure requirements and clearly define interfaces,
and (3) assure the traceability of requirements.

The present research project used Systems
Modeling Language, which is a semi-formal notation.
By formulating the project’s own original guidelines,
the above three items were achieved.

Requirement models written in Systems Modeling
Language are also published to suppliers as
requirement specifications for the platform area of
the power train electronic control unit. Therefore the
tasks involved in efficiently and accurately verifying
not only the validity of the requirements, but also
whether or not problems exist in how they are written
as requirement specifications, were defined and applied
in parts to the development of 2015 model year mass-
production models.
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Fig. 3 AUTOSAR software architecture
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BOEFRLT. 1 Operation
WG 113, BT 2 EEA R ORIBELR, 5 X0, 20 2 |satety
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Foz7 TR INhBF—40, &2TEET 3L~ Input 4 Output 2
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Table 2 Listed items of verification items

No. |ltem Provisions
Preconditions of tests Required test conditions for verification

2 Parameters for test condition Parameters and their values that correspond to the
required test conditions for verification

3 Pre-state State of the function before testing

4 Operating parameters and volume | Parameters that trigger transition to post-state, and the
volume to operate

5 Post-state State of function after testing

6 Measurement parameters Measurement parameters that are subject to verification

7 Judgment criteria Expected value of measurement parameters

2.2. FIHEKRDZ LML FiE

PlbhagE 2, &BEREICOE 2.2.1. 825 2.2.4. HITR

HIHEE SR 2 72 T TWn B 0 E 5 DY FEHE 4 B (L ¥ Diagram #{EK 9 5.
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Fig. 6 Criterional requirement diagram
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Fig. 13 Linkage of functional groups and AUTOSAR structure
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Interface of Platform IAT11

This table is generated from L2 flowports

Name In/Out Description Unit DwnerBlock
IntkAirTiB1_st In IAT11 status information Integer FI-control
Inthair tiB1 In Engine intake air temperature (IAT11) DegreeCelsius| FI-control
IAT1i1AD Out | IAT11 sensor input voltage value after the AD conversion W IATi1_calc
IntkAirTiB1_st| Out |IATi1 status information Integer IATi1_calc

Intkair_t1B1 Out | Engine intake air temperature (IAT11)

DegreeCelsius | IAT11_calc

This table is generated from L4-1 flowports

Name In/Out Description

Unit OwnerBlock

Intheair_t1B1 In Engine intake air temperature {IAT11)

DegreeCelsius | IAT11_DetectRangeFail

IAT11AD Out | IAT11 sensor input voltage value after the AD conversion W

IAT11_Conwversion

Intkair tiBi| Out |Engine intake air temperature (IATi1)

DegreeCelsius IAT11_Conwversion

Obd10D_st Out | IAT11 OutOfRange status information Integer IAT11_OBD_Common

Obdi0_st Out | IAT11 status information Integer IAT11_OBD_Common
This table is generated from L4-2 flowports

Name In/Out Description Unit OwnerBlock

Intheair_t1B1 In Engine intake air temperature (IAT11)

DegreeCelsius | QutOfRange_Lo_Detaction_SW

IntkAir_t1B1 In Engine intake air temperature (IAT11)

DegreeCelsius | ODutOfRange_Hi_Detection_SW

IAT11AD Cut | IAT11 sensor input voltage value after the AD conversion \

IAT11_ADC_SW

Intkair_t1B1 Cut | Engine intake air temperature (IAT11)

DegreeCelsius IAT11_PhyConv_SW

Obd10DH_st| ©ut |IAT11 OutOfRange High status information Integer OBD_Commeon_SW

Obd10DL_st Out | IAT11 OutOfRange Low status information Integer OBD_Commeon_SW

Obd10H_st Out | IAT11 Limit High status information Integer OBD_Commeon_SW

Obdi0L_st Cut | IAT11 Limit Low status information Integer OBD_Common_SwW
Fig. 14 Interface (I/F) report
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THGEE NGS5 Z &N TE 5. Zhic & 0 EERIERAE
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FRCO R 3RS L D, SysML % F 7z il g
SROBEREGAL & 2 Y PERGE % 2016 4F-F 7L & PERETRE I
TEHRELAGELN.

5.2. MILS (Z & 3 Z3k D& Y MHAREE
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3.1 fIZRT TSy b7+ — 48EEH Simulink TF LD
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F72, 2015 FFE T HEHRIZEH PEOHH T /N4 Z
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FLORR %1572,
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LI BMEEE B Z B NENIIOWTUE, 5HE5] %
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ARELD FAIZ LD, MILS O ML RESH S 2 &

D, 2016 {EETILLIEOFT /4 ZFFICx L, MILS
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On board diagnosis and regulation, Memory, Controller
area network, Off board tester D 4 7L — 12D & Wik
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ProjectFileLocation D:¥Platform¥Platform_Brake.rpy

Result No Check point

Result details

Does the model have a comment named “Diagram” in the package
“Index’”.

L4-1::L4-1_BD

Does the model have hyperlinks to all diagrams except internal block

IFEbR |1-8-1 diagram in the description of the comment named “Diagram”.

Hyperlink to diagram does not exist
L4-1::L4-1_CRD_BrakeNoSwDet_ECU

L4-1::L4-1_RD_Diagnosis
L4-1::L4-1_RD_Operation
L4-1::L4-1_CRD_BrakeNcSwDet_ECU
L4-1::L4-1_CRD_BrakeNcSwErrorDet_ECU
L4-1::L4-1_CRD_BrakeNoSwErrorDet_ECU
L3::L3 CRD_BrakeStDet

2 Does the model have a block. block exist.

2-1 Are the names of blocks in the model all different.

Do the names of blocks in the model all start with capital letters.
2-2 Also, does the model use only alphanumeric text and the underscore
character.

Fig. 15 Style check sheet
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ing~oped

ing~opes
ing"ojed
gasoding oed’|
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2ANbIJUoOUIW I3Ag|1e 4
1 0850diNg U0ISIALOY|
20@50ding uoISIBAU0Y |

go@soding uoisiax

19s0dng
gesoding

| @s0d
Zasod
gasod
gasod
24293
124293
124933
124933
124933

gesoding 18 403(3
pesoding
gesoding
gasoding

IAT11 calc

]
Fl-control
_SystemDef
Sensor

IAT11 Conversion
IAT11.0BD Common
IAT11_DetectElecFail
IAT11_DetectRangeFail

o0
[s)elioleNelele]
(el eleleNole}

3
7
8
9
IAT11_PhwCorw_SW 2
Limit_Hi_Detection SW 5
Limit_Lo_Detecton SW 5
OBD_Common_SW 15
OutOfRange_Lo_Detection i 6
IAT11_ADC SW 1
IAT 11 nputCircuit_HW 1
OutOfRange Hi Detection & 6

o O
CoQO00CQC0O © O

gasoding 1w 42913
pasoding|igJadusy

{esoding e 4393
gasoding|Ie Jaduey

tasoding

Fig. 16 Requirement-block connection check
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Driving Simulator for Power Plant Controller Development

I G i NS
Satoshi KODO Shigeki FUJIIMOTO
I S = T i NI U
Takashi ONO Tetsuya SUZUKI

2 B ABSTRACT

PR (MBD EZBUZIAIT 220 Yy 75 Y M BT LR
MY 27 ARIEBROME) THELZT SV P ETLE
23 L 72 Hardware in the Loop Simulation BREEIZ, 737 —
77V L RHIEBRICBEE A RIMERKD F T4 Y
U Ia b= 2BREABINLZ 22k, EFLR—
2D EF TR I 2 RAEEM 7 2 M, RE TR
B2 ET 2 THON S5 ANOEKIGE IR EE2HD
AN AMEL 2. MEELZF S/ VY 32
V=2 &EHWT, NMZkd FIAEEZGIL, FI4
INETFLTIIELNAWEFO X % & % RIS ERRIDZ
IZAIET 2 ANDHEE RO NS Z L EMEGRL 72, £77, H#
BRORIBIFIRANOBEH 2% Z &\, HEOERIRIUZ B0
TRAETAHBEOFEDO I RIDZ L A2FFEL, EF
LN — Z ORGSR D Z & E R L 7=

A driving simulator environment with the minimum
configuration considered necessary for power plant
controller development was added to a Hardware in
the Loop Simulation environment that mounts the plant
model created in the previous report (Development of
High-performance Engine Plant Model and Sequential
System Identification Environment for Realization of
Model-based Development). This created a development
environment that makes it possible to incorporate
situational maneuvers performed by humans, which
were previously acquired through actual vehicle tests
in the final process of model-based development, into
the virtual vehicle tests in the upstream processes.
Driving maneuvers performed by humans were
measured using the created driving simulator, and it
was confirmed that maneuvers performed by humans
in response to various surrounding situations can be
acquired, which was not possible with a driver model.
In addition, the created driving simulator was applied
to actual controller development, and was verified
to be useful in discovering control issues that occur
in everyday driving situations, and to increase the
accuracy of model-based development.

1. EANVE

TFANR—ZBF (MBD) Ti, EELAWI VK- %
VRISV FETFLE LTHREO BRSBTS Z
EIZkD, I TRE I B )ERRET 2 M &% BRI
BT HIRMMIZHERT 5. Zhickd, ETREICKT3
7N Ty FORER A B 20, TIRLEAL S OB
DOFRY ZHIK LT 2 b 2K 5 & iz, o7
Oy bua—7 4 YK BB EOM EAEB L
TW3,

* UG R&D £~ & —
%% MASHEY-—22%97
* % x PASHHEY 274X

https://doi.org/10.69239/hondatechnicalreview.2014 26 2 15

Fig.1icavrtu—-3&753VbETL, FTA430D
BIfR AT, Il D IC W THESE L 72 High Performance
Engine plant Model (HPEM) #fW\5 Z &2k, a2~ |
a— 7 OHIEFRMEICK L, V7L BE#ERNT T T Vb
ETFALLOIEEMNTCAY b —-FEtEBI AL D
BREINIRf X NIz, 2D &6, fERISKL, B L
WMIFCTREDEYI Y Fa— FRENTTREE - 72,
ZOEIIZ, 9 =T F VN RODAY b a—=FNDATD
35, HfINRTHE TSV FEFILOREDREE ZH L
L7z, LA2ALAERS, aY bu—I3AJIR#E» 6 A& h
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Response
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Response from plant model

Fig. 1 Input and output of controller
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Fig. 2 Input and output of driver
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Fig. 3 Overview of driving simulator
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Fig. 4 Configuration of driving simulator

AZ M PCIE, ETT 2O NEIRBEARE, JHGH,
HEMESEOETSRMICMA, ERICHETE MO
WWMOBER A B Z 5. BARMIZIE, 288V — LIt > T
EITT B HEMRR, BT L — F R T8 R & ORREE 5 %0
Y 5HM, 72, GEEOERO LA IV FIlET 51
TERHBITHEOHBIEN B I A Z 5. ZThoEiHlAdbE b
Zeicky, HEMNIZH D 2 2 8ERWA 6, Fh ik iflix
RRETEEIELVFVAERET DI ENEEE &5
TW3., £/, 75V b EFILOZEBIZNG U 25085 0%
oM he 2k,

MUSEELH PC I, MYES 4 750 L LT, EIET Sl
i E I, (LB A, AR R AT B8 2 (A o
MR RS A A TR D, &% X AEEREOH
BNWRETH 5. &7z, KA IZIE U 72RO LW R
B2 RKIEOFEIREATHEL 5> T3 LI, A
HREO PG HL R ", BT EDORRNEBETH 5.

M RS E LB i O % XA AERRIE O BT & FE
L, 556 A Y FlT A AT VA4 5HBICkD, 210D
THET A EfR L 72,

AR D 2B DESTIE, ECU OHIETERE S, & X b
PC HEHT 2 ETEMHE#HOTHILS THZ %9, £
$TBE7IVFETNEG, ST =TTV PRIZODWTE, B
WMTHEFE L 72 HPEM % HWy, RIS, HIRO 7L E —
INEIFETALERANTNS, ST =T 5V FROT 5
VTS, SIERERE S UBERERNC O 5 & 5 72
IBEDRD 6B &I, NOWFRIEFEIZAE 2 72912,
FIFHE T OMER LA N ER N5, HPEM F, WEN %
FHIR TR K 2R TR &, MBD DI > b u—
FWERED 7 A b T BE A F ) A& w72 9 & I, HILS
IS TEEMEHENRENCEIAALD. ZO7-8, Fil
BKWBEE T L a<EHAT2I LR TER &k, Tk
oL B, 75V b EFLOH NI, FETOH
HHE T U 3% DINOGRZEREE 2 ik L CH D, HilHOHK
EMEOEEEAITX L TE+H A EE 2R TE TV 5.

HIKRADT T b ETLIE, N3 EKRT —, NX AR
7 —, BHlESEOFF 10 OMIAR, ZhZhofd)k & Ol
o LEF 27 OIS Z R DB IFET L E L5 TN 5.
RF—ZZ I, Y 2RV Y a3V EZF T Y AIZF X
VT4 IAREA S I AR, & A YITHER T + — 2 FF
PR D HEHT, MR REARET S Z & T, Hiljo )
AT I AL —FPTBHILENTES,

F7z, HILS WA Z L2k, MO ECU &7 5 v
FEFILOFSAERBEL, FIA LYY I 2L —4I12T
FRELAST =T 5 F RilEERET 2 — AN L=
IZITTE DL LDITHE>TWS,

FEIRIE I, WFZERFE IR & T B il Z P03 FH o
F, PCHV =27 —20D/n— F2—HFEFIZRFE IR T
WA A HABEHLESL Z LIk DRELE. Zhbo

— 114 —



NT—=TZ2 b REEFERARSIETDIaL—24

FmTEN TV T4 DB IHET 4+ =) V7R, BifkEH)
OZAL, RFEOREEFONDS. £z, NV FLRARLY
L, 7 bDT 4 =Y R, FHEOY v L
RERICKD R AL Z N6, /ST =TTV b ZOHIHE
FHEICH LT, BEAEERARAL T35 15,

4. RZAEXTVI2aL—2DHR

MELZFIA Y Y2 —212&0Hoh5 A0
WSR2 2 O — Kl &R g

Fig. 512, FrE DHd S & — ¥ TEFT 2§73 4 38
WAETTHEMEHOCTERIIL 72, B#EE 77 L X&)
BAE, PV 239y g VOXEVEERT. B VNS
KBATORENE, FIALEY v IaL—212&kbE
otz T A MGME, HEEGIZE D) 584 0%
DOMEEE LTS, FIANETIIZOWTIE, FiH#E
] & —E D HFE TEIT L7 EIRE LT, B o ok
84— % HEEE & U 72 Proportional Integral Derivative
(PID) KN X 0 7 27 L LN &L % 454E U CET L 72 55
ko TNW5.

SIS 5 N7z ADFEFIZIZ, 40 s LAREOD B IIHGH i
RiizdonWT, HH 54 — VIok L RB e % B
NROND LI, ZOHBEITR AL TRESTNS. T
id, AR E 0 A2 s RO Z LIk $ % SIS A
BEENANCKDRELES-HDEELZLNS. — T, NI 4
INETIVEETSH -V ERFEIZ L -2 L TETT 572
W, BTN = VTR B .

T ORI REINLHEDIBIZEWTE, [Hl—0ET/Y
A=V EEFLEZEEBALVIZEDENY F 54 13T

= 100
€
~ 80
hel Human 1
§ 60 Human 2
g 40 Human 3
] 20 Model
‘5 == == == Tgrget
> o 1 1 1
_ 100
] e Human 1
el -
S 80 Human 2
=~ 60 Human 3
S c
© 2 40 A Model
o}
g8 \
8 20
<
0
6
o 5
s . - I
'g 3 I Human 1 H
a 2 Human 2 | |
z 1 Human 3 1
« Model
N T T

0 10 20 30 40 50 60 70 80 90 100
Time [s]

Fig. 5 Following traveling test results

EUC7Z ZhiE, B4DF I 4 3OMBRRERIC D
BRI & O, RIS B v B 7 i) & O HRFHE O
O GREELZEIZEDECTHEEELILNS.
F72, FIANETNE ADE NI, Fig. 6 12789 &D
12, WA 72 0 O 7 & L &L RS AL D
EZNTW5, WELNGEEIETH 5 0 s 205 30 s MicH
WTIZRE LIRS A0S, B TR T 40 s DO
INBEEHLE 2 Tk, AR MG I3 U B IG 2 12
HljMRE A2 RE LT 57280, 727 XL XREIVHHE & 745
LTWAEAEL, B0 b2t >T05b. —F
T, FIANETMIE, P2 -V ERFEIC L -7
B0, BITEELE T 7 L RENEL 55T 5,
PLED X312, F AT IO, BREETE5E
BEIZB 2 ) MM 2 e B> T B, — T, ANck
BEMETIE, Al—DOF 2 P ERIFTHIERL 2581280\ TE
BATHESTWS. 20K, MELEZRNIA LYY
YIab =22k, AOHRRL ORI, Eiiae s &
Wi, ADBRFEHO S & & 2RI L TH Z & 5 Eo
TERERISD T EATHEE ko 7.

)
IS
o
8 :
I -10 : : : :
g 10 Human1}5
= 5 |-
‘—% 0 |' » kv -1 ll
g | 3 :
5 10 e :
T 10 . —Humanzkl
I v A T 5
Q -
s : L
HE R R I
[ .
g 0 NS N | DU EP
5 10 E —— Human3 |, &
o 5 3 'l E
;. 1
. : 1710 | |
5 : I '
-10 I i

Fig. 6 Comparison of rate of change in accelerator
pedal position between human and model

5. #lEREEANDBEAG

FIA4 Yy 2L — 4% NEHT 2 Z &I
&0, HHHOZELHA L 7=—Fl &R T

Fig. 712, BEEHAL 2@ AT v ¥ v Lo flfHO
Ty ZHX AR

avitue—JF, 74— KNy I EINE VY PV

— 115 —



Honda R&D Technical Review

Vol.26 No.2 (October 2014)

ERHOT ML HEMEE 25 K512 A0y bILRHE % HIfH
T5%. £/, 2uy PLBEZ YYDV L2 OBKRITIE
BMIEO 720, flfEEom L2 HBE L, IMAZESEE TV
U vBERBICH L 2wy bILBHEE A 1S A e g € 7
L ERHLTWS. ZHhuc kD, PID flfgHE, =
VML 2T LRI RO IR AR R A HIE R & LT
WMo ZEenTES.

FIAEY Y Iab—2%2 0T, v=aT7L 7V
23wy a vORET A HE Tt T A F L 7%
EZA, RO & HBEEHIRICHIBOREN KW S/,
Fig. 813, HiJi & EfTHh QM A, Rt HAGRIZ b 2 D
BEHIGANA B 72 DI LT & 5 2 75 7R UL & R
LTwad. 2O, BiFHEm2A Y A v & 1 LER7ZIR
RET, A HmAEE ¢ 2 DA EF 20O AE R Z k& -
7o, ZD®, FIA NI ENDBNERE KL B> 7%
%, ERPITHBE L 7=,

Fig. 91T d & o2, Wpdiic &k v = v v v EEIK T
L7728, METHIEY 7 L&Y v hk LObIChET
L% ThHo7. L LAERS, BENOROEREIZL S
DEIRREANOMBEIZLD, FIANPY T I ET Vv EB T
EOEWEEFT IV XANRENERAZLEZA, Z VDY
DO VIV DAETHRFE L 72, Z D%, BEOMRD -
I, BER CEIRRIUSTET L2 A, 1Ly
DOEENIFREL 557z, W P LI B OREDOF T

Engine torque controller

Engine
Intake
;Z‘:;%e; airflow Throttle forque
to—1,| PID —>| Response | |angle ) Engine
controller | ENGine |syrface > Engine | | peed
Engine Spﬂ: model
torque

Fig. 7 Engine torque controller block diagram

Fig. 8 Test situation reproduced by driving simulator
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Development of 8-Speed DCT with Torque Converter for Midsize Vehicles
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Honda has developed the world’s first 8-speed
dual-clutch transmission equipped with a torque
converter that achieves greater fuel economy
performance while highlighting the pleasure of
driving. The torque converter was adopted to provide
smooth, powerful initial acceleration, together with
quick shifting enabled by reduced inertia in the
driveline; rhythmical, seamless acceleration by multi-
staging with close ratios; and other such elements
that create a sporty driving feel. Wider range, lower
friction, and other such measures have achieved a 15%
increase in power performance and an 8% increase in
fuel economy performance relative to a conventional
5-speed automatic transmission. The use of common
gears across the entire gear train, a unique dual shaft
structure, an ultra-flat torque converter, and other such
techniques enabled the size and weight to be kept
down to the level of a conventional 5-speed automatic
transmission for the same vehicle class while
simultaneously increasing the number of gear stages.
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3. EXBECERFET

DCT @ EWrimiXl % Fig. 112, HsRX % Fig. 212, 1%
L% Table 1 12/ Y.

1dE 2@E VN =2, 3t 4, S5HE 68, 7H
E8MDN) Ty F Y AL L =X VHMEE L. &
72, VI FEEMETEA VT v T PEFVEERND Y

Reverse clutch

EN| Twin
' torsional

L}

il

Fig. 1 Main section of 8-speed DCT

2015 model year TLX
== == 2008 model year TSX

Vehicle speed [km/h]

0 1 2 3 4 5 6 7
Engine speed [x1000 rpm]

Fig. 2 Vehicle speed map

Table 1 Transmission specifications
Model 2015 model 2008 model
year TLX24 L | yearTSX24L
Torque capacity [Nm] 270 230
1st 14.084 11.768
2nd 9.974 7.160
3rd 7.379 4.801
4th 5.560 3.429
Overall
gear 5th 4.389 2.512
ratio
6th 3.383
7th 2.835
8th 2.212
Reverse 10.169 8.875
Ratio range 6.367 4.687
Overall length [mm] 388 379
Weight [kq] 95.0 92.6
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Technology to Predict Input Force to Engine Mount at Rapid Start of MT Vehicle
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Technology was created that gives the capability to
predict engine mount input force during rapid starts.
This input force is used for the strength design of the
engine mounts for cars with a manual transmission
(MT). Clutch engagement during a rapid start was
modeled from time series characteristics of the clutch
clamping force derived from actual measurements of
clutch pedal delay and engagement time. The engine
mount was modeled by applying force-displacement
curves that had been tested up to high load. Wheel
torque and engine mount input force were successfully
predicted by means of full vehicle simulation using
multi-body analysis. The parameters of that model were
then changed to the upper limit and lower limit values
within their obtainable range to confirm the rate of
change in wheel torque and engine mount input force.
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Fig. 12 Wheel torque reduction rate
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Fig. 13 Torque rod input force reduction rate
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Development of Active Control Engine Mount System for Reduction of Resonance Vibration at
Engine Restart
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Active Control Engine Mounts are in mass
production as a technology for the reduction of noise
and vibration in complete vehicles associated with
the use of V6 variable-cylinder engines. The research
discussed in this paper developed a next-generation
active control engine mount system that reduces
vibration in complete vehicles occurring when the
engine is restarted following idle stop or EV operation
in a hybrid system. The fact that the timing of the
powerplant resonance vibration that occurs at engine
restart correlates strongly with the angle of rotation
of the crankshaft was focused on, and a new control
method was developed that predicts the timing and
magnitude of resonance vibration and cancels it. In
addition, the development of a system able to respond
to high-amplitude engine resonance vibration has
increased noise and vibration performance at engine
restart following idle stop or EV operation in a hybrid
system.
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Control Parameter Optimization for Reduction of 2™ Order Vibration
in Hybrid Drive Mode of SPORT HYBRID i-MMD

# M O T
Tatsunori TSURUTA
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ZERFH LU 72 2014 4EEF )L Accord 7M1 71 v FORHFIC
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2. AV VYD VHEEDE YYD VIEK LY
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27 ¥ 7 il 2 RIS B 4 (KR X & 2556, IRREORHE
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ABSTRACT

During development of the 2014 model-year Accord
Hybrid, for which the SPORT HYBRID i-MMD new
model hybrid system was adopted, 2nd-order vibration
transmitted to the steering became an issue. This
occurred because the vehicle has higher engine net
torque than a gasoline engine vehicle, so that there
is larger crankshaft revolution 2nd-order fluctuation,
which is the source of the vibration. There is concern
that using only reduction of engine net torque as
the means to lessen crankshaft revolution 2nd-order
fluctuation could cause an increase in the brake-
specific fuel consumption. Therefore the combustion
control parameters, such as ignition timing and valve
operation timing, were changed as a way of optimizing
crankshaft revolution 2nd-order fluctuation, engine net
torque, and brake-specific fuel consumption. These
measures achieved the steering vibration target while
also determining the optimal point where the amount
of engine net torque reduction could be lessened by
5 Nm and 1% of the increase in brake-specific fuel
consumption could be recovered.
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Design of Floating Seat for Control of Seat Resonance Frequencies

KOG fii  H A R "
Kengo YABE Toru INAGAKI Takashi KONDO
B = ABSTRACT
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A method of seat design that makes it possible to
control resonance frequencies of the seat in order to
reduce seat vibration when the vehicle is idling and
when it is in motion has been proposed. The research
discussed in this paper made it possible to reduce
vibration by controlling the resonance frequencies by
replacing the structures of the seat-mounting unit with
floating structures using rubber bushings. It was also
shown that partly replacing the mounting unit with
floating structures makes it possible to control the
resonance frequencies of the entire seat. Compared
to a design that replaces the entire seat-mounting
unit with floating structures, this design makes it
possible to optimally position floating structures for
each type of seat. The issue of balancing vibration
reduction with strength and durability and crash safety
performance due to fitting the floating structures to
the seat-mounting unit was addressed using stopper
structures optimized for each type of input. The use
of the floating structures in an actual vehicle realized
a lighter-weight seat configuration than the use of
conventional vibration countermeasures.
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Fig. 8 Structure of floating seat

Table 1 Comparison of mass between conventional

and floating seat

Part name Conventional seat [kg] Floating seat [kg]
Cushion side frame 0.70 0.80

Foot member 1.14 0.60

Foot bracket

(Include floating 0.62 1.02
structure)

Bracket - 0.11

Total 2.46 2.53
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Fig. 9 Relationship between seat resonance
frequencies and bushing stiffness
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Predictive Simulation of Flow-induced Noise using CFD

& I oW KT [ T

Katsutomo KANAI Hideki KATSUYAMA

R "o A H] —F

Yuichi FUSHIMI Norikazu YAMAMOTO
7 = ABSTRACT

Computational Fluid Dynamics {12 & % % D Fills
Sab—YaVTFEMELEI ko JEEY I a
L — b9 3 7203 il & 225 0B 2L & 5H
TOMENHS. ZZTHENR, RET LD —DTH S
Large Eddy Simulation & W 2zE@® MR A2 6 2
B, fmeOREARAE PHIL 2. R ETI5MER
HIKE EFE SIS & RO E K ZE < 7 5 PR
BRr L U7z, Rig 2 Pl 2 2L — b4 a8 E
RThBHEEwREGODIRE L L, EERABREEIZLS
FHHPIRIL & A5 H8E U 72 SR 12 C PRGBS 2 Ml L 72 KTk
2K D, PREFRER S O A MHE, IR E OREE 23 0]
He& e -7z,

A method of predictive simulation of flow-induced
noise using computational fluid dynamics has been
developed. In order to simulate flow-induced noise,
it is necessary to compute detailed vortex flows and
density change of air. This paper introduces the
existence of flow-induced noise predicted by unsteady
compressible flow calculations using large vortex
simulation, a type of turbulence model. The target
flow-induced noise for prediction was narrow-band
noise, also known as whistling noise, a type of noise
in which sound increases at specific frequencies. With
the exhaust pipe, including the complex shape of the
silencer, as the subject of predictive simulation of
flow-induced noise, predictive accuracy was verified
by simulating the measurement conditions of steady-
state flow. The developed method makes it possible to
judge whether narrow-band noise will be generated or
not, and to identify the position of the sound source.

1. EU®IC

4B, MmO BB AR, MRE R L2325 %HE
EHoBBBEDERE TS, ZOHRT/INTY =T 5V T
34Ty FEOW K, HETIRERILE V- 2HD M
ARBZ bR Tn%, —JF, BmIERS s S PJusEttrm b
D7=OIZHBENOFRRMEL KD 515, MliH £ — & K41
T, BEHEE ATV VE, a—F 24X, [RREk
E OGRS 5 2 abhThb. A T v N
EFHENOERNES 50 TS SRR § 5 5 A
127 > T &2 5 &, RN ARIZ Y72 0 %4E S
25 TH O, MWimHO /LR TR, PERE & & DR
TNIAET DR BT CRAT 5.

* Ui R&D £ v & —

% % HONDA R&D AMERICAS,INC.

https://doi.org/10.69239/hondatechnicalreview.2014 26 2 21

S SRS Y & PR O 2 FEIC Ay r A T k
MNTE S (Fig. 1). IAHIRET &1 Fig. 1 (b) D & 3 IZ)AH
PRIV 2 MBIk oS EL L35 & 0T, BUE &g
NEENT NI H 725, Pomtdilii i3 Fig. 1 (a) DL H I
& BRFE B OZIEO AP EIE T 25 Th 5. Pl

o @

= 3

5 1 5

E B / \ . E-.) '

S >~_"# *~ Specific frequency g P

Q |\ amplification o

4 s @ %
Frequency [Hz] Frequency [Hz]

(a) Narrow-band noise (b) Broad-band noise

Fig. 1 Classification of flow noise
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FIXHERN LS B - WS ENTE. ZTD=8, 5k
TR LAV LT <, MO N b FE &
55,

FFEDHEN B K CREDOR EONFDEIZE T, X
WMETHY I 2V —Ya VFADIAEEFA TS, X
Ve 3N & S BEER IR, FE ORI D e & /N IR
ZALIZHE 2 728, MEETOTRIAFREE %> T
5. ek, e & B FOIEA B RS T
% & TRl T & 0o 7=, GRS TIEIE AR & il S h
5 &, BRE, BRUGEE2 B Z 50, BETEHEIBELE
KoTLEI. MEEANDY 2 2 v —v 3 VW
IR ® Computational Fluid Dynamics (CFD) Y 7 b7 = 7T
EHETED 6K BEHEFL VU AHEEh T3, Ly
U, Pl i (SRR 2L & B U 225 BT O SO
RETREADE R -0, EIITHERH 5.

B3RO ME B EBI I L, Wd#e s, (/L
T, FHEY Iab—Ya v §3I3 e hzs e
FATRIK & 75 2 il i & S iy 2 HiE T % 01
03 e RIS & FE O WK AR ETH 5. F 72, KIiH
IHEEY OIRENIC K - TRAT 2 FI NG EBR 93 X
BLI T D, 1000 Hz L RO SR LSRR E 5 5. K
RO OSSR % GRS 5 123 FHR22 & R 2 {2
{EEFUE T 2 DENH 2728, CSICHREAMIEL &>
TLES. L2L, BfF0a ¥ — a2 WaEm LIc K DFFE
MmN EATRE L 2> T&E 72, XM E DRI Tk L
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Eddy Simulation(LES) &\ 223t HFETOY I 2L —
Ca VRESABRE IR TS P O RREANOED HlA
TR, F7 37 AR n E WG xR T0 S
A, WMEEIEE Dm0,

AT, PR g & R & U 22 S E Tl &
MLz v 3ab =Yg v el DR AL, &
Sab—Ya VHARHOBRREMBELZTHTFLETDH B
ZEaEmNT. PHTFHEIUEEMENOEHZ By &5
%7-%, FAFEH T EE 2 /18 & B R AM 2 D> Fih% i
E AN

2. BIENR

2.1, ETENRETE

PeRER Sy I 2 b — 3 3 VHEBROFE RIS &
PESUAE O (F & o THEXUE L E8) O # ik &
L7z, HEXAE O PR REE IZ S A4 TR 280 — 2 D/NE 5%
MNEICELE X N2 8P, B XD SA 7 2354 TOhR
D, Sy, FREOEELE, BRI E LT3 (Fig. 2).
ZD7®, EOREEKEFOEN AL AT EDTH
FRENSETH 5. FTORAEHR A FHBT 272002, 1l
Ly Iab—va VSR TEL, FBREROWZ.

2.2 REHEE

Fig. 3 ICHEE OEEEFHIA AR, Fig. 4 (3FHHIG
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Hz 3 TR BRI bR, HERKELS BT 5
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Fig. 4 Noise measurement result
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Fig. 6 Cavity tone calculation results
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Fig. 8 Pressure fluctuation comparison

Fig. 9 Entire exhaust pipe
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Fig. 11 Cylinder flow calculation results
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Table 1 Implementation condition
Shape | Pressure [Pa] | Measuring peak frequency [Hz]
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Table 2 Peak frequency comparison

Pressure [Pa] |[Measurement [Hz]| CFD [Hz] | Difference [Hz]
4000 2600 2550 50
5500 2825 2775 50
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Fig. 20 Static pressure of silencer section
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Development of Component Based Middleware for Intelligent Robot Software

B % I " GRS NI G

Makoto SEKIYA Norio NEKI

®/OF & X7 A B F 2"

Zenta MIYASHITA Nobuyuki ONO
= = ABSTRACT

TRy FOMBERETIZON, A EHT 57289
DY T LY xT Y AT LI DKL THD, 2
VAR=F YV MER I Ly 27 #HOT, R (2 v
K=V M) #WY A V2 —T - 2ATHEIL, Zho
EREA L TERERE T2 TN TH 5.

KIBET Ry POV T YT VAT A, BT Y
A=V b, REERMa VY R-—3 Y FAEERD,
FLY 2 7HBICHZz-> TR, ThEDIAVER—=F Y P2
FEDL 4 IV ZICHBTESZ L L, —ERRBINIZ &
DNEFF TUEL A& 2 5 72812, WS % & O AR 23 5/
PO EE R N—F ) 7L 4 AT 5 2 & vaf
kB,

ARTIE, LEBEOMRE RS W E L THAICHH%
L7z, 2VKR—+Y MEIAII FIL 7 =7 Honda Robotic
Technology Middleware (ZDWTHII T 5.

Kk, IPLY 7 ORI TONM S ZE
L, EFEFEUELFIfA Object Management Group CIRE S
7= Robotic Technology Component #E#l & U 7223, 3t EH Jn5k
EARIZ DWW TIE, Object Management Group (23517 5 ¥k
Lzt Tb 5.

As robots become more intelligent, the software
systems for realizing functions are becoming larger
and more complex. This makes the use of component
based middleware an effective means of design
by dividing the overall system into function units
(components) and then joining these components with
the appropriate interfaces.

Intelligent robot software systems require composite
components and finite-state machine components. The
issues when developing middleware are the ability
to synchronize these components to specific timings,
and guaranteeing hard real time performance of
minimum and predictable processing times including
communication so that processing can finish in a
certain sequence within a certain time.

This paper introduces Honda Robotic Technology
Middleware, which is original component based
middleware developed to address the above issues.

In consideration of use by outside organizations,
the middleware specifications comply with the Robotic
Technology Component specification formulated by the
Object Management Group, which is an international
standards organization. In addition, work is underway
within the Object Management Group to standardize
the original expanded specification.

1. 13U®IC

TURBATHIE A S E D V), fEERRER A Y 2 T2 Y 3
VHERE AL X T x 2P BASIMODY T by 2T
2T 5 (LUTY 2T )1, EF2 OB X & B 20k
IZIRLCTEBD, 2V ER=—F Y MEAII FLy 2 7 % Hn

* FERERT S £ v 2 —

https://doi.org/10.69239/hondatechnicalreview.2014 26 2 22

T, VAT LAEEREREY A V2 —T 2 — A THEIL -1
R (L Fa v R—F v M) 2RALCGRENTT 2 Z &0
MThB. 5EES, VAT LE LD /IR DB
BEHLRT TR L, MAET 5 Z L NA[RELE B 6 TH B.
ASIMO O &5 BHIGET Ry b 27 A EHMRER T v
F—=F Y MEAII FLY 2 7 ORBIZH 72> TE, BEGFED
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Fig. 1 Architecture of a component based middleware
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Table 1 Comparison of robotic middleware
Name HRTM OpenRTM-aist ROS OROCOS
Composite Up to
component Yes sub-component No No
FSM Yes No Yes (Python) No
component
Supported Linux Linux Linux
e Windows Windows Linux Windows
Mac OSX Mac OSX Mac OSX
CORBA
Supported TCP/IP TCP/IP
protocol Sh&‘:m CORBA UDP UDP
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Fig. 2 Overview of a composite component
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Fig. 3 UML statechart of simple finite state machine
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Event B

Fig. 4 UML statechart of finite-state machine in which
different states have share transition rule
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Fig. 6 OS abstraction layer of HRTM

Table 2 Processing time to send/receive 1000 bytes

data [us]
Data Data Data Data Total
conversion | copy receive send
Send 100 13 - 75 188
Receive 100 13 10 - 123
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TRESBITOR Y FORIEY ZF 203, = Fo o 7 OH]
DAL A EDHED XA IV ICRMILER S, —5E
RIS —E OIEFE CTIRAMEOF R AT T35 —FU 7
a4 LEFRGEL BT LR S 80. I VKR—-FX Y PO
IN=F Y TNEA LA 572912, HRTM T 8%
FEIZHEDOTEEY B RBER T AL v FORFE 7
L — 27 — 27 OFE TR O I ICH ) fLA 7=,

BIHABUERE AT A L oy R, WEFEEIT A L v F OGRS
MzZT, N=Fo 2 7EDRALRRHEL 2 1 v 7 75 L O
TLEIST A= B TIRETDZENARETH S, Zhizk-
T, B DA T VR — % v b OB & o ME L
EITNEFE 28T B 2 LM TE, N—FU T &4 LM
ERALTE B,

T L — 47— ORPREBEIIE HRTM BRI 0 T
I 8 R BN AR T b 5 7270, FEHNC ST 5. F%
DU TCa Yy R—3 vV P EITFFO IV -9 -2 0D
ALERIRE & 3 B U 224520, MERMOBEIG 2Rk W L
Nhhrol/z®, BIERFHEOHKZ EaifEe Uk, @G
IR DB SEATIZ, 1000 /84 P DF — % % TCP/IP #%
HTRZET 5 720 IC BB PSR 2 FHl L 22 5551 %
Table 2 12/

FHHIOKER, 25T 123 ns, REEHHE 188 us OULEE
B2 2B Z Ebhr oz, ZTh 6Dk, ASIMO &
2FLIZBNWT, N—FYTLEA LATEETE Tar s
L D0 BN L TR E 2 BA & 5D 5 720,
F— 2 DA EESI GG T s 200K -3 M
13, FHLUWLIEEOENE 725632812k 5.

ALPRRE RSN OO 3 2 BIE, RTCALARICHE D < Mg
MiZ&EEhd7F—2DFy b7 — 2 BERANOEWE LV
WZE RO LB RE 100 ns &, TCP/IP D F — 2 %5
W 75 pns Th 5. 7 — 2 RERMNZ, WMiE7 e ban
TCP/IP KD s e DICEZMA S Z L TRMT 2 Z L
DHEETH 578, T — A BHNIREBIE L CTLE S & RTC
HERRICHERI X < > T L £ 5.

% 27T, HRTM Tid, RTC {LkkZ&fmsk L, Wf5 7w b2
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Table 3 Required processes and types of communication

Send or Data Data Data | Data
receive | conversion copy receive | send
Network Send Yes Yes - Yes
Receive Yes Yes Yes -
Inter-orocess Send No Yes - Yes
P Receive No Yes Yes -
Yes
Send No (address) Yes
Inner-process Yeos
Receive No (address) Yes

Table 4 Processing time of intra-process
communication [us]

Data Data Data Data Total
conversion copy receive send
Send - 7 - - 7
Receive - 13 3 - 16

MIZIMAT, 2y b o =2, Fuat X, 7ot ZAND 3fE
FDEHIEARINTE S X SI2 L. ZOWEIZL-T
RTC kD a v F—x v b &+ 585413, RTC Lk
ICHERLL 725812 T & W, HRTM @2 VK — 3 v bl
37— AP A BN L7 0k ARERS, F—4 2
V—%7 FL2BMIZL27 o 2NlEAFIHTE 5 &
HIZA D, EFEER O S L% FB T & 72 (Table 3).
PEoxRIZky, ¢ @dis7Taw2aNa K-
I BTS2 O 72354, WSAEERERNIZZE A 123 ps 2
5 16 s, XEIEHEA 188 ps 4* 6 7 ps (Z8GE L 72 (Table 4).
Ta v ZANOBEIZTa L Z A E)ZEMOT FL 2B
K BBIED 0, WEMRMISHENE LD, N—=F) 7L
A4 LRSS Z ENTREE o 7.

6. ASIMO NMiE A

Z 2T, HRTM OREFEEEI & LT, ASIMO ¥ 27
2 DAEBBREAATEB L@ U 22 A5 ROV TR, %
PEBATERI Fig. 712md &5 2, BUENEIII LT, 54
SN - B FOF A E 2O B LR L, &
BANDBRBITET I 2DDTT TS LTHS.

6.1. RIBERESTHHE
FERGBAEATE OB E A Fig. 8 IR Y. REBHEITER
(&, 5 ms AT X A~ —#lDiAR%E 21T T, BATIREORE

Current
step

Next
step

Tracking line

Fig. 7 Overview of path tracking walk

R EMAER R ARED L T2 720, EfEHEs &
N=FU 7R 4 LMEOBGESRE LTEL T 5.,

6.2. ERFIE

RHGBREBITIAD I FILy = 75 PIEIZ FLowE 0
Tdh5.

1. avK—F v b

2. SILS = X % BhfEfERR

3. &=y B LT OBERER

6.3. O R—% > hExEt

REGBIEBA TR O 2 v R — 3 v MERTOREK % Fig. 912
INT. RRFRIENE O 72 8 DA WA E R EALIE I 5 ms JE D H
DIABRY 7 F I %E5F, Fig. 8 D—HMD AT v F&EFETL
Tetk, BIEAER A A 2 Y &40 U CHOERIEERRIZ 3

Z LT, HUL 5 ms FHICHET 2 HhEEEEE A, 5
A SN FMATE IR T % E < 2D OPLERH R A 170,
EREIT S Z LT, REEMSIT 8RBT S

VR — 2V MEOFTENE, 25 E e BRI S
ENTODIREERZ, WEBEMMI VK- b LT
ETFMET B L L L7z, 2D, FHE e 0P %
BEREAL L, NERAIRBEERE & oK o MIRREE AT 53]
L7z (Fig. 10 HHMBs) . &l S 7z IRREEFEER & IRRE@ AN
IS 5 ms FICEIMET 2 A%, FHATIdIREEE R, IRAEE
BOMETAETIE AL B\, ¥ T7aVF—F v F DK
FINERE %785 X — & TR U7z, FEBRZERGHY — L T
L 7= A B S o € 7L % Fig. 11, IREEREOEF
L% Fig. 12 128

Timer
interrupt

-

Check
walk state

N

Calculate
next step

— 5 ms cycle

—

Fig. 8 Processing steps of path tracking walk

Interrupt
5 mscycle . ., 5mscycle
. oA

£ A
Foot st
—» 001 step > Leg controller
Track line | Planner Next [memory| Next
step step
S J

Fig. 9 Original architecture of path tracking walk
(red line part)
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6.4. SILS IZ & B Bh{EHESR

WAL 2ET S, AVEKR=F VY DAT LV EH
FERL, IV KR—3 Y MUATO 7w s 5 L5 6 SILS B
B HERE & Ao R L 72

SER L7723 VAR =3 v b EHWT, SILS Bl L Tod)
frkavE—xy Meafea v E— 32 v MLBTHIERL,
RERMNTBENII TS T L w2l L7z,

5 ms cycle .- -, 5 ms cycle

e

—>
Track line

Execution
thread

=2} {order=1}

oy
Leg controller
Next ™.

step

= Communication
sltglttg Bvent[ statys protocoal
machine notifier SILS TCP/IP
Foot step planner Target Shared
memory

-

Fig. 10 Componentization of path tracking walk
(blue line part)

Next step
[ [ Finite Status
state o
[ E ) notifier
machine
Commands to FSM  Events to FSM

Fig. 11 UML diagram of foot step planner

.xwmm

Start waiting

Command received

C

Preparation completed

Arrival at destination Walking
Obstacle found

Emergency
( Stop walking )
\ (Siopen)
[Finish walking] [Emergency stop] [Obstacle stop] Finishedl J
( ( (

J

Fig. 12 UML statechart diagram of FSM component

Table 5 Comparison of processing time [us]

i Walk Next
Interruption | Input port o
i ; status position Total
processing | processing checking | calculation
Original 42 - 309 351
Component 22 80 50 | 280 432

6.5. # =7y MRIBICH T D EERERR

ASIMO F#1c & % EifEfERRREIZIE, SILS THWwZa
VER=FV I =ATA-FEBIETEI AL, 47y
FEREECO VIS L LIET FT CEITTH I ENTE .
BECIRTFLCEL T 285 40 —21F, & TT 740
RAVE—FV IATF—AR—=Z I ENTED, 3V
K= v MR AN AR T 5 2 &N TE -

6.5.1. EfTIERIES

FRIZE BT T X P ORER, 3 VR =3 MELZ24R
FEBHEHITEIE 5 ms JEIATTEMEL, IREER T VR — %
Y EHERGRED ICIREERE L T\ B Z & AR L 7=

51T, TR — 3 v MUATTROMIRE % Lk U, Wi
MR —HT 5 Z & &ffEsa L 7.

6.5.2. fLIBREREETAIRE R

N=FUTREAL LWEWZLTWDE D ERGEY 572
DI, RFEEPEBITIONITREE A2 2 v R — 3% v MEAT &
%CERMIL 72 (Table 5). 2 vE—3 v MUIZH =0, T4
DTAT T LG, 44~ —HDABMIEOFELEH AT &
T, IRREEHN & AT ERH R X 27280, IO
PR A BRI 2 2 LI L WS, a v R—% Vv ME
B R OALEEIER A 81 ps (23%) BN L T 5.

6.6. E%R

ASIMO DRSBTS Da Yy K—3 v MUz k5T,
RETL BT AL HEAER L2 VR =3V DY — 2
I—-FMBIETAZ & 4L, SILS, #—7 v I O L
THHTZX2Z LA MRTHIENTE .

%72, aVER—3 Vv MUIZ & 5 T, AUBEHER] A 23% B0
L7=. Sl OEEIEICS L TR, FETEELRIITS -
72, KU R UV A B R U LB R HE 0 23 O W T
HBIZDONWTERT 3.

IVR—= 3V PRGOBIEIZ K > THRRTEE R DI, A
NE—- P OETHS. Fig. 11ITmEnTnBd k512, Hit
MERET Y E =3 Y bADATIE— F OBIT AT 81
b, ZEF—294 X1310 75 2054 N DO TH 5.
fiil % D AT)HR — MMINEFIZZ BRI TTHID 720, K —
b ¥ & ZE W OB RO PR & 72 5. FHIlO KSR,
T ZAWMIE DT — & ZEREIE, 20 34 P RERET
9.4 ns EVVIRMELNTHD, 8K — L ZERKOHEE
WLPRREM] 9.4 X 8=75.2 ps & LKL C Table 5 K056 Hh
B AJTAR — FLBEREBI O 80 ps 13 Z L ki E L2 5N 5.

SRO3a v ER-3 v FEITE, Fig. 11 0k I2i84
OFH & IREBERM ORI Z 12K — b 2R L 7288, 84
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EREEANE —DDOR - MIF LD THEIT ST & & HE
Thd. ZOWH, Table 4 XD 1000 754 + ORI
16 ps TH 5 728, MBI OBEHNE 16 X 2 =32 ns(10%)
UPICHABZERTES.

7. RELES

mBICHRTM ISBI§ 2 FEHELW BN DTN 5
HRTM & RTC {EARIZR LT R ECotpk 2 B ndnaE U 5
rhTns.,

- BROT T P aANERZ ST — 2K — Mk

- REEER T VR -3 Vv b OBUEIREEB AR & UHUS A

VA =7 x— Afhhk

IS PRERIEARIE, OMG O u R 7 1 &7 2RO LA %
RET HREEETH 5 Robotics Domain Task Force IZJE
9 % Infrastructure Working Group {24 T, FSM4RTC
k& LT, 2015 o ARG BE L U 22 fHE L
ez HEtEhTH 5.

PRIk & L5 Z & C, RTCH#RO I FL Y =
7T, HED H 2Eda VR — % v HGE L RREE
BV KR—3 v M EMHTEIENTES.

8. ¥&®

[EIBRFEHED RTC {LARIZHEIL L DD, Ml OFERENLIE % fi
L7za v K=V MEAI FLY 27 HRTM 2% L 7.

%7, HRTM 7V — 27 — 2 OUHEARIET 2720,
ASIMO ORRFEBHEHTHEETALL, ER LA 7L
FraO—- NGO T O Y S A5 L 72, MRalORE%R,
VK-V PO SILS B K UFER 4 — 7 v MNRIFET
A TcE2Z L, N—F YT A4 LEREETZLT
W5 ZERFGETE /-,

aVR—=F Y MU, RitY itk o TESESh Y
AT LETANSERK LA v a— R, BifFOo 7
07T L0 5 BENHEEEERWZY - 2T - FO—%
B2 2L THRETE S0, BHEEIROHS Vv —2
I— FORPED L, * V7 F ¥ 2R HE D EH I
T% 5.

S#21%, HRTM % Fiuvy7z ASIMO OFFIc&k 5 a3V R —
F v MERBAREOMROIE K EHIET & & 812, fnakitrk
TdH 5 FSMARTC OFFHEIL AT L, SHERITZEpEEI 2 o
Ay b A ORERAND HRTM i FH F#EFH 0 fik % X > T
ERR

SE X
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System Design Process in Compliance with 1ISO26262 Using Model-Based Design

GEINE (AN L I O

Hiroki SAGAMI Shinji HIRONAKA

#* BOwE” LS S (T

Ryoji MORI Takuyuki MUKAI
B =] ABSTRACT

HEBICER SN 28K, BT 27 41%, BEReH
1% 15026262 NOUERN BT H 5. 1S026262 TIF, &
VAT 272007 v v 2 DFEE, X ORREWOE
EAHAERX N TS, — T, 15026262 DIEAIT V 75
BT 2 THY, FFEEKRO TR OA B3R5 EB R
TOMEEEROERICELGINh S, 22T, TEMNAE
T 57200 FEE LT, FRIRICH S 2T L8¢6F
BEpEIcEH L, EF AN — ZHE & W72 1S026262 RS
DY AT LG T O 2 2 Mg L 7. ZORR, MigiciE
W 2720070 20HEN, k& OBRYOMEK 4 —H
DIEETETTZE LRI, TFMICKDREE L TRDIE
MWAEREEHTEL SO AL METE 7.

It is necessary for automotive electrical and/
or electronic systems to conform to the functional
safety standard ISO 26262. ISO 26262 stipulates the
implementation of Processes and the creation of Work
Products in order to prove safety. However, ISO 26262
is based on a V-model development process, and the
definition of structures and requirements at the design
stage affects whether or not there is an increase in
person-hours across the course of the development as
a whole. The research discussed in this paper therefore
focused on the system design stage, an upstream
process, and formulated a system design process that
conforms to ISO 26262 using model-based design as
a means of controlling increases in person-hours. As a
result, a process was formulated that makes it possible
to implement processes conforming to ISO 26262
and create Work Products as a series of procedures,
in addition to accurately defining structures and
requirements by means of models.

1. 13U®IC

2011 4F 11 HIZHRE R 2RI 1S026262 (Fig. 1) 28 1E
RME Y 2ok, fEilcEkehaEX, B
TV AT ADBBAERNHHE OV AV 2FETEBLNLET
KL CREETERT 270D DTh 5. BREL K
IZHEHL % 7200203, BRER RIS TED 5 T B H%
Tt Z0FEK, B &R E GRS % 720 Ok
TR BENZ T 5.

U Lah 6, BERER ARG ICHERL L 72 P72 F2hid 5
Wty, T OBEENR L0280, Bk R ORI AT T
B4 2 Zenlashsd. £72, 1S026262 OFAIX
VFRET X 2 Th D, BREICHEE, o K OMGEE% H#

* Ui R&D £ > & —

https://doi.org/10.69239/hondatechnicalreview.2014 26 2 23

| 1. Vocabulary |

2. Management of functional safety
at the system |
ystem level ] 7. Production
3. Concept —

—— — and
phase 5. Product 6. Product operation
development at development at

the hardware leveljf the software level

[ 4. Product development

8. Supporting processes

9. ASIL-oriented and safety-oriented analyses

| 10. Guideline on 1SO 26262 |

Fig. 1 Overview of ISO 26262
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fi§ %+ —27 - WHBIRSERE BB P — )T,
Fig. 210”3 & 912, VFEHRRE Y 0t 2 TG L
(}ili IEBIFEERIEIZBRTIRICES. LA -, Em LR
I BIFEHEORER TR OKE SICm EEL, K
%Wbiiﬁ%mboﬁﬂé.uk® G, MU
D7=OIZ PR E N5 TEHMAE DI LD DTS 5
P, GHOBR, BTV AT LRBOMEE £ 5.

ZZTC, VZEHR 7o 20 FR TS 725V 2T 4
PRETEERS (1S026262 Part 4 124 280 128 H L, i
WOMEA YT 2 T LT, EFLR—ZHH4EFH
L 72 1S026262 ®Iin s 2 7 L3337 0 v 2 5 RESE L 7=

Requirement (Verification) Vehicle
definition test
System (Verification) System
design test
Detail (Verification) Integration 9
) 2
design test Iod
Q N
[0} e Q
0?0 Software (Verification) Unit ,§°
) design - test \\c‘}’
[ S
) @
& AN

Implementation

Fig. 2 General V-model development process

2. 7O XBEDODR SV

1S026262 Part 4 DM % Fig. 31Z/R9. Part 4 T
I, YATALRNLIZBT A VERBE T 203KD 5
NTWb, ZOHRT, RETBREE LTS T 2 HIEXF D
Part 4-Clause 6, 3 XU Clause 7 T® 5. Part 4-Clause 6
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2RO 27 #{KIR L CTREEERT 57200 BENF
B, VAT LRECH D EER TSI EARD LT
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Clause 6 CER L 2l 2R REFKBT L7200 27
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1EmTHNZZE R0, 1S026262 IZUEHLT 5 720121
HBTRD N TOWBRHR T O 2DFEEKE, KEWD
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1S026262 IZHEHL-§ % 220121, FHFE T 0t 2 DFEE LIk
RUIDIERR 2 PIZ U CHB S ¢ 2 0 A HEIZ K 5.
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LaFEasmn, —5T, Y AT ARFO% TR

D AFRT L7200 —Fy =7 (HW)BI%E, b &
Y7 b7 (SWHRBERT, AT ALLRNLDT

MREESEZ TS DLER S, SR E A E v CIERES

FORPHEARET A 20, LIS DOTRYFHIZ X

5 TRIGRAEMHIT 27201 EHEE £ 5.

P EoBEAEE 2T, Tut ZBEOR S WAL TIC

EDT-.

(1) #7022 EH L 7-H5E, 1
WM T % BEMAICT 5.

(2) Y 2T L L ~ULIZBWT, HBe B¢ 2 Bk &
RGN IEMEICERTE BEMAIZT 5.

T 6 N7 E R

3. 18026262 #MIED Y AT LFRET 7€ X

3.1. 70 XHE

BO%%Z?E%éthéV?%%intz%%ﬁ?
572012, ETIAXR— &G (Fig. 4) #leH L=, 50
N~Zﬁﬁi,V%%%?Dtxéﬂ+ﬁ<¥MTétb
ICHETBRO—D2TH 3. 22T, EFLER, VAT
LADERP IR X, BB W -ERELBT580DT
bb. VAT LERBTAEFNICL, VAT LOME, v
AT LITROOENDIER, BIUOY AT L0 EGEN
5. k%, ETLOERLHEELTUL, IAXY 2T 4ET
)Y SR (SysML) 3 % % k5T, REHZEF L 4H]
MY 2 ETFILN— ZKETIE, FETOF OB T BBk X
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TOWGEE EF LAWY I 2L —Y 3 VEHICK D [RE
kb, Fz, EFLERELTSZ L1ckD, BRERICH

4. Product development at the system level

4-5 Initiation of product
development at the system

4-11 Releaseffor |
level

production

4-10 Functional safety |
assessment

4-6 Specification of the
technical safety
requirements

| 449 Safety validation |

4-7 System design | | 4-8 Item integration |

and testing

Fig. 3 1SO26262 Part 4
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(o) |/ NI System
o ORK —
= g test
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___________________ S T T T T T ——
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Implementation

Fig. 4 V-model development process using model-
based design
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Z T, 1S026262 WIBD Y 2 T L& 70 v X % [
TRIZHD, VAT LEETLTEBT 72812, Fig. 5
DED Y AT LOME L EROMEEEEFR L 2. KHo
SG I, fElrHEREZNET 57200 v FLNILDR4AH
FE%, FSRIE, SG &EKT 27200 T P LD
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Fig. 5 Hierarchical definition of structures and

requirements
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1SN : Element Element : TSR2- TSR2-
% <| || 1-1-1 2-1-1 |, 1-1-1-1 1-1-2-1
5| s : (SW) (HW) ! Summary: Summary:
&1 | i [Summary:| [Summary:| ASIL: ASIL:
1 1 Allocated to: | [ Allocated to:
\ ’
ibd IBLK
Internal block diagram
—— s —_— - N
1 E1-1: Element 1-1 E1-1: Element 1-1 :
1
1
i E1-1-1: E11-1: E21-1: :
: Element 1-1-1 Element 1-1-1 Element 2-1-1 1
'| [HW Element B}>B) SW Element BB [ HW Element H
1
1
S ) ;

Fig. 6 Structure and requirement definition using SysML
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ILAYVE, SWIZIL XY MDA V2T 2 — ZADFFEN
RKdH5N TS,

ZZT, 32.HiTEHK LA~ TSRLIZKL, FidwEBE A
WG APRET 572007 at 2417 (Fig. 8).

331. VAT LT7—XTIF v DES

321 EHTER LY AT LEREMM T —FF7 7 F v
It L, HW, SW Of#HI% K& T & 2 PeRs & Catflif < h
T XTI FAEVATAT —F T F v L LTERT
% (Fig. 8(a)).

3.3.2. RE&HMDENE

331 HHTCERLEV AT AT —F 7 7 F v ORESH
ERIEL, REAEARETIAREOHEV 2T L7 —
FFIOFAYDIVLAY b, BEXOZOREE— F & HiH§
%. 72720, 3.22. FHORESHOME, REAMEREL
BOWIL XY M THDBIENFHMNEA TGS, Thh
SHEF Il XY MW 2 RESHIIFT 5 LE
127 (Fig. 8(b)).

EIement@ Element 2
—>1

Element 4

Element 5

Element 3

(a) Prerequisite

i Element 1 Element 2 i Element 3 :

oo i ——————— —_—————— :

i P EIementl : ;lEIementl N Flement

HH RS I g S 31 I

i ; .---—--—.-—:--—---.‘:

i I T TR S AT

0 : RN _t .Ltl

a2 H | Prelimina

- y— : Element 4 1 architectural |

................... 1 ‘assumption 1
1 ! (System Ievel)

(b) Definition of preliminary architectural assumption

| Violation of
SG?

Element 5

: i Element2 : : Element3

lpmmm— e imm =

i :J|Element] : : [Element

0 T2 | gal 3-1

1 meh—mo——-fi-oooos .

i I Pt b B S

H Po| (PSR L".‘.Efz‘f‘.".‘? .......

Hypepp— : { &lement 4 & S mas

i i m : ~--“Refine
g ST

(d) Definition of TSR1

Fig. 7 Procedure for derivation of TSR1

3.3.3. TSR2 DEH
33 2.l THH LAY AT AT —FF IV F ¥y L XV |
DEfEE— Fizx L, 3.23. HTEFHF L7 TSR1 = HW,

EEIement 1- 1 Element 3-1 :

=| ............... ! [Eloment
t 1 |Element Element i 5-1
o114 3-1-1 ] 312 >

1| (HW) (SwW) :

i H

Theeaen

Eiomehi 1.4

I System
: Element Eleiment 1 architecture 1
iy -2 [ ——————
1 (HW) ﬁTSRM-M

(a) Definition of system architecture

=

Violation of

SG?

Element
4-1

ment :
Sad :

ir
Element
: A HE 1-1-1 |:
I T o o e telots il s :
s 2:: ................................... B TSR21 o1 e
: H Element 4-1 : > .
EI El1e_r;_e1nt I : i Refine™" TSR1-1-2-1
o | i |Element 9E|ement :
1 7 4141 4-1-2
Tt TSR1-1-1-1

[ TsR2-1-1-1-1 | [ TSR2-1-1-1-1 |<--——hefme

(c) Definition of TSR2

i Element :

[~
Element]| :
1-1-1
(HW)

Element 4-1

Element :
1-2-1
(HW) |y

4

Element| |Element
4-1-1 P 4-1-2
(SW) (SW)

TSR2-1-1-1-1 | | TSR2-1-1-1-2
(SW) (SW)

:Element A- - -1 i Element :
Fi el S - H I~ H
: Elemenl—" : : = [Element : |Element|:
| 111 Sl 011 ] 3141 | : :
[ GUDN N C1)

1 gy gy
Exﬁx ........................................

lemgnt 1-3: HSI-1 fresreessserensanranns

1 [Element] ¥ - Element 4-1
Al IH E Element| |Element
L HW) |y S 4-1-1 Pl 4-1-2
hm e —— (SW) (SW)

TSR2 1-1-1-2

(SW)

(e) Identification of HSI

Fig. 8 Procedure for system design
(Including derivation of TSR2)
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ETFIN—XFEETE V= 1S026262 3t Y A T LERET 7B £ X

SW O #I%FE TE DERE & TRt 5. 2 oMK%
TSR2 & LCEFT 5 (Fig. 8(c)].
3.3.4. TSR2 OEV) ff 1+ & HW, SW DIEEDRE
3.3.3. TEHKRLAZTSR2IZFL, Y AF L7 —F7F
JFXxIL AV IPANOEIDNTELEZI RS, ZDEE,
TSR2 # B 272012, BENSGNIEY 2T LT —FT
IF IRV A Y N EBINT S, £72, HW, SW D
EB5DRELT B2 TEHT 5 (Fig. 8(d)).
335, N—KY17IYTRIIT7A>R2T1—ADESE
334 HTHEBEINLZV AT AT —FF 0 F 125,
TSR2IZEAHBZ HW =L AV b, SWIZL XV FDOFES
Ehi$5. 2O LT, HN TL XY & SW L XY b A
HEEREATOWBEHTDA Y 827 2 — 2 EN-F
YTV T I TA VAT —AHSD)ELTERETS
(Fig. 8(e)].

4. BRERMDIERL

4.1. RN OBE

1S026262 TiZ, Part 4-Clause 6 DBEM & L THARL
SN R AR, Part 4-Clause 7 DREM & U T
iea 7 r v 2T L3%EHIRR, T KU HST ks
KOS TWE, Thoidnd e HIREUEIRE £ GRPEnyic
AT 3720 ELE FF A N THYD, 20729121
1S026262 Tk 6N TV B Fut 2 4% 2 72 LTk
TEHMEND B.

—7J7, 3ETIZ1S026262 ICHEHL§ 27D T ut X %
RESE L 72, LT, Tut Z0EMOMEIETHRET 5
& A BRI g AU, BCRMNC & B B HERLE O
P ZGERIE - TRET & 5.

ZZTC, AfiCIZ3BO T AW E A -REMOLE
BTN % R

411, IS W Rl EEX

3.2.3. 5, BXU333. Ik EK L7 TSR], LV
TSR2 #, iR EEROKEME L T DD, ZOFE
12, BEEHREHC X DB oNA L —H ) T 4 EED TR
RNy 22T, BIMOERE2BZ b TEH
FEHERUEZFEI TE B FFa A Y MITBIENTE B,
Bl 21, SysML OEERX & FIWTIER T % &, BLRMZ O
LOEKXFMETBHZENTES. £72, HOMERHE L
T, Table 1D &5, FSRA25 TSR2 £ TEEIZZ D
TR LT X,

412 HitftRe€d €7 b & AT LKEHERE

TSR2 DXL & v bAOHEID HFFER, L HW, SW
DEBNOBEIAER L, Hilikea v e 7 bOREmE LT
FL05. fHlziE, Table 2 D& 12, TSR2ODTL X ¥V b
ANOHED YT, BLUHW, SW D% H#] 4 B ik
FUTR W,

Table 1 Example of work product of TSR
SG FSR TSR1 TSR2
SG-1 FSR-1-1 TSR1-1-1-1 | TSR2-1-1-1-1

TSR2-1-1-1-2

TSR1-1-1-2 | TSR2-1-1-2-1

TSR2-1-1-2-2

FSR-1-2 TSR1-1-2-1 | TSR2-1-2-1-1

Table 2 Example of work product of technical safety

concept

TSR2 Sy;ﬁﬁf;ﬁﬁent HW or SW
TSR2-1-1-1-1 Element A HW
TSR2-1-1-1-2 Element B SW
TSR2-1-1-2-1 Element C HW

Table 3 Example of work products of HSI

c HW sw 2 | &
kel 2 n
g [_ _ 2|5
5 [} [} - o] o) ° S 3
ile|e2|z|€|2| 8|5z
1l | o ||| E|E
0 0
XXX1|[xxx1h| to V |xxx1s| to | Byte | AID ISR2
255 h

4.1.3. HSI 14

335 WHIZXDHELAZHWZL A Y FESWIL AV
FOBDA Y AT 2 — 2%, HSTHBROBREWE LT &
5. FlZiE, Table 3D &S5 % M2 4 Y b HSI A
DRFaxvbEED.

5. BRIV -7 T )L THEL AT LAD
ElEE S]]

BFH))S — 25771 v (Electric Power Steering:
EPS) ¥ 25 LIE R A NOEftAR AR T 52 L & H
HELT, FIANDEME L2 IZIBCTT ¥ X b RER
FL, WHT3Y 274 TH 5.

ZZTIE, 38, BLXU4ETHELZTTLZIZDON
T, EPS OZM % FA T 7 o3 F #5l & B4 5 .

5.1.SG & FSR

EPS ¥ 27 A OBRER XD D ¥ 2 7 £ @atH6l % i
TBHIZHD, BiiESEEE L TpE L SG, FSR #&82
VT FERIZONWT, EPS V27T 2 DREHEEFEL
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7z. SGIEHE AW FICHhR 2 & gV EERL -
F 72, FSRIIHAE b L o BAERE D A BT L 72 5 )
W LER L DEEaREAZa v 2T T OT —
FTFUFvEFQIDKIITERKL -

5.2. TSR1 O&EH

EPS VAT LDV AT LALULDOUMT —F 57 7 F %
% Fig. 10 1Z/8F. Lo B YIS X DG L2 2R
L, MLV H NS TV AN RERET S, 72, 7
VA MRARNT R DICE— 2 EEEL T, EED
TYVANEEE- AP HIITS.

ZOVM7T —F 77 F v %8 LIC5LHITREI N T
%SG E#RFHTZEMD b 2RO % 54 5. %
DR, P v ORI X 0 BE 2 5 5t
N7ER M IEN 5. ZOE, BRILAWT ¥ Z P ED
B, BEOHIE N, SGEREFL TaRERSREET S
WHEER B B Z & Sz, ZoORER2 5, TSR i,
ML & W ARE R A & —E LA EAbh 25
L —HREIC & > TE— 2 MRE) DI ) AW T 5 L EFR L 72
(Fig. 11).

5.3. TSR2 M&EH

EPS VAT LDV AT LT —FF 2 F v % Fig. 121K
.2, 52 . HiTHERLZIHY -5 27 F v DK T
LAY ML, HW, XU SW ORBNBFENTE %

~
] \
' I
1 ) .

Steering torque Assistance Output
1
1 detector controller K block [—>|Breaker J:> Actuator
1
1 1
' Fsriz]
1
: Failure :
1 detector L7777
1 177 SG-1
\ 1 teememeee-
S ———— ’

SG FSR

EPS shall avoid output which turns | Failure of steering torque detector
vehicle freely. (SG-1) shall be detected. (FSR-1-1)

Output shall be blocked. (FSR-1-2)

Fig. 9 Example of SG, FSR, and architecture at
concept level

1 Steering torque 1 1 Assistance  110utput 1  Actuafor |
1 detector : 1 controller : 1 block : 1 1
1 1 - I 1 |
1 11 |Assistance| 1
1 l—g:ﬁslé“; +>]  torque > Zﬂr?\}g: H->] Breaker :
1 1 i 1 1
H N function | H . 1 |
[ [P T [P T — a3 L= = 4
Failure
detector

Fig. 10 Example of preliminary architectural
assumption at system level

TR I M-SR TH 5.

ZZTC, HEVAT AT —F 77 F v LU THEHRKDS
Wragzilz ZOE HWZL XY O FL2EFA
JIEIC IR DS 2R U 223558002, 5.2, Sl L - R 3%
g BZeEMILE ZOME2 S, TSR21E, Lo
SASTO BB E 2 5 —EIEEL Atz )
L =2k > TE— 2 WO ) % WWr 3% &\ L 7=

X512, TSR2ZDHLT, VAT LT —FF 7 F v T
LAY IMAOEID Y TEIEE L. SWILAY DML
7 & v Y IBER AR EI D 2T A TSR21E, MLoER
AJIBOW I EFR A B F 2 & — @it h b 2 & 28
WEBLEHR L £, SWIZL XY DY L — I
BEIZHEI DY T3 TSR2IEV L —F 7DH/ AN T35 L%
L X5, HW DL XY FDY) L —E81c#D YT 3
TSR213V L —F 712k 0 & — & BRERE O 1 ) %58 W4 5
EEFKLT ThODO/ERE B LI, Fig. 130D &H1Cv 2
FAT—FT 0 F v HFEH LI

5.4. HSI MiEH

5.3.ilCTHEH LAV AT LT —F7 7 F v &, b
LIEFANEE PV 2y & v i ERAERE D, b X
CY L -l ) L —OBDA4 v 47 2 — 2R

;S_te-eﬁna t-orau-e': :'A-sgi;t;n?:e- -': '5quEt_ - 'Breaker
detector 1 1controller 1 1block
1

1 1
1 1 1 1
1 1 i 1 1 1
1 | Torque 11 Asti'fqtigce 11y Motor |, Iy fF(elay 1
1 sensor 1 : 117] driver |1 17}function|11 1
1 11 [_function |y 1 I 1
b o o - - — - [ N O —— [ [ PR —_— I e e et -

£ L]

1 Failure detector

1 1

1 Fault 1

: detector :

b oo - - 4

FSR TSR1

Failure of steering torque detector | If torque sensor output deviates
shall be detected. (FSR-1-1) from specified range for xx msec,
torque sensor shall be judged as
having failed. (TSR1-1-1-1)

Output shall be blocked. (FSR-1-2) | Motor driver output shall be blocked
by relay function. (TSR1-1-2-1)

Fig. 11 Example of TSR1 and refined preliminary

architectural assumption at system level

“Micro controller :
re=—==--= A rTT T AarTT Tt bl
i T : i Assistance 1 |
I'] 'orque ! ! "1 Motor Motor | !
1] signal | E 1 torque | !l | i - Relay
: input ["[*117] calculator T:> co(nst\r;\nll)ler I ((j}[;‘\’ﬁ)r _? function
1 LHW) | i)y (SW) |1 l
| I , 1 \/ 1
1 Torque 1| Assistance | 1
I'sensor i 1torque 1 Current |1
_____ Lfunction_ _ _ }! detector ||
1 (HW) |
i Motor driver | ——— s
Fault
detector

Fig. 12 Example of system architecture
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TSR2 IZB# 9 5 728, HSI KON RE /5 & LTt L
7= (Fig. 14).

55 MR 7Ot EAICL MR

MEL 2B T 2% EPS ¥ 27 A0OFFHIEH L
TAER, TP SOFRY OFK & & 5 RAEHEORE
DA 2 BN &2 PBRT 5 Z N TE 2. HlZIE, ¥ 27
L DR & BRI ICIREIC B S b 720, B %
MU, R T 5720012 -y Iab—Y 3 0%
12K DG COMGEREE MM L L7z, 72, B TEO

A
I [ 1 : 1 I
| | Torque| | 1 |Assistance| 1| Motor Motor | 11 |

i 1 : Ny

I'| signal § 1ig).} torque -::9 controller |51 driver [ Relay |
'] input [ 1:7 7] calculator | | ' w7 Ewy | (HW) X
: (HW) : 1 (swW) 1 1" 1
ITorque I} Assistance | | H \|/ " |
Lsensor__ i | 1torque 0 ; n \
i1 1 function i i | Current |} 1
ez + detector |11 1
i| 1 Fault 11 HO(HW) i :
|1 detector 1 Motor driver " H
: Torque : r=—===- TSR2-1-2-1-1 :
sensor |1!| Relay SwW |
I

detector

failure —l-bcontroller :
sw) |

Relay 1

z _'"_"'\.'lll':'_"'_

I
w1y

i function !
oo 2N TSR2-1-1-1-1 ===~ ==~~
R (SW)

TSR1

TSR2

If torque sensor output deviates
from specified range for xx msec,
torque sensor shall be judged as
having failed. (TSR1-1-1-1)

If output of torque signal input deviates
from specified range for xx msec,
torque signal input shall be judged

as having failed. (TSR2-1-1-1-1)

Motor output shall be blocked by
relay function. (TSR1-1-2-1)

Instruction of turning relay off shall
be output. (TSR2-1-2-1-1)

Relay shall block motor driver
output by giving an instruction to turn
relay off. (TSR2-1-2-1-2)

Fig. 13 Example of

TSR2 and refined system

architecture

...... TSR2-1-2-1-2
Micro controller : (HW)
I T 1 I Assist I 1 -
1 | Torque | i 1 [Assistance| 11 | oo | | votor | 11
1| signal | 1i ! torque |11 : : 1 | Relay
1| input [T17] calculator T:) co(rgt(/c\)ll)ler _‘9 ?ﬂ\\ﬁ)r _:-Ib (HW)
: (HW) : 1 (SW) 1 H 1
ITorque Ii|| Assistance | | v ::
'sensor__!iitorque 1 1
i A1 function 1 i | Current ||
El | g — detector |1
[ Faui X Lew i U (s
A\ detector 1'! Motor driver !
i [Torque |1roc--—< TSR2-1-2-1-1
i1 | sensor [i1!| Relay (SW)
iH> failure controller |~
: | | detector |1 SW Relay 1
MR

; function !
[ —— N TSR2-1-1-1-1 === ===--~ *
R (SW)

S Hardware Software © -
B k] @ 5 o Sg o8
5 2 =) = 8 =) 2 |5 85
g e| 5§ |5|e| & |&8(87 eF
a | & o @ o =
HSI-1 [Trgth| Oto5 V |Trql1s|0to 255 | Word | A/D TSR2-1-1-1-1
TSR2-1-2-1-1
HSI-2 [Rlyth| Oto5 Rlyls| Oto1 | Byte | AD | 1gRo.10.10

Fig. 14 Example of HSI

HW 3, 3L SWHRBOZNEFNORIEN Y X5 4
T—F T F IR DML B0, BERIEEONT
MK B ERHEPRT A Z LB TE .

6. £&®

FEELEZMBE T 212X

(1) F&FHOMFE CHUS U 72 15 8 & RPN 2 4 %
Z T, REMIDOERIZ 22 5 TRATIRIT 5 Z & i
T& 7.

VAT LD, BLUOREEREZBBIICERT S
2T, FRODKFERE %2 Y 2T L0REHEDR
EIR A Bk L 7SR, TR A W4 2 Z &8 T
EQad

\S]

ZZ Xk

(1)IS026262: Road Vehicles — Functional Safety(2011)

(2) FF EE, BPAANGE, AARE, SHBZ ST -7 7 2 b
SEICBT B Y AT AET ) v U, Honda R&D
Technical Review, Vol.22, No.2, p.99-105

(3) http://www.omgsysml.org/

(4)IEC61025: Fault tree analysis (FTA)(2006)

(5) IEC60812: Analysis techniques for system reliability
- Procedure for failure mode and effects analysis
(FMEA)(2006)

(6)IEC61882: Hazard and operability studies (HAZOP
studies) - Application guide(2001)

C I |

e ¥h s
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1IS026262 EHLD 7= D DIBREIE > X 7 LtgE

Development of Configuration Management System for 1ISO26262

SN I U
Hitoshi TAKUMI

A H % Ak
Hiroshi ISHIDA

Bl & ok
Yasuo KUROSAKI

2 F

2011 4 11 FICkRE R aRE (1S026262) A¥fT S h
7z, ZORRSIEHEE RIS 2 7 4128 8RR M
WMTH 5. HIICHEILT 2 720120, R Tk 22 EHK
L, BT o 22 L 25t flle LTEZL< DR F a4y
M AR 2N D B, R T T 2T TE S T
BFF22Y PEHRFICERTE, AREPOA RV P
ISV Y 2 — R IR T ARG Y 2 7 A & R
L7z, 72, bL—HVE ) T4 2EBTE20I1C, 50
COERL7-HATRBEN7ZFF Xy b6, BER
ETEMMBELE Xh 55 H A2 S L, EHE B o B
DEFEHHA &2 EHERRTE 22 AT L 7.

Ky ZF L1250, 1S026262 ~DHEHLE & SRS AT
DM AT 5 Z & BTTREE 55 7.

ABSTRACT

The functional safety standard ISO 26262 was
published in November 2011. It is a functional safety
standard for electrical and/or electronic systems
within road vehicles. Compliance with this standard
requires that the development process be defined
and that numerous documents be created as proof
that the development process has been implemented.
The documents to be created in accordance with the
development process were defined in advance and a
configuration management system was developed to
be capable of storing them together with the review
results for each event during development. In order
to realize traceability, a proprietary function was
developed that automatically extracts items that are
considered to require management for the purpose
of functional safety from documents that are entered
in predefined formats. This function is capable of
displaying a list of the items, as well as a list of the
definitions of the relations between items.

This system contributes to compliance with ISO
26262 and contains the increasing operational and
administrative load.

1. 13U®IC

WAEOABIHEIZ B W TIE, &4, BB, Pt & o&Mt
BEICH UEELERRH D, Tho&2ied 57201 8%
S OHEIREFHIE S 2 T 2P EWE N T3, BEIHOR
EEMRT 572012, MO EEHIC K-> Tfakico%
NBEAREAEROF M ELIEL, ERZDEDIEI 6 &
WEIITTEE AN (KERE)ICINAT, BZ 055 GH
HRAEMEL, 72 AL —T&E, 74—LbbL TV
PEYEF SN RAWEFOBRICK > TR TE %) 22
F IR S, REATHERT 25 A5 BReis) %0
LB EZ B Z kD BEND D, Z OWEEL 4% BLHITE
FA9 % 72912, FAFEREOD FERAE FIRR B 36 FNE A BLE U 7213
KSR 2S B RE 2 A (1S026262) iz 5.

% Ufs R&D £ > & —

[S026262 13, EIFfEXEHEDHE IEC)ICk3 T ut
ZRT TV MERICKITAEX, B, TusI7vILE
TORERELR 2§ 5 [EBEBURS TEC61508'% & A L L,
2005 411 H & b B2 st &, 2011411 H 15 H
ICIE ST & s,

1S026262 I1ZHEHL 5 726121, HHIRE Rl 2 7 4
DREMOFFIZ BT, MREHE LTUTO LS &
TFED RS BIEE 5 5.

F I, HIRETHIE S 2 7 20O% 7 0 ¥ 2124t -
TR ABIMEL, ZOWENC &k > TERE NS FF 24 v
N BRI (Work product:WP) DR A= EFR L, FEET 5.
WIZ, fERRERD ) 22 L NI % FK$ Automotive Safety
Integrity Level (ASIL) ZFHFEXR Y 2 7 AICIZEET 5.
ASILIZHE-> T, IR MOEER, BE#FML, ZTORRE
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1S026262 LD 7= DIFFREIR S X T LB

IR BEMERET S, =00 & LT, B A T,
e A D EORFIHICBMRT 2a%aE, 7 A M ERICBE %
EFRL, PL—H VT4 #UBRICT D, RIS, TR
NI R ARG L, KRMOZE T 23 Z %5 BRI,
2V & BB AR E U, WY AR HIZ L AEHEN
HEETMNOKREFEET 5.

Wkl 2008 4R K 0 15026262 DTS E BB L Tk
D, PEROHEIRE RIS 2 7 ARSIV T, BICHRE
REFEBIN TS, 27, HEI Y27 b OBRETOE
12, HUEFER T 5 AbEEERSZ LIk Tav e
FARASE TS 220, BHEIC K 2 EHEO R B
FUOEFNFOE R, AERErEALTHS, AT,
15026262 BERT P b L —H ) T 1 23ET
ZRENRDHD, EHIEBAMMEKRT 2 L& h
T3,

ZD7=%, 1S026262 IZHERLL 435, FFRE LR O M
ERAMNCHIZ DAL LT, REE FL—H L)
T4 ERBIEHTEDL Y AT LADPBEE K57

2. 1S026262 ZEHLIT I

2.1.1S026262 NHE

1S026262 %, Partl *5 Partl0 0 10 E TR ST
B, HIKEFHIES 27 L OBFEH» 5 4P, +— VY 21
BEETDTA TH A ZILERITH U TORKETHIR X h
T3 (Fig. 1).

% Part DNFIZATOE LD TH 5.

Partl I3HFEDER, Part2 I3HEREL S & L TR
RAEFH 2 FNET 5 720 O (RaxXft), bk

IR 2 EERp DR S T 5.

Part3 75 Part7 I2BW TS, BRER N8 % FhEd 5
RPN DO ERFIEAARINIZER T 5.

HEjHL X — & OBFEEMIE Part3 THEI N TW5 3
VAT PRGN AN 5. Part3 T, BRELEE LTHF
HTED) ZZLTIREE B2 %2 HIE (Safety Goal)
BEEL, BRBMERE LT, “REHENZY 2 E S 2 %1
RTDBZENHEINTNS, 72, BREHEEZEH TS
T2 DERFIHT H 5 BEER A EK (Functional Safety
Requirement :FSR) #E# L, &bH CHAFRMEREBRIL
5T ENMEINTNS.

ZONEEZ, BRI E 21397 7 4 ¥ Partd T
MEIND V2T LK EZHY TS, Partd Tid, Part3
TR E N7z FSR #5HL L, iR 4K (Technical
Safety Requirement:TSR) &%t L, XK R A MALT 5
TEMBEINTNS.

[FlIkkIZ, Parts @/ — FEkil, Part6 OV 7 kGt it
FORFIH A 2 N2 NG S, BAFEREROMGE»HE &
T3,

Part7 OApE & T, A PESRM 4 & O — & 28
NHYTINEDPRE SN T 5.

Part8 I3MBEL 2R RMEICE D 2 LIREH L LT, #
RELEDBRFEOEMB L ML - ) 7 4 FF, F
Fa XY P OMBAERBE, HAHEN2Y 7 by 275
AT VRV = LOREBIZDVTHESI N TS,

Part9 I3 ASIL {8 & Za48m o538 & LT, ASIL O%
fROFENE S5 & FEhEIZ B 72 > TOBENER I TN 5.

Partl0 3B EH D720 D T4 74 Vel T
W5,

1. Vocabulary

2. Management of functional safety

4. Product development
at the system level

7. Production and

3. Concept phase

6. Product development at

operation

the software level

8. Supporting processes

9. ASIL-oriented and safety-oriented analyses

10. Guideline on ISO 26262

Fig. 1 Overview of functional safety standard

— 173 —



Honda R&D Technical Review

Vol.26 No.2 (October 2014)

Severity

Exposu re

Probability of
exposure to the

Severity of
potential harm
caused by failure

assumed scene

Scenario
(Hazardous event)

Controllability

Possibility of
avoiding the
harm

Classes EO to E4 Classes S0 to S3 Classes C0 to C3 QM to ASIL D
Additional 7
development
man-hours and costs

QM ASIL A ASIL B ASILC ASIL D

Fig. 2 Definition of ASIL and development cost

2.2. ASIL DESE

BRER A2, fEfEROBELLEE k5. fafRfR
DY AT DL NLEEFRT S 720121F, ZOHRER R
Z 580 (Exposure), fEMEFERMIZ - 28540 NITxHd
5 aHE (Severity), fERER AN & 72855512 AL DhEEH)
i &0 E S »OMfEH (Controllability) & 5.

Fig. 2 /R4 = DD EEME (Exposure, Severity,
Controllability) # R & 0, 1S026262 TEFI N TS
T =TS LAEDLET, BEINS ASIL #ET 5.
ASILIFT7TIL 7 7Ry bDA»E D TEREEN, D —F
BV ZZ LR EERIND.

ASILIZHE» T, 1Bk S M2z R OB, A DRI
RIKREDFMENHE I NS,

3. YRT7 LHEEAH

1S026262 IZHERLS 2 7= DF — 2 5&FL7 7)) or — 3 3
iE, V7 by 2 THRBEtEe SREICTHIRE TV 5.

LTRHIROB A 5 KA D7 7V r — v 3 v % 70
L 7.

FL =SB T BRE RN 50 TR AL D BR & il
TR DEIROPE 572720, ALY 27 L &EFRT
5ZkLLL7

FAFEIZBEL C, 1S026262 @M L, LIT OEKEH %
BRE L7z,

(HH LM ax 24 v 27 2IZEHRTE, fpkEh
TRV OME A URET, Tu Y = o b RITTERE & 1L
HTzsZ¢L&

(JEH 2)Microsoft L0 Office XE» & ERFIHF D IH
HAEMA L, il S zs HFICBE &80 L, 72 o
EFERTEDLI L

(HH 3) BRI OB SR Az TE, Y274 LT
A, fEoffihtd s 2w, BRAEHTEZ L

(B H 4) 55 158 & BURBERE R R Y & [l IS K| T E %
Z&

WODIEH %> 27 L1464 3125 7= - CHifliafE % &%
L, VAT LR ERSZ K57z

4. VAT LEEEBEBICOWVWT

4.1, B ER

[S026262 @ Part8 IZFE X T 2 MR BE & FEBL§
% 7-91213, BT v 2 OFB, BIRY O RS B, 2
BHEMBLUOM -3 ) T 1 OMEABEL K5,

FRONE A B TR S 2 7 4 O BRE ST I
L, BHNEZLERT 520, 77— 24— 20O &HRE%
FEha L 7-.

F9°, FEAS R (Configuration Management) & L C, I
FHBER R (Project), BA¥ 7 1@+ 2 (Process) & 7 DFA%
Ta ZDFERMERE L TERE NS TERRY (Work
Product Box: WPBox) ZE€F L, 7 — XX — A Nilgk T X
5&HICL 7.

MU —=HEY T4 & LT, BRYA» S S 5858
KNREH (Object) & DR (Relation) #EHF 5 K 5 IE
L 7= (Fig. 3).

Iz, 7at 2% (Process Management) & LT
Project, Process ¥ & UF WPBox Zh 21U, IR A
INT AT — 2 ZRMEERBGHAR BT HHFEDZ 7 ¥ 2 —
LNERETDHIENTESLLSITL

%Iz, 2% (Change Management) & LC, BH¥
WREMRGEL 2R ERMAET S 720, K&, AETVEL
WMEEE (Event) E LTV AT AIZERL, Mt R & &
%5 WPBox 2% ET& 5 L H 2L 72 Bk 2FhERFIZ I,

1 1 ) =\
. 1 1 N\ AY
[ Project ]—!—[ Process]—[ WPBox ' WP Object
temmrommmeemmmoooo=d ' (file revision) (contents)

I
)
II Relation

 (traceability)

Fig. 3 Concept of configuration management
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WPBox IZxt L, Bifk, EENR L 5 5 KR ORTF5 %
BERL, PIRNRD ASTL IZHE - 72 KRB (Approval
Flow) #3METZ 5 L5 I1CL 7.

HREBALVBIZ & - THERE S =R s, B9 #5LhEd %
oD He itk (Baseline) ELTHI SR, RER T LRFEIC
BT 258021, £ —7 5 4 7/ — Z (Safety Case) &L
fmo_aﬁf%%mga.

411, V) — & L IRER

1S026262 TiZ, ¥ 7ot 2 &HEHEE L TERENS
BRI A GDE TEMT 2 Z 8RBT 5.

ZONEEY ) —RETEBL, YV —-FLD/—-F%
Process &L, / — FEFIZfEE N3 — 7% WPBox
EEFRL T

VAT L LETProject IZ/ER &7z Process &
WPBox O ) —fEDRK &6, 2%, HIFRTX 2 X5

6
=
@
£
[
(o)}
IS
=
5]
(=
1]
(%]
@
o
Q

o

Fig. 4 Concept of data management
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12U, V) —HEDEREAERITE 5 & 512 L7z (Fig. 5).
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BB E RS 2 RF LA SN 5.

Zhiz kD, [HUBRREM»EE SRS h 2 5EATE,
VAT ANEHT EHERT, BHESEAOTRERETE
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Zhuz &k, BECPYE B Z kb T % WPBox (H
TC) TRV EH N CER SNG4, 95 ET 5
Fuv s b WPBox (AN 12T E BB R

DR %S TZ 5.
Eﬂﬁ@wﬁmg%ﬁéﬁﬁ L7z WA, 2RE$I10Mm
HOZEE A 7205 X, FHED WPBox IZHHIZIK

%%%ﬁﬁ?é;&T,Q@W-ﬁ@m@“@&mbmﬁﬁ
EIRER LR A ED B Z L BN TE B,

VRHHERE & F20T L 72 BRI, WL WHITO WPBox [
T Relation TSN, P =3V )T 1 BA[REE & 5.
£oT, BRI 2HEFHRORRE L THDS T ENTE,
RS IE D TR A TTRE & 25 5.

42 FL—HEF 1
1S026262 TR® 515 b L—HF L) F 4 £ EBT 52
&, BARYIOBE 20 T <, BERIONEIZEER X 7z

Configuration Management ~ MasterMaintenance ~ ToDo ~

Project Event: Project Status:Open

Tree = URL Link Misappropriation =

a Lower layer display ON '% Jump
Hierarchy = Process Name

1 Part2_Management of functi...

Variant *~ | Import/Export

= & W3_DTP2_Tools_IS026262 WorkProduct
= % part2_Management of functional saf

= @ 05_0verall safety management
EA_’_\\. 51_Organization-specific resul;

Part3_Concept phase

Status
==
[Plarned

| Project || Process | Work Product Box | Property || IS0/SPEC || Member |

150 Part
2

Plan Start Date Plan End Date Start Dal

2

El_’_‘\. 52_Evidence of competence

E':_‘\' 53_Evidence of quality manag W Model project

LJD Process1

Tt wPBox- }—| wp ‘

& 06_Safety management during th
& 07_Safety management after the
= Part3_Concept phase
= Part4_Product development at the sy
= Part5_Product development at the he
B Parts_Product development at the s
= Part7_Production and operation
L4 Part8_Supporting processes

I.f WPBox2

Tt wPBox3 }—| WP ‘

[ Process2

Iq=‘_ W'PBox4

B Partd_Automotive Safety Integrity Le

& ltem project

H E.D Process 1 E WPBox 1 H WP ‘

(1 1 13

Work Manage:My Computer{T59-L0059)

FwPBox2 H we ‘

Menu ~ Py i) Element project H £ Process 1 F? wPBox 1 H we ‘
== Desktop File M
@ My Document a E WPBox 2 ’_‘ WP ‘

Fig. 5 Project tree, process and WPBox
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BORFHER T 2 MERZO DI U TREEZFREL, B
MTEBXHICTHHEND B.

BORFHOBHEIZOW T, FAR T v & 2124 > TER
FIHEZ LT 2 B2, $REB 52 2 EHHS 2 Rk
L2 L TRETHILENVARETD S.

¥ 7, RN EAMRET 57 2 PEHEIZOWTIE, HUA
TAMPS2=y T AL, EREIO/KET X M5, B
MIZT A P EBENT 2 VEHAPEN SN S 729, 7
Z MRS S ICEIR S S A BRI - TR A R E
5.

WRE R RO BRHFHEDER SN TNDE 0 E S 22 MGEET
%7-0BREFHE T A PEHALOMIZ L =) T4 &
RIETHMEDH 5 (Fig. 6).

VAT LICEE S N R & BOREHB K UT 2 b
HHZMM L, BRE X7z Relation # —EFRRN T HHE6E %
FAYEL 72

421. R¥ 1 X2 NANDIEEHHMH

FERTRELEHBER FSR %0 L 72 8RR
& UTHRATL, BALBAREM B KU 7 7 4 VICEH AR
#T5.

1S026262 IZHEHL9 5 723 DI H M FCHL & 7z L AkE O
UM% Microsoft M Office LEHTIEK T 5. ZD Uk
JE % Microsoft £ TAR X LTy 5 Office Open XML JEZ
T L, XML O % 774 L EE#NE 2 5 Object 24l T
x5&91ZL7% (Fig. 7).

F72, OB TEREEN TS Object DREREAE S Ml
MU, 7= R=ZANEHTH T L amhgs L.

422 )L—a3>DEZH

Ky 27 LTI, MEAEEEE LT, Process & WPBox
ZEFHL, WPBox IZEB I NSRBI RAGH I N 5.

BRI OB R A ERICHEE LTV B 5EI1C1F,
WPBox fiiZ & & 7> U ¥ Relation 5 E T & % (Fig. 8 (1)].

BRI &S Ek L 725A121E, WPBox [Bl® Relation 12 &
0, Y27 LPEBIZERYIMIZ Relation 3BT 5
(Fig. 8(2)J.

(1) Create tree structure of WPBox
WPBox1 WPBox2

Setting relation between
WPBox1 and WPBox2

(2) Add work products in WPBoxes

WPBox2
WP1 (file)

N

Automatically setting relation between
WP1 and WP2 with WPBox relation

(8) Update work products in WP2

WP2 (file

o)

Automatically changing relation from
old revision to new revision

Fig. 8 Automatically setting a Relation

anlidation of safety goalb

Part 4-9

Safety validation

validation

| Vehicle
integration test

Part 3
Concept phase FSR
Part 4-6

Specification of technical

Verification of
spec. and design

Part 4-8

safety requirements

Part 4-7

System design

Softward\\ Hardwaxe
design design

Integration test

Hardware// Softwaryé
verificatiph verificAtion

Fig. 6 Verification and validation in 1ISO 26262

Specification form  Open Office XML package

Microsoft office

|
L
SG-1) +-- 1’
soal o “5G ID”

Extracting object

Extracted object

Fig. 7 Extracting object from Microsoft office
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WPBox WTOMEFIZXLD, WPBox IZBRM A2 H
ENTEESINLEITE, ZHEANCRE ST 2R
PO Relation #ZHHICH| XN THRET S5 Z LA THE
v % % (Fig. 8(3)).

F 72, AEBEDOFHE & LT, Relation #RE T 5 I,
Hia ez RETE 5.

Relation {Z3%E & M7= A ANZ & 5T, Object MDZSHEY
SRR M ENBRERBIT 22 L2 TES. MAT
Relation OFfHAZFRET 5 Z & T, BIROE®K %2 EKBLIT 5
ZenTE3 (Fig.9).

4.2.3. LEHEDEE

YORHH 24 E 3 556, BT 28EITNER T 2 M
REMRL, WERHHERET 2L D 5.

Ky 2T LTI, BE X N7z Relation ZNEXRZ-E D, BE
WO o NHEH 2 BREETRRTAZ LT, B T5
HiPHAWIRT 5 Z £ TE 5 (Fig. 10).

Relation D JiIafiiH, FERERGE DR X # KRG L
LT L, s8R E OB R K0 AL T &
TE 5., MBEERICERNSNZEHAIIH LT, RBEMAF%
PHERE L, i L ORI O 2 FE T2 Z L »A T
&, FRROMBIEEONHRIEX S Z LAATREL &> T
W5,

Upper Kind:  WPBox
Key D Value
WPBox WB000130248 check2
Direction Meaning i‘
L ouT ]
af @l Relation: n
N m™ ouT Mo Name "
Relate 1
Lower kind:  WPBox Relate 2
N ey o Relate 3
Relate 4
|| | WPBox WBOMLLIN249

Fig. 9 Setting direction and meaning of a Relation

F7z, Fig. 11 ORT K IHit Eh2HBOh» 5, it
i & M KRR X BEHA &, ThEDBEHIZREI T
25 Relation DFSHEAFEE L, 79 ZH5F L 2R 2 1ERK,
TES. ZOWRFEICKD, BTN A< EIN TS
MRS B ENTE S,

43. 2—-¥EUFT 1

Fla7 70V r—va a4 v A b=L$5Z &k
FFaxv 220U, BT830 H LD, Web
Browser T4 5 Z & %> 27 28L& L7-.

Web Browser ETOfFWET (=4 V5 1) &M E
& 5728, Rich Internet Application (RIA) §5fli& L C,
Javascript 74 75U D Extjs L7z ZHIZ&kD
Web Browser N TD K J v & Fay IF2AafgElkd, F
F o XV SRR B O R E IR R A B E A FE L
7= (Fig. 12).

4.4. TS ViEHE

1S026262 IZHEHLS 2 7231213, HBH x —H & LTH
7T A VICER B A EMECET 20 EL D 5. Bk %E
FEINLZH T T4 Y, BoRERBT 5864346 L,
AR & U TR A& BE)H 2 — # ICHR T 2 R8N H

Impact Analysis Target info
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V3_BXPERT _Toos... 01 Req spec sam... 002 =
V3 DPERT Todks... 01_Req spec sam. DﬂﬂEvst&mﬁ E |
ifferent... V3_EXPERT Tooks... 02_TSR Excel PT ... 0003Na0k Tul |
on  V3_BXPERT Todls...02_TSR Excel PT ... 0003Nacki T
on  V3_EXPERT Todls...02 TSR Excel PT ... Q003Nacki Tsu
on V3 EXPERT Todls...02_TSR Excel PT ... 0003Nacki Tsu
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EEES
3 © FRe1-L
B © TR1LTP

B © TR-1-17P,2

Fig.

TPLZL A, . Indusive Relation

3 EXPERT Tooks

02 TSR Excel PT...

10 Results of impact analysis

0003Na0ki Tsus
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Object Columns
Type Type
WPBox Regst = AsG
WP 1
s6 ! V:row to column
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TSR I Rows
HSR I Type
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N AN
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Fig. 11 Matrix of objects and Relations
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5. INOERFEERGINAEL LU T 2 PREFRIE L —
PN T4 OREPVETH 5720, HFFE A —H L4 7
T4 YTOT — & R & ¥ L 7= (Fig. 13).

4.41. BXXIEED RIF HA

Requirements Interchange Format (RIF) (23R 515 4 4>
KM TS 27200 T + =~y FTh5H. ZTHid Audi,
BMW, Daimler, Porsche, Volkswagen @ 5t T & h
T\ 5 Hersteller Initiative Software (HIS) &9 ki

ko TR E =D,

ZDT x =y MIERFIEHA G 20T 7V 75—
Va VTHRHAINTED, ¥ 754 VICEREBEHEAEL S
72DIZIE RIF NORIERBETH 5.

Honda ID

Honda

ZD0, RIS h 2 EREE A L, 7 —
AN = 2B ENTZNE» S, RIF IZH¥RL 727 * —
<y M (XML 7 74 L) THIICE S LS ITL 7.

7270, RIFIZHIB LT BTHRT 7YV r—>a v 2k
12 RIF OGN EIZER D D 5 728, T — & KRB A
TEENMETH 5 (Fig. 14).

442 BREBABRDA > FR—bBLUPITIXKR-+

1S026262 TIZHUEHERO SRR A FFRE THIZZ L D
TRETH2REN D 5. RE SN, EE Ry
DHMEL UTHHT 2720, (EEDO44 IV THILTE
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F 7z, BREL AT Ta L, BRI IC B AN A v
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& View | off Create Relation
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= a0 body WPBox Mame : 1001.Requirement definition shaet Drop {Draghlrop)
= %10 Sagumect defition
Fletame ;1001 %8 REHTS dsx
@ % .5pec design ; 1
B my A Status : Open
8% e Revison 10005  Update Date : 2014.00.15 10:32:16  Soe : 11KB
S auto body_acc
2P auta body_E75 Update User  : System uger_HO...
1 5 aute body_EPS,
> Ao Comment  : Bk
< >
Curent Projeer | Auto body v & seweh Projéct Event:OR®1 Project Stafkis:Open
Work Produst || Relation
G view | ff) Create Relation
" Drop
3 auto sosy A WPBOXfame : 3001 Scheduk & Drop (0ragaDrop)
8 & 10 Requinment defrition
B & 20.5pec desion Fie Mame ;3001 BM(NEW) xlsx
1 = 30 Development .
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£ 3002.0ev. IF Revision 10002 Update Date ; 2013.12.25 23:23:21  Sie i 88
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e v
< >

Fig. 12  Setting relations with drag and drop operation
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Supplier

| Import supplier ID |

Supplier ID

|(1) Drawing issue (Inform SG, FSR I&

(2) Result of design

-

| Relate Honda ID with Supplier ID J

—

T [ ] - ] e T

Format of import Req. ID

EV?| o | see [SI37TPIARESS BN BRATLE s anime -

LT LEET A5 Y

RGNS bR L AEREILE
A,

| . LR ST e se—

T FEWENLFY faooown| woca

Honda ID Supplier ID | System
Supplier ID

(3) Correspondence table of ID |

MATGHING o1 I Honda ID I I Supplier ID
RELATION T

RELATION TARGE OBJECT 8 PROJECT ROCESS PBOX
OBJECT->OBJECT =7+ BF: -1 Buto bo = T
£ OB JECT->0BJECT W | I £3 =
B 0BJECT->0BJEGT - BFSR-1-5 BAuta T =
— It BFSR-i-1 st = £
S+ BFSR-1-5 Bauta E o
Correspondence table between e 2 =
Honda ID and Supplier ID 2 E;f 2 2

Fig. 13 Data exchange between Honda and suppliers
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TIAY R, FREH LIRS LT EAEE L.

ING EFEBT 572012, MEEMHETERLZY) —k
W ERRE SN MFE S ORI OM &4 VR -t B LD
I AR— P TELHEREEPARL 72,

BT T A VANDILEFIEPEE FHOAMA LT 5 72
B, VAT L ICERE SN IIKGRLBOHKRIZ T 7 24K — |
S h Bk & L7z (Fig. 15).

RREMO A4 v FE - MIZBLTIE, ¥ 27 4 EORER
RIS LT, EAMRAL TH 5 KM 2L L7

(Fig. 16). 4 Y R— I TE 557 — 2 IFFHAKRMIZAL 2

FLrEHNENZ XML F— 2 4#MELTW5H, fi
Y= rbiEh XML #AY 257 2 HICE#T 3
TLT, AVE—FOTREL KB,

5. &8

ks 27 2% IZ kD,

(1)I1S026262 IZHELL 2P 7 0 ¥ 2 5 L OHRM %
2T b BIERTESLLHICL 2.

(2) B =g » 6, BEMICESREH 28 L,

* Check necessary item

* ltem name ma|
* Length of item

System

pping Requirement management tool

1 | RIFEdito

if

T

[ =

Convert

B [ — o
RIF =
(XML) o —

Fig. 14 Convert RIF format for exchange
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| Eﬁ 51_Hazard analysis and risk a Approve WP
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Fig. 15 Export operation
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Fig. 16 Imp

& 30 Development
40 Test

ort operation

— 179 —



Honda R&D Technical Review Vol.26 No.2 (October 2014)

FOREHMOBEZEHR TSI LThL—H LY
T4 EFEHL .
(3) BT ORIERAE ANV FELTY 2T AITERKL,
IR & LA R A R AF 5 Z L S ATRRIC 5 5 7.
BOEEN-HHBOBE 2 BRI 52 LT, BHE
W EHETE 5 X 5120, RBLHOHIIEA ATHE S
w7z,

(4

~

SE X

(1) ISO 26262 : Road Vehicles - Functional Safety(2011)

(2)IEC 61508: Functional Safety of Electrical/
Electronic/Programmable Electronic Safety-related
Systems(2000)

(3) http://www.automotive-his.de/rif/ 2014/4/14
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Development of MEA with Built-in Oxygen Sensor for Measurement of Oxygen Concentration
around Fuel Cell Cathode Electrode Layer

T H 5 §iF
Masahiro MOURI
G2 =1 ABSTRACT

T4 ORTEERMAREIEM » V) — RF 1‘"7133&1%*’\@@??77
ZWEIZE 2 DB A MEIC T 572012, 7Y — FEMT
B OMRERE A TTREIC T 207 7 4 /\?&@%ﬂ Y3
HIEERE RO L B2 ko 7. RSN,
7 7 A SO U 2B REIL RO TF DAL
EFAL . AW, SEiEHE L CRERO N Y — FE
R 0D R SRS S5 A & Bk T ) 7 IND TR Al % &9
I oy A & RN FII U 22 R O HFN 2 5. BARIIC
&, H Y — FEMBANOIERE A 2SR, 5 RS
R N COREM ) L ARERE R E L P TORBLRENEICE
A BB L 72,

INEDREREPIET S VX257 4 OBEHERERD
BT, HAFBITIA U 7= B 2 7 2 (GRS 2 O &l
Z LU, BEMREOIK N AL Z & AWML 7.

A membrane electrode assembly with a built-in
fiber-optic oxygen sensor able to measure the oxygen
concentration around fuel cell cathode electrode has
been developed to clarify the effect of a variety of
generating conditions on the transport of oxygen to
the area around cathode electrode. Changes in the
phosphorescence lifetime of an oxygen-sensitive
dye coated on the tip of the optic fiber are used to
measure oxygen concentration. This paper presents an
example of the first-ever simultaneous measurement of
the oxygen concentration distribution around cathode
electrode and the current density distribution, which
expresses the distribution of generation in the active
area, in a vehicle-onboard cell during generation.
Specifically, it was found that obstruction of transport
of oxygen gas to the cathode electrode affects
generation output under conditions of high current
density operation and generation stability under
conditions of low current density operation.

These results, together with the results of neutron
radiography observation, indicate that condensed
water formed in the gas channels of the cell impede
the supply of gases, and can result in a decline in
generation performance.

1. EANDE

HUBRIRIE LR KGR EFOBIEME, & 5ichx e
DAL FBERRHIIRAE L 2 AR RE R THREEOP T, CO %
BHEWE # P L WO BREEEH# TH 5 MEHE b
BXREABEOHRESNEL T 5. KEA Y 74 L =7 M
K& (CARB) I, FEYNAT—E L LD B % RS
FTHHBHE A - HIIH LT, ZORFEEED S BRD 5
N7z LA MANEH (Zero Emission Vehicle: ZEV) 12
5Z¢L% ZEVETHBHIT TS, 5122018 F-25

* Ui R&D £ > & —

1d, MEATEHL A B RUH B RO A M A S B S BRE L
72 ZEV2.0 ISBATT 2 PETHS. 2O enrs, HREE
W S E B B O TEEE A LT\ 5. Honda T, K
ST EREIATRE T, ANEE 2 IR T & B AR
1Ak E M (Polymer Electrolyte Fuel Cell: PEFC)
EHWZBBEMEREBEORENERE I N TS,
PEFC OFREIZIX, &0 FEMENE (Polymer Electrolyte
Membrane: PEM) D7’ 1 b VEE W MRS 5 20108
EaRPBETH D, LU, HAFHEERH ZEUE (Gas
Diffusion Layer: GDL)IZ¥3/E L 7z Rl 257K, FHEOK

https://doi.org/10.69239/hondatechnicalreview.2014 26 2 25 — 181 —



Honda R&D Technical Review

Vol.26 No.2 (October 2014)

B35 T & B BRI D H Z G EHE A O 2 2 T HEK &
Ko THD, WEMEE#EI N COMIHET L ILERE
HILT CORBEREMDIKT A, 2O h b, B
HOMBIEMAEOKEZBEYNZa Y b a— L3 5 0E D
5. BEMNHOKT ERELREMDKTE2OERITH 2
EAGPHE 2 BN 4 5 ke L, mfibEE2H L 7
A — ¥ AR RETN S B RIS G R &AM L 2 E Hon]
BULRE L &L — ke a2 ikn s 5 . La
L ZoJikTid, EHOAEAL Y IL D AT ORI RE X
n, 7o, BERIDGTH 5 7V — FEMIEEOBRIRE
75’ ?ﬁﬁ'zé EETERN, IhEOFEERRT 572

. BE YV NEIREMRE AR (Membrane Electrode
Assembly- MEA) OFIFSICHD A 72,

2. BRREETAIOLEN

2.1, BFEM

OB & 1%, AR EBBRDOEXULFARISIC & > TEX
AHCD BT REREETH 5. EEEOBIE, X (1 ):iﬁ‘
7/ = FRROAKRERBACSOL & X (2) 1R T 4 Y — PRl
JBMRDOETCIIL2» 5% 5. 1Y — FRTIEH lJibiC%?:
LTREEKT 5.

7/ —F (An#&) : Hy — 2H" + 2¢ (1)
AV —F (Cafir): 1/20; + 2H + 2¢ > H.0 (2)

Fig. 1 IZPEFC O %79, PEFC X, PEM ®
Wi fiiE R (Catalyst layer: CAT) & GDL #Hl&E L 72
MEA, B XU H ZARm BRSSPI & iz s — & ThE
ENDE., ThoDRPERTERENEDE L L
M, 72, MY L ABRREELZEDE 24 9 7 LIER
PEM I, X (1) DARDOBELRIBIZE > THL T T |
v (H) OIS AHS . PEM OWMifilIc3%E L 7= CAT I3, %
hehX (1) X (2)DRIBEHES. GDL %, 7 Ak

122855 U TSR N D RIS 77 2 DL & BB RE % {1

Cathode
£

|
Separator *GDL MPL CAT PEM CAT MPL GDL® Separator

- /
e
MEA

Fig. 1 Schematic image of PEFC

5. kSL =&, 7/ —FEHY— FOREMND G
72 DOMIE L B 5 2 LR L O KB # 2 Ok, wiko
BHGIZ K B HIRE, B L O CAT » 6 O WEMRE % H >
ZOfhiz, CAT & GDL ORI CAT 225 DR E # 2D
EREERRE A X2 5 720D THIE (Micro-Porous
Layer: MPL) ZJER L 72 & D & fi{Ed 5.

22Wﬂ%ﬂuawé*7?§x>h®§§ﬁ

FEM N L REREMEEMERT 27201213, REHOK
RHE MR D K % w U :/bn~»TéM§ﬁ@é Hi
OB T, RSN 2 7 4 2k E &8 72/l
b7 Ry 7EDWHEN AW A 2 - IS BENHE%
B 7N TR I NS, /2, S5 RBEMZ &
7 O/AINEHLIZIANT T, KD ERAKRENR S & 5 EEHREE
THEAEATRE A PN B & 7 5 T B,

2009 FEEFILDFCX 7 5V 7 4 12 S - Bkl
W24y 7 OFMEIEE L, 2005 FEFILOFCX I
BH XN REM 2 2 2127 LT 50% 1AL L Tn 5.
T/, EREPIEEIE, 2000 FETFLIT67T% A ELT
W3 (2)

2.3. hV— FEREEOBFEESTAOLEY
mfbtkhb RE, 7u b BN AR S
OIZRA U 72 ARRHEIZ & - THE U 2 EROK 2
%b,&mﬁzwmﬁ%ﬁTéﬁé.:h%75v?4y
SHF LW, BRI, Fig. 212R L2200 iEsk
IZE->TTANF—ua 224U 5. MG L 23
Ao a 2, 7'a b AR L TR U 2 BT
a2, S A A ORISR U 72 R 53 e 2 28
»H5.
YILBER, KEEBEOBMEIZL > THET S
A S, B AR L 2L 5. BinREN
1%, B (Open Circuit Voltage: OCV) IZHH49 5.
75T 4 VBRI, KIGH A DOERIKE K TIRE S
Mo 2 &I X2, Y LEBEOE T 4. Bichry—F

Open circuit voltage (Theoretical)

1.23
1.00 Open circuit voltage (Actual)
> Activation

polarization losses
Ohmic

polarization losses
Concentration
polarization losses

Cell potential [V

Low High
Current density [A/cm?]

Fig. 2 IV curve and various polarization losses of
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Fig. 5 Schematic image of fiber-optic oxygen sensor
probe
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Fig. 6 Block diagram of fiber-optic oxygen sensor
system
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Fig. 7 Relationship between oxygen concentration
and phosphorescence lifetime

4. KB

4.1, Egtt

GRIFARE L 7237 7 4 R R L ¥ H N MEA & Ho
T, RO N Y — FEMGIEE OBREE A% 55 Z % -
- BARICIE, SEE R T ORRER IO

— 184 —



B Y — NEREEOBRFRRESAIREE t > Y R MEA OFR%E

RS O M R BT O A 2SR
U =B AR D SRR Z 5 B g L7z,

42 FHEEILICDONT

A LIE FCX 75 ) 7 4 IS L T3 3 D& v
72, Bl 2L OBERSIX % Fig. 8 & Fig. 9 (2789, Fig.9(b) @
L& FH R & U7

t»mwﬁmﬁzmﬁ &, 7/ —=F, hv—F& iz
EHHIANZH 572 V-Flow &> T\W5. 7=, /Nt E
LEHWEL T2 LT EICmAI I NS EEIZE > T
5. D, AV — FiNmHEhsd A7/ —F
W2 ENS B LD 2HEBFIET S, ZDA XL
EB YL EMAADEZRNENEYLI=Zy YT
LERTD.

4.3. Rt Y OEHERNE

MEA 12 L 728 %t v I ORDA AN #E % Fig. 1012
AT BEX VL, AME220 m DB OEMH L. Z
DiEFE v ‘/")"S—%ﬁﬁl 7 (Active area) 2RO S AdE|A]
EPRA B DI 9 ICRE L 72, 72, IREMIEH OBGE
ﬁé@?t/# %%Téﬁf9ﬁ‘%%bt.ﬁ%ﬂ
13, WA AR T 5720107 7 0 V8 S -l
O K BBV A L 72, M£t/#aﬁ X%, 5 mm

An-inlet Ca-inlet

Coolant inlet

Coolant inlet

Active area

Coolant outlet Coolant outlet

Ca-outlet An-outlet

Fig. 8 Schematic image of cell structure
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Fig. 9 Schematic images of two modes of stacking
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Fig. 10 Schematic image of oxygen measurement
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Fig. 11 Schematic image of sensor position in stack
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Verification Test Results for Solar Hydrogen Station in Japan
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Honda & LTI TTH 5. ARFiEikERTI3, IEJFZK%
fifs 27 4 CHUE L 2 KF A, SEROAMIIIZHH ST
LIREFEME R EBE, FCX 7 5 ) 7 4 ORI E U TG
L, 77— 2 OWNHEL & I & F i L 72z, 2 B O FERE
RERZBWT, B CoREEA ML EmEKEM A & v o
OVEREHERE A RERE L 72, £ 72, KEBEMEP RN, HIZR
ELKEMIGE B I B Z B2 ENFEETE = FCX 2 5
V7 A L 22T oKFKRIE, KBRS OFEITO A
TEPLES LD TEL BERITT1IARDOFCX 2 7Y
TAEMEHALAEZLIZKD, FCX 27V 74 8L
WAEBEORAMEL P SN B CO, DHIIEFIRITH
16% & %57z, EHICKBGEBMDES % RKREHT 2 Z
ET, #941% O CO, #HIRTE S RIAATH 5.

A high differential pressure water electrolysis-
type solar hydrogen station was installed on the
grounds of the Saitama Prefectural Offices and a two-
year verification test was carried out. This was the
first time for Honda to hand over a high differential
pressure water electrolysis-type solar hydrogen
station to a public institution such as the Saitama
Prefectural Offices for verification testing in this
way. The verification test involved using hydrogen
produced by a high-pressure water electrolysis
system to supply as fuel for an FCX Clarity fuel cell
electric vehicle used as an official vehicle by Saitama
Prefecture, collecting data, and conducting analysis.
During the two years of the verification test, the
outdoor environmental suitability of the system and
the changes in performance of the high differential
pressure water electrolysis stack were confirmed. This
also demonstrated the ability to maintain hydrogen
quality and provide a constantly stable supply of
hydrogen. All of the hydrogen supplied to the FCX
Clarity automobile was provided entirely with the
electric power from photovoltaic cells. Since the
Saitama Prefectural Offices operated one FCX
Clarity automobile, this had the reduction effect of
approximately 16% on the CO, emitted by all the
official Saitama Prefectural vehicles operated by the
particular office that operated the FCX Clarity. There
is a likelihood that a CO, reduction of approximately
41% can be further achieved by maximizing the use of
electric power from photovoltaic cells.
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Table 1  Specifications of SHS2
Hydrogen Flow rate 0.7 Nm3/h
production Filling pressure 35 MPa
Purity >99.99%
Storage 20 kg
Component Photovoltaic CIGS
module 10.5 kW

Electrolysis unit High-differential-

pressure electrolyzer

Utility Electricity 200 VAC
/50 Hz
Water Tap water
Unit volume Approx. 0.33 m3
2.4. 1%

Table 1 IZEA{LRk SHS2 DLtk %R T,
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Table 2 Hydrogen quality of SHS2

Sampling date
ISO 14687-2
Feb. 16,2012 | Mar. 14, 2014

H,O (ppm) <5 <5 <5

O, (ppm) <1 <1 <5

N, (ppm) 4.7 <1 <100
CO (ppm) <01 <0.1 <0.2
CO, (ppm) <0.1 <0.1 <2

HC (ppm) <01 <0.1 <2

OMREZ L BB h—HT 2R EZRL TS, 71 b
B, FEHE A 25°C O—E ST T, 9K 1 Bk
WHENIZ AT Y 2 —IUIZH - T, &l &gk A i 0 i
AR A B Z 8. —F, MERT COEERRTIE, 4
PR IX TP Hh OB IC K D E# T 5. 251
FCX 27 7)) 7 4 NORHEREIZE U THERE™ A2 7 4 4
122 LU, MIRORMH S Al e 4 5. Fig. 7 5 LU Fig. 8
TR EB D, KO & AHEIZ & 2 ERED 2 WD X
WZ D, BN T e ML, BIRETEWS YT

T — )b F COREBREGENC X A MR IT 0 2 & FEGE
SNtz LT, AT I h->Tn5, 7u %
DINAGREROFEHRE — F O E FIRFICHEE T 5 Z &8
T&E 7.

3.3. kFERE
Table 213, @1 =y t 2 oHE XN B KETOF &
RIITCE DO HHAERTH . REVHDO 2012 4F2 A,
2450 2014 -3 Al 2 ARWEICE T H L, &
SV TR E 1S014687-2 Grade DV ICHE X T
WABMIE AL TR, 2FMRE L 2 MEOKEE
HCTETWBRZENFEILEINS LEn->T, FCX 25
ICRRHSER S 2 RAEA R 3L 52 L3R
<, BiRBETCOFGERBRAWD 5 T2 2 LN TE
7. B = v MIBWTE, fikEBROML TkEE
BTCN5728, KEHFAZARIZE TN 2 B AMMITER L
KGDAETH B, BEIZOWTIIER 35 MPa DIESIZEA
BT TOB 720, IR A DN %L L CRERmEA &
B4 % BI3HD Th R, KM DN TR BB O
HFEMTHREL TS, Fig. 913, @t = b h 5 8IEX
N5 35 MPa OAKRIZE TN B KPURE &, T 12
HLTORLZZEDTHS. ISO DFUEETH S 5 ppm %,
35 MPa lZ¥ () B F R I IE 2 &5 -16C L & 5.
Fig. 9T d & k0, 24 M4 I 3o CHLHE(E
Z FEl>THD, KFREH S5 ppm LN &ML Tn5 2
ERbh otz Bk, WEMOREMIE, ER1=y O
5% 24 WERS O FGEETL & U 72358, $93 » Ay oA
VA= B LDICEREL 2.

— 193 —



Honda R&D Technical Review

Vol.26 No.2 (October 2014)

H, gas pressure: 35 MPa

0
_o18CGeem) o ____
o -20 »
e Demand level of ISO 14687-2
2 -40
©
(0] oo
£ 60 ? .o
) ‘°.0 -
6| ° %ﬁ-"‘uu}‘b' .-
o aoo.
8 100 ©
2-
-120 . ' r ' . 1 : : T
4/1 e6/1 8/1 1011 12/1 2/1 41 6/1 8/1 10/1 12/1 21 41
(2012) (2013) (2014)
< > | < > | <—>

Fig. 9 Dew point temperature of hydrogen

EREHEE CO, HIBE

4.1. REKREL ABENRES

Fig. 101%, 2 FEMOMEM I, KEGEMA» 6 RE I hz
BHRAZRT. BET2L828 MWhOBEITEEZFHEL
72, Fig. 11 O34, RC< 2 FMOEH TEM L= b
MPOEGE SN AKREORBEEEARL C0A. Hff1=y b
THIE XN -AKREZ, &2 v I I, 4 V7 N
Lol ZATEMRLI= y MIMIEFRIREE 5. 2
D, KENZ V2 EFCX 25 F4IcKHEh, &
VO DIENMET LZBRICER L=y b OMA B
5. ZOKS BMENREDREND 0, BFEL=9 D
ARFHEERIZFCX 7 7V 7 4 OKFENEE L @mOHBE A
H%. L7225, Hg11®%ﬁ'?#*%@ﬁ%§
BERFTOFCX 7507 4 O FHMEEIC ffmﬁ
B2 klznb. —HT, Fig. 11 ORI, k%*@ ib
REENBHENIETKRIIER I N LIRE L 7285
DKFKRERLEZEDTH S, ZOHBMD T4 VIZ, t%
B TREINZENEEZITCICSHAE L 2KEETH 573,

40

500

Generated AC power [kWh]
)
o
o
N
o
Cumulative AC power [kWh]

0

(2012)

(2013) (2014)
> | —>

Fig. 10 Amount of AC power generated by
photovoltaics

ZOARFERZ, EEECEMRL=y F CHEEShZKFEEE
ElHS>TWa, ZoZ i, =y F TEE 2K
KL T RTKIGE @@@ﬁfi#&iﬁg&%TbTw
5. 24T, KEFEM 5 G X -B o s Tl
HeZs K FE R 486 kg lIoxL T, %W@*i%ﬂai1%kg
Tho7-.

42.FCX 75U T 1 NDOFIBIEE

2EMOMEHDOKER, SHS2 75 FCX 75V F 4124k
BL 720803 165 [T & - 7=. Fig. 121%, FCX 2 7 ) 7 4
A1MHZDIZREL 2KFRE 2SR MmXIE L ORL
EDTH5. FCX 7 5V F 4 OHHL L v 7 121FEZOINED
589 4.0 kg DKENTIHWTHETH 5. MTRTEHD, K
FEERERIZ 31T 5 1R b 72 D OKFARERE, FEoHE
1.0 kg Ziz, 9HILLEA 2.0 kg KL FOFHIZ4ER LT
BO, B x Y o OFRED 50% L Lo TR ST
5. ZHITHLT, #Y V) VHEOEGAIE R & F i e
LT, HV) VR 20% & k- 2BicimE s &n
b T3,

I, FCX 27507 4 BRI TFOAMHE L LCE

486 kg
500 \
450 et
@ .
. 400 -
§ ss0|  Maximum H,production .~
B by PV -
\ L
'5 300 \ x
Q 250 , 190 kg
< k4
® 200 .’ \
qJ Ld
2 e Actual
% 150 -7 - \\//
£ 100 .t
o .7 /_/
” ;‘_/-/

0
4/1 6/1 81 10/1 12/1 2/1 471 6/1 8/1 10/1 121 2/1
(2012) (2013) (2014)
< > | < > |e—>

Fig. 11

Amount of H, production

10 pm e ————— - 100

Frequency [%]
Cumulative frequency [%]

0 05 10 15 20 25 30 35 40
Filling quantity [kg]

Fig. 12 Histogram of filling quantity
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MHRE A AKE X, Fig. 11 725 486 kg TH 5. ZDOKEKER
13, BUROBMHR A HUE L L-BA, W3BSDFCX 75
V74 ZEMTESFIOKERE LS. Fig. 131, HE
BT TFCX 277 74 #8BL COAEEOEAHEH,
L &Nz CO, BAEN—2IZ, FCX 79V T 1 &L
722812k 5 CO, DHIEIRZRL7Z28DTH 5. BhEX
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Fig. 13 CO, reduction effect by SHS2
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ABSTRACT

Honda Motor Co., Ltd. concluded a “Comprehensive
Agreement Regarding the Electric Vehicle Testing Program
for Next-Generation Personal Mobility Products” with
Kumamoto Prefecture in August 2010, directed toward
realizing the joy of free mobility and a prosperous
sustainable society. On that basis, Honda has been
conducting field tests on a variety of different themes. As
soon as field testing began, it became apparent that design
needs existed in the area of communication to bring together
EV field testing with local communities. Therefore, Honda
joined with Kumamoto Prefecture and Sojo University
in a cooperative development project on the subject of
“interface design linking people, EVs, and the community.”
Various topics were formulated from the perspective of
university students (consumers) who were local residents,
such as “field test messages,” “EV charger sign design,”
and “design promoting shared use of Monpal four-wheel
electric scooters.” A number of items were created and their
effectiveness was confirmed during the field test.

One major result of this field test is that concrete
form was given to the process of linking the creation of
products to activities of this kind to originate new designs
in the local community. In other words, local residents
engaged in thinking about things they would themselves
be using in their own neighborhoods, as well as looking
for solutions to issues in their own local community.

FANE

Honda I3 HH A BB OZE U & B THiWTHE &+t D
FEHUZ AT T, BEAREL & 2010 fF 8 HIICHiRS L 7z [ kIR
IS=VFILEE ) T 4 OFGEEIZB T 5 WHEHE D &
&, 2014 3 HE CHMEFER A 2 k-7, FAEERT
&, KRBT 2 & DR il e 7 % X 1 L F — Z il AHY
BETFE (B ) 7 4 ) IS0 2R B ZOFBITH L
TONIMGE & ER O QOL (Quality Of Life =4 7HD/H)
M EICEBKTZ 20 kEE ) 7 1 OfERET 2 HIYE L7
(Fig. 1).
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Fig. 1 Honda electric mobility synergy
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2. EIIEBRHEEDNL-HOTH I =X
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G — LRV EED 20, EZICTHEMERE T
58 DEDHEDFEREHE SN,
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DD PR RLILGEFER O JHHI DA |73 TEINH D 12,
T 5%, FERHE FOBEE T V- TR L

1Y), Honda 7H 4 VI T=—ZDREL 2 512
IBU 72794 YRE AR 2 ko T, HugahE oA
RIZEDLY &= 2R TT A VR, B, MGk
BI5H, RO BERRDT I Ty MZOENRBET TR
<, VTAY =L RTOTFHFA VER»HE6N R8P/
I HMITISEITTTE 5 &E 4, AT A4 V3K
WP EMIAEBT A VPRI U RO R &
BIk5Z&ELT.

SRR MR R 6 & [EV IR LI A
7@BIEHNC H B DT, P FIEERICBINT b iE
Fzgzn], [HRELAETHA Uy eTHEh, HHIC
T4 —=F)Ny s TELEEBEBENE L2720, Mk
DOFKEFMIHITTT VA VELELHIZTAL EV & &%
ODESA VA =T 2= AT HFA V] ET—v L LT ¥4
VERBIZIRO M Z L b5 7.

3. 7170 v 7 b

31. BIEBAvE—T0d

BN MAZE A vy =Y aTDFH A4 i, Wi
IZTE) S — P REENA 2 EHER DT VAR -2 DOHAR
TV ITTFHEA VDT T T 4 9w EF—T ELTHM
ENZEDTHS. ARENEDYD M [FEEFER L0 S
SEDHEZMNSY, EVARBLAZE - TEH I 72D,
[Wo LD A9 292 EVIIa=T 4 ]END
ELHHINTIEH 22, DrDRFRE Ly v F 7
L—ZX%2K 0, BHFEaAyE VY bOHRZFERDAAED
T EINEL 7=

FAFREBRONRIL, B S — L SEBH A 2 R WilHO
EVIECXFEFIELHEMIZELEELTS, Thonf v T35
RSN 2 5 ETEIFIZE S 72720, 22U
DEEDTF—LE L TORELZEH» I b T
728 DD, EFADL2LDIZ< VEWS A D - 7. HIfE
LD Ay E—vuaTizkd, 2h o EROREFER
7Y 2o FPHAISEE L 72 —D DK E LW AT
HBHIELEERE XERNREEAZE-EEDNS.

PSS VAR—AD Ayt —VaTIZHWW 2F vy T 74K
DIKEEV 2K, BAROTOY 22 b THBI LN
BRI TE—ILTETCNS, 20, Ay k—vudid,
TEERDORANRP A XY P HODIZY I, FiEFEEROF F
v, LB TCOE A EV-Neo (Honda 8L EV /31 )
DMPR Y 2 ZADFHA Vil ExXEh AT 4T TH
HEhi. 23777 4 97 7% A4 V%l L CIHGEFER
DT aE—- 3 VOWEEIET 5 RE 56 & % - 7= (Fig.
2, Fig. 3).

32.EVREEBHRJE Y1 >DOFH1

FIFRETIE, K£EA V7 7OWFITEV O KIZRH
HFHVWEDOL L THiBIHE #5072 & £ X 2H0 A
BEN, ZTOMR, SHICKEHRIHRE SN RER
AEKIZEELEHLOMEHINTE D, REFETEED
BRI AT OB D A s & XX X0, U, &
BEHYOFEIZENPIN TV, 2O, Y4 VT
Ak <, 8 AV ORBEMERFIEX NI 22T,
MR TEORBAT =2 a VERHINEEL, HiRlCH—
B’ODDTHA VRETE AV OREE D /2.

Z{ZE, MITIITELER L G HMAEROEND
I THELT, Yl A2 ED 720128 4 v OHEE
PEEEWE B bhr.

Fig. 3 Logoed items
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YA VRBEIZH o CFEFEBRDO TuE—v 3 v &L
THEUEL 2=2DIF 0 il EDIREEN 2 74 7 %0, BEf2 &
BEBICIZ S AN DAERET D5 E, K4 OBGHEA
L 72 BRI 2 ET & 7 (Fig. 4).

321.E9 5L

EVEBHROEZ 25 203, WREHILHEREL TS
LOEFHLTWBEEZAELVN, ZRICH ST
b TiEAEL, BRTIEROHEEOY Y 77 L5 #
HEhTnwa, MULERTH > TL, BiER & R
FZRIZHOBOAFEHLTOWAEALH D, RELABLIR
EIZdh 5.

2O &> mIRPUSHIET % 720, LEBOMME (2
B 23 EALESR) IR TE S b2 T L BRI
L7z, ¥Z b5 LDFHFA VIFJIS TREINhTWEA
WANEASET Y - ) 7 4 MDY + 75 4
ARUCEIE S Nz, ZHIEE DR L EDFERRIZBETFO
N7 T AEPRET BHEDOHRT S ICHE L7228 DT
» % (Fig. 5).

7, HHORBAR-Z2EHOREAT -V a3 VIC
X, BT 5 EVOREICEbERLE S M T ABEKL
(Fig. 6), ZObN» DR XIAE L. ZThHoEY b5
213 Honda THRIIEE S22 B Z k> TW5 28, ZHi3MGH
BRHZHIET 3O TIIAL, A VY FILTHAL YV ERY
AL T ENE Z L 4Fi<S T EnHNTH 5.

Y2 77 ADOEFE, B, xyk—YuTabid
72594 V) = VEMBHLER, AR—Z2EDa Y TR
PAFTNZ L EICEE L, ARk E LTy~
) — v EfEdEE L L7 (Fig. 7).

200V
100v

EV CHARGE

Fig. 4 Guidance signs for charging stations

[ e 11

Fig. 5 New pictogram matching JIS pictograms

%7z, Honda 7 4 — ZICHERZRET 551213, £
NERIZFEC CEEAE 7L — & L7, #5P Honda 7 4 —
FIZBWTHHINTWB Y Y &5 4% Fig. 8 IR

F 7z, BRI CIRILNO TR % RNT 5 72 I
RO~y TEAEHL T B0, BENHOFEEL L BIZH
BROMEARTE Y 25 L5 THIEIZEDDT
FHTH5. 58I —F VKBRS ERINB L
LX< HdLHFELON, HELR T WYY 7T A%f—
FNZFIHG 2 Z e nEEIZR 5.

iqucx

PHEV @
Micro EV : .| E&E200V

| FEE100V

1

EV motorcycle
)

EV cart

Fig. 6 Guidance signs for charger types available for
specific EVs

Fig. 7 Guidance signs for municipal parking lot No. 2
at Kumamoto Castle

Fig. 8 Guidance sign at Uto Honda Cars dealership
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322. 41 >FH1AA KR

YT b7 T AEEERINISCFITS B WRRTREKE
BEABEDTH BN, BEHRDOWLIEHEEED 58 EN %
RUDHF TR LD DL DR TORHELILETH DL &E A,
[TETEET IV XFFNEFTICH L 72RR S 1ER L
72 ZHUT, BRI R E 5 MBI E RS D 556k
ElZ, B AO P ST 572028 AMTH, —HD
FEOHMAEZERE L TCEELDEDEHEAILD K —
LANR—=D FIZALTW3., BRI, BAATOE s Mo
7 LHORHEREL B, 207 - 2 3AMICE Y ~
u— R LCflifiTx 5 (Fig. 9).

323. 77V r=a 937497

A4 VTFHA VOEENERMTIE R0, Zv— b
Tx VEEHLZBH I — FORSED 7 7Y & HIEFEERIC
THHEL, ZDA VvV E—T 22— 5T 4 9226V b
I LEHMLTOS. BiEIZE >TEAY— T4V
BEROFIHAEE L W E WS 2RHEDH % KL 724 v
B —7 2 — ZADHHEIZE TIEE S T, JEkIiZiz
ZDEIBENANPERTOA V2 =T 22— AL EETD
% (Fig. 10).

33. ELNIVHARFIATOE— 3>

EYIIZ KB [ &5 A L FEIR IR | I3eA T
WNT4mlEZ k-7 BPOFEIFER T, BkIIRzh
2L DDEFFGRET 204 EHET I ANLBLL, FfEL

Fig. 9 Design guide pamphlet available on
Kumamoto Prefecture website

+ me 18 TR
s o 12in ) EED
10w Gemf ?

5@ Omi @D
5@ i D

Fig. 10  Application interfaces

2TV = MIODWTEAEZFDOHAHBPKENEDTH >
7. ZOREBEEL LT, T 3EFLHMEES7-9D PR
F I v EER L THUTORKICEAMA L7220, L 27—
VaVERBLARTVWEDIITAZOREEB I G572
(Fig. 11).

331. FE2 NI TvESTTHAL L

RIEDOFGEFEBRTIE L D ifEEE2 DL 5720, BLUT
6EDEVISNIZENTNELESLEF—TDIT 9V I T
YAV ERL, SMPICTH4 VOANRBREEBZ A5 &
ELT, ANV MEEZ®RD-BEE L. S EYIDT
PA UL, 5 LY Y VREAIRE WS ZREARD R R
R EEF-TIILTED, AREETE[<FEV]F
A UN IR EHEE L. ZOLS AEliE~v 2T IA0
TE=LERNS S D THBHH, [T/ =EHEED
FOY]ENSHIRERIRT S ZLIZEEIL 2 Ebh
% (Fig. 12).

%72, ZOKEEVIFHFA vOE VI OLIZEERTTND
Kl AR CBOERRTER ) — ORI EEE BT
o TWAEHRIIGIEMBN (T4 v 2EE) IEH S h T
W5,

332 IS—F% > TRy YA

RAEFERTIE 3 # IO 2T — ¥ 3 v &fliv, ED2

Fig. 11 Leaflets for experimental project event and

area map

Fig. 12 Wrap design options for “Monpal”
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T—Ya VICEBRHITE IRV TCXOFHALRTES LS
IZL72728, AT =V a VOFEERT Yy THRNEEE
AbN7z. 2210, BTTHOL— b LI, EEH
OHTLRL L THETZ 3L L Th 0, REHE
RHBIRELIE & s> TV B IERICR O U THHEL, HuY
EERLOEEOWRBIZHRT ML A THRL TR
MFIClAT Nz, 8 » D/ S—F V7 2Ry b DIEEID
JEERRIEICIE Y y P ROV A YABREIIATNT, v 7
Lizzhoofis 7oy b 452 TkbTHETZ 3
& 5 IZHLRE L 7= (Fig. 13).

IN=F V7 2Ky t OBEENIFERPICRD FRET 5
TRETH 720, IBLEEBEL T2 0z B0 iz i3k
MLUTHIHLZOWEWIFHEEHD, TV LETTEL,
NHOBE S — VHNS—F Vv 72Ky ML Y P L
YAV EMER L, FEEFEE% & kit L 2RI 2 8 ShTn
%. BE S — M CIENIZED AT Z L AL VR TE
BEH 2 X — ZDFERAEETH D, DK S BB O A fi
BRHEZEIZE STON=FILDO—DLE>TN5

34. FHLWEEBH— bFHT L

EFEVIILIZDNTE, Sl iES s ENORMOE M
L, 520 FlFERTORMOBRMLAZBL T, &
T AWM IR TED, ZhoITRIBT 2 2D Df
s bMED, 3PS T O FFYEA VEIR
DO¥EOFEMRELTCA VXS VEFLOTT N &S
SIER X iz,

3.41. XN—YHRTHY1 >
HLEFRHOBIC 2 IE A A vt -V EFKRT S ET
= FOEICADKE L THIHT 2 FEn k< Roh
e, RO 2 V7 7 7 A V&AW THESICHD (28T
EB A9 —VR—-FDTHA VEB I k-7, Thi,
VYTNEDLDTHEILET, EEE LMY —-VT
W T % 72 (Fig. 14).

WIZHTDORR AR -7z, fRIZEDEZZ) A%k
HTRBICECTHEH L0 E WS FHE IR L7
O, IO T2 7L YD LTIRIAIZ L7280, 7
By F AV EHOCTEEEIC LR B WYr ik

Fig. 13 Parking spot designation

EBRDOTHA VBT lkoTiMid BT 557,

F72, FIFAZED? HER & - 72 [ SIS REIT BB L 7
BEBHOLEE T — F 1T, 7 TH4bETHO T 5N
5591207 2L BRBROPT, RIFD LD KEX
a2 R—=ZNLEN TS Z L NFEERE N7z (Fig. 15).

342 FRAN—EAL-EBEH— b

ARDE N H TOT A FTT7ERRESE, Tu a4
EFNLD—DIfNAR— A &R L =BE S — FOFH
AV ERELL FEOREMNRE LTROMAZZOT
PFAVREALA4 ) VXD & i & ESEEREE IR
LR ETH D, FHoESF COMRB R R & 7280, AT
DE V7LD EHD T, TV — LADADIKRES
N—Z2L L TEEEL=Ta b &4 THIMES Iz,

ZhE, N OSBRSS 4 E, fiENnTT
BCHEUELCOWB D, A THITETALDZAZA YV 7h
SEEN ISR E DL 5 X5 I EY T3 (Fig. 16).

- Loading space
Front carrier --%

Accessory space

under handle |- Side carrier

Cord Reel #-f Luggage space
\ " under seat

- Battery

Fig. 16  Modified prototype model
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FHA VIREDOERA Y MEILTOETH 3.

- PEERBSO LS K4 T T —aERAWESSDOF T

BEPTIZELRNT TETFTHA V.

U= M AEBEL, Ny T = AN S DIZHREEL,

¥ — b T EMPIAN— 22T 5.
© REI-FY - LEKREL BELL, O- FALERET 3.
V= Ny T ERD RO ALE ST D 72 2 AR TR L

#— b FEENTHHT 2 7-8) 2 oh3d L5107 3.

bRCEER A7 RS BEYEL 2= T L EFIHBFIZH TR
S0, HIRREREBOWAERELITIZH Y5 (Fig. 17).
CHALWY, BLeNARHIR. 7y T3nn
- i E T OJFIZET B ORELMEL o TRN.
V= MEDOF Y ) TIREA BN E I DAL RORED

O DF2hD (F30)ICk5.

S FHLY - MK OEEICEY SN B HEERE L

AR,
< A LB, R LR < T,

TSR L L2 2 v 2 7+ R LR RO JEREIZ D
VTS JIFEMPUT AL, BlMEICEZTANL NS WHE
PENRE T 5.

F 7z, FAEFEBUZ I\ T, HROBIIRE 75872 0 {5
DN L TWBEDNRLNTY, HATTILV -1 X
MLDTFHFA & Lien, BhilizefTard & AF L 7285
BOREMIZONTIE S %I AMGENBETH 5.

HEARILIZ B 1 5 € V7 L OFEEFEER T LR O S
ANOHHLEBZEbhTnE D, SRR BIE TORE
PEERDBFHER, (B0 -8 DITEEFT -5 LREVE
WD e e RS R T — PRI o AR e
T2 AL, AR BEIC I > TEEEh=—
ARBRB DD EDbhr oz, —DDETFTILTORIBIC
FRA DS % &I, 7> 3 v S—y THEOBIRE %
FET % Z LEPFHE O = — ZAN\DOEAEN DRI R 25
TRV EEDbNS.

FEEEBFOR T F I A FERHADODH D &AL
TWa 0, KOohsHkZ2 24 0E, ET 255 L
NTEDGATRES 1280, 794 VOMEIE4*HE 2 5058
Nhb.

Fig. 177 New models in use on the street

4. £&D

MRS =V F LBV T 1 OB S [RKDEE LD
W, REEICE > TROMO B WEMIZ T 57291
&, TV T4 HEKROTFFA v ORE ST, AEE LD
EECV T4 EDELDETEA VE =T 2= RITTHA
VIREMNRD TN S,

(A7 7-50HETH> LDEADHTELLI[ASD
B OHIRARE A S AP LT & W) HURFOH Ln
FHA VIRE)» S T u gy FAlE, thRFEEIC O AN 5 7
Z N, RILGEFERORE LR TH 5.

ZE
(1) http://www.pref.kumamoto.jp/site/evtaunkousou/ev-

sign.html
(2) http://www.honda.co.jp/demo-program/report04/
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Study of Optimization of Reciprocating Parts for General-purpose Engine with Aluminum-alloy
Connecting Rods

KA ¢ EF #¢ooK HOAT
Masami OKUBO Masato SUZUKI

2 F

WHIZ Y VEEEER, 73w afetloa iy
T4 Ay FERHAL TS 20, #8005 LR
TAME 3. F B MFIZ oW TIE, K [)#E
BERD LN, MOAMBETHEHINIGENE L, K
PRI d 5080, AN ERENhD., TRV Y
VEEIR DR REAL & RIS OMERF A W B 201, &
mOMIEINT V ZANEETH 5. KiFFE TR, FEEBER
DI T * — 2 B AT G REL Y 2 7 & & K5
U, BEAl &R 2 W 3 2 TR A MGE L 72, BHELO
R, axs 7o vray FORBREHEIEZX NV EVE
PSR 2 Z LA & h, BElb e @2y d 57
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ABSTRACT

The connecting rods employed in the reciprocating
parts of general-purpose engines are manufactured
from aluminum alloy, and therefore display lower
material strength than steel connecting rods. In terms
of operating conditions, general-purpose engines are
frequently operated under high load while being held
at a comparatively low engine speed, necessitating
strength and durability in relation to combustion
pressure. Realizing a balance between the rigidity of
each part is an important factor in reconciling the
achievement of weight reduction in the reciprocating
parts while also maintaining strength. The research
discussed in this paper developed a structure
optimization system to examine shape parameters for
reciprocating parts, and studied shapes that would
balance the reduction of weight with the maintaining
of strength. It was shown from calculation results
that the annular stress of a connecting rod originates
in piston pin displacement, and in order to achieve
both weight reduction and strength retention, results
confirmed that reducing the diameter of the piston pin
and the formation of thick walls of connecting rod
small-end annular sections are effective. This realizes
a combination of shapes in which the stress generated
on each part is equivalent to or lower than the stress
generated on the mass-production shape, while
reducing the mass of the piston pins by 20%. Tests
were conducted on the reduced-weight shapes, and the
effectiveness of this optimization system was verified.
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Table 1 Material specifications
Part Piston Piston pin Connecting rod
Material JIS AC8B equivalent SCM420  [JIS ADC12 equivalent]
Heat treatment T7 Carburizing T6
Specific gravity 2.76 7.83 2.70
Young’s modulus 75 GPa 204 GPa 72 GPa
Fatigue strength
at room temperature 120 MPa 600 MPa 100 MPa
Fatigue strength
at 150°C 115 MPa 600 MPa 95 MPa

%ML L. 2RO &G RO 729,
BEBEIX1/2 9 FPEFLELTT Y T Rk E L7,
SR 25 & NS A OB SR, W EITRE Sz
RMTRH S 2 BEITX vy TEREMCTHBIL 2. M
RIS 225187 — & % Table 1 12737

IS OFHEERR %, Fig. 218, 2 by, avay R
NSO 2 T O TR 4 T L L, ZhE TOREMRITR
FERAER? S, SVIRTIBRET 2N EEAZ. &
HIRHEEZ P v EVRMIEOBRREHS NZT 5729, ©
A2 VEVOEBIZOWTEFHE L. EX Py EVICTE
T BZRNEIENEDD, EA M URAFXIT 47Ty

Combustion pressure

Constrain % X

Fig. 1 Conditions for analysis

Chamfer section

i
o

L] Contact section

Fig. 2 Stress evaluation points
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Piston pin Piston

&

Piston pin thickness
Piston pin diameter
Piston pin length
Piston boss length

Piston compression height
Piston lib thickness

Piston lib position

Connecting rod small end length

Connecting rod

T T@e ™o a0 oTp

Connecting rod small end thickness

Fig. 3 Model parameters

Table 2  Engine specifications

4-stroke air-cooled single-

TYPE cylinder gasoline engine (OHV)
Number of cylinder 1
Bore x Stroke 68 x 54
Engine displacement (cm®) 196
Compression ratio 8.5:1
Maximum power (kW/rpm) 4.1/ 3,600
Maximum torque 12.4/ 2,500
(N-m/rpm)
Rated power (kW/rpm) 3.7 /3,600

Fuel category Unleaded gasoline for cars

Dry mass (kg) 17.1

Dimension: Length x Width x
Height (mm)

352 x 376 x 346

3. MTIER

o5 2 O Tk E VT, PEXE 200 cm® 7 5 2D
Axy vy aRRIcEESoIREE 2925 L 72
IV VOE#ILE Table 2 12804 5.
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i FEIC DTS, FFTMOFIFEZ by, a1
T4 vy FEHIZFig. 5IRT X3 ICHEA OS]
RIS & 75 B 72 ek FIB IS TR L 72, &I
FEERIE, PR NS TR T 2 EREIL T & MR A TSI

Low Stress

1Div. Von Mises stress: 20 MPa/Div.

Stresses on piston

Low Stress High . .
o Von Mises stress: 20 MPa/Div.

1Div.
Stresses on connecting rod

Fig. 4 Stress contour
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Advanced Ignition Control Technology for HCCI Combustion
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ABSTRACT

Spark-Assisted HCCI combustion, which assists
ignition by igniting direct injection spray with a
spark, has been proposed to help enable the practical
realization of homogeneous charge compression
ignition combustion, thereby achieving high thermal
efficiency. This method increases the controllability of
ignition, an issue of homogeneous charge compression
ignition, and expands the range of ignition combustion
by a maximum of three times compared to the
conventional method.

The fuel efficiency of Spark-Assisted HCCI was
verified, with results indicating a decrease of 16%
in steady-state fuel consumption against cooled
EGR combustion technology and a JCO8 mode fuel
efficiency simulation showing an increase of 4.5% in
fuel efficiency.
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Table 1 Engine specifications
Number of cylinders 4
Displacement [cm?] 1500
Bore x Stroke [mm] $73x89.4

Compression ratio 14
Valve train IN EX VTEC and VTC
Gasoline 91RON

4. ALt 7 MEEHER

INFE THRART X7 SA-HCCI # 4 R fdx v ¥ v Tkt
A ko7 BEECHHLZZ Y Y VO E Table 1
12T,

4.1, BNHEIEMEAREERER

Fig. 1312 Nel500 rpm, IMEP420 kPa CO# Kl
# HCCI & SA-HCCI TR U 2= MEiAs R 2 7n 3. Mkl
NEB EGR B4 e85 Z & TRINIBE 22t e -t
E DOBRBERIPH T IO U 72, BRJBERTPH 3 IR se 22 B R 238 4% DU
T, BB O TH 1) LHE (AP/d6) A 400 kPa
DN EERL 7.

0.4

—e— SA-HCCI
03 -0 Hccel

0.2

0.1

NOx (mg/s)

00-0=-0

50
40 |
30
20 |
10

Ignition timing (deg)

600
500

| Limit=400 kPa/deg
,__MG/‘O’/’%

\ Limit=4%

dP/df (kPa/deg)
N
S
S

N W
o O
o O

) 2
©S

0]

Coefficient of
variance of IMEP (%
D

o

About 4 K N
I  S—

N

44 46 48 50 52 54 56
Internal EGR ratio (%)

I
n

Fig. 13 Concept verification

HH O HCCI 3 REC D 5 % il )2 3 2 R M il RE #i P 28
EGR #T50% 7 6 53% 2 (2D & 2N H 2N
FETHB&Z 6 KREE) DRVHIIHIZHS. ThizxL T
SA-HCCI TIF EGR A5 L TRINEE Z TIF T8,
KFED R A e L, KFERBER 2 LKL T Z
& T, EGR # T 10% BLE (FRNlE T 20 K B 1) ofiip
TIRBENMRBETTRE & & 5. — 7, KD IR = & SN 4
5ZETNOx HEHVEASBML T 2 RTHM 3.
SA-HCCI & 112, Fig. 14 128 T B3 ER 4Q DIIEIC
EENTHY, HCCLIZR LT, EE KBTI ATEDMRYEA
HATL, Mk E#EMTSZ 2 TEOBRBERIERL T
WL BT b2 5.

RIRRDMRGE & B Z & 123 Ty, BRIETT RERIPH % Mk
L 72483 % Fig. 1512787, SA-HCCI {& HCCIiZxf L T
FTHOEANM T E R T E 72,

Pl Eo X512, SA-HCCI 12 HCCI & Hui U ¢ Al
PEAam EX w5 Z &T, EGR BIZxd % MR 0E AT RERIDH 4 2
526 SRR TH I ENTE .

4.2 ERMRBRILER
Fig. 1612 SA-HCCI ® Nel500 rpm TOME I LT
NOx OFHAIRER ZFERD 2 b A F STHBEE L TR

55
——SA-HCCI (1G=10 deg BTDC)
——SA-HCCI (IG=20 deg BTDC)| [/
45 | ——SA-HCCI (1G=30 deg BTDC)
——Hccl V\
—~ 35
(o))
: \
e}
S 25
g 1 \
© 15
5 % \\
\
— \
_5 i
-30 -20 -10 0 10 20 30
Crank angle (deg)
Fig. 14 Comparison of heat release rates
70
A SA-HCCI
65 + HCCI
60
S
= 55
E
o
& 50
L
45
40
35
250 350 450 550

IMEP (kPa)

Fig. 15 Comparison of combustion range

— 213 —



Honda R&D Technical Review

Vol.26 No.2 (October 2014)

Table 2 Engine specifications

Stoichiom | Atkinson Cooled
-etry cycle EGR SA-HCCI
Number of 4 4 4 4
cylinders
Displacement | g 18 15 15
[cm?]
Compression 11 13 13 14
ratio
Hot Cooled Internal
EGR None 15% 25% 30-60%
Gasoline 91RON 91RON 91RON 91RON

Table 3 Specifications of simulated car

Car FIT

Weight [kg] 968
Displacement [cm?] 1500
Transmission CVT
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Identification of Brake-drag Mechanism in Coasting-down Mode and Proposal of Brake-drag
Stabilization and Reduction Methods

A v b th 2T Ok
Yasushi KOBAYASHI  Yuta HIGUCHI Naoki NAKAMURA
= =] ABSTRACT

BlERBIcXsa—-27 1 vy v E-FHDOT L —
FREHOEM B LUFIEFTO|PMEOE=2) vk B
Ihot. KE—FHIZIE, 7L —F51 250 FHHAKED
ANCIEXGEITIC & 5 7L — FEERENTFEL, 20T
L—F5F 4 22 30E ERE L IBEE TS, 20%D
BlEF NI TIE, 74 27 REOKT & & & Io#%
ERSRSTL B354 22084 Y FH D8y FITED %,
T LB RZ 2 $ D B 8ET 5. £/, ZOROTL —
FTFARATIIHTEA VT MO TV —F5y FORENR,
T4 A 7 BlEE A AN U R A A < B2 A 2 Y
75 VAL EBEBOME, Sy RRF 4 A2 IZRWEYE S
NTHETHBREAKT 5. ZOBRWFE LR3I,
TA AT E NNy FIICRAETBRITICESITHS. Th
12D, BIXFOIKD -0 DOMETH 285y K 2=V
27 v ORIAME BRI OFERE ST ¥ 2 LT
Fy U=y sEEF v )R T-EHROE &
BFBZLT, TL—FO5 2T DA RESEDL L LY
IR X B2 Z &N TE .

The displacement of brake parts and values for
brake drag were monitored during bench testing in
coasting-down mode. In this mode, the brake-drag
measurement process is preceded by a brake operation
process while the vehicle is running warm, and at
this time the brake disks undergo heat deformation
as their temperatures rise. The subsequent brake-
drag measurement process involves a reduction in
disk temperature. This is accompanied by a return
of the disk from its heat-deformed state so that the
disk approaches more closely to the inner pad, and
when it impinges on the pad, drag occurs. Also, when
the inclination of the inner brake pad to the brake
disk at that time is such that there is less clearance
between the disk and the pad on the rotation input
side (leading side) and there is more clearance on the
rotation output side (trailing side), the pad is drawn
toward the disk so that the drag suddenly increases.
This force that draws the pad and disk together is the
force of the vacuum pressure generated between them.
This force was successfully used to both stabilize
and reduce brake drag by establishing a setting that
balances the load from the pad return spring, which is
a structure for the purpose of reducing drag, between
the leading side and trailing side, and by establishing
guidelines for the amounts of caliper piston rollback
and caliper body deformation.
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Table 1 Parameter study items for caliper
Classification Factor Items
Accuracy Pad Pad return spring

inclination force
Specification | Clearance Piston roll back
between disk )
and pad Body deformation
Installation Body position Car installation
condition position
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Car installation angle
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When vehicles are in motion, noise made up of
noise in multiple narrow frequency bands, originating
in input from the road surface, is generated in the
cabin. This type of noise is termed low-frequency-
band road noise, and it is desirable to reduce it in
order to increase occupant comfort. The research
discussed in this paper used feedback control
technology as a base in the development of an active
noise control technology able to simultaneously
reduce noise in multiple narrow frequency bands.
Methods of connecting multiple single-frequency
adaptive notch filters, a type of adaptive filter,
were studied. Based on the results, a method of
connecting multiple filters that would mitigate mutual
interference between controller transfer characteristics
was proposed. This method made it possible to realize
controllers with amplitude and phase characteristics
in multiple narrow frequency bands corresponding to
design values, and to obtain the target noise-reduction
characteristic.
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Fig. 1 Characteristics of interior noise
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Fig. 2 Block diagram of feedback control
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Fig. 3 Acoustic characteristic of automobile audio
speaker
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Fig. 4 Block diagram of SAN feedback control
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Fig. 5 Frequency response of SAN feedback
controller
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Fig. 6 Block diagram of parallel SAN feedback control
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Fig. 7 Frequency response of parallel SAN feedback
controllers
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Development of Multiscale Computational Model for Carrier Mobility in GaAs Nanopillars
with Twin Boundaries
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2.48 nm F) (20T, BBEIE 1000 em®/V/s FEUEIZ 7%
3 LA I NIz, F 72, BUMEE Y Z 8 12 K s
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ABSTRACT

A multiscale computational model for the
calculation of the effect of (111) twin boundaries on
electron mobility in GaAs nanopillars synthesized
using the Selective Area Metal Organic Vapor Phase
Epitaxy (SA-MOVPE) method has been developed.
The Non-equilibrium Green’s function method is
applied in the calculation of quantum conductance
in order to explicitly incorporate the effect of twin
defect morphology. Quantum conductance is converted
to a thermally-averaged scattering factor to connect
quantum conductance to mobility. With this newly
introduced factor, electron mobility can be corrected
for a twin boundary scattering model. The calculated
electron mobility for GaAs nanopillars synthesized
under standard SA-MOVPE conditions with a mean
twin spacing of 2.48 nm was 1000 cm®/V/s. In
addition, the contribution of twin boundary scattering
to the reduction of electron mobility was estimated to
be 60% of the effect of the scattering factors overall.
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Fig. 1 Macroscopic SEM image (incidence of 30°) of
synthesized GaAs nanopillars grown on (111)
B GaAs substrate (left) and magnified SEM
image of one nanopillar with plane directions

(right)
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Fig. 2 Cross-sectional TEM image of multi-twinned
GaAs nanopillar (upper) 3C-type twin
boundaries which have so-called ABCBA
stacking sequences from bottom to top
(z-direction) (middle), and 2H-type (AB-
stacking) twin boundaries which have so-
called ABCABABC sequences (lower). Purple
and yellow spheres represent Ga and As
atoms, respectively.
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Fig. 3 TEM image of measured twin spacing along
[171] direction (upper), and histogram of twin
spacing with 248 sampling points, average
twin spacing of 2.48 nm (lower)
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Fig. 4 Configuration of system treated by NEGF
method with left and right leads along z-axis
(electron transfer direction: [111]), under two-
dimensional periodic boundary conditions on
xy plane. Yellow spheres indicate arsenic,
and purple spheres indicate gallium
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Fig. 5 Quantum conductance calculated using NEGF
in different 3C-type structures. Schematic
showing GaAs crystals with different types
of 3C twin boundaries (upper). Calculated
quantum conductance with respect to energy
(lower).
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Fig. 6 Quantum conductance calculated by NEGF in
different AB-type structures. Schematic
showing GaAs crystals with different types
of AB twin boundaries (upper). Calculated
quantum conductance with respect to energy
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