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Concept and Styling Design of the NM4
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Taro NISHIMOTO
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One of the issues in motorcycle business is that
young people’s interest in motorcycles is declining
year by year. Accordingly, there has been a need
to consider a new model targeting such young
generations. To respond this need, Honda has started
to create a motorcycle design category that has
exceptional features and does not belong to any of
the conventional motorcycle categories to explore new
motorcycle market. The basic features of the design
structure was decided as “Low & Long,” and the
descriptions of “Massive front styling” and “Cockpit
position” were coined as two keywords. Actual
methods to materialize these design concepts in a
real motorcycle were investigated by having serious
involvement in structural design work as well to take
practical vehicle requirements into account.

Following this process, the model of the NM4 was
brought into mass-production and it was confirmed,
through the numbers appeared in the responses on
Twitter, that our objective to get a wider recognition
among customers not currently using motorcycles was
achieved.
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2 Lz nTid, Mz dartags v 4
DIATAZANICHZE BEE, B2 EHETS2—5
AL, KB WIS = — XD SRILAR 6N 5
Ko7 RS, HHO ZHRHISE T 2B 0K
L, 42— OFEEFEH LB Dk Tnk #- T,

% THINK #f%¢s

https://doi.org/10.69239/hondatechnicalreview.2015 27 1 1

(million units)

The Bankruptcy 80%

of Lehman Brothers
1504 v 60%

100 40%

s

e
50+ 20%

0 0%
90 92 94 96 98 00 02 04 06 08 10 12
(Year)

DUS DEurope DJapan

Fig. 1 Sales of large motorcycles in Japan, Europe
and US (not including ATVs and off-road
motorcycles) (from Honda in-house survey)
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Fig. 2 Conceptual proportions of exterior design
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Fig. 3 Design sketch of side view

Fig. 4 Design sketch of front view
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Fig. 5 Simplified mock-up model
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Fig. 6 Prototype model
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Fig. 7 Mass production model of the NM4-01

Fig. 10  Upright positionable pillion (4 angular
positions including 3 upright positions
with longitudinal adjuster)

Fig. 8 Instrument panel

Fig. 9 25 meter color variations Fig. 11 Embossed emblem of the model name
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Fig. 12  Front utility space (Left side) (Shown in the
photograph is the model for Japanese
market)

Fig. 13 The NM4-02
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Fig. 14 Cumulative number of tweets after the

announcements from public relations (from
Honda in-house survey)
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Fig. 15 Tweets number of in another age/gender (from
Honda in-house survey)
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Defining the Identities of Motorcycle Model Lineages by Converging, Inheriting
and Enhancing the Vehicle Frontal Styling
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In the development of motorcycles, Honda has
been implementing the latest technologies. At the
same time, the exterior designs have been kept
evolving constantly to create new values. Meanwhile,
to respond to the changing demands from the markets,
a different vehicle front-design was sometimes
adopted even though it was not fitting to the symbolic
representation inherited through the specific model
for generations. Such designing practices eventually
diluted the succeeded identity resulting in failing to
live up to customer expectations. To solve this, the
issue of design identity was repeatedly discussed. The
discussion was concluded that it is important to define
a key feature of a vehicle front design that symbolizes
a series of models having the same product name.
Moreover, that design definition should be inherited
while incorporating advanced technologies in time. To
realize that, we delineated the direction by three key
words: “convergence, inheritance and enhancement”
as the guidelines for the design of a vehicle front.
These guidelines were practically implemented and
contributed to establishing a valuable principle of
exterior design for our motorcycles.
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Fig. 3 Front position light (at center) in the
CBR600RR, 2007 year model

Fig. 4 Front position lights (at rear view mirror) in the
CBR1000RR, 2008 year model

Fig. 5 Light guiding panel

Fig. 6 Application of light guiding panel in the PCX,
2014 year model
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Fig. 8 X image representation in the VFR1200F, 2010
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Fig. 9 Image representation using LED light guiding
panel in the VFR800F, 2014 year model

Fig. 10 Applied light guiding panel (shown in green
color)
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Styling Design of New Crossover VEZEL

A P e
Hiroyuki YAMAMOTO

2 B

2014 FFEF U VEZELIZ 7 —XROD/S=V F ke I =
NV OABMENAMA -2V 82 F SUV IS WS H
M TH5. VEZEL OFJETIIH & 5/NMISUV Tidk
, [ZARY ¥y VT4 h—]F—-TU—=FII, Db 5H%
fED 7z Bunh 6 T8 (D), Crossover] #2757
Farvte7 M7z Sy 7y =Y 594V Tid[Smart
Cross PKG|A#a X7 M2, SUV, 7 =X, I=)3VDF
NENBF OB ARG X ¥ L T, ZThaHBILL 7=
T, TOZATVTTHA LV, A VT UVTTHAL VIZZEh
Z# [Dynamic Cross Solidl, [Expansible Cockpit]% 2~
7 rEL, NEELEXKAELA T Iy ZICG 725t
e, ZEOIRBY Lo 8= FAMEEM N S 72 FEAN
Wk, ZLTCHI—~<7 VU T7ILTIZ[COORDINATION] &
WHIAVE TR TNY T =2 a3 vV TEIZ—DDfEME LT
W T4 v & F e LiF72. VEZEL OBRF — 421345
PRME & (8 (OR) |Z@A X &5 Z LT, MRER KD T
flkt BTG U T ISR 2 Bk T 5 21 Tid k<
FEPETEIIN D D Y 2 il 2 D Rt 2 A & 27z,

ABSTRACT

The 2014 model VEZEL is a new product, similar
to a compact SUV but combining the personal feel of
a coupe and the utility of a minivan. The keywords
during the development of the VEZEL were “specialty
car”, not just a small SUV, because the developers
wanted to create a sensual car. The grand concept,
therefore, was “Sensual, Crossover.” The concept of
the package design was “Smart Cross PKG.” This was
embodied by combining the attractive points of SUVs,
coupes, and minivans. The concepts of the exterior
design and interior design were “Dynamic Cross Solid”
and “Expansible Cockpit” respectively. The exterior
dynamically combines strength and sultriness, while
the high-class interior brings out both spaciousness
and a personal feel. Moreover, using the concept of
“coordination” for the color material, the designers put
together an internal and external design such that each
variation was like a new work. By combining utility
and “sensuality”, the VEZEL development team did
more than just appeal to consumers by being better
than competing products in fragmentary ways, such as
performance or equipment. Rather, they brought out a
product with multifaceted value that consumers would
choose based on sensitivity.

1. 13U®IC

1995 fFiz R E S 7z CR-VIZ 40, Bl W x 535
HEAN—212L7294 202y ) —E—=2 LT
b o7z, STIEHAF 160 » ETHRM 50 THEL EAIRGE
TH57a—-NLT TV RIZREL, SUVOZ4 v &—F&
LCRHIENA TV S, SR TIHAN ALY V40V 7D
WMAUZE DLW 2% SUVORBER AL - 5L E
Kotz BRF—LI13/NEKE CR-VEESDTIZAL, 1
ROTVIS7 ALV A —-FEBERTSEO R, 5L
W A RoRim A LA S L F A

BT —2BZEAP2HLLEDF -T2
DFAXRY Y )T 4 H—=Tdh5b. POTCANKEML /-

* Ui R&D £ > & —

https://doi.org/10.69239/hondatechnicalreview.2015 27 1 3

PRELUDE (Fig. 1) ® ACCORD INSPIRE (Fig. 2) i35 L
WAZA ) e R ANETRE L FEARENEH
ATz, ZNSEFYEFEFERO 7 7 IV -k &V &3S
MICERELIENE2RKS, Ma2BHOEERIZEEEH R

\ KO PETEIBRESLO/S— PP ELTHENT
RV

L2 L, BREHICEMOIRE SRV FOR & & &,
HIZRD 5N AR ZIE L 72728, 2D TDAXRY ¥
VT4 A —DES BREMAL < DERFROKIEEGSE Z &
0, FD72HI21E, Honda OB FHIC & 5 A8 &,
JEVEICEERER A 2 2 & DF e RO R M OB A
LB AT HREF— 2RO RN EE X =7 NS
L2z LOWIERDOZXRY v ) 7 4 h—%3BRT 572010



Honda R&D Technical Review

Vol.27 No.1 (April 2015)

W75y Faye 7 bA, [8 Crossover] (Fig. 3) Td
5. Z L TETIEHAMMZTTIEAEL, BEMIZE 5 T
JI D E D h A& FEHEICFAFE A e 6 7=

Fig. 1 PRELUDE

Fig. 2 ACCORD INSPIRE

Personal

o cou‘p—e;y
. Tough / Safety

SUVv

Fig. 3 Grand concept

2. 1Ny =TT

\

21.a>€7+

SUV ORDERRARE, AT — 4 A, R dEEnd
filifigi A X — 212, 7 — i & I =3 il & AT 5 7
DY E T M [Smart Cross PKG] (Fig. 4) TH 5. %
72 SUVAIEDRE Tdh 2408 L & & LD&EFBLT 5 Tk
ELTKRIFEZAY, WATARAL VY b, N fua—Fr )7

FSURAEWI EODWREEMRLAENS [Bi]Dod 5HE L
TOERAEBNRL 72

2.2.SUV 5 LW RRA

SUV i L7=0a7 4 #4 ~ + (Fig. 5) T
b5, TARA Y MEIELSTAEERTALENGENS
M, BT EBLHET ANV Yy Y T4 - LEiNS. Z
ZTC, ZEEMAENS G SUV 6 LWHHRER L OED
BohBd 74KV N OEE ERGEL 72

— % & RNy FoNy TR U TR 2 e A K
CohbTAKRA Y POEE %, £ < OHEHE & W TH
AL 7= ZORE, SUV & LTRIMEI NS 7-012id—i%I
BX &Ry FIS8y ZIZH L TT T 2 100 mm(Fig. 6) D
EBEINDBHEEED )z, £z, FHEEBIEIT v T I74 Mg

Smart Cross PKG

Personal Utility

-
"

" Spacious

Fig. 4 Package concept

Optimal visibility for driving and ease of entry and exit

— VEZEL
—— Sedan, Wagon type

Fig. 5 Eye point of SUV

Eye-point height
1500

1450
1400 H

%% — -
1300 1270 mm

1250
1200 =
1150 ——————rrrrrHEHHHHHA
1100 = -opmmmmmmm s
(s - SEDAN,; HATCHBACK

1000
Unit: mm

VEZEL

Fig. 6 Eye-point height of SUV and sedan



Za2—70AXA—=/NVEZEL DFH 1 >

DIFE/HA A=V N@L 5D, BERND LS BRI K
DIFEFADOAHENKEL KD, 2T TEL VITHEN
FeHLRB A RET 5 2 & THM A/ S— Y FOLIRE BT
TRV S

2.3. 7 —ffifiE & I =N A

27— il % RIS 72012, FIA3D70DAK—
F4ETy Iy PERMAERLE EFEFINA Ty Fa
VY= LORHEREE L, X 5107 OEHROSES
KRR 22 Toa v MERBIZS—Y F LDk
DDHBEMPBRMTEDEHE L. 72, HED KR
ERENORU L REICEEATE S K127 4 FARih
HARIZEZFE Dot Z0EDIZ, 7Y T —DOfHT
WAEMDBTICRE L A6 YT —Wim4 /&< (Fig. 7)
TH5Z L TCHME T BRITHAEFEBIL /-

I Ui & LT, BRI DA A R L i E
DB TOR X AW X ®72. F 0702 %IE22HIZ
990 mm DL v 7L — L EHER L, KAPE &6 522
Ll FRBEHEE Y — MYy 2 AR BN S Y ES
Zishulb L, IRE 2T TRV DA ERAEML /-

MEBEOEOM EEe 27y 77T O IE
(Fig. 8) BT B Z L TRELMPDOMEATA L ERS

A-pillar section

Wide front view

/181.4°

VEZEL 113 mm™
SUVA 120 mm
SUVB 125mm
SUVC 127 mm

Fig. 7 A-pillar section and wide front view

Usability equivalent to one-class higher SUV

Fig. 8 Rear space

IZL7 F-BIKe vy 22020479 MCXDBEEIT
D77-0Z 8T, difaat Lz~ YT VN, 2 %3 Tl
FEWMPALZENTELMEE I EFHBEL .

3. IVARTIVTTHA >

31.a>t7hk

SUV IR EhB e L, 7 —XO 82544 F
YIRS ZEAHMIZT Y27 & [Dynamic
Cross Solid] (Fig. 9) & E® 7=,

T FHHEROEEM L SUV S5 LEE LT, fEkD SUV
BEFOAX=VDTXy P (TR L) BROYR%
Wifge L7z, 20 LTtr7uy ¥y —4%I1C5 %, /) —X
IIFEFEOLE v L g ERER-H5 2 & Thmnwou
VIEE LS F, HES LW AZ P L — MIZEBT
5728, NYISTEADEZIZMN DD & 4 Y B EAES KT
ZHEM L 72 (Fig. 10).

Dynamic Cross Solid

Coupe-cabin

Fig. 9 Exterior design concept

Honda Design

Fig. 10  Final exterior rendering



Honda R&D Technical Review

Vol.27 No.1 (April 2015)

WIZO—NELEELT, B2 tu—2s 42 >%y 5
2854 (Fig. 1N)IZZFbo7z. V8T NERT—0
HHIZKHIZESEBWS v 57 274 VIZHEAR &M
W, ZOMUMOE LB AT — A X &AL
JBEPR 2B TCNE. FICCET— oy a Nt b ¥
Jay bkA LT —-FFHiEF T RICUhAb v 52
2540, THEA Y LO[H (o) e immE s az
F =T EERA YV PELTIAWBIKLZ, E6105—-YF
N2 F7THIZHZBE LD, VY FT7NY FLEHA FY
AV P (C ¥ T =) I~k X &7 (Fig. 12).

3.2 R, BAEM REMESKRTTHETS I 7O
FyrE>

—fRENCHE O KX &£ SUV Tt & v & RSP
KEW, FAREF — L3 HM SUV & LT VitADE
BHEEZBY T\, 72, MAETTFNICHEOR &, &
M2 440 73BT LE T 2EDTIEAEN.
o1, HAREEND Sy Fr—DMREE N T v 2 &
DT LML L THEHELAEETDH .

JUAET IR —RELVWZREA ) o, R, EE
P, FbEME2WE Le BT, WARIIFICHEAISGE O F v
E VIR EERT 2 720 BURFEREICH > Ty I 2 b —
VavEET) VS (Fig. 13) AR L. 72, &

Fig. 11 Character line

Fig. 12 Rear door handle

LCORKEED B8, T2 AT ) TTFHA F 72T TH
L, 89T =UTFTHFAFRA VTV T T T LS HiEE
HA7.

FrEUBBE, Mm<BiiLz7ary L Y Funs
MEDBIRICAT TR A FNZBRERARE L2, —F
THREN BRBEIZNT L I N VI AD KR & B
IWEBHTHAEZHERL DD, AArbidsb T a8
FCS=YFLEHIRIZAED KT A RIA VY ET TS
TA w7 AHBITTY v —TICPOR S H -,

7z, IRT DGR (Fig. 14) & G022 11kRE 2 22 &5l 7=
FEOR, 22l HAE R X L CD XA (Z25BSHUE X i i 5
M) iZ &y H 73 OMEDHZFIEL 72

33. 70> K724 REMTERDTH A >

TJaY F 724 AEANY FF4 bETYILO—REEFE
BIL, # L\» Honda ®EH[SOLID WING FACE] (Fig. 15)
DEZITHI 5T 5.

INA TNy FHEOZ Y MIZIEZAE—2 7 7 ) ILEEDE
26 Xy FRHBEABTEONIHLOFEEERAL 2.
F72SUV 6 LwWing& & FEICRBIT 572012, BIRED
EBAEA AV EREBY Y TILTH ) =V EBIBIZTZ
bote, —HAVY) VHOEZHFEHET, HHT¥A v

r

Fig. 13  Exterior clay model

Class-leading aerodynamic performance

Under-floor area

Fig. 14  Aerodynamics
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Fig. 28 Final interior rendering
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Fig. 29 Color concept
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Development of Inverter Generator Equipped with Fuel Injection Engine

T %" INEFE BT

Shigeru SAITO Taiyo ONODERA

A1 2 Z T L T

Takashi HASHIZUME Takeshi FUKAWA
C=2 = ABSTRACT

55 kVA 7 5 2B b FLx)voa vy ML
PETEFD H 5 FEWE EU6500is 2 X— 212, /Ny 7T v
TEJFEE U TOMifE% & 512E9 72 EUT000is % F¥E L 72

SHERNIZ & &l = v U v OZRIR L % HI i AT RE 25
Ta—INAY V2o a VYV ATLEKAL, BiTET
TR L 22% OBRE M L2 FER L /-,

Avvrral2ay bARTF—O—KIckD, a3V
I8 MEEMERFL DD, RAIEY VB KOKIRE £
HEVz L=y ba—)Lb2=y b DR EATERET
BZLREMY ORI KUY v I EFE T B
ZET, QAN T IV LA TCREBIEH T 2 —T L4 v
S VY AT LEREEL .

DT a—INA VY zoyayy AT LOHMIZE
D, AT 12 RFRAdOEER A nTRE & L7z, F 72, BN
BOEEEL Dz 3L —4a Yy fa—)La1=y s OREKEIE
BEEZTFS2ZETNNYyTIVLVATODY IA X4 — b
BEREL L7z, & 5612, 4 v — 2 OERhEL & ki
Ot & D ek 1% 6500 VA 225 7000 VA £ C
Mg/, ZhICKD, BERFICKZEABNELEE T
5I7AVEOE-ZAMIIHIOIREE LD, X5k 5%
BHEEHZEOIEKIZ DB S 7.

The EU6500is generator, which has an established
reputation for realizing the world’s top level of
compactness and quietness in the 5.5 kVA class, has
been employed as the base model in the development
of the EU7000is, further increasing the value of the
unit as a home back-up generator.

The use of a fuel-injection system able to optimally
control engine air-fuel ratio irrespective of external
factors has increased fuel efficiency by 22% against
the existing model.

The integration of the injector and the throttle
body has made it possible to employ the developed
generator fuel-injection system while maintaining
compactness, and the mounting of the atmospheric
pressure and intake air temperature sensors on the
circuit board of the generator control unit and the
removal or simplification of various other sensors have
helped to enable the use of the fuel-injection system
with minimal cost increase.

The use of the fuel-injection system has enabled
continuous operation of the unit for up to 12 hours
without refueling. Modification of the power supply
circuit and reduction of the minimum operating voltage
of the generator control unit allow starting of the unit
using a battery-less recoil starter. The realization of
increased inverter efficiency and the optimization of
ignition timing have increased maximum output from
6,500 VA to 7,000 VA. This has made it possible
to respond to the motor load represented by air
conditioners and other pieces of equipment that draw
large amounts of power at startup, expanding the range
of applications of the unit as a generator.
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Fig. 1 Appearance of EU7000is

Table 1 Comparison of specifications
EU7000is EU6500is

(New model) | (Current model)

Engine displacement (cm?®) 389 389

Fuel system Fuel Injection Carburetor

Max. AC output (VA) 7000 6500

Rated AC output (VA) 5500 5500

Fuel tank capacity (L) 19.2 16.0

Rated operating noise level (L,: dB) 91 91

Dimensions (L x W x H: mm) 848 x 700 x 721 | 850 x 666 x 699

Dry mass (kg) 118.6 118.2
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Fig. 3 Fuel injection system
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EU7000is (New model)
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Fig. 4 Schematic diagram of fuel injection system
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Fig. 5 Throttle body
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(On-board)

Fig. 6 PA sensor and TA sensor and throttle position
sensor
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Development of High-Efficiency Water Pump Using CFD Simulation

Boor |t Mo B OFT
Naohiro AKIYAMA Takahide KONCHI
7 = ABSTRACT
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OT, NHEFO CO, JrHED KB &2 D Tk b, RE
DEFENFRE T 3.
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Water pumps are often used for many continuous
hours, and as a result, they account for a large part
of the CO, emissions of general-purpose products.
Therefore, it is desirable that the fuel consumption of
such pumps be improved.

In order to make such an improvement,
computational fluid dynamics was used to develop
water pump specifications that would adjust the
working performance and enhance the efficiency of
such pumps.

The water pump developed herein was targeted
at users of three-inch pumps doing irrigation work
with low head (lifting height) in Southeast Asia.
The researchers forecast that the new pump could
improve fuel consumption by more than 20%
compared to a current model within the operating
range of the market, thanks to adjustment of the
pump performance in line with the needs of the target
market, enhancement of pump efficiency, use of a low-
displacement engine, and adjustment of air-fuel ratio.
The effect was then confirmed by testing.

1. FANDE

11. KR TEW)ELIRE

JEAE, ANCIEENN & MRBEAL O R84 52 0 CHER U T K
%ﬁ@%ﬁﬁ%@t&ofné.ﬁﬁ%%@ﬁﬁ@%%é
Wi PR (Fig. 1)V Fh e ITKEESBEINT 5
a%zéhfné.#&Wk,m§ﬁ®ﬁm%ﬁ%¢5%
e U THREETARY FREH I TED, i
EKFBHEOBEME & B ITKE Y TOFEEL R4 5 & 7l
Ihb.

KB Y TOEERFE, RKHRLMOFER, L7 — Lk
EDPEAK, KOTHEE, K&V 2 DK EERATH 5.
MGz TId 4 - I h DI NS Z
EME L, OB & T CO, B EA £ < 7 B fH|AC
& %. Honda 2MR5E3 5 SFENFAEE D CO, P R HTIC
BT, KRV TIHEED CO, P ED 85% % H® %
ZeRTHlEh T3 (Fig. 2).

L722A 5T, SHOFERAIIED, Khvno%5 CO,

*PHR&D £ & —

PP Z L A2 2N TREND 120, KKV TOMRE
BEEE ZUZMEDS CO, PRI DRI, KA >V 78 %k
IRX—HDEHEEAS.

EEE@EN)
7 -
— %
6 — INE
— kv EOOY

5

o 1 Il 1 1 ]
1900 1920 1940 1960 1980 2000 (%)

Fig. 1 Quantity of crops production
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= =1 ABSTRACT

Honda (&, AZMT &85 BN 4 £ T A & Al
LTHEITAZENTELNN—YFLELY T4 20DEL
THFICID A TE /-

2009 412 U3-X, 2012 42 UNI-CUB, % L T 2013 4
1213 UNI-CUB B # ¥ & L 7=.

WS EFFNOBEHITEET, 2 DB REHOMED
MUCE B V82 b ¥ 4 ZOFERB R TH S — v
FILELY T 4 ThH 3.

ARTIE, US-X 2 6 R S -t i 4 T O AN
Ba)4 5 Z &N TE 22 NIKE GRS Honda Omni
Traction Drive System % [\ )7z UNI-CUB D #liEfb i
DWTBRNS. 7220124 6 A2 5 FIA L 72 HARIEA
Refif & OIIFFLREIEERIZF5 1T 5 UNI-CUB W) HrLWE
YY) T 4 ORI T A MENC DOV THENT T 5 .

Honda has been engaging in development efforts
aimed at new personal mobility that allows people
to move in harmony with others in indoor spaces,
facilities, and other such places where there are people
coming and going.

In 2009, Honda announced the U3-X, in 2012 the
UNI-CUB, and then in 2013 the UNI-CUB .

All these are personal mobility devices capable
of movement in all directions, which are also sit-on
style, inverted pendulum-type, compact devices that fit
between the rider’s legs.

This paper describes the technological evolution
of the UNI-CUB, which uses the Honda Omni
Traction Drive System adopted since the U3-X that
enables movement in all directions. This paper will
also introduce the implementation in society of this
new form of mobility known as the UNI-CUB. The
demonstration tests carried out with the National
Museum of Emerging Science and Innovation starting
in June 2012.

1. EANDE

B RT OHIHE T L OMZIE, WA F A D=L L0
5 NERD T2y B 3¢, BEIZ 1970 4R 1 — il
DB T O PEGHIFNT & AL A 5 72 FFED L NI T Z
sbhTing P

PU-EHECET O 1989 4F, ¥tk DtENA XY VN TH BT A
TATAVT A MTEWT, HRIZEER 22 iR
DFOYO DD & A T (4l PAT " HmBXE), s
WIREXE)) 2R &, ERTEHmO G 4 OBLIR A 5[
72 - (Fig. 1). — RO D PidZ D% 2001 4 12 H
12, ¥ = £ £l (Segway Inc.) BEGMILL TH LWEL Y
F4ELTRMERTERTE,

—J, 4o WERERE) 7 0, EE IS B W T FEA
LI 2R ER A B Z abh TE g -0 2
DOH T, Honda (BRI I A &4 = 4 — LR % G H
L7z oM@l 2R L ik odb sy 5 15

k27— FELY T 4 RE

¥ aRG L 7=

Honda I3 ADMT E 5 BN x T, AL
MLUTBEITZ2/S—VFLELY T4 48X L, U3-X
% 2009 ORIz E L2 US-XI12iE, K20
FrCH LMD TRl O N & R THEIZT 2 720,

(b) Dual-axis type

(a) Single-axis type

Fig. 1 Original mobility devices with inverse pendulum
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Honda 1 ® Honda Omni Traction Drive System (HOT F
T4 7)) ENT v ARIEEAT IS A, %EIZH 7= 2 s A
BlE 5 Z LIk -> TAS G HER 2 wREIZ L, BHx 54
ThiBf %% F42 UNI-CUB & L CHefb X 2T & 7292, 4],
2012 - & 2013 FFlC 2 e h it oI &R L T&E 72 UNI-
CUB, UNI-CUB B Ol 5 & O FEGEABR OB D
WTHITT .

2. UNI-CUB B NDHRRAENZEE

TR¥fTaRy b (ASIMO) OWfZETE - 72,85 ¥ il
T &, witk & A & EEICREE)© % B 45 (B Eh H G
WHED HOT F o4 712k, BRFEFAESVSKREET T
REABE XS LT, BHMANOBD) L HEE % 7
TAZELETRET AL/ —V FILELY) 7 4 &Hf
R L, ERMREED 7DDy 3 —EF L ELTUS-X %
2009 4E 12 %% L 7= (Fig. 2, Table 1).

U3-X OFIFERED A S5 IS, FREGEFATE, £/
DA% & GHMTE /5= FILELY T4 &L,
()N X7 —TOWEE-BENES LI &

(2) BEREDEDEMDOR XIZ K BRDLIK
(3) AEIZiE B Y80 L Y4 X
(4) RFADL17#H &R C HERO & &
RGBT L U,

WET LD UNI-CUB DORFEIZ 2012 F-20 5 O FZGEFERR
NOEAEANE L TBZ bl 22Tk, ADHH
EIEICHK Z L LRIk A BEI %, #ERH QBB 5 H1ET
FBTEHZLAHEL, MEDMIZNES T V30 b i
YA X ERD LD TR AGRIO NOBE) 7221 Tk < highl
TE3/)S—JFILTEY T 4 %L 7= (Fig. 3, Table 2).

UNI-CUB B I3FEHIC BT 2T A L¢3
728, UNI-CUB OFEFEFEROFERE 7 1 — F/vy 7 &4,
(1) /NEU- Al
(2) NeBAD - REABIIED 720D T A~
(3) HRARLHMO NS T 2 HHMEE2 ED B 72D DF

iR 25 SR E
AL LCHRL, EYORZFEMLETLEL LT 2013 4
I2¥4 L7 (Fig. 4, Table 3).

Table 1

Specifications of U3-X

Size (L x W x H) (mm)

315 x 160 x 650

Seat height (mm) 650
Battery type Lithium-lon Battery
Maximum speed (km/h) | 6

Duration time (hour)

1

Table 2  Specifications of UNI-CUB

Size (L x W x H) (mm)

520 x 345 x 745

Seat height adjustment

range (mm) 745-825

Battery type Lithium-lon Battery
Maximum speed (km/h) | 6

Range (km) 6

Application environment

Barrier-free indoor environments

Table 3 Specifications of UNI-CUB j

Size (L x W x H) (mm)

510 x 315 x 620

Seat height (mm) 620

Battery type Lithium-lon Battery
Weight (kg) 25

Maximum speed (km/h) | 6

Range (km)

of 4 km/h')

Application environment

Barrier-free indoor environments

Fig.

4 UNI-CUB B

6 (approximately 1.5 hours at speed
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3. UNI-CUB D% B #1if

UNI-CUB D4}Vl % Fig. 5 1279

AEDO Y — b 7L — A TEICIREI T4 L 72 HOT F
54 T Enifne U, iR, 5% 51224 V77 — L&
UCHE U 724 & =R 4 — L Ofielaliin & i & 3 2 AR
WAEFD (Fig. 6). Aifmld itk /oI BE) ¢ % 2 @i
KOBIEOBBI L NT v 2 X BHEEEL L, HlfIZE o 5
K& hEm x ¢ 2 REEH 9 5.

3.1.HOT K51 JDEE

HOT F 54 7OWEFEMIZ Fig. 7 1SR $HEO/NET
) =1 —F & PJE FICECE U 72 KRG A 2R oS
o, WM IZIZ F 54 75 4 22 DBE S h, 20
ME EICAE D0 THERNTRESNZT7 ) —a—F (D
T, #Ejg—-5)&2HL, Zho B AEHEGENEO 7Y —
O—F LY ToEhRETHIEN %252 2L 5>
T3,

Seat with adjustable height

Removable
P ‘ battery
Control computer r i
N o
Foldable Turning
footrests wheel

/

Wheel featuring Honda Omni Traction System

Fig. 5 External view of UNI-CUB

Omnidirection {\

driving wheel

(Front wheel) Seat frame

Swing arm

Turning wheel
(Rear wheel)

Fig. 6 Drive train with omnidirectional wheels

KEHEDE T4 TF 4 22 %6 CAEE ([R5 m)
TRBj XG5 Z L ICKD/NMET Y — v — 5 Ol % 1k
B, KEHEHOMMOERD A 2 FE) & & % Z & THRIERA R4
KN 5. WIZEGDF 4 75 4 20 %ok
B GEE Iz 50 CTHRE) X & B Z &1 & D KRR o dila]
finZ b8, /IMEZ Y —a — 5 OHliEED A ETI X 5 Z &
T, WAREEGHIACRBEIT S, A0 I4 T T4
20 B (KEX LA ET5ZLI2kD, K
Bl e NET ) — 1 — 5 OB ES L CfEE < h
o FMOBE % HHEE LT\ 5.

ZOFEABH L7z HOT F 54 7% UNI-CUB IZ5¢H
LT3,

3.2. INT > R IR

A B REE2 AL RA L ZKORELOEHIZINE
THEE LR AR 72, 2OEMIBREZEOELY
Bk 5 TENTZH, EEDRIATTF 4 221, Th
EIERGZOMHEEICHLIENMEE Ak L THEL X
DO IERG OLBRE B FIEIZI 2 & 5. Witk IcEE)
T2 & RO AER, RERITKT 2B TH O
BELOMETHEL GHAN > T3, F7z, BEARE
LD/ v 2 RN, BERONEE ¥ 4 & g v v
DIESEANL, HOT F 54 70 diti % §iith /o4 12 BRE)
XHTHXOEILHAWIEICRAE XT3 X5 ITHpET 2
(Fig. 8).

Large wheel Drive disc

Free roller
Drive roller

Fig. 7 Principle of HOT drive system

Restore to an upright position  Incline forward  Upright position

S 2

Stop Deceleration Acceleration Standstill

Fig. 8 Balance control
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4. UNI-CUB & L TDO¥1E

4.1, feEIHRE DL EM

HX#EEE L CHOT K94 7OREHTS U3-X 13—
THELTED, Mg kI —F— v b (o sl
o' —2 Vv M) EREXESNEWEY, ThEST
FERDOBENTE L. L2 - T, gl X w5 7201213,
Fig. 91T $ & 512, HREND 4 i 1288 < ik <
H, ZOEMSE YRy b E UTREMAT S & 0o 2857
o=y o EBREEL, BROGFRFEITEMfT S Z AR
AN A

Z O RREIZ UC, UNI-CUB (ZiZBEmIEq 2 i L
JEMIFEEE & Fi 7o ¢ T AL JEMERIZ HOT F 74 7O K%
D k51 IZHBO 7 ) —u— 5 257 5 R5EOBRE)
WTH 5. ZhuZ, Fig. 101287 & 5 IS Hila & Bl AL
F IO RSB RE 2 & Bt U ChEml g 2 4 < ¢ 5 k5
ICHIf S 5.

el A H0 U C o R EhEIfE T, %L#e%@xiﬁ
HEFEE) 20 & BERIAN DO & 2 2B &2 KB 5 72012, BB#)
¢_Lw%@ffwiﬁﬁéﬁé;a_iD,ME%T&
L7,

Fig. 9 US3-X turning procedure using toe

Xy

turn

0\_,

Right
turn

Rear wheel lateral velocity

\ 7
st eth, Y0

k2

Front wheel lateral velocity

Fig. 10 Schematic diagram of lateral movement and
turning

4.2. B & hEE O RR

AED & FERIANOW S 2 5B 2 FBIT 5 72012, nite
IS BRI CTREREIT 2 2 &Ik D ERT 5 72
T S T A R X Ly LRI E Tl
%@*@%W@ﬁ%ﬁﬁ@ﬁ@%ﬁﬁﬁ:ﬁbf%ﬁ%ﬁ
< &1k, FEROEARZIZ< W a0 - 78RR F A
L7z, 2 2 CTHREBHICHT 2 BEROIBEREICOVTE
BERTM 7 2 280K U, AiEsRE 236 < 7 212 DTk
AN ORELEN R 2 HEROAHEE DA KREL %5
&0 HRHE AN U 72, AR & BT A\ O R E L) 5
K OBEmIF L DOBIFR & BAMIZ &R L 72X % Fig. 1118

AU K DRI 5 = dUs & TOA SRR T, f43R

%ﬁl GolBEEEFHTE TS,

4.3. B8 R ORER

SEARifiE 2 & TREICE A 2R & W A BRI, B E R
6@0<Uﬁ‘@@?61&ﬁ?%,é%t%@@ﬁlU

IR 25103, KD RESBICKhRERE T L
_;Uﬁﬁﬁﬁ_$%ﬁ%%§2&ﬁ6%@¢5:aﬁi
WwoNhb., 25 LEMEEFEBT 57-0120%, BEEr A
VERERITA Y EINT 2 X/ RIS SBETH 5 7.
Fig. 1212, AMKRIEA S h T B HlNc L h B Eh
3, FEANOWRERE) RS 5 el A & SR E)EE o
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Fig. 11 Schematic diagram of turning motion

generation (Velocity-dependent)
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Fig. 12 Schematic diagram of turning motion
generation
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B 2 BEAHIZR L 72

MERERLE) S AN & VIR, FEM 2 312 FEE) O A
&L, BAEREI R AKX VLRI, ML b2 ab
Eo7BEE TS LS BEKEBHENSSICKE
%3 &, FERODAZHE S K5 ITHIKILE R 2 308 L%
iz & TRD 5N S EEIE 2 HBLL 72

4.4, N) 7 71 =35

U3-X (Fig. 2) OflifIBIRIZRNT T v b 707 &35
L, METOy 2 RFET Oy 2 HOBRED D 5ENNY
T R EEL T o FIFERETSICH
720, N5 5 mm OEZEE P T X 2 MREA LT L L
HOT F 74 7 (Fig. 7) # k§E§ 2 KEEHflG, /MEHG,
YO E 2 LR & & 7z,

5. BABZERKEE & DHRELEEER

UNI-CUB M ¥&#%, 201246 A &b HAREAR KA
L ORI FREFEER & BLG L 72 1Y,

Honda ® HIIZA L FAMFT 28—V FILELY T 4D
VET L ERGETAZETH D, —F, HARFEARANL,
HEEMREDOHTHLOVAZ P BRI EEI v Y g
v LTk, ZOHFEFEEFEIINHFIZE STAY v b
DHBINEELTHEIN. HlZI1E, EEFOAA P
7 —I3EETIIENR T LU FWHEBATE & h - 7273, UNI-
CUB #H\W3 Z & THIfEL Z MW FRE S 7z,

FERLLL MIZIRR 2 K 5 AIEF TRREIZA & OF %
WAL TE 5 K5 Ii%Et L, Fr e hre.

51. 27— TOFEICEL B UNI-CUB SEH

9, HARIRARKAEOHI A TV 2T I 2= =4
(SC) »33k35# 12 UNI-CUB O£ %2 % 15 007 £
%¥ 27 -7 (Fig. 13).

2T = VIIRGENMEICR A ZENTESL LA T b
&L, UNI-CUB #ffi5 72 SC EHIE DWW TEAE
B B EDEMEE LT, 5 HOOBHEIHEL S /.

Fig. 13 Scene of UNI-CUB demonstrationa at an
exhibition

5.2. FEARE & R EFE T D UNI-CUB jEH

SC A UNI-CUB % il U TAENOXKA ks & UKSHE~D
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5.3. 5 AEDHEBRE

KEGHE DN U THERBOKRRZ 25 2 &k 572 ZN#IE
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CUBZ#IK ZE AU TE 5 IMRICHEL 2. ZHUs&D
FIEFRTOADPRERNICHREZ EHHRL Tz &7z, £
FHELSND 4 NIZIZERF 2 RO CIAS A T 5
TEHWV, HWIC AL OFMEHRIZELC 5025 &5 IThd

& L 7= (Fig. 14(a), (b)).
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(a) lllustration of training method

(b) Photo of training scene

Fig. 14 Test area for 5-min. trial ride experience
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Fig. 15 Questionnaire results
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Fig. 16  Guided tour
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BENTH -7z,
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Fig. 17 Scene of UNI-CUB units on standby at an
exhibition

Fig. 18 UNI-CUB station

Fig. 19 Scene from “OK Go” music video

7.%&ED

Honda (3R LD ANEFART HEL ) 7 1 DS % &
Z%->7TC&7. Honda MHD HOT F 7 4 7% H
72 2009 fED U3-X ThH =2 & BT HD & 5 B8 & 38
TH5aAVETPERKRLE 0%, K0BEEEED

UNI-CUB % I\ T 2012 412 HARFFASRANIZ I T
I EDIAFEER & ¥ Z i 5 72, 2013 4EI121F UNI-CUB B
BIEER, FREFERAER A ML, I TE 3 AR EIA
a8y bVioSyr—=v e L7 $£72 2014 45512
J—=ZEWIBTEY 3 AFEEIET 2 Z &N T/

SRIESBMENBIZONT, 32—V 92 EFHAD
BRAICRSONS X512, 4 KB TE R8T 2 & 2 W%
b,

SE XM

(1) VAN, W &S RIS & > T & #Ede 3 2
VART DML, WNAFAHZ L, INA T AHZZ A
*#%, No. 2, p. 321-328(1973)

(2) KWas, D], LA, DRSS SHAE B O
WRE ORIMIBLERI B G, N4 F X = X L9258,
Vol. 3, No. 4, p. 21-25(1979)

(LA, MR B IRT A 5 b 280 2 e
Ao P ORFE, HATHR Y FEERE Vol. 23, No. 4,
p. 418-421(2005)

(4) FOUOLTIES EABSEZHM, HRE X 7=
Jb, 1989-12-25, p. 94-95(1989)

(5)BHF E iRk RFEOW (1) 77 v 22— (K
BALL) 5 27, BHRa KRy F2E2EE Vol. 8, No. 3,
p. 364(1990)

(6) B B IRFRIsR D Y (2) —BkHd, HATR
M 5 25E, Vol. 8, No. 3, p. 365(1990)

(7)Ha, Y. S., Yuta, S.: Trajectory tracking control for
navigation of self-contained mobile inverse pendulum,
Proc. IEEE/RSJ Int’ 1. Conf. on Intelligent Robots
and Systems, p. 1875-1882 (1994)

(8) Nguyen, H. G., Morrell, J., Mullens, K. Burmeister,
A. B., Miles, S., Farrington, N., Thomas, K. M.,
Gage, D. W.: Segway Robotic Mobility Platform,
Proc. of SPIE - The International Society of Optics
Engineering, 5609, Mobile Robots XVII (2004)

(9) Endo, T., Nakamura, Y.: An omnidirectional vehicle on
a basketball, Proc. The 12th Int’ ] Conf. on Advanced
Robotics (ICAR), p. 573-578 (2005)

(10) Lauwers, T. B., Kantor, G. A., Hollis, R. L.: A
Dynamically Stable Single-Wheeled Mobile Robot
with Inverse Mouse-Ball Drive, Proc. IEEE Int’ 1.
Conf. on Robotics and Automation (ICRA 2006),
p. 2884-2889 (2006)

(11) Kumagai, M., Ochiai, T.: Development of a Robot
Balancing on a Ball, Proc. International Conference
on Control, Automation and Systems 2008, p. 433-438
(2008)



UNI-CUB D%

(12) RHP, /IMEE—E, RA)IEK, BoaEd, $onE,
Bt FEV A 1 < 5 1 XA 7 i 1 250 i il oD F2 A 2 Bt i (58
1), B BHEl 2o sE 2 A%, No. 16-13,
p. 11-14(2013)

(13) BPRINE, &= A, /IMRIER, TEAR—28, /IMEE— BB,
EANH, RKEfE—:»$—vFLEL Y F 4 UNI-CUB
DERZEMN I 5 FEaEFER, H AR A RAE RIS
s, Vol. 9(2014)

mE Enl

=l




https://doi.org/10.69239/hondatechnicalreview.2015 27 1 7

FATHRET
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Vibration Reduction of Two Motors of Rear Wheel Drive for SPORT HYBRID SH-AWD

VL £ L S =
Manabu YAZAKI Tadanobu AOKI
7 =1 ABSTRACT

SPORT HYBRID SH-AWD FH#:#aERS) 2 € — & 132V,
A, Ly EEREOm T AR S nE LTHREL
7o, B=2NUED 8, BB E AT -2 #EHLD
D, Zuy bAVE R = g v, RN, HIEPERICE
HU, IREIRCEENER T ORK & 25 5 b L2 2 B{K % B
HHED—DL L.

WREEIZEREL T X vy v 7TE VL BRELT
Xy FFo—z2hht 257 —2h0E$6 L, hRs4
A, B—2ORICENT 7 F v oy TREGNIZZE(L T S
BIRE L7z, AT X v o TOERMICKD, PLoDK
TEMAZ NS PO EEH AT 5 Z &2 T&E 72, il
TR EHHIES AW U 72, BT — 2 BRE
BIIZ ML EIBEOE — 2 24 BT & 5 @R 5 %
HERTAILTIMLIEHOEKAERL Z K> T 5.

WBAR L 72— 2 I3 ek e ik L Cax v o by
BEO, bLo ) Sk 50%, E— & HiRIRET 4 10 dB K
WL, HENESE 13 dB YLK T 87

The two motors employed to drive the rear wheels
in the SPORT HYBRID SH-AWD system were
developed to balance compactness, high power, high
torque, and quietness. Stators employing concentrated
windings were used to reduce the size of the motors,
and development focused on the combination of slot
number and pole number, the magnetic circuits, and
control methods in an attempt to satisfy one of the
development goals, the reduction of torque fluctuation,
which is a cause of vibration and cabin noise.

A Gradually Enlarged Air Gap was adopted
for the magnetic circuits. The Gradually Enlarged
Air Gapshape offsets the centers and modifies the
curvature of the rotor and the stator, producing
continuous change in the air gaps with the rotation of
the rotor. The application of the Gradually Enlarged
Air Gap method made it possible to reduce torque
fluctuation while also controlling decline in torque.
Superposition of higher harmonics was applied as a
control method. This control method reduces torque
fluctuation by superposing high-frequency components
on the motor traction control current in order to cancel
the torque waveform peak.

The newly developed motors realize a 50%
reduction in cogging torque and torque ripple in
comparison to the previous specifications, and motor
vibration has been reduced by 10 dB and cabin noise
by more than 13 dB.

1. EANDE
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{B7280, REBEFEWAR=ZANRMETHSH. ZZ T,
T4 NEBBLTCERSDETCIANT Y F AT 3R
WAREEIN TV V9, LEHEESLETH D, Bk
B B,
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Fig. 1 SPORT HYBRID SH-AWD system

Table 1 System specifications
System power [kW] 281
Engine Type V6 3.5L, Direct injection, SOHC, VTEC 24-valve

Power [kW] 231 at 6,500 rpm
Torque [Nm] | 371 at 4,700 rpm

DCT Motor | Type
Power [kW] 35 at 3,000 rpm
Torque [Nm] | 148 at 500 to 2,000 rpm

Interior Permanent Magnet Synchronous Motor

TMU Motor | Type
Power [kW] 27 at 4,000 rpm (x 2)
Torque [Nm] | 73 at 0 to 2,000 rpm (x 2)

Interior Permanent Magnet Synchronous Motor

Battery Type Li-ion

\oltage [V] 260
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Extension of Drive Recorder Function of In-vehicle ECU and Record Information Collection Technique

PR A
Hirofumi OHBUCHI
= = ABSTRACT

Iyovaviua—Laiz=y bDF T4 7L I R
I LT DOOEREDIIRE B2 - 72, 9, Hilish
BWEHNT, 2+ v 7Y a3y MEREZLSRT 2502 H
HiICERL, SRR L T oMeeaBImL 7. &
ERLHNLDDDOFRMERD/ N4 -V E#HEL, Thb %
WMAGDLEDZ LT, Ko > FREMIRICICERTTAE A SR
HROERETREE Lz, XRIZ, 2F v 7Y 3 v ME#E
AR D = NANEGRTTRE M & U 7z, 3 — XA\ Dk
%13 Display Audio 2=y DT A ¥ L 2 l{5HERE % F
L, Tyyvayiru—)La=y b»5 Display Audio >
=y FETORRKRIE, ZF v T gy MEHRESERRET
528LT, /INERET -2 EFID S HElL=y bEEEEFIC
BOT, KERT— 420 H> T ammge Lz, £z,
WHROBE L35 28T, 8574 Vo 2Bz
PRI L 72, Z OB, BIOBEWTEIZ L0, kst @ T
Wr X NGBk WTe, 2F vy 7T ay MEWREFRE
FTHIELT, T4 RENOAEE BT k-7

Two of the drive recorder functions of the engine
control unit were extended. First, a function was
added that can use the vehicle diagnostic tool to freely
generate a conditional expression that will record
snapshot data as well as to enable modification of the
conditional expression. Several patterns of conditional
expressions were prepared in advance so that they
could be combined to generate the conditional
expressions that assure the capability to record the
desired phenomena. Next, the system was configured
to allow the snapshot data to be transmitted to a
server external to the vehicle. The wireless network
functionality of the Display Audio unit is used for
transmission to the server, and the snapshot data is
transmitted from the engine control unit to the Display
Audio unit by divided transmission to enable the large
volume of data to be handled for transmission between
vehicle units, which are intended to handle small
volumes of data. This was also done using simplex
transmission in order to limit bus load increase on the
transmission line. Measures were taken against data
loss, as well, by providing for retransmission of the
snapshot data even if the transmission is interrupted
due to interruption of the power supply or other such
reason.

1. EANDE

WAE, Bl 7854 A DBRALHEAR, Th o 2 HIET S
7DDV T Y T IIEHI LD @ E 2 E 5T b, RIS
IV VI OEMLIIMETH D, T Y B L
TL—HYno6T 4 — I\ HEKENIFRIIZIELTETH
3. ZDR8, TV Y VEEEGENICENTT 5 BB E Y
LTCETWAS.

Tvyyvavita—iLa1=y I (Engine Control Unit:
ECUIZIE, HIfY 7 by =712, =V o v &HIfId 572
HOXYHRT o F 2T —2DONFEE BRI %A
# Ui R&D £ ¥ & —
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(On Board Diagnostics:OBD) VA4 #k X LC\r%. OBD
&, PR D v v AJMEOZA L & i 3 5 2 & CilhE
NAERFEST A ZENEETH D, F 7=, WA ORFEIC
MAT, WEORKZFET 22L& EETH 5. W
RO EIZIE, WEREETOTL Y Y VAR 5 2
ERRETH D, THUTIE, =Y v EEA R
BB Z EAHEEL R T A4 T L O — ZFERE & H O 7= @ A
HMTH3. FI4 7L T— FHEEET MR il 12 5
DL A=Y =L ERHTHRK Y L ECUMNEIZY 7 b
YT UTHEETIHE DD D, HEHL I-4I2L 3D
ML ECU O 4 EVHERIZK S TREROT — 4 % itk
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THIENAEETH S 2, HHY I - X ORITIIRD 2 d
%720, MR A il O BUIHIR X D, K72, HH L
TI— R EETH T I, 22— PSR L TOBE 4 8%
ahZ225WMEME s 5. —Ji, ECUNENICY 7 b7k
LTHRET ZHMROEG, SHLY I - F3AHTHD,
FHAIRE 2 #AG O BUZHIBRIE 2 <, 22— IS4 5 0B X«
JEEE G /NS WA, ECU O 4 &V HEREOHIK A & B
DREgE B I s A kn. DEoZ e kD, AR 2 — 4
DOLHEANOAHEZE TS L, FT74 7L a— 2GR
BEORIKTH S Z EEFE L,

2. BEDEZA

e, ECUIZIZA YA —F2Z2F v 7Y 39 b (On-Board
Snapshot:OBS) &IN5 F I 4 T L a— KRN Y 7
Y27 E LTI N TS, OBS Ikl a 4 RV b
(bUA)ELT, Zh IO H %~ O T Y U V%)
ERERAIT -4 (ZF v T v ay ME#R) & LTECU IR
H43ZnETH B (Fig. 1). L Lasns, BUROW
BAZIERDO &S iR H 5. —DHIE, 29T ay
MERE ECU ISR it 5 b ) #5042 Haiic
VT b TIZHARAATELS BERHELZETHD. £
D7z, BURORE TIX, v 7 b o = THIFEIZERML T
W 2 BERI O TR IRAT LIAMZ B § 5 Z £ IETE R VWD T,
ZOMRBIRENTH S, £ "D HIF, AR T2
B120F, Ty Y UvEHELHRT S5y 7 7 I HRIK E &
ATBVEERPDELEZILTHS. AT FEROMINZECU
DA NOMINZEDAEMND 7280, BITER» L BRI,
Wb A EREL, 25y Ty ay MEHER

Trigger condition is satisfied

Specified record tir:ne
R
| |

Engine I '
condition ! !
! I

Store
in a memory

W.

Stored snapshot data

Time

Fig. 1 Conceptual image of drive recorder function

ML ZE3ESTTEaEn. Yoz tkh, 2
HEEMMXEFIZ, S JE A FROMTISIIETHE S
OBS TH B Z LhgE L.

72, BUROMK TIX, 2+ v 7 ¥ 3 v MEHIEZI
AN TORGRAN LARETH 5. 207D, 2+ v
Yaw MERAHWTC IS TNy 0 —F 4 Vo BTk
IR, BFLI—FBT A —FIIRIETILERH S, &
PRE RSN BB AT BT, 2 — YT REERAE AL a4
FehD, 2—FICL > THENAZEHE LS. 2y T
voa oy MERE - PRIERNHCHAN T Z & TEATZN &
BZnmw, ~EORECBREEE TS5 ENTENL,
2—HWIZE S5 TRELAY v b ELD,

3. AEDR S

LITIC, RORLWEZED S,

(1) ZWkic ko + ) #H &M% %2 5EHaEES OBS
R 5.

(2)ECU I ENTVWBE ZF v Ty 3 v MEHE 74
YU ZEEIC LD HEAEBOEHRY — S ANFiAl L
TATRE L HEIR & 4 % (Fig. 2).

Diagnostic tool

Use for development
and
troubleshooting

Conventional ﬁ’

Direct connection OBS server

Fig. 2 How snapshot data is collected

4. M) AFHKXEEEFEEL OBS

OBSIZk0AHEAF v FY 3y MERENET S
W, AR b AR AERETELZEDBARARTH
5. HEkO 0BS T, MY HEAREFINIZY T by 2T
ISHLAGAT Z & T, R AP B it 2 S R0k % vl
HEE LTz, lin o b ) &R EFRET 35412
BT, BAFED OBS HIMOHM 2 1 ) &R DRE
DB RER AL ETH 5. AR THRET 2R TIE, b
VAR EBWBIC KO ETE AR LMK E T 5720, &
570, WS OPDFURDOERERAEY 7 b 271
WKL CTH<. ZLTC, ThEDMRERDO 26 —D%
BIRL, B2 528, LE W, 5, L5554 RE
THIET, AERO M) HEMFREAKT S, £72, Th
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5 DR ER BRI A DED Z LT, X 5ICHME S
XMk 25 2L anlREL§5. Wi E2 MU 7%
PR OB = Fig. 318§, KEITIE, Tho YA
FHAXOMRERIZ OV THIAT 5.

41, b HERAKER

Fig. 412 b U H &R0 2 R AR, b Y A7 &RER
BEAXLI 256 KDMRENTED, BFEMFXPKLL
7BAIVITAFy TV gy MERS ECUICIRRE S

Expression Type 1 to 4

One of Expression Type

Engine speed

T e= 500 rpm

| ‘ 1.
g = >{ Equality, Inequality ]

10 sec -
Diagnostic tool \

> Control parameter |

> Threshold value ]

Timer value |

Snapshot trigger condition

When all the following conditions are satisfied,
snapshot data is held at ECU.

| (Conditional expression 1)
Engine speed > 500 rpm and passed 10 sec

(Conditional expression 2)
i Vehicle speed > 50 km/h

(Conditional expression 3)
i Brake switch changes from OFF to ON

Fig. 3 How to set up trigger condition using
diagnostic tool

Arbitrary OBS record trigger

Oori

Conditional expression x (x = 1..6) |

Oor1

1st conditional expression |
ot °

Select one of Expression Type 1
to Expression Type 4.

4| 2nd conditional expression |
Oor1 i

Select one of Expression Type 1
to Expression Type 4.

Oto 6

Fig. 4 Entire configuration of arbitrarily selectable
OBS record trigger condition

Table 1

Expression type setting

How to judge |

Conditional expression

| Example of setting

Expression Type 1

Parameter and
threshold

Parameter O Threshold

Current engine speed > 0 rpm

Expression Type 2

O Threshold

Each of Parameter1 0 Parameter2 | Current engine torque > Target
parameters engine torque
Absolute | Parameter1 - Parameter2 | | | Current engine speed -

Target engine speed | >
100 rpm

Expression Type 3

Parameter edge

Parameter edge
(Up edge or down edge)

Brake switch changes from
OFF to ON

Expression Type 4

Many
parameters by
logical decision

Many parameters logical
judgment
(Judged by logical decision)

Satisfy any of the conditions
below (logical decision = “or”)

Perform transmission control,
air conditioning control, or
meter control

*[Ois equality or inequality

5. MR 1 25 63T 1 &AL 2 &K
MO SN, B 15MRESE 2 %MAUTIE Expression
Type 1205 Type 4 KD ZNZFh—D%EIRNHETH 5.
Expression Type 125 Expression Type 4 13%%5, A1\%
FRWHEHAFIC X AEANTH D, FEINL 72 Expression
Type lZIBU T, BB 1 MR ES 2 FMURORHHE X
N3, FHEROERLHEHE OFMEIZ OV, BRI
HRYEDEZIZPEL .

4.1.1. Expression Type ([Z3§ 3 5% E

Expression Type 175 Expression Type 4 & U TEE
TEEATHH % Table 1 127§, # Expression Type Z & D
RENFIZLTOEBDTH 5.

(1) Expression Type 1 WIS 4 — 2 & L&\l
EORRIZKDEFHEABZ A S, M/ ST x—2 L L
EWVE L OBRIZES, AESICX0HET S, HlAE,
TV VAR 0 rpm KD KEL o Z01F 2 b Y H R4
AL X E B GAICRET 5.

(2) Expression Type 2 I S5 2 — & R+ O B%R
WCEDEMHEE B Z kS . MFHEICIE D OH)E Ik
N5, —DOHIE, #E ST 2 -2 HLORKRIEES, R
HHICKDHETS. Bl VYV Lo BHED Y
VUMLKY RELS BSZIFICNY) HEMFERL S H 5
BACRGEST 5. O HIE, Bl ST A — 2 LOZEDE
REE LEMEICIDRAHERA BT A, Mae L&
Wil ORIRRIE, F5, AEFICKDHETS. flAE,
VU VEEREAEHELT Y Y VB 5 100 rpm MBS
TeBEIZ D) AR AKSL X ¢ B GAICIHRET .

(3) Expression Type 3 W S5 4 — 2L Z Wl A
WA IV TR IE R I RS, Hl#HNT X —
AVLUEWEEZ LS THICERLS, £2EF V256 1
FIZE 7S EB R RTETH L. FlAIE, 7L —
F 24 9 F2OFF 225 ON IS L 2R b ) A &F %
AL X HBIGGICRET .
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Table 2 Relation setting of expressions

How to judge | Condition | Example of setting

Relation of 1st conditional expression and 2nd conditional expression
Logical decision | And Engine speed > 0 rpm or
or Vehicle speed > 0 km/h
(Example of setting that
Xor condition is “or”)

Brake switch changes from OFF
to ON under the condition of
“Accelerator pedal > 0 %”
(Example of setting that

2nd conditional condition is “1st conditional
expression to 1st expression to 2nd”)

Relation of conditional expression x (x = 1 to 6)

Logical decision | And Satisfy all conditions of the
below (logical decision =

or “AND")

Conditional expression 1 and
Conditional expression 2 and

Decision order | None

1st conditional
expression to 2nd

and Conditional expression 6

Decision timer Decision delay timer | When 10 sec pass after
of OBS trigger “logical decision,”
OBS trigger condition is

satisfied.

(4) Expression Type 4  BiEORIHI ST X — &2 D
PEAI, 7= 3GmPE I K 0 RMFHET 5. BlAE, 7
23y voa vil@ESEEh, 7 a sRIEERT, £ 72
A — SRR O M) AR EOL S8 5551058
ET 5.

%72, % Expression Type {ZDWT, S flE Dbk
EHROREMBRMEIT K Bl & e L § 5 728, H
BRI & 2 RO OIE 2, HERA RIS K
2 G FIE DRE & TTRE L U7z,

4.1.2. ZEXBELTORRICH T 3EE

BEMAFLORRE UCERERE AT H % Table 212
AT &R 125 61200 T, &R FELORIHE
EREAREE L7 B 1 RMAREE 250N 0BfRE L
Tid, SR L OGHEE DIE S, Rt XD IET %
WEWREE Lz, ZHUZKD, 2% MW THRET
BHEZOED KRNESN-HREHASL I L AREE L
Too Flo, AF v TV gy MERERFET24 43I0 %
N H R 2 6 FRE R 72 0 AR VT RE e R & L 7.
ZHUZED, b AR LBEOBIE T x — 2 DFH) %
2F v Ty ay MERELTREITAZ 2088 L, &
P EDHHE % 58 7z,

4.2, BhERERRIER

Fig. 5 ICWi» 5B L M) HE&MIZkD, 2y
TVoa oy MEMAERS U ZBEOBIEERSE AR T, BE
ffil& LT, #2830 km/h PIEFAE L Th 20T, 72
Y RENEHEL 721212, TV —FRENEEELAAL S
BT HEUEPET T D &M ERELE 2D
W, RELEZ MY HEFICED, 2F 9 T 3y MEH
AHUST BT LN TE .

5 40 ﬁVehicIe speedl 20 Kmih
8_ 30 s
2
S
o€ 20
[}
.'aE) — 10 JI
> oI
g 120 ,Accelérator pedél
@ 100
=80
2¥ 60
% 40
Q 20 0%
< 0
23
@ Z ol Brake switch
z OFF to'ON
@ - - ; :
S 2 |OBS trigger condition is satisfied.f— |
£ jq:*, 1 ‘ gger ‘ 4 issec|
2= ol—{OBStrigger } - - -
© 10 20 30 40 50 60 70
Time [sec]
Fig. 5 Results of OBS trigger set up by diagnostic tool

5. 74 VYL ABEICLEEZXF vy Ty b
IFERDINEF &

2F T gy M E HE SO ERY — YN g%
T2, VA4 YV ZAEERENILETHS. 74T L2
W{EHEEIE Display Audio (DA) 2= I DREAHERE % Rl
M3 5%. ECU & DA 2= b3 Controller Area Network
(CAN)IZX D H#TEfEN T\, ECU & JRIHH &
DREFIZDOWTFig. 612F&® 5. CANIXECU, DA 2
= PRSMC B RO 2= PR ESN D 720, ZF v
Fva oy MERD XS fF a4 MZESKAERDT —
A —EICIERTAIEETELRY. 20720, 2+ v T
va oy MEMESEREL, DAy MITHAT S
Wk E§5. 72, 2+ v 7T ¥ a2y MEROREBEMIZ X
% CANEE 74 v O/ Z BN %W 5 729, ECU
725 DA 2=y F FTOREBIIHFIAEE THEHAT . K
fiTid, ECUPS6 DAL=y FETDAF v TV ay M
WO THEIZOWTEHIAT 3.

5.1. EIXEFE
ECU»S5DAZ=y FETOMFEIZCANIZTEZ % 5.

Snapshot data
collected by diagnostic tool OBS
7 server

Diagnostic
tool

1
Snapshot data Snapshot data I

(I.ECU to‘ collected by wireless network |
diagnostic tool) |

< CAN>
ECU — > DA unit
Divided snapshot data

via simplex transmission
(ECU to DA unit)

<CAN>

Inside car

Fig. 6 Entire configuration of system
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HZEMHRETH B.

FEEE L2 F vy TV ay MERIEIDA 2= M
THMEINEZ L2k 5h, 2O, WET 4 VIZH
Ehiz /4 XFIZ&D, RET - 2B RMT 2L S
5. ZHITHIRT 5728, N9 F TV LT 4T L —
LB, RET -2t E B2

ANy BTV —=LTE, T ORETEAF TV ay
FEBROTFT -2V 4 X, Fry ¥4, BXU Chunk
No. ZET5. 7—4H9 A X F 2y P LI2KkD, 2
F o TV ay MEREHERLZBOT - 2R A2 B Z
9. £72, Chunk No. 12k D, DA 2=y MITHEED
Fo Ty ay MERERNTSZ L EWEEEL T 5. Chunk
No. iZZF v 7¥ a3 v MERAL ECU IZf-HF & N7z a1 H]
DUTOENBEESFTTHS. DAL=y MUTAF v TV ay
FME#H & Chunk No. Z Al CTEEE§ % Z & T, ECU 25%
BLTWBEZ2F v 7Y 3y MERDBMOHIMG: AR 5
ZEMNAREE A D, ZhICKD, ECUZ5DERIZIB LT,
DAx=y MIz=y PNIZREFELTVWSE 2+ v T 3y
MEROEN, RE KOHIBRE T4 5. Fig. 7122+
7 ay MEHE Chunk No. & &5 726l 7R9. T
1%, OBS @ b V) H 4D 4 %84 L 2358102, #7212 ECU
ICRFFENZ=Z T 7Y g 9 MERISKH L TH 727 Chunk
No. BEID M THENTWBHTFERL TS, 72, TR

Newly-stored

iqé snapshot data Change of snapshot data in ECU
0BS (1) 1 Ok sloeated.
055 2191 G 1 aloceted and Grunvo s e
55 51| Ghunke s alocetedend Churk it _
OBS (4th) (C)I'?usn(k‘g?s) Elgilegéd and Chunk2 i deleted.

Fig. 7 How to allocate Chunk No. at snapshot

L7z 0BS X, MU HEHERRLTEIEIZ, AF v T ay
MEBRPEH SN, ThETECU IR ch T2 )y
TYoa oy MERITHE SN S, 200, OBSD MY HE
PERL T DI, 2Ty 7Y gy MERIZHID ST
5T\ 72 Chunk No. I3 E X hTw 3,

F—=ATL =0T, HHEILEZZ2Fy T 3y MERE
6 /54 NHATTRIETS. OB, JLv—Aaho v aEL
THGERNAFESEMNMT228T, 2y 7P a2y MEH
O ERIET S, Z2F v 7Y 3 v MEHRS Chunk 0 &
LT N TO BRI, MY ARESRSLL, #Hizk
2ZF TV gy MERAEITREE E N2BEDORIET —
2 D%t % Fig. 8 ITR Y

AR CIRET S FETE, ECU2SDA2=y N T
DAF 9TV ay FMEBRITHFRBETH I LD 720,
ECUWRDAZ=y I REZETAFy TV 3y MEWRE
ZETETCOIPERBTIIENTERN. ZD1Y,
2ZF Ty MEREKDIR URE T MR E L.

52. BEFRLEEICL ST — 2R

ECU& DAz=y MIEHI& 4 IV BLU Y v v b
By DAA IV IHREE S, ECU BRI HEEE A L
Thh, A1 7=yvav x4 vF OFF %% ECU ¥Rtk
WTCa=y MBI Ak X BB Z L ANEETH D, —H,
DAL=y MIA =y 3V A4 v FOFFEKIZY v v
FAYYLTCLES. £, TUYVRREIKROY S v E Y
THEAEFIZONWTERBETHD, DAL=y FDARY v v
MY URRET S, ZOBA, ECUBZF vy T gy b
EMAERELZELTE, DA2=y MW AEZITIS
ZENTES, F—2FIPRELTLES. 2019,
it X514 7=y ¥ a v A4 v FEAEIC & B IEERT
IZEODAZ= 9 bV vy AT Y LTOBAREND &
261, DA2=y FOHEHFIIIV-L0D v 4%
HEDORAZ TN > TAF v T¥ 3y MEREFFRET
LZETTF—ARINRRELENEIICHR L BER
LS O#fERl & Fig. 9 1Y, BifEfICik, 5FBEOD Y
L—2%RXEPICDAZ=y FDY £y FEKRHL, DA

New OBS trigger
"""""""""""""""""""""""""" Chunko
- . Chunk0 and
Chunk active information active Chunki
active
Current ChunkNo. |Chunk o]Chunk 0[Chunk 0]Chunk 0 Chunk 1[Chunk 1]Chunk 1]Chunk 1]
Total frame number 1207 | 1366
Frame counter o | ---] 38 | 4 | & 0 t 2 [ 3 | 4 |-
Chunk0 Chunk1
Checksum of snapshot data | ;4o\ checksum
Divided snapshot data 13-18 | 19-24 | 25-30 | 31-36 1-6 7-12 | 13-18 | 19-24

Fig. 8 CAN data management in divided transmission
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HD7 L — 2475 % ELELA

, BERUBEBISE DB 4%
DEfEE/RL TS,

5.3. EMERERRIER
Fig. 1012, ECU IZfffixhz=2F+ v 7> 2 v MEH
DA 2=y b AGHEEERE U2 BEOBFERERAS R 2R3,
CANi_%?/{ YOEZZERE, BESEEICED ECU
LA L7224y 7Y 3y MERE &L 72851,
IE]*OMIE&?ZC D, ECUILEHEhZ=2F vy TY 3y M
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. %72, Fig. 11} 47~//a/24 v FHAEIC
ﬁﬂ%@ﬁ#%a#%%rﬁ M3, BEIR LLM
ECU sending DA receiving

snapshot data

snapshot data

Detect DA unit shutdown
(Ignition-ON, Starter run)

Execute
rewind transmission

Fig. 9 Rewind transmission
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§ 4000 //\\
® 3000 -\
[0]
) \ / \/'\
@ 2000 N\ ~—
[
2 1000 —— Reading data by diagnostic tool |-
w o — — Monitoring data on CAN bus
0 2 4 6 8 10 12 14
Time [sec]

Fig. 10 Result of comparison of data being read by
diagnostic tool and being monitored on CAN
bus
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Fig. 11 Result of rewind transmission
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Development of Headlight System with Cost Advantageous Design Using Light Emitting Diodes
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E3 =] ABSTRACT
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Bl o, EROBEERIZDY LED XHARKHAT 52 &
MEHI N T3, BEHERIZEWTE, LED O
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Wz ZhuE, FEIC, BEE LED BIEFHR N4 2=y
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W LED 28832 XA RAL, 72, B3 2 Mt
DFHETH 72— b ¥ v #HOFICREM ETE T 5
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D, EERNKE —DETEIENAREE LD, Hix 5K
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THREANOFHAS B L & 5 72,

Recently, it is widely noticed that replacing
conventional incandescence lights with light emitting
diodes as light sources is beneficial in terms of their
low power consumption, longer life and larger degree of
freedom in designing. That is also the case in automobile
industry and light emitting diodes are increasingly
used as light sources. Applying light emitting diodes
to light sources of the headlights, which consume a
large amount of electric power, is highly advantageous
for overall reduction of consumed energy in a vehicle
resulting in a good fuel economy. Moreover, if light
emitting diodes are applied to headlights of motorcycles
sold in a large number in affordable price range, a
significant contribution is expected to the reduction of
the total amount of carbon dioxide emission. However,
up to the present, the use of light emitting diodes for
headlights of motorcycles has been limited to only
certain models in high price range. This is mainly
because the headlight systems using high power light
emitting diodes and their driver units are expensive.
Based on these backgrounds, we adopted a configuration
with a multiple use of medium intensity light emitting
diodes. In addition, heat dissipation configuration that
fulfills the thermal requirements was devised without
using a heat sink that was a causal factor of high cost.
The cost was further reduced through the employment
of a single constant current regulation circuit. It was
made possible by the serial connection of high-beam
and low-beam light sources. This development made
it possible to employ headlights using light emitting
diode for motorcycles in low price ranges as well.
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Fig. 1 Numbers of shipments of LED products
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Fig. 2 Cost constituents of a halogen headlight
system and a conventional LED headlight
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Fig. 3 Characteristic of high intensity LED under the
heat dissipation condition without heat sink
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Table 1 Rated values of performances for high
intensity LED and halogen light bulb
High intensity LED
Specification | (PHILIPS/ALTION) Halogen
1) (HS1)
Luminous flux 800 Im 825 Im (High)
Rated voltage 13.7V 13.2V
Rated current 1.0A 2.65 A
Rated power 13.7 W 35 W

*(1) The performance as of products in 2010

Table 2 Rated values of performances for high intensity
LED and medium level intensity LED

Specification Medium intensity LED | High intensity LED
Luminous flux 200 Im 800 Im
Rated voltage 3.0V 13.7V
Rated current 700 mA 1.0A

Rated power 22W 13.7W

2o, BHELED 2HOWAEAICI - v ok
FINIZid~Ny F A4 MEREAZTE TEAWZ E NS 2
127 - 7=,

2.2. hiEE LED DR RTAEMARET

AT Rz & 91, BlE LED#e -t v o khL
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DICHEE LED #@EER L, #JiTh 5 LED %75
BliE S 5 2 &C, BWEREZKR L 246255
7o, HfE LED OEWN 5 @M FRHE4 Table 2 & Fig. 4
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>
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Fig. 4 General ranges in the diagram of rated power
and luminous flux for high intensity LEDs and
medium level intensity LEDs
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Fig. 6 Schematic view of onboard medium level
intensity LED
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Fig. 7  Circuit board mounted with LED of medium
level intensity (cross-sectional view)
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Fig. 8 Heat dissipation characteristic of a medium
level intensity LED without heat sink
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Table 3 Comparison between parallel and series circuit connections

Wiring

Parallel connection

Series connection

Equivalent circuit

Low
o 7 c
| N_ onstant u
" current circuit
% 7
| ' Constant
" current circuit
—tm High

Low High
o o

J_H: P—Pp—

Constant
current circuit

Current variation
and associated
measures

Separate current regulations are necessary
because unbalanced current supply occurs from the
difference in V; of those LEDs if one common
regulation circuit is applied for providing currents to
both of the LEDs for low and high beams.

The same magnitude of current flows through both
of low and high beam LEDs.

Constant current
circuit

Two (necessary for each line)

One

Total drive current

Large total current is needed for supplying two lines.
(1,400 mA)

Current is the same as when driving one LED and
unchanged with the number of LEDs. (700 mA)

Drive voltage

Driven by relatively low voltage with a small number
of LEDs connected in series on each line. (The
voltage is deliverable by using only a down
converter.)

V; becomes high in association with
the number of LEDs.

High/Low alternation

By placing on/off switch onto the high beam circuit
line, high and low beams alternation is possible.

Placing on/off switch onto the series-connected line
works only for turning on or off for both beams at
the same time.

When one LED fails
in open mode

The other beam with unflawed
LED can be turned on.

Both beams cannot be turned on.
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Rectifier regulator
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Fig. 10  Circuit diagram of halogen headlamp driver
applying negative voltage half wave
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Fig. 11 Waveforms of halogen headlamp driver applying

negative voltage half wave activation type
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Fig. 14 Waveforms in the circuit adopting capacitor
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Fig. 16 Current route when normal operation
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AV 24 A TMEXE, N4 S ZAIEAZEEXE 2 2 LT,
NA B — AN E R AW Rk e L7 (Fig. 20).
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Fig. 20 Change of current route when a low beam
LED brakes
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Development of ACG Using Regulator Rectifier with Phase Control
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Yutaka SONODA Kazuhiko ONO
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Miku OTSUIJI Katsuhiro OUCHI
7 = ABSTRACT

WO T HEGIBOMIEZE ST ) 2 2 &S 5 7291,
WRMBICTH 27 =74 M4 E O, F LR A 2 o
EDERELRREREBLZLDTE S,
FEEMAEPATE L2 7 2 54 MG &l RIS
3254, "4 XE2KkE<$5Z 81, BaRLEET -
XY MRS 5720 TE KW, 22 THRAIE, BROH
AR AEERER L X2 - LI F T2 A THh BN
MR A L, 72, MMHY 7 PP A2 @Eyica v b
O—L§35Z Ll k-> TERRKMAFERL 2. iz v b
o — LAY VI, SEREISRIS T 5 7208 LR %
WHLZ Zhoickd, 7254 Mg EHY, ¥4 X
EEZDHZ kL, HLA WA L RI%ORE
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To get free from the risks that arise from price
variations of rare-earth metals, an alternative current
generator for motorcycles was developed using
conventional ferrite magnet while keeping the same
amount of electricity generation as that of using rare-
earth metal. For the application of ferrite magnet to
a motorcycle, the way of having a larger size cannot
be allowed because of the increases of the mass and
moment of inertia associated with that. Accordingly, in
our development, the increase of electricity generation
was realized by changing the current control from
regulated short-circuit rectifier method to phase shifting
method with a precise control of the effective range
of phase shifting. For that purpose, newly developed
configuration was implemented to the sensor for phase
control to have it under permissible temperature range
against resulting high installation temperature. Through
those measures, it was achieved by using ferrite
magnet to generate a compatible amount of electricity
generation to that of using rare-earth metals without
changing the dimensions of the generator.
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BUE MR ZBID Y 221286 XhTnW5b. 25 L7z
ISEA LT, ZmEHORHIEER (ACG) IZHW S h 51
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FHRZETF N5, L a %0z ACG L bk L
TR RIME V20, fERTFHEORIE T, R
KIS ORBELARNLE L CLE S, BEREHINT S 72
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2. (AEEIEKXL X1 L—KFLIFTFAT

PER _HEHE TR N TE REKRERL F 2L — b
VOF T 74 7 TlE, SRR & OO BE 42
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= DBEONMHEZL X5 Z & CREBIEAHBL, &
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D, FEAEHIE ISR BEEAWMEEL LN TE S
(Fig. 2, Fig. 3).

Fig. 4 IZHAH ACG O 2”3, Z o mlEso 7l
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T, HiE 4281415 5.
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Fig. 1 Schematic illustrations of charging currents
under short-circuit type control in different
load conditions
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Fig. 2 Schematic illustrations of charging currents
under phase control in different load
conditions
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Fig. 3 Characteristics of charge currents under
different types of control
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Fig. 4 Circuit composed of two AC power sources
and inductance
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Fig. 5 Vector diagrams with varied phases of supply
voltage of V
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Fig. 6 Characteristics of charging currents to the
phase of line current
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JEE AN B GA, I A LIEREIX200°0C 2% 50]
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% 150°C ## % CL %5 (Fig. 7, Fig. 8).

T 2T, WAIIH 2z g EMR T RO A B Z
Bol. MBI BB, BMEOT Y Y VIZHT 5
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Fig. 7 Comparison of sensor configurations between
in-stator location and out-of-flywheel location
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Fig. 8 Comparison of sensor temperatures
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Table 1 Comparison of accuracies of detection angles
Proposed layout .
Sensor layout Before |,  After Conlgennonal
h . yout
correction | correction
Detection o ! 0 o
error angle (°) +43.5 ! 4 3
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Fig. 9 Source of errors affecting detection angle
accuracy of out-of-flywheel type sensor
configuration
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Fig. 10  Equivalent circuit of ACG (single-phase)
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(a) Magnetic pole sensor — line current (measurement)

(b) Inductive voltage — line current (map value)

(c) Phase difference between magnetic
pole sensor — inductive voltage (calculation)

Fig. 11 Timing chart illustrating error compensation
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R, : Winding resistance
R, : Load resistance

1

Fig. 12 Equivalent circuit of total charging system
applied to the production design (single-
phase)
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Table 2 Combinations of ACG and regulated rectifier
Short-circuit Short- Phase

Combination (1) circutt (2) o
Outer
diameter $132.5 $132.5
ACG Magnet Rare-earth ]
type magnet Ferrite magnet
Regulated| Control o Phase
rectifier method Short-circuit control control

Table 3 Test conditions

ACG . °
temperature Stator coil temperature 120°C
Ambient

atmosphere Room temperature
temperature

Test equipment | Motor bench

Magnetic pole sensor

S

Regulated ®
rectifier = £AR

Test circuit
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Fig. 13 Characteristics of output current to rotation
speed
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Actual Proof Experiment of Electric Wheelchair “Monpal” for Enhancing Elderly QOL
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ARG O DOFHIHERE & L T Medical Outcomes Study 36-
Item Short-Form % W \#5R#H O LB ERIRED 2L
ZMGE, AENSEIHEPH IS Life-Space Assessment Tl
L, 216 Z2Himd 5 HINT, HEOGRME % Activities
Monitoring and Evaluation System % FW\ 2725l & &b+
T

ZORER, B — b OWF A F GBI 250, &
TRV 1 72 & OEIEOE O EIZE 4 @R
Ihi-.

ZZTiE, ITNHFMEGRERERET 5.

In August 2010, Honda and Kumamoto Prefecture
concluded a comprehensive agreement concerning
proof experiments of next-generation personal mobility.
In accordance with that agreement, electric carts were
provided on loan to elderly people and an evaluation
was made of how the resulting augmentation of their
mobility changed their quality of life.

Using the Medical Outcomes Study 36-Item
Short-Form as an index for evaluating quality of
life, changes in the subjective state of health of
the experimental subjects were verified. Their life-
space mobility was evaluated using the Life-Space
Assessment. In order to reinforce those evaluations,
the Activities Monitoring and Evaluation System was
also used to carry out evaluation of everyday bodily
activity.

The results indicated a tendency for the use
of electric carts to expand life-space mobility and
contribute to enhancement of overall sense of health,
activity, and other such aspects of quality of life.

The following will report on these proof experiment
results.

1. FANDE

Honda (& H AT 0= O L B THS i BE A fh 2 03z
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2014 £ 3 H & CHERLFEHiA B Z 5o 7-.
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% ok MNHR&D £ & —

* %k AR TEESHE

% % % ok WAL BEARMERE L v & —

BRI ANLF —ZFHT 5 EANBEFE (OS—v F
ILEE) T 4 ) DEEIZE > TOHEIFDE (Quality Of
Life: QOL) AL, OWTIET I 2 =7 4 TOES LOED
M EICHBNT 5, €O &5 BRRELY 7 4 OREMRETIC
By THZLAEHME LY (Fig. 1).
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Fig. 1 Honda electric mobility synergy
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Fig. 2 Annual shipments of electric wheelchair
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Effective usage promotion of Creating benefits
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(1) QOL increased by using electric cart

(2) Public barrier reduced for
unaided outing with electric cart

(3) New utilization methods developed
for electric cart (Shared use)
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Fig. 3 Objectives of working group with government-
industry-academia collaboration program
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M EEOMGEHEL T3, Z0% — ¥ A& &g
M EEE RIS 5 &l id, Sradhise s FH$ 2 &g
O YHIENEL, HEERDIZLEAL 2HEH,» 5 DX
Bae2I2Z e BLILNRELTATHS.

LAL, Miihe & IR 2 I BRBE DM T L, RBEH,
RPREEOAAT KR 22 5 T L 3 &AM Bh e mbe i
EDY - ZARMBEL A5, ¥ — VY A& EiE TS
ERIFT 2 EEEN NS DY — 2 BBIEIZ % 5 7284
T, = 2EZHHTHILETEZN, BEIZKE) %
KIETE BEEH — b A HIUTHE . L 22 Ok A il hE
T, T OFGER, FHHITEY R T B 2% 0 B 2 W] A A &
HHAHENES 5. 72T, Y — ¥ AN EEmmE RS
A A RIS 2 S icxt LT, B — FFIH#% o
QOL IZBId B k4 2 L2 BALd 5 HIWT, REAHHNE
LT %% — ¥ 2 & Rl i EE THATERE B 2
75572 (Table 1).

3.2. QOL iy — v

FAEERA B I OO T 4 =L FiZBWT, i)
# — s AIFHZ ORI FRi#% oA (H 1), i,
QOL % EDZA L #MGET 2 HIY T, LIF DMl Y — L %
ARV

3.2.1. £FEFEHOFMEAE

(1) BEEEHTME SRS EORMEICIE, HEEES
E=4 1Y V9% Activities Monitoring and Evaluation
System(A-MES) 7=, Z2® A-MES i, #5& DK
B b I REEBIZ RS L2 OO Y VD F — 4 A
g%, T4 2 2 & TUTOEERELFMIT 2 Z &N TE
% (Table 2, Fig. 4).
(a) 24 MO BIIEIRRE (BT, BERL, ST, i 4 5K,

HT)
b) EAZOIRGE (EFEALL, GRIBAGL, ZEIREAGL, MEEAGL)
c) BB Orb LAy, fE LD, Bk [
d)  BEEORIER & O K F5e g
e) 1M & ICKRBEIRED N © 5 IR EIE

A-MES (ZIEET #0538 ¢ HFEEL LIRS 52 BT
WHENTED, F—23u - ICERMEMINL Z &
M5, WERFHOHE (24 M) OBfEREE=2) Vo
T&E 5. FAFEBRTIEEI I — b 2FHTHERHL &
WHD 234 — v THIEE 28R L, Zh 6 o HEEE

(
(
(
(

Table 1 Forms of use in two different testing fields
Ownership User Utilization
form area

Fiel\ll%-réing-care services Care facility Group Living area

FIeAldS_SiBSted-living facility for elderly Care facility | Personal | Living area

Table 2 General specification of A-MES

General specifications of the Data Logger
Sampling period

0.2 sec constant

Recording time > 24 hours

Power source size AA battery x 1

Size 85 mm x 75 mm x 25 mm
Data Sampling time,

6 sensor data items (12 bit/data),
Measuring time

DENEFHI L 7.

(2) Life-Space Assesment  AEJEAEE7ZDIIEH)
L7zl e AE E A DR TEFR I N7z Life-Space
Assessment (LSA) IZAFEDOZEMM A2 D IZH 1 2 F48)
AT 248 CH 5. 7 2 TOMEIERET, EunEM A
Life-Space & LTl 2 BHIDJF i A MADERL L,
EWEBI ZOEE» SN ETEUTOSEETERL
FEME 0 fiAr 6 120 OB RIZE->TEZ &S

Life-Space 0 Bedroom (%)

Life-Space 1 Home ({EJE/N)

Life-Space 2 Outside ({322 D Z < ¥ < DZE[H)
Life-Space 3 Neighborhood (VL)
Life-Space 4 Town (H]PA)

Life-Space 5 Unlimited (H] #})

FLAEFERTIIEE A — FAHETO 1 - A & EE S — b
RIS O — 5 HIE O LSA il % i L 7=.

(3) TTENEEE DETHA E V7SOV OAEBPIRRE K O R g
TERILZ FCek§ 2 720, BiEMKE L R L 7= GPS 7 —#
uf—aBYEL, Y OOLIZHERL 7.

E VS OFEEIRGE K ORI EAEIRILE GP S 1E @I
TN MR LB TERE AT A LbEhb. ZD
7 7 AT ERETE S & BN ARSI A2 E LT 1
Oy TEIbE T4 — 2 NICHRIE S MM, (RIES T

7z, RAFT — 2 OWERMIC, BEPHLT 720, &
A VI —, NV FYINAEOEIEIRDL, /Yy 7 )

A-MES sensor

Three-axis :
acceleration sensor |
i

' Measuring points

Trunk of
the body

Thigh

Fig. 4 Sensor and measuring points of A-MES
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Table 3 General specification of GPS data logger unit

Sine dCéD\I;?Crgunicator 1015 x 1392 x 478
(LxWxH) Antenna 20.0 x 35.0 x 60.0
GPS ¢ 61.0x19.5
Total weight 1.8 kg

1 sec (const.)
5 minutes of FOMA transmitting period

Under seat of MONPAL

GPS NMEA0183
Velocity, Accelerator position
Steering angle, Battery condition

Sampling time

Loading point

Sampling data

PR LB, E- 4 BRFOFEEREEHLUMITT 572
DY 7 b T EFAFE Lz (Table 3, Fig. 5, Fig. 6).

3.2.2. QOL FHfi /5%

BEAH — L OFHIZ & 2 QOL Z LD 113, R
3 QOL (Health Related Quality of Life: HRQOL) D&l
FBEED —DT&d % Medical Outcomes Study 36-Item Short-
Form (SF-36™) % w72, —fZ HRQOL I3 el R,
BERRF R E O DIz a5 Y ) SF-36™ 1
BUGRREEIZ 3, (I8N O 0 R fe 28 D 7 k12 B
%< QOL Z#3Hli CE A2 H kA H LT\, SF-36™ T
DOl 8 FEEHD RE THIK 2N B. £ 6 RIEDHROD
fEflA Table 4 1R 4. FAICIEACRRARIERIZ X 23

Communication device

FOMA Antenna

Fig. 5 External view of GPS data logger unit
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| " RN
Velociy Throtte o e post A

mand sition Angle position
1 4] [}
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Fig. 6 View of Sampling data on PC screen

Table 4 Subscales defined in SF-36™

Subscale Abbr Scoring reference

items ) Worst condition Best condition
Physical Impossible to take a bath or i i i
functioning PF chgnge lothes All physical activity possible
Role. RP | Experience trouble with Experience no trouble with
physical ordinary work ordinary work
Bodily BP Ordinary work disturbed by Ordinary work not disturbed at all
pain severe physical pain without physical pain
General . ) . .
health GH | Health condition getting worse | Good health condition sustained
Vitality VT | Fully exhausted Full of vigor

. Friendships with families, Friendship with families,
Social SF friends or acquaintance deadly |friends or acquaintance
functioning disturbed by some physical or | not disturbed by any physical or
mental impairments mental impairments

Role RE Problem with work or other No problem with work or other
emotional activities due to mental reasons | activities due to mental reasons
Mental Always feel depressed
health MH | with nervous temperament Always feel calm and happy

(relating to a health condition in the past month)

HHMAHV SN, ZHEEER R, 5K 1 7~ HE O
HEREZ AT 57200 36 HHOERIZ X DR X T
Vw3,

3.3 EAIEBROEREER

FHEER T 4 — L FIZE Y OLOF| B A %L, &
BH — +FFHE ORI FRT% O (HEEIE), B,
QOL OZALREE & — b FIHIRIUIZ DT FOMER %
57~

3.3.1. &£iE (AEEE)

Irilst CEE L — P AR L7z 28123 L TA-MES
AREL, B - bEFHLEZHBERHLTAVWHD
INFNTHEIHEEZE=2Y) V7 LR % Table 5
& Table 6 IZ/RL 7z, &/, BE#IH — b2FALZH EF
AL ZWH TAEmRBBFICX2EZ I ECE LS, WH
Ly 7T — 2 PIEREICFHRIT 2 T B BRI &2 il L CER
fliL 7=.
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5 61 [HINEF 2 DM /R L 7.
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AT & WA AL ARTHE DY, A THRERTIE 29 27 O HEN
Ntz 2, FMERIES 1 HY720 D5 B BifEHN
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Table 5 Movement status of subject A in Field A

Without Monpal With Monpal
State/Posture A_ccumulated ContinL_Jous Apcumulated ContinL_Jous
Time Max. Time [Time Max. Time
Walking 02:44:57 00:03:03 04:06:04 00:05:50
Standing 00:46:22 00:04:24 01:11:38 00:02:04
Sitting 02:38:16 00:30:53 03:03:30 00:17:13
Recumbent 06:12:40 01:30:01 04:00:43 01:31:59
Total Time 12:22:16 N 12:21:56 HEE

Table 6 Movement status of subject B in Field A

Without Monpal With Monpal

Accumulated| Continuous [Accumulated| Continuous

State/Posture Time Max. Time |Time Max. Time
Walking 00:36:16 00:06:00 01:05:08 00:02:15
Standing 01:03:03 00:06:50 00:45:24 00:04:19
Sitting 03:04:28 00:13:14 02:55:36 00:24:37
Recumbent 02:32:43 00:32:52 02:30:07 00:31:14
Total Time 07:16:32 Tee 07:16:16 Dee

PEE S TE BB EHEEA ML, BT &AL
EWEIIZTE20DFRNEINTWS, Thid, &5
EE ) — PRIHARZ OFIENEIT T A RN H B T &
ZEHLTHWEEDEELIONS.

L2 LaNS, REFEFEERTIX, T ZITm L7z 26854
TE, BEEBECE S — P EFIHLZH2ZFHL &2 0H
WZHRT, AT IR O B & BARL I I O SR> A HERR & h,
I — PR ORGSR & U CHMUIS BT IR 2
WY EE20TIERL, ©LABIHKES AWM, BE)
VZBEPES % L AT R0 BN D B & BN & & A HIEC B %
ZEDIRE NI

3.3.2. LSA FHiifE R

74— FATEIH)— M EFHLZHEREDS B, F
FHHGERIZHEAE U 72 13 Bl Life-Space 227 & EE)H — b
OF| M # Table 7 1SR $. EE) S — b OFHAHE X
FIZERFH L2804 S, BEiC 1 EFEE# A, H8 1 RS
& BT L 7.

@ﬁ~lﬂﬁw®LSij7# WAIRER S — b
ORI FHEE AL, W2 LSA 2 a7 2w NIZEE 4 —
I OFIFBE 23 E O E 2 B 5. LSA 237 DZEfLEE

B — b ORI b XL 2 A, BEjh— FDEA
MHBETLSAZa7METF LR 44, mbELA-EZ4
%, ZALBEWHIE 28 TH > 7. BE) S — b OFIFHBHE R
VA OBERHEIZIE LSA 23 7 DA EAED 5h-.

3.3.3. Q0L OZEA1t

7 4 =L F AOWEREDOEE H — b FIHRH%O SF-36™

OFEFIT, RIEDZa 7Y V7 Z e 2 EREEE IS W
722279 % (Norm-based Scoring: NBS) T:R¥ 5,
N SFIHAT (Before), % (After) DIADDRE D
RAENHMEE LTFig. 7 13R7

Table 7 LSA scores and usage frequency of subjects

Subject Life-Space Life-Space Usage

No. | Score <Before> | Score <After> | Frequency

1 120.0 102.0 B

2 84.0 24.0 B

3 49.5 63.0 S

4 102.0 120.0 A

5 66.0 84.0 S

6 120.0 — —

7 84.0 84.0 S

8 120.0 63.0 A

9 120.0 63.0 B
10 22.5 54.0 S
11 120.0 120.0 A
12 18.0 — —
13 19.5 — —

7 4 =)L F AT, GAHEE (Physical functioning) & &
DA (Bodily pain) 23ERFEHENE 2 K & < A>T 7z,
% 77, 2RI (General health), #7J7 (Vitality), th
2R (Social functioning), ‘LOfERE (Mental health)
2DV, IXIFEREUEW TS - 7.

EHH — l\ @*Uﬁﬁﬁﬁ?"ﬁf 13, HEEIERE (1) (Role
physical), H#&EIBERE (K5t ) (Role emotional), DDfd
% (Mental health) DR DIa] E R X 7z,

3.3.4. # — E X 2 Sk M (HEE T DOIREE
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Averages of subscale score
N oW A
o o o

-
o

Al

PF_N RP_N BP_.N GH_N VT_.N SF_.N RF_N MH_N

Fig. 7 QOL before-after difference using Monpal in
Field A
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FAFRBRT—FELL, 1BDE VLI WEREDENRE
BIEML, EifE —ZXB-ZLICETERHLTNB &
JEAH & 7

Ihoicky, BRI — FOWEHMS LSA 2&50, 21
AHEORIFEME? G Tld s <, 2ERNERERE A2 E O
QOL o LIz &3 2Hhid 5 Z LR Ehi-.

2011 4F 10 ADEmFHE T WEOEEIZ L D AR I
72— E 2 & G e 3 L cAmES S
<, FRAFET) 7 TOMELEML TWEZEen5,
ZZTOEH - D=2 FEnEEbh s,

8l Subject: Mr. K
* Age 86
 Care need level 1: Legs impaired
* Occupancy date :Jun. 2013
* Method of moving around while
outside the home: Taxi
(almost every day, sometimes twice a day)

(a) Profile

Maximum temperature transition at Kumamoto City
(Data from Japan Meteorological Agency)
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(b) Monpal usage throughout the testing period

= X = e L .

The recorded movement locus and circular polar coordinates

are aligned with the corresponding section of geospatial
photograph from the site (http://mapps.gsi.go.jp/maplibSearch.do)
provided by the Geospatial Information Authority of Japan.

(C) Representative frequent routes of travel

Fig. 8 Survey of subject’s travel in Field B
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Fig. 9 General diagram of system configuration
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(a) Menu screen (b) Actual location  (c) Operation status

Fig. 10 Display of tracking monitor on smart phone
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Research of the Technology for Reducing the Load of Yarding

(O B E O (INN i E O B

Yoshinari TAKEMURA Hiroto YAMAOKA

VAR S S -k # BA*

Ukyo MATSUSHITA Tomohiro KAWAKAMI
7 = ABSTRACT

Hilnzigkk 4 2fifd2A s 0, A HAOEDREHT
BHBHZENMENHEENS. Honda D H ALK
N =y T, R ATV Z Offifii & 2 LT
W3,

A TITRILEED =D, e — oy 2 & HF &
L, Yo 72K % eSO ARG 2 Mg L 72,

Zhidsu— 5 A/ NGERREE R—2 & Lz, Bilick
i B M AR, ERETT RO RERL DMK, RS R AR DR
HIEA L OBRED 720 DFiTH 5.

IR DT DT, FEBM A B U B R %
MERR L 7=, 2 6 OFEBED T & D M EFD B % K
L, BHilfReEr stz 5.

Satoyama provide a variety of services and are
symbolic of the coexistence of people with nature, so
their conservation is to be desired. HELLO WOODS’
is a facility that Honda maintains as a place for people
to experience nature. Here, we perform conservation
initiatives and receive benefits from the woods in
return.

This research uses HELLO WOODS’ as a case study
in Satoyama conservation. Technology was developed
to reduce the environmental burden of yarding; that is,
moving trees after they have been logged (cut down).

This technology uses a small crawler-type power
carrier and has an unmanned carrier function, overturn
suppression function through sloping areas and
loading/unloading function.

An experimental carrier was built and used to
confirm that each function worked as required. These
functions could reduce the burden created by yarding
and help to conserve Satoyama.
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Fig. 1 Satoyama in HELLO WOODS’ (Provided by
HELLO WOODS’)
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ROAA, TR AE L 28 S ARERHN & fE 3 2 1T L,
Iz THOfEA L4115, BLLEAEEDIRL, 414
0.4 ha DHIITIKIFL 2R ZHEM L T B,

FEIZBWTCEo0AHE 2 A Xz, —>D
HIZEMD -DIcnB a2 ME L FEET I L Th 5. R
HCIEFL D & 2RI 550 T, S 2 E L 25 6 20
WTHELTWA. iR & 21X ERMA22 DA
AVHEET 5. O HIRMEFMETET L TV B & X ICHIEL
RFTNIZETH D, ML mWBRICT 2 7-8, BRI
KEHEROVLFUTOMU»REZ IR TES, Z0
BEETAEKAEL 55, ZOHIZ, BEVWMORMARKRA L
Thb. 20 kg 75 35 kg OMMPEER— 2 THRPHE LD
Tk, V=20 ay P TOT V7 —F CRMORAREA L
DEEAICHRE D5 VeV IERZ V. DILEO=DDHAMH
ERIRT 5 72812, Fig. 2 TEM #7R9 & 512 LUF O 8k
%, FEEPTH, BRI O =D OBREOREE A QL $ 5
(1) fme Adit

HEATHOET 25 Z sk, MEEFHIMOIEESTTHE L
BOENTH L. RO 52 A TL0DTH
RIEMKIR S T 5.

FHEL LT, PORELZIL— 4 @B TET LHEE
FTH5ZETHD. BINTRAMRHEE 25T GPS #F|H
TEEWI EAEA T DOOTERICKDFEEL . —D
HIZEHAE T, 15Hr ot nwoEHINEZ &R
BRI & P B BRI TR BT CE A 2L 2 EL T

W3, COHIEHIREREE T, B, BT D S (KR
5 DWEEDERIC, D WERERTRIEEENTEL I L %
MEL W5,
(2) BERHH

% < OM % R LER L 22Xk 2 ET735 2 & T, &
LETOFEREERKS U, %77, B2 TR 5 Z L
DB BBDT, AEEL L THIRNTHS.

20— OB OIZR & O §itk & 0 GO HARRE
THHIZEns, EAICHENCISLST5. 72, “RiEe
PRI 2 BN E LS 2256 & 238, 1EA 90 ecm Tdh 0 Bk,
JRVVE 28RS 5 & BRI & e 5 0 CHINEE OB 2
SMUITIE A, RO ETTE 2 #EMHE O Y 4 X &
FrL T, ELICBENS 22T 5. 207291, 7
ERBHREHE & 2T RIS 5 Z & T, HRICB T B ELNT v
2 &ML CETT 5.

(3) Mkl

MOMAREA LIEHEZE, NI L -2k DITS. Th
&0 SR BEHA KR TE 25, 7L — YO fEIZBWL
TN =Ra s fiEkary te—-7%2H0n5
ERE iR, LT, KGO =T 5720 EME
BOMENREANICE > THRIFEERELFELET I LICh D
Ak, 2, BIEEICKAEROEEES & 5.

I THMOBE A EERET 24 V4 72— ALK DE
Gyl E AR FBLL, BMEITHER T AW ADRIHEE K
ELE T I EFITELRARRA LIEEATTEIZT 5.

Overturn
{ suppression

Logging road_
changed

Unmanned carrier
Visual navigation

Loading and
unloading support

Logging road| ;. anned carrier
fixed

Yard Electromagnetic navigation

Transported by trucks

Fig. 2 Three functions for logging in Satoyama

3. XBRHE CARFDRE

Z 2T, BEREMGEIZ T 2 S & BRAEIH H 12D W T

BB,

3.1. EEtE
FEHIIEIIAL HP500 2 X — 2 & L TR XL L,
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Table 1 Experimental carrier specifications
Experimental Honda Power
carrier Carrier HP500

Length 2090 mm 2030 mm

Width (cargo bed) 850 mm | Max. 900 mm

Surfacg area of the 180 mm x 180 mm x

grounding of 694 mm 694 mm

unilateral crawler belt

Weight of carrier and 703 kg 542 kg

max. load

Max.

velocity (forward) 2 km/h 4.3 km/h

Max. angle of rise 20° 15°

Type of drive of 2 Motors Engine

crawler

Power source Li-battery Gasoline

SHEBEDHAE R £ v, BEIR AL, & CTOMBEE ]
W 2200V 27,3y ba—F &R L7 3RS
RO FERBED IR FETC A Table 118 T. ETEORS
ML, =Ty ZTOEMED Z Y — F22FITRE
L 7.

3B E SO EBEOER Y 27 4% Fig. 312, BYEL
7= B % Fig. 4 ISRt

RO 7007 L — v IidfiE OBIZEE L, fiE
HWOME2 S T TR T—LEE L 7T—2o13, ET
BHZHT D 72724, FEEHEOHIZIT 5. BRFED 729
DA A 53 EDORMAE 7207 — 212 L i &
ML U7 mAWSERE S X FHIZFHC L CETT 3.

3.2. REIRE

BAWRTIE, 72 Pa—-2%&ETL, RbOREE
FNTETTE S Z L 2 MGk 5. BEdlHl <k, 72 b
O — 2 % RIRETEITTE % 2 & MGk d 5. R

System |— Power <__| Battery unit I
controller unit
I — I Remote controller
Sensing system for -
unmanned carrier  |—— —>| Motor driver, motors, brakes for

* Unmanned carrier
» Overturn suppression

Sensing system for
overturn
suppression

Motor driver, motors, brakes for
—>| ¢ Loading and unloading
support

Sensing system for
loading and —
unloading support

Communications network
Power for electronic control units

Power for motors and brakes

Fig. 3 Electric system of experimental carrier

TIIAREREIZ K 2 RIAIA AL L FA[E A U DIRF] 23 ik o) 2
PEam-32 L 2 Rild 5.

AR &R O 7212, N — oy ZOEMIZE
D LETHEEOR#HERM L TFig. 5ITRTT A I —2
AREH U 72, I AHROX O ER T %Y 50 m TH O, M
HRGEE O 73— ZEAT O B & BEER U 72,

Fig. 4 Experimental carrier

R2 m S-shaped curve
20 deg uphill

50 mm
convex part

10 deg downhill

20 deg roll slope
20m jf

50 mm
convex part

| Unmanned carrier | | Overturn suppression

About 50 m around

Fig. 5 Test course

4. EBRFIM EERAT

4.1. BWFE

FETT AEFEE, ZREE T — Ty T ORREARIA
5116 900 mm, AT —ILA 7°, e ALY %A 50 mm &
WETD. BBOHKBLELFETD 5.

B A EAT T 5 728, BRI L Bl A 22
T < EPABICOWT N ELBARET 5. LHON
EEFANORIIZRL L7207 — D &S —fikN
BFHETIE, L TOMEZ#IC X DFEERE DG KD
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Bt e K & S WBA R 5720 E M UEEEIC S
g 3.

411, HEEEH

e AFAIZ 30T, Fig. 6 O &5 ISEHES 900 mm D
M=t LT, ZMIE 600 mm D2 0 — I WEFTEZ En5
ETIHCHIRTE 22RO AFHZEIX 150 mm & & 5.
fESED T —FI2F 1 B /R A AESEE Y BTl
% (R)2 m &5 5. R2 m T, #EkfEEIZHWTH
KAETATHE A EEEOME & LT 1100 mm & 3%E L 72, 7
TRRO RS, BB 2 ERR O E LA T &b
B HCONE O HEE G, BIEEITDFRIEIZ DWW T Table 2
DEITHBETELRAME LTHEEEZED 72, IO
WCOEMRE, EHEHBIZH T 2 km/h BLEOETAATHE
HZLEL7.

4.1.2. ZER AT

FEERAE S E T O _EICEE S h iR L D
RS B AR VTR L, HONE % #EE L s
MEETT 5. BIERHIFEERR IS F0E U 7R o 1<
KO EIEAE EBFIL TEIET 5.

skt £ 3 & LT, B & oA & BT T
OB AR L 75 5 & 512, B\ Z OFiAEAT L 7=
Wy ey S ohs OOWMRY Yy ERET S
MR & L7z, 7022 Vv HED 2 — L EIRR

AL, FERIC K RT3 UIE CE R
IS =V ERE XL ZOBH SL - VEIZ, BRE Y
PNOIA NICHER SN IFEREFEOE — 7 2RI T
. Mty TR L REREREY -2 Ve &t V9
TR L 2B EEEY — 2 Vip DERZ ML Ve, 7
VR=IULDOBEHIN S E LS, R (1)D&K S IZHHEE
B & OFEEE r 12K I LB RO R O ¥ — 2 12 il
T5. 22T, Vwp & Vap 3R (2) TEE B E LD, &
(3)D KKy, M z 28BN TES. ks, X
(1) 25638 (3) DR C i, FEERIZ X 0 [EHE L 7=t % i
T3, MEL 7 DOEBHKCIIHEASEOIIS DX ICX
DWIHEARN S DBRIEFERAFE C T AW, 22T, =D

Required range of position error
+150 (Straight road)
+250 (R2 m curved road)

T

600

Width of crawler

-

[~ Width of logging road

[ {\

900 (Straight road)
1100 (R2 m curved road)

Fig. 6 Width of carrier and logging road

Table 2 Required range of position error

Factor of i Required range of position error
actor of position from center of road [mm]
No. | error from center of
road
Straight road R2 n:oc:érved
1 Gap of laid cable +50 +120
and center of road
Position estimation .
2 (Included in No.3) +60 Not setting
3 Trajectory tracking +100 +130
control
Lateral margin
(No.1+No.3) +150 +250

DEEFIZ B TR OFRZEERRFE L5 K512 C
% FE L 7.

v C C_,uNS di (1)
P T 2n \dt) pew
¢ y Cy
VVP=7'\/ﬁ= 24 52
) e (2)
v C b4 (2
kHP - y2+Z2 _y2+Z2
CVyp
Y=
Vip+ Vi (3)
CVip
=
Ve + Viip

ETHIED 7912, Fig. 7 1R & S ICHEpi%Ic s v
22X VHEV 2L ERFEL, KEY 2 - L EDHER
AR & AR HOALE O ACT-FREE y & AR & RO 5T
farE @ k0, KEEE Q7 % % 5 4, EEMEE VI
il LEAD 7 a— 7 HEEAEEF N 5.

Electromagnetic
sensor
outputs

Cross
sensor
module

,' Carrier

Fig. 7 Position of carrier and sensor output



EMEFOEEZERT 5 RMOME

Table 3 Tolerances measured about each factor

Table 4 Position error of automatic traveling

EHEeIRE, Fig. 8 TART LI/ uA by HEY 21—
NACENET 25 ARG ERIRIC KDY E 52 & T,
KR (3)DMMEE z DMEHARE LMl EEA S Z L&/
MU THKREEIEXE5.

4.1.3. #&EHER

Hi L ZIRETHO 0 2L Y HEY 2 — L OFRETENR
&, Rk B W CRRINL 723322 D i K & Table 312
AT HEO 702 VY EY 2 — L E LTORKEER
BETOFEEONE LTx54 mm Th - 7=

AFHRIZED F X b3 2DETEEBL 7. Fig. 912
BEABIZ KD ETL TV E27RT. Gk, BRHLE
ERICT—2&2ETT5 05, RETTHRNSHMHE
HOov—2 ¢ BB N TS, BIGETICK T 2ER

Threshold
to stop

x [m]
Shield A
board 7

4

Estimated sensor height

x[m]

Fig. 8 Automatic stop by shielding magnetic field

Fig. 9 Automatic traveling by electromagnetic
navigation

No. | Factor of position estimation error estimE;{:r[mm] Straight road [mm] Rig?;r;’n?d

Slope of cross sensor module Required range of

! (rollp10 deg, pitch10 deg, yaw 20 deg) =12 pos?ition errorg +100 +130
Electromagnetic strain Test result +35 +43

2 (max measured value of 2 carrier- +28 Consider a production
bodies and 4 sensors) tolerance of carrier and +63 +71

3 Measurement error in calibration +5 sensor

4 Electromagnetic noise +4

5 AD convert and arithmetic error +2

6 | Others +3 Table 5 Required range of position error

Required range of

Factor of position position error

No. | error from center of from center of road [mm]
road Straight R2 m
road curved road
1 Operation by user +50 +100

in teaching phase

Position estimation
2 in teaching phase +25 +25
(Included in No.4)

Position estimation
3 in playback phase +25 +25
(Included in No.4)

Trajectory tracking
control

+100 +150

Lateral margin

(No.1+No.4) +150 +250

%, 70— J O & FEEOMEEE eI &0 e URE
FT35Z LIk DH7. Table 4 12T & 5 IZETHHRIE,
Table 2D No. 3 IR TEFA TR Amd LT b, F72,
HKE O DXIZ KAWL EAEEEL TH R ERTX
T3,

4.2 REFE

BIUTEHOM 2S5 HE, 503N ELMEL T, ¥
BEESCHHE X 2 OREN R 5728, a/NZ MME
H<HONEEREZ ZL3HLY., 22T, ALWITH 3
v — 7 HERRRICEBER LTV — 21 B B O fLE
LT HDHACNEEMEEICRINT 2 FEeT5. 7,
ETREIELAMZUIDEL A E2ED H 5 W 3 HuEOET
EHREICT B0, T4 —F VTV ANy 22k BH
BEITEITS.

421, BEEEEH

W3 2 BT REE ER I EERE LU Th 5. &
WEDOIHHRTEBRKEEIZOWT Table 5 1278 F. Zon
ETHEOFFRREIZ DN T FERBOBRIEME L b PuE L
7z, iz, BUNETE L BIGETIRICZ B O B
EEATD T &b Bk 2 HE R ERSOREN 2 505
ELTRENS.

4.2.2. ZERR A

AFWHETE, REL-HONEWE2FET 572912,
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R vV -ACEERSRE, N YK
3 H O EHEERSRERA T DR E L7

WL VK SACKHEHRED 72D D~ — 7 BlEl,
F9H AT O & T — ZIIRE IS L, RN TH
B A ET S TR TE ANEATERL 225 ZO0
AP Lz, R Yy & O 72 O E HEE TS
2AY Lo~ — 7 i ERBRE A BED -9, Fig. 9 T/RT &
HITHARTIE~ — 27 B LA HISH 0.7 m BIFE CRLE L,
HAR TIEAMINCHY 0.9 m IR CRIE L 72, ~— 2 ICI3 MR
VER G A3, BT AN DI > THiff X h Tk
D, FEHERDFRIENE EORETH X TITRGT 5.
MUY HFI3EGH AT VEMNEZATFLAH AT T
by, BHBROKELBRERENHET LI ENTES. Zh
12k, BHREBOFDOIIZL D~ — 7 OWYR EJGIER Tl
M 2Z el s, REEMEEELS T4, &%
Tl 7 * 7 O R T2 R0ERH D, Fig. 10D KD
ISR 2 EAD I XA FICRH L T—DFDRIE L2, 2T
LA A AT OFEBREIIEL T3 L EERLAGTE 22
BEHATRE A JEPH T 03 m & L 7=,

Power supply unit
for IR flash light

IR flash light

Camera and lens

Fig. 10  Stereo difference camera unit

Table 6 Features of position estimation by each

sensor
Proc_e ssing Noise Drift
Time
Position
est|mat|on by Large Large Small
visual
recognition
Position
estimation by Small Small Large
inner sensors

B £ ¥ & o7 3 OB E O T2 PN E IR

(1) BifgaE i A, (2)v— 2k, (3) 27 LA,
(4) WERTALE LS, (5) ACEZSHIE, (6) 1

EFENEZSBM D & 5T 5.

HEX Ik v —siti 270, BHOMEZ 7N
THFHEEPHLT, MEESLXOCAREY s —
THERTET EbBEARE VHEFHL T, BickD
HOMEOHEE %175 . Table 6 12 Z2hZh o HCH EHE
EREROFHART. Z0HRLD, HE LV HICK5HD
P KSR A, R v 12 & B H O EHEE I
BRI, TN TN BN E AR AA L TWB EF A
3. ZORMAEET 010, L AN BT Y 2
7 AT, Fig. 11 TR I IR vy Hickoffons
BAEMBEICRH LT — S22 T 4 L2 ENRE v HIZEDES
NAHRMEIZ ULANA /S 2 T 4 L2 %0 LA #1475
Z&T, RELHCMEREZFEHL TS,

BREET TR, BonEfTo s o —-S#EE 7 4 — F
77— FIEHE LT, BUNETROET#E & BUEDO A &
DfzE%E 7 4 — PNy 2E LT, Efiva— 7388 iESa
RNV RN

~— Control PC o
Crawler /—| Position estimation |-\
velocity

Short-term
dead

r reckoning 1‘,,,, Vs 2oy

. IO
G/Gyro Calculation of carrier S HPFE + O NG

sensor posture and position i 'T g

N
Carrier posture Compensated LPF
0. 0. 0 carrier ‘ \

\_ w Wip Wz posture 0, J)

/—| Recognition PC I ~
\4

Calculation of
carrier position
from visual recognition Carrier position Xor Yorr Zuw
Carrier posture 0,
~ J

Fig. 11

Process of integration position estimation
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4.2.3. IREHER

9, R Y 27 212k 5 HOME ORISR & 54
5. Ky 27 L3E0R, BIEETOY AT LTHS720
ORI 5 b L — 2RISR 5, MO 2
WO IZEETE L. 207729, L 25746 LTE
FICHEEFBH L& ZORNMEDIEEDE T bbb
HRMEBERDFEICK DT 2. Ak, 205D
Ry oo DX ICHKT 3.

WAL 27 OB NERD > BIEEREO N & &5
O, FIECFIH S han e, 0, B\~ X, Y, Z, 0,0
AR THSD. ZZTFig. 12DKIHATFTV AT Lk
X—Y—Z—0,7— T NICHEL, R4t~ — 27 2L aH
57— T AEBE Mz X 3 Z L CEMNEEZRL 2.
B A ET 5 g E0 X HOMEIZ BN T, Y s
B A A T DEERL L 72830, Y Sl 161 D R A e 3 7t
% Fig. 1318, mBFMEAM LW ORRED, I3
AMERDEE (30)1327.7 mm TH Y, Bf& UTERE
L7425 mm & &R L7- 2 & D3R CE 5.

AFEICED, 72 b2 —20ETEREBIL . BIEE
TR EIRIE & OFTHIZDWT Table 7 1287, R &
D, Table 5 M No.4 IR RFARAEHN A W72 2 & Vi
BTED.

[Top View] y Left mark
%EX 0.30m
Right [ 090 ™
mark
Stereo difference
[Side View] camera
4
L& x
ST 20° 0.48 m
0.16 m
1.90 m 0.75m
Fig. 12 Bench for measurement of locational error of

visual recognition

9.0
8.0
7.0
6.0 il
5.0
4.0 } I

3.0 1| | l |
2.0 }
1.0

0
-0.5 -04 -03 -02 -01 O 01 02 03 04 05

Error [mm]

Displacement [m]

Fig. 13 Locational error of visual recognition

Table 7 Position error of automatic traveling distance
from teaching orbit

Straight road [mm] | R2 m curved road [mm]

Required
accuracy

Test result +15 +40

+100 +150

4.3. HEEniH

RPN FICPROET 2 HifE L LT 5. ikt
IZBWGETF R ERAMRNE 20° & L7z, 20° DLLofd
FHZ N TiE, KU LM A2 LT 20° OFHAE T
BEjxesZ L2 MEL TS,

4.3.1. BEEEH

HREDO T L LT, ImAu — L 20° OFNEIZH W T
A 50 mm D™D b 5 i % FikETET 3§52 &
Tdh5.

4.3.2. FERARMT

LRLEALD 72012, BIRAHEB EMED D OME
&Lf,%unv/x&m%ﬁéiv-Eﬁ_hﬁﬁﬁﬁ
5. fiaoOw — U & i G EE L 72 ilR e s kD
ML, 2= AR 0° DD AKFE LD LHICT7 4 —F
Ny 2RI ELTS .

%@w@%%‘bnf KEARDELINT VA EFETRIE
V& MEFE 2 728002, Blfisru0 & B IISE D) 2 B D
5.Hg14fmidva-@EﬂWMJEﬁ%ﬂY%D,(1)%
WERE = L T MaMoBEOMENKELSEHLE VD
T, Zero Moment Point(ZMP) 2% b L FAMZHR§ < #
BE& L THOL L vy, ZMP &3, % Fod 2 o ssilal b o3
k> TRETIEMEDEENOATIT— XV F DAFE
N0 ERDETHD. (2)ZMP AL v FATH -
THRERDT ) » THIZEMEL 20 CHEEL ST
5. (3) MRl EA ISR S Z sk, WAL
R aDb, EVWIPENRELRTL 5.

Position of ZMP Moving joint

position

=5
i

|
&
|

(1) Easy to overturn
ZMP is outside

i
: e
’ (-/ of tread 3
Smal : ’
grip force (8) Unstable cargo bed

g =
Large "
C/_> grip force 25
i
(2) Decrease ability to move straight \:\/\
i /7

Fig. 14 Harmful effect of high position of joint

)




Honda R&D Technical Review

Vol.27 No.1 (April 2015)

% Z°C, Fig. 15 @ & S iIZmlfnrhn M%< & % & 5 2[5k
BV — L ELHY Vo &wH U TG L 72/ R, R
DOARAERR 7z [Bldis UL O 20 & O X 1X 90 mm & 75 - 7=,

4.3.3. HiHER

AFHEIZED, 50 mm O A EE L 22w — LA
20° DEKENZ BT, 1.5 km/h TOEFHAAHEE & > 7=
Fig. 1612 20° #HEIC W THHAlO 2 @ — 5 53 50 mm DY
WAEFWZ TEFL T BINEELRT

LRI DWT ZMP & VTRl 2175 . B
DZMP @O b Ly FIZHd B HEDETILE Fig. 17 128
T ZBEO ML Y FREAEKAD 7 0 — 5 Odu i EEE
420 mm EED, ZMP R0 2 v — F DAL E ST
T 286, ZMP OMENETH 5 youe 131 &7 5. Hilin

Arched rail

<-l\wf)i\nj mechanism

Rotation center

Fig. 15 Swinging mechanism with arched rails

Fig. 16  Traveling on slope using overturn suppression

Fig. 17 Ratio of ZMP on tread

PIHIRSEED B 2 FHEIC &K 2B T — & &, BRinIHIRERE 23
NS ANEL TEM ST A — 22NV I 2L —
v g VISR % Fig. 1818 d . BRISIIHITEEED & 5 i Enid,
ZMP IZHEIC MLy FHIINTH D, +AREL TS &
B A5, BEIMERERE S EOIEAE, ZMPIE Ly FAHC
ZE)T 5O TEHET SIS S 5.

4.4. TEREHIBD

FAlEA LR OMIZFAEDOERERE N — 2T 80% 7
35 kg LFOMTHBZe» 5, mRKHER% 35 kg & 5.
MORXIEITELID 70 cm & § 5. &k, 35 kg &AL D
HREOMIZDONTIZ35 kg ATFICA S K52 KU T
28DLT 5. MEET 2 IEER OB EiRK 20° £ T 5.

4.4.1. ¥EBEE(F

ABREIARDIMETZ S ZL2HIBTZ 05, A
A LI 2 Bk & 3 5.

=0 ay TTOFEDMER, FAARE 2134 EA
LIZHET 2 RERNIE T 130 A Th - 72, BHERWL,
PORIIAEENEAE L S A VWHEAME A, SR TE
LREARREA LRE LT 200, KEEFL T2, ki
W2 &5, flhod 2 BEEEIC & 0 EIHESIC VL CRhE#EL
TEBZLEnE, AEEEIZK D ZDRHEMET L TE LK
ELTIRIRIEITS 2N TES.

4.4.2. FERFIMT

NIV — I kB REAREA LI IZER TS Z
EnG, 7= A0EREIE U Thelmds & O LR 0BT A 25
T, TNZNE—LICLDITH. VA4 VYOERD EEHL
IZOWTEE—ZICK DB 44T .

BIELELHO ) v TOLHIZIA Y 2XHTEHT— 4
DIIRMDTIBHET 5 T & T, ERF U 2R % iS5
3ZEnHRS. v YOUEREHREATEL, 74 H
BAZERIEIC 8 B & 5127 — A ORLE % HI6 UBHEEIE 4 17
5. ZZT, 7Yy TEHONEER )& ST 2 /AT,
TAXYDORCNIZEE 7Y v T DI D OEEENEY
52 ENHEETH 2O THEHY TIE ARV, 2T — L0800

—— Yaup Without overturn suppression
—— Yue With overturn suppression == |

D

Yzup

_0‘2 i i L i i i i i
20 25 30 35 40 45 50 55 60

Time [sec]

Fig. 18 ZMP on traveling on slope
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IZRIET VA YO %24 55T, @Rt cofH
RS, EHICk s e —voRENEDEECE LW, %
TT, T4 Y LA L ORI 2 1Ky A BAEHIE D
AMEE L, ¥y FRIOMRMAELD 7— 20Ky FiliH
EAARIL, g—- oM AELD 7 —-203 —fiH
BRI L, 74— 82Ny 2HIfAIL 2. FIERZ, 770 v
TOEBEN—EEL D XDIZ, T—LDY y FEiE) & HE)
LT YoEE LEZRIBILZ. £72, 770 v TEHIC
iz 2HR% V&ML TS & EDLBHREHIFIAEET S &
SRR L, R W7 — & OEREY & B 72, BHEERE
RS L 72T 4 YOBHLY, BE L Th 5 LT HAIRE
IOV, )y FIfiAs3 v bu—Jick380DL
L7-.

T A ¥ OMEF OB A Fig. 19 1Rd. 2 AHED
T A Y OB ABINTE, »OU A4 VIEC KB HEL M
KF22DITHICTAYHRT =) OFERE L5 K5 ICREHL
7o, 72, TAYHA FREREIOBRICK 2R 7HE
12k % EARIRE A2 RIRT 5 72002, Kllicy = 4t ZEE
U, 0% MR A & 7.

72, 10 cm DM ER EFBZEH»5, Fig. 20k &
V' Fig. 21 1R $ K512, i RiF TR = ) 7 % 4 B
400 mm & L, 7—24E#% 2020 mm & L 7=,

Roll joint
(o
/

X \\5 Pitch joint

Inclination sensor
== Wire guide

Wire

Fig. 19 Guide mechanism for sensing inclination of
wire

Yaw rotation
center of boom

Required range

Fig. 20 Required range for picking up logs

4.4.3. WREEHER

ARFHFICKD, EHEN BRI XIMOBARES L EHE
B 72, fEEDIRILE Fig. 22 1287

F 72, REEBEDVEREZ R T 5 72012, FEBTREL RS
DA A LR 282 U 72, BARA Lo EEfE %
Fig. 283 D& IZED 5. (a) EFHEDJHPHIZ 4 RO % i
WZIRTED S 2 5058, (b)) MERITEIZRAAAR, () Hi
HOWNZIERTEET 2. ZOEXIZBWT, fiAAL X
Uik A LIED Z W ZhoMizonT, (1)METr )y
THEBEHTS (2)ME2 50745 (3) HOBTE T
BEjxe2 (4) M2 5y TE#BKT 5, ODWUODDZT v
TN TR A GRS 5. ABGETIE, 4412k D K2
[E 7y DBEIZ W TR E 4T 5 .

Pitch rotation
center of boom

Fig. 21 Crane design of loading and unloading

support
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Particles Wear-Out Behavior of Reciprocating
Engine Crankshaft During the Initial
Running-in Operation

L/ NI S
Kenji MATSUMOTO

ABSTRACT

Reciprocating engines are popular in automobile and small airplane applications, and their reliability relies on
the operating life of the crankshaft journal bearings.

Traditionally, reciprocating engines have been designed based on an assumed journal wear rate, which
is calculated on the basis of the maximum load, maximum velocity, average project area and maximum oil
temperature over the entire sliding surface of a journal bearing. A prediction of journal wear rate suggests that
engine parts have some allowances to carry loads. From the perspective of energy conservation, it is desirable to
minimize, if not eliminate, such gap. However there have been few attempts to examine the real loads on engine
journals. Therefore it may be worthwhile to examine engine parts for excessive margins incorporated in the
conventional design of reciprocating engines.

This research is intended to propose a method for measuring the load and the pressure distribution on the
journal bearing surface with the intention of modernizing the engine design on the basis of tribological data rather
than assumption. From this study, the reliability of engine bearings will increase if the wear particles generated

during the initial running-in operation.

1. Introduction

As reciprocating engines have been used for almost
a century, automobile engine manufacturers have
accumulated a lot of experience and know-how related
to engine design. For this reason, reciprocating engines
have been designed on the basis of past experience
and such established practices have been accepted
without question.

The wear of the metal journal bearings in a
reciprocating engine is one of the most important
and critical issues which determine the reliability and
product life of engines. Therefore it is important to
study both the pressure distribution of oil films on
journals, which carry loads, and their wear. In the
past, there was no technology to successfully measure
the pressure distribution of oil films on metal journals
while engine in a moving vehicle is running™.
Therefore the author have developed a thin film sensor
to measure the load distribution on metal journals®.

This study consists of three experiments. The
first experiment was the measurement of the load on
journals in a general aviation reciprocating engine
using newly developed thin film sensors. The second
was the measurement of the wear of the journal

* Ui R&D £ > & —
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bearing using a simulation test apparatus whose load
distribution was controlled by servo valves to simulate
the data obtained by the first experiment. The third
was the measurement of the wear of a general aviation
engine journal bearing for comparison with the data
obtained in the second experiment.

It has been known from our experience that
both wear patterns and wear rates differ for Start-
stop driving conditions and Steady-state driving
conditions. But there has been no study, within our
knowledge, that identifies the wear patterns and wear
rates under Start-stop driving conditions and Steady-
state driving conditions independently, because wear
particles generated under Start-stop driving conditions
are carried over to the Steady-state driving stage and
those particles cause excessive wear unless each test
is conducted independently. Therefore this research
was conducted in two stages. The number of wear
particles was measured during Start-stop operation
first, and then the tested engine was overhauled and
the wear condition was inspected. After all the parts
had been cleaned and inspected, the engine was
reassembled and the number of wear particles was
measured during Steady-state operation. These two-
stage tests made it possible to distinguish the wear
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patterns and wear rates under Start-stop driving
conditions from those under Steady-state driving
conditions.

The first experiment was reported at the SAE
World Congress & Exhibition held in Detroit in April
2009, and then further experiments were continued.
This paper is a revised version of the report based on
the newly obtained data. Since I and my co-author
presented the first report about the methods at the SAE
World Congress in 2009, the measurement techniques
for obtaining pressure distribution on journal bearings
have been improved. This paper provides an overview
of our test and measurement system with additional
test data.

2. First Experiment: Measurement of Pressure
Distribution of Oil Film

2.1. Construction of Newly-Developed Sensor

The leads of conventional sensors are connected to
pressure sensing surfaces. However, the leads of our
new sensor are attached directly to metal side. The
sensor has five pressure sensing points, each 0.8 mm
in diameter. The five points are arranged in the radial
direction. This structure makes it possible to measure
the load distribution on a journal bearing on the metal
part with the same width. An external view of the
thin-film sensor attached to a crankshaft journal for
the experiment is shown in Fig. 1.

The sensor is made of three layers: an insulation

Fig. 1 External view of thin-film sensors

layer, a sensor layer, and an insulation layer on the
lining. A cross-section is shown in Fig. 2.

For the calibration of the sensor, the change in
its electric resistance was measured under various
hydraulic pressures which were uniformly applied to
the bearing surface in an autoclave. The temperature
dependency was also characterized by varying oil
temperature. Functions were curve-fitted to both
pressure and temperature characteristics to convert the
measured signal to physical quantities, and bearing
load was obtained.

2.2. Pressure Measurement in Engine

A water-cooled horizontally-opposed four-cylinder
general aviation engine with output of 230-hp was
used for the tests. A reduction gear was placed
between the engine and the propeller.

The reduction gear had a gear ratio of 1:2.08,
which generated 2400 r/m with the propellers in
operation. The engine displacement was 3500 cm’.
Premium unleaded gasoline for automobiles was used
for fuel. The lubricant for the engine was Ultra Mild
10W-30 Honda genuine engine oil. The connecting rod
bearings on which oil film pressure was detected were
TAIHO KOGYO SA250.

Two thin-film sensors were used for the tests.
One was attached to Journal 1 between the case end
and Cylinder 1, and the other to Journal 3 between
Cylinders 2 and 3, as shown in Fig. 3. The measured
loads on the journals at 3000 r/m were compared with
the calculated loads.

2.3. Measurement Results of Load Distribution on
Journal Bearings
Comparisons of the measured loads on bearings

. Insulation layer

Sensor layer

| Insulation layer

Lining

Fig. 2 Thin-film sensor in cross section

.

T Journal 4 Cylerder 3 e
f—

'Jo:lrnal 3l ol
anll— ~

w, Journal 2

Journal 1 Cyinoei!
g

Fig. 3 Locations of thin-film sensors on crankcase
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and the calculated loads are shown in Figs. 4 and 5.

The calculation of the loads was made on the
assumption that the pressure would be carried
uniformly by the total surface of the journal bearings.
The measured loads on Journals 1 and 3 were less
than half of the calculated ones.

The discrepancy may result from two assumptions
made in calculations. One is that the rigidity of the
bearing support and the rotary parts such as pistons
and piston rods was not taken into account when the
resultant force of the inertial load and the explosion
load on the journal bearings were calculated, and the
other is that the rotary shaft was treated as a beam.
The measurements indicate that the loads on the
bearings were reduced, because the rotary parts such
as pistons and piston rods deformed like springs when
the explosion load was received by the bearings. The
results of measurement indicate that the size of journal
bearings can be reduced by half. This is important to
help engine makers reduce not only bearing cost but
also the weight of engine.

3000 r/min

5 degrees

80

—&— Measured bearing load
70 ||=-=-: Calculated bearing load [ 7| .

Bearing load (MPa)

-45 -30 -15 0 15 30 45
Crank angle (deg)

Fig. 4 Relationship between bearing loads and crank
angle at peak load of #3 journal bearing

3000 r/min

—&— Measured bearing load
70 ||=-=- Calculated bearing load S

.‘ \.
15 degrees / | Y

Bearing load (MPa)

-45 -30 -15 0 15 30 45
Crank angle (deg)

Fig. 5 Relationship between measured bearing load
and calculated load and crank angle at peak
load of #1 journal bearing

The shapes of the curves of the measured load are
not sharp compared with those of the calculated ones.
This is because the loads are spread over the journal
bearing surface and because the sensor measures the
load at five points in the radial direction, although the
calculation shows the peak load only.

The difference in crank angle between the
measured peak load and the calculated one for
Journal Bearing 1 was large, because Journal Bearing
1 was influenced by the motion of Piston 1 only. On
the other hand, the difference in crank angle between
the measured peak load and the calculated one for
Journal Bearing 3 was small, because Journal Bearing
3 was influenced by the motion of both Pistons 2
and 3.

3. Second Experiment: Wear Simulation Tests of
Journal Bearing

3.1. Simulation Test Apparatus

In the past, it was common to examine the wear
and the reliability of bearings through tests of a
completed engine at the final stage. However, in order
to design lightweight engines more efficiently, it is
desirable to obtain fundamental data on the wear of
journal bearing metal by simulating various loads
on the journal bearings of an engine. Therefore a
bearing test apparatus that can apply various loads to
the journal bearings by servo valves was developed.
Figure 6 shows the schematic arrangement of the
bearing simulation test apparatus, by which bearing
wear was examined using the data obtained by the
sensors, which were attached to the bearings of the
general aviation engine.

Figure 7 shows the construction of the inside
of the test chamber with the thin-film sensors, the
rotating shaft, the position of the crankcase journal,
and the vibrator base, in which a newly developed
high-speed hydraulic servo valve is installed.

The data obtained by the first experiment were
incorporated into the computer of the simulation test

Coupling

Test bearing

Torque meter

Support bearing

Servovalves

Fig. 6 Schematic arrangement of simulation test
apparatus
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apparatus, and the wear of the metal journals was
monitored during the running of the simulation test
apparatus. For the tests, the engine firing force and the
simulated load on the journal bearing were adjusted to
be identical. Fig. 8 shows an example of the load on
the bearing at 70 MPa.

3.2. Initial Wear and Steady-State Wear

In conventional wear tests, the amount of wear was
measured throughout the tests, which included both
Start-stop tests and Steady-state operation, and was
treated as Steady-state wear. However, it is known
that the initial wear during the running-in period is
greater than the wear during Steady-state operation.
Therefore a long running test was conducted in order
to keep the initial wear level within the margin of
error.

Figure 9 shows the test period with the smallest
influence of initial wear. In existing wear tests, the
amount of initial wear tends to exceed that of steady
wear.

For this reason, longer and more sufficient wear

Rotating shaft

Thin-film
sensor

Vibrator
base

Inside of chamber

Fig. 7 Inside of chamber of bearing simulation test
apparatus

3000 r/min

—— Simulated load on journal

— — - Engine firing

Bearing load (MPa)
N
o

30
20
10
0 MAARL e gy
-180 -90 180

Crank angle (deg)

Fig. 8 Conversion data of bearing load value from
thin-film sensor measurement data

tests were conducted. That is, Steady wear was
measured by dismissing the initial wear as erroneous,
and comparing the amount of wear before and after
the test.

In our new method, the initial wear test and
Steady-state wear test were conducted separately.
After measuring the wear amount during the initial
wear tests, the metal bearings were removed from the
test apparatus and cleaned. Then the bearings were
re-fitted to the apparatus for the Steady-state wear
test. Consequently, our method not only reduced the
initial test time, but also made it possible to verify the
amount of wear during Steady-state operation.

An originally developed in-line wear particle
counting system enabled the separation of these wear
phases. As shown in Fig. 10, a portion of the oil
from near the bearings containing wear particles flows
into the branch line to the counter. The wear particles
cover focused laser beams across the oil line and are
detected as intensity deviations on a photo detector,
whose outputs are processed and yield the number of
particles of different sizes.

The oil sampling and particle counting were
conducted every 3 minutes during the test.

it
Initia) wear Steady—st‘alte wear
s | ))
e e e e e e e — e — e —— 2
>
o
g I /
5 ! W2 =W3
o | W1 el \\/2
= !
i e \\V'3

v

JL Time

Steady-state wear

Initial wear

Fig. 9 Test period with small influence of initial wear

Coupling

Test bearing

Fig. 10  Oil sampling location
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The data were categorized into particle sizes larger
than 10 pm and of 10 um or smaller, and the change
in number of particles during the test periods is shown
in Figs. 11 and 12.

In the case of the initial wear test, the number of
particles 10 um or smaller increased rapidly as soon
as the test started. Then, it decreased as time elapsed
until it became constant. But the number of particles
larger than 10 uym was almost constant during the
initial wear test.

Figure 12 shows that the generation of particles
larger than 10 pm or smaller was low and almost
constant throughout the steady-state wear test,
different from the initial wear test. This suggests that
few wear particles are generated in Steady-state wear,
after the particles generated by initial wear have been
completely removed.

The test results indicate that the wear of bearings
is very low during normal operation and the reliability
of bearings can be assured as long as the wear metals,
which are generated during the initial running, are
completely removed before commencement of Steady-
state operation.

4. Third Experiment: Start-Stop and Steady-
State Wear Tests With a General Aviation
Engine

4.1. Test Method

Figure 13 shows the flight simulation modes
used for the tests. In order to verify the wear data
obtained by the simulation test apparatus, confirmation
tests were conducted using a general aviation engine,
because general aviation engines are operated in
simply programmed modes such as “Warm up,” “Take-
off,” “Cruise,” “Landing” and “Cool down.” Therefore
tests to evaluate the fatigue life of the crankshaft
journal bearing were repeatedly conducted in these
flight simulation modes.

The tests were carried out based on the flight
simulation mode for an aircraft. The main shaft
rotational speed and duration for the tests are shown
in Fig. 14.

4.2. Results of Start-Stop Wear Test and Steady-
State Wear Tests with a General Aviation
Engine

After running 2-, 12-, 22- and 32-hour tests (Start-

stop tests and Steady-state tests), the condition of the
metal was examined under an optical microscope, and
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measured cross-sectional curve shows the wear at
the center of the metal bearing where the wear was
greatest.

In steady-state running mode, there was almost
no change in the roughness curves before and after
tests, while there was a slight change in the roughness
curves in the Start-stop running mode showing some
progression of wear, as shown in Fig. 15.

The surfaces of the journal bearings after a 32-hour
test are shown in Fig. 16.

The photos in Fig. 16 show that the machining
patterns were removed by the initial wear. The bearing
surface after Steady-state operation was smooth,
although that after Start-stop operation had a relatively
deep and new groove, which was found after the 32-
hour test. These photos indicate that wear during
Start-stop operation is greater than that during Steady-
state operation.

Figure 17 shows the number of discharged
particles during the test in Start-stop running mode,
where r/m varied from 0 to 1,000 and in steady-state
running mode, where r/m was constant at 5,000.

Compared with steady-state running mode, the
Start-stop running mode produced more wear particles
from the beginning of the test, and it took a long
time until the production of wear particles becomes
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(b) Start-stop (mm)

Fig. 15 Roughness curve before and after test

(a) Steady-state

(b) Start-stop

Fig.16 Example of journal metal surfaces at sliding
side after 32-hour test

stable.

In order to better understand wear during Start-
stop operation and during steady-state operation,
these wear data, which were obtained using the
simulation test apparatus, were compared with those
from endurance tests of a general aviation engine in a
flying mode.

Figure 18 shows the wear prediction curves in
three test modes, which were drawn on the basis of
the test data.

The squares show the wear during Steady-state
operation, the dotted line shows the wear during
Start-stop operation, and the circles show the wear
of the metal bearings during the endurance tests in
a flying mode. Even though the amount of data was
not enough to draw any conclusions, it suggests a
general tendency that wear during the steady-state
running test, which was conducted after removing
the wear particles produced during the Start-stop test,
is less than that during the actual engine endurance
test and the Start-stop running test in that order
respectively.
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Fig. 17 Generation of particles during start-stop test
and steady-state test (Steady-state: 5000 r/m,
Start-stop: 0-1000 r/m, 5 min.x100 times)
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Fig. 18 Comparison of wear amount in three test
modes
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5. Conclusions

(1) The journal load was measured in an actual running
engine with thin-film sensors and the actual load in an
actual engine was ascertained.

(2) A bearing simulation apparatus made it possible to
reproduce the actual load distribution, and wear tests
of the metal bearings were able to be conducted.

(3) The initial wear was differentiated from the Steady-
state wear by measuring the generation of wear
particles with a particle counter.

(4) The study suggests that the reliability of engine
bearings will increase if the wear particles generated
during the initial running-in operation are completely
removed.

(5) The results of measurement of the loads on the journal
bearings indicate some possibility of reducing the
width of engine bearings.

In this paper, the new approach by the author,
whereby initial and steady wear of the journal
bearings in aero-plane engine can be divided, showed
the validity for higher the accuracy and efficiency of
endurance tests. The basic techniques, such as oil film
pressure measurement, load simulation test apparatus
and in-situ wear particle counting, are also applicable
to other parts such as automobile engine bearings and
enhance the development efficiency.
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Synthesis of Facet-controlled PtNi Nanoparticles and Evaluation of Performance in PEM Fuel Cell
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The research discussed in this paper set out to
reduce the amount of Pt used in automotive polymer
electrolyte fuel cells. Octahedral PtNi nanoparticles
supported by carbon black (octahedral PtNi/C), which
displays a high level of oxygen reduction reaction
activity, was synthesized, and its effect in reducing
the amount of Pt employed in an actual fuel cell was
evaluated.

Performance tests of a fuel cell using the
octahedral PtNi/C as a cathode material showed that
Pt mass activity at 0.9 V was 3.4 times that of a
market Pt catalyst. These results demonstrate that the
octahedral PtNi/C is well suited as a catalyst material,
displaying a high level of oxygen reduction reaction
activity even in an actual fuel cell, and reducing the
amount of Pt used in the cathodes by approximately
70%. The octahedral PtNi/C also displays good
durability performance, with a rate of decline in mass
activity of 19% after 10,000 0.6-0.9 V potential cycles,
against 29% for the market Pt catalyst.

1. EANDE

PRI MII KRR AR E L, BRERIDEIEDZ ET
‘ﬂ‘%%ﬁft??l\ﬁ ZThY, “BbRBEPELL

BN DBEALO/N S VEEE L THIff T 5.
[E A&y kB (Polymer Electrolyte Fuel cells:
PEFC) i3, &= 3 —2fash=®, @il EE, NS
9 80 C OIKMFENLE, BEIHBE SV L, HEJHEH
B UTHE L 2R A 2 <2720, ZoFEALIZHT
TR DB AT DI T B,

PEFC ##&# L 22 0plE M E B 5 (Fuel Cell Vehicles:
FCV) B OHIC KT 5720 DK E LFEOV & DI, K
a2 MEnZEF 5h 3. BIED PEFC OBMAMEIZIE, &
WIKRIBILIRME 2 R 5, (L), B RL A MR8 ¢
* BRI v & —

HBHENHIHHT, GffixEs (P AFHIA TS, L
L, Pt i3 3% C IS (Oxygen Reduction Reaction :
ORR) KT ATEMDL AT TH L, ZNEHAD 72DIZLEHD
Pt A FCV X I TED, @3 2 MEDJFHK & 7 >
T3, ZOFEH LT, LDk Pt &TEWV ORR I
PEERT Y — FAERRIOBFR AR P Cirbh T 5.
Pt LB ESEOASILIZOREN LT T —FTh 2 H
V-3 W PS5 ORRWGMEDM R 2 (5 TH 0,
Pt BHRROIRIZ N E v, o7 7o —-FL LT, Pt v =
L—EBEREI T/ KTPRetEh Tk, PtHEr/
K& D & EO ORRWEM 2 RTEOAME ST 5 -
D oUhL, ZOPtY V—EREEITF  RTIR, &
BB CH B H Y — FTIda7 Th 3EREBOEH
57280, INAVECEHRELR DD EEL 5N TS,
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— AN AR ORI, S RIS K - CELT B 2
ENRHISENTEHED, PEFC HO Pt filli & [Flkk 2 50 R 231
5 C& %. Markovic 513, Hifdh Pt @ ORR W1, {100}
<111} < {110} DIEICH 42 2 & 2@ L=, &7,
Stamenkovic 513, Pt;Ni A& H S5O ORR WM, {100}
< {110} < {111} DNz B35 Z & 2@ L, Pt &35
B AMEAARTZE AW S ML 72, PtNi{ll1}
DOHAN R Y 72 0 O ORR WML, Pt{111} O 10 f5 & &
&<, Pt ORR WEMEIZA AL & 551 /7 KL D %h 3R
EAbEBHZETHETSZEARE N

— RIS AR D WA EE R 72 D DR PRI, Ao ek
RS & WAL ET R Y 72 0 OO TR ENDE . %D,
fl S P A I IC I B X B 720 icid, R miRE A
KERDZH, KEMHEEO SR ZEIRT 5 2 &
HEEEAS. O EGRIEF 2 RFbd5ZETHE
WBZENTES729, Pt,Ni{lll} O &k 5 £ ARE I #
N7z ORRWEM AR TME %+ 7 KirfbTcx i, Pt'E
BN 0o EL, FCV O Pt & #E ol 1
FTEB.

&3, WELARITEIC K B F /KA N T,
poly (diallyldimethylammoniumchloride) (PDDA) % A,

AU A =L EBILAE UGERL, K REE%E2IZ2T 5
T T 11 A EmICTEN L 22 VA PtNi 5 2 ki -4
71— R Ve OUlifk PtNi/C) #1572, Zhx CoOthoff
PRI IN—T 6 OWET, AR PtNi/C © ORR WE %
[Bl#5 5 1 2 27 A& (Rotating Disk Electrode: RDE) THE
fliL7z& Z A, #ERD Pt il 4 55 5 10 5O WVE &
WA RS Z L AME X T a W D PEFC
LIz & A VA PtNi/C OFETE ﬁﬁ&mﬂ%ﬁmm v C
DWEIE AT,

AR, AHfifk PtNi/C 2 PEFC ®JLIZ#EH L 723
A0 Pt EHIRGIR B L O AR E RS 5 Z L 2 HY
&L, AL 72 \mIR PENi/C % v 72 PEFC YL D7
BB L OB Y A 2 MZ K B AR E 1T > 72, Z Dk
B, R PtNi/C 284 5 Z & ¢, Wil Pt iz b
¥170% DAV — F Pt mOHIEATREE 55 Z LR Eh
2. 72, BV A MK AMARBRICEWNTY, HHR
Pt il & 0 & BN AR 2R L7220 T, ZORH %
5T 5.

2. X8

2.1, \NEA PINi -/ W71 H — K MDA

AFTIE, BEdt & 132 2 5 @ 22 5k CAAmAER PtNi/
CHEAKLZEWW iz, =FL v o) a— (HEL
FHRASHE) 50 mL 12, #—FK T T v 27 (Ketjen black
ECP-600JD: J 1 4+ v A Z418) 513 mg, AGT £ F L
74 b % — b (Aldrich #) 588 mg, Bflik= v 7 L IUAKFIY

(Aldrich %) 372 mg, 35 wt.%PDDA K& (Aldrich )
760 p L EMA. ZORBEWE, 190 C, 7TAIT VA
Z 7 a—HT 2 BRER L 7=, IS, A#iC Xk D IRAETR
PO ESEEL, By s —, TX Y, LU
ARTEMIGEHEL 7=, A% 50 C TRIICHEZG L, N
& PtNi/C & L 7=,

2.2. MFEE

ARCL 2 ATE PtNi/C ORTFERE 4 X%
B4 572012, EBRME UM (Scanning Electron
Microscope: SEM) %k & ON% i M 7 WA M 8%
(Transmission Electron Microscope: TEM) #l%¢% 17 >
7z. SEMBIEREMASHH I NA 727 /0y — XHHD-
2000 %, TEMBREMASHHINA T /0P —X
H1H-9000UHR # i/ L 7=. itk PtNi/C O 1-#A L
AR R A R B 2 012, BEREA T T ARk
53957 M1 (Inductively Coupled Plasma Atomic Emission
Spectroscopy: ICP-AES) #1757z, %7z, /\ﬁﬁg PtNi
F 7 KT ORI 2 R TR TR T % 291, RiT

EOMiRE LT 3 ILF —5H0 X 825507 (Energy
Dispersion X-ray Spectroscopy: EDX) %, SEM %% & [

[t

24T - 7=,

2.3. RDE /A2 & % ORR j&4: D&
RDE M7 4 v 2 GLLF O FMATHER L 72, 35wt.% T

8 7 =LKL 5 wt.%Nafion “¥4¥E (Aldrich BY) OIRAWE
12, JUMIR PtNi /C 2 INA, BERETEX E 72 T DITEE
10 p L %, Hifd43 0.196 cm®> ® RDE HZ' J v ¥ —H — &
Y (GO) B FIZH T L, EIRTW->< ) Ll X &, RDE
FHfEE 7 4 L Uiz, B EDO Pt ®EIZ14 g Tho
7o BEULANGEIC I =E M )L, PINE 18 RDE &,
Solartron tt#lK 5 A 24 » | S11287 #fifHL 72. =
HERR I (3 o o A VR A, SRR SR & e
fir% Wz, 72720, ARCROIK U 22800, ATk E
whALHE L U7z, RDE M ORI, ik PtNi/C OEX
(k2R (Electrochemistry Surface Area: ECSA) % 4 A
270 w272 RN A MY (Cyclic Voltammetry: CV)IZX&D
K& 7=, ERRIT, WEAFIERE ANCERE L7z 0.1 MR
B KV A P 72, BERLEIPHIE 0.05 - 1.05 V & L 7=, &k
ERIACFNIZZ ) — = 79 5 BT, Bhidws hE~E 400
mV/s T100 %4 Z )L L 722t.1C, BARE EE 100 mV/s T
CV iz 157z, fHoh7z CVHIEC BT, KRRBEHEE
Z 2 ENAHIFA (0.05 - 0.4 V) 2 R85 L TR Qy[Cl & 3K,
K (1) & HWT ECSA [m%/g-Pt] %3k 7214,

On

ECSA =
2.1 Mp,

(1)

ZZT, Mplgl i GC &M O PtEHETH 5.
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RDE MK 0G5 N 2 MFRETTHEGIE, WL ACE
i ERR AR RO M E A2 T s, KD IEMEI Al
1 % G 9 5 721213, FESREICEILA & ILEPRA E RO
WEARE, WK EBEROAZID T LR H 5.
AHlETIE, Koutecky-Levich plot 2155 Z & T, WML
ZHLE D A& U7z, RDE JIEDE MG, BRI
U7z 0.1M s IE R KW & o 72, B min o, 400,
800, 1200, 1600, 2000 rpm & L 7z, @il 1.05 VA5 0.05
VARSI, fE0EE L 10 mV/s & L7z, ifilio Pt 7
KT 4HE: 7 — 8 il (Pt/C) & ORR W% L4 5 728
12, HPESE LKA SHE TECI0ES0E % FIfkoD 4
TaMili U 72, il Pt/C SHliRFDEM LD Pt 81X 3.9 u g
Tho7-.

2.4, wIVEEMEREFTM

YU BRI V72 5 - B E SR (Membrane-
Electrode-Assembly: MEA) IZ¥REETIER L 2. 4 4
VAR L 5 wt.%Nafion “¥& ¢ (Aldrich ) DIRAWEIZ,
AR PtNi/C A#MA, BEWES S 72, £ DHEuR
A, KEX30 mm A, EA 100 4 m®D PTFE ¥ — bIC
2 SV =T 12k &E i, 80 C CTHMEL, 7Y —F
MHirE.y — b & L7z RO HETHIR Pt/C 2 H\WT
7= PG Y — b &2fpK L fEK L2 Y — F &
KT = FHEEE Y — T a b v (Dupont #1
NR-212) Z#cA, v b 7L 22 HWTES L. &%
R Pt ##IL, B Ri%0 PTFE ¥ — F O@E&EED
HRW7z. 7/ —FeH V- FOPtBREE, ThTh
0.50 mg/cm? 0.14 mg/em®* Tho7-. HKHE LT, #
Y — FIZHiiR Pt/C 2wz MEA & [AARD J5 15 TIERK
L7z Ptig#limid 7 7/ — F, # v — F4#I20.50 mg/cm’
Tdh 7.

fER L 72 MEA % 57 Z§i8ik (SGL Carbon #
GDL25BCH) & iz % v L (e B A H A H 8 i)t
ZEPTREHE 2 L) IZHLAGA A, FEEEERBR R E (NF [ 3% S
RHEMRE > 2 7 &) IS8k L 7z, iR SA% Table 112
N wILIRPTIZEEREIC L O E L, s —ETE
(I-V) %R O % 13 VT % B 724l 2 $R L 72

25 BRY A 7IVIC L BHAMEDOSHE

BRIV A 2 I K DI AMERHIAER D 5 % Table 2
IR, X LVEBMIRETF YA 24y b B THRAS
8 HD-3000) 12 & D &b X & 7=, B YA ZILATRD A
V= FOECSA XU -V i % s U, B4 2L
& B il iR & REMEREDZE(L A PRIz, ECSA D728
O CVHEETT /7 — FIZKR, 7V —FIcERERL, 7
J — FESEDW A SEm S L THEMEL 72 ECSA O&EH
1R (1) 27z, RERERIE Table 1 1R L7244 T
1To7.

Table 1 Conditions for fuel cell test with octahedral
PiNi/C as cathode material.
Anode Cathode

Cell temperature [°C] 70

Gas H, Air
Gas stoichiometric ratio 1.4 1.8
Relative humidity [%] 50 73
Back pressure [kPa] 130 100

Table 2 Conditions for durability test of octahedral
PtNi/C by potential cycling.

Anode Cathode

Cell temperature [°C] 70

Gas H, Air
Gas stoichiometric ratio 1.4 1.8
Relative humidity [%] 100 100
Back pressure [kPa] 130 100
Potential [V] 0.6-0.9
Shape of potential wave Square
Potential retention time [sec.] 20

Cycle number [times] 10,000

3. BREEE

3.1, #MRHEE

AR U 7z N iR PtNi/C OB #MEHS % Fig. 11287
Fig. 1(a) D& SEM % T, JEIRA A, ¥4 X4 10
-15mmTHBF RTHRA—KR YT T EIZkL oK
LT BT TE 5. Fig. 1(b) DFEfE SEM 1% T3,
F R T ORI L NEARTIE RS, HES S v b &
N7=YJHENHKRTH 5 Z & nbh 5. AR PtNi -/ ki
T-OE R TEM 1% % Fig. 1(c) {ZRd. S imo i %
FANRD 720, Bl 2RISR U CHRRL & &2 2 AR ISR L
7z. Fig. 1(c) Ol cHbN=T) 7 & EH 7 — ) T4
U CE - HE 1R % Fig. 1(d) (1289, A2 5 F ol
2Ky MiE, Fig. 1(c) WD A» 5 FOBEHmIZHIG L 72
EDTHD, KM ARy P 2R LR, B, ED
TEM A A v b &7z {100}, A, C, D, FOZ Ot
Mid (111} &RE SRz D EoZ &n 6, AL 72 Ukitk
PtNi 7 /R 7o, I$IF {111} TH 5 Z & 2T
7.

T2 id, REREIFIZB W TR PINi/C 2185 728
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(1=1=1) 5 - @-11)
A

“Boo2)

Fig. 1 SEM (a) and (b) and high-resolution TEM (c) images of octahedral PiNi/C. Square shows area image-
processed by inverse Fourier transformation to obtain pseudo-electron diffraction pattern. Pseudo-
electron diffraction pattern (d) of octahedral PtNi nanoparticles.

IZZOOMESZTR DD EHE LTS, —DIZ PDDA D
WTH 3. PDDARBEY—Thbh, IEHFHEEZZON
BT VB LA F XV REEIZAET 5729, &F
4 v B EER T RE IS LRI R
0 ZOMESRTIZS A BRBUTO2HTH 5.
(1) R H A ZDOKEMLIZ & B, (111} 55 EIES ORI
(2) K7 OPIHNC & 5, T RSSO Pk
(1) 220 T, KIS OR F%ERIZEI T, PDDA
AP R NP TN T35 Z LT, Pt Ni ~NOEITTAHH
BN, KT IBOBUIDEL BB, ZOME, HiEk
R FORERIZE B XN, 10 - 15 nm & IS 4 X
BREVRITANEEER L2 EHERIT 5. Fig. 213, kK
K12 1H O KB O HIE (K R T EICHT5, &
% ¥ E S 2 R T B O EIG) LR 4 X OBtk %E G
FIZKDRDZZEDTHSB. KA INKEL BBHITH
O, L ORI - FRTy VKD EEL< &Y, 11 nm
THI90% L%, D%, AR T-OEH% (111} T
W 57E0ICIE, RTOREULABETH D, ZhiZ PDDA
NEEL-EEZ B,
(2)1IZ20WTC, Bk ALk ET 58, PDDA 3K
T S 9 < W L, 2R COMGE 2 ST H KB A3
W5 D EH—IEITT S M5, ZOME, 27
TRFV IO, JFTLAOLTTE A (111} AAFEH L,

100

80 |

— {111}
Corner
—Edge

60

40

20

Atomic ratio of surface [%]

0 2 4 6 8 10 12 14 16 18
Particle size [nm]
Fig. 2 Calculated relationship of particle size and

atomic ratio of {111}, corner, and edge on
octahedral nanoparticle surface.

Table 3 Atomic ratio and weight concentration of
octahedral PINi/C as determined by ICP-AES.

Pt Ni C
Atomic ratio [at.%)] 62.2 37.8
Weight concentration [wt.%] 275 5.0 67.5

Fig. 1 TH 6N &5 & - BIRO URRR 2245 L
TLHEZ2 5.

TODOMAZKMFE, {1111 PtNi O T )L F — Mt
DEIZIANNENT & TH 5. A5 O T BIA RS
MOREHREIZE > THRED, ZHITEH T FILF—DK
EXRAET S, DF D, KT AT —EOAESmANIE
EREITHEL, KT ET 21255 T2 OO # ) i
N D, R TIRT B, Sl 23 O 5% T
TH5 PtNi A&\, (111 Pt;Ni &bz lb
AT 3L F =K<, EEEPENZ EAHE SN TH
2 0. 0008 g2 PDDA AEIRMIC (111} PN 120
L, 11JPtNi DEHR T AL F—% X HIK T X H72E
FZiohs. U EOBEANAFIC LD, A (111} A%
M2 < B LAWK PINI F /R F42585ZENTX
7B LB.

ICP-AES Tl U 72 Uitk PtNi/C O#fls k% Table 3
128 d. IR PtNi/C @ Pt & Ni O T-HU& I Pt Ni
= 62.2 : 37.8 TH - 7=. DIRBEDHIAAFE /UK LIZ Pt -
Ni =50 :50 TH-7246, f36h 7=k PtNi/C it
ABMK LD & Pt OEIG 2 E - 7. Ak PtNi/C H
DEIBOEREE L, Pt 25 27.5 wt.%, Ni 235.0 wt.% T»
D, 325 wt.% TH -7z,

JNHEIR PtNi F 2 K1 D Ja i) 22 bt 7 #UR & {24 %
=01, K7 &R e Lz SEM-EDX Zihr & 32hE L 7=, &4
BA Fig. 3I1TRT. RFAICHWT, HWELY 7 10Okt
RO Pt : Ni = 63.8 : 36.2 Th D, ICP-AES @
MR E K< B 7z R AhRofilET ) 7 2 DML
13 Pt: Ni=573:427Cho7=DIzxtL, 2—FThH3
MWETY 731FPt:Ni=807:193, Ty ThiHlET
)7 413 Pt: Ni =723 : 27.7 &, #A0I2& 0 R IIZE
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MRS N7z DK T B DM & KT A & [FEkO
Thotz. TNHDOKEL» S, Nk PtNi F 7 ki O
MBI — T3 & <, KirHEBIZ NI DFEIGA%Z <, -

Atomic ratio [at.%]

Analysis points
Pt Ni

1 Particle 63.8 36.2
2 Center 57.3 42.7
3 Corner 80.7 19.3
4 Edge 72.3 27.7
5 Particle 67.2 32.8
6 Center 58.1 41.9
7 Corner 80.8 19.2
8 Edge 73.6 26.4

Fig. 3 Dark-field SEM image of octahedral PtNi/C
including EDX analysis areas (squares) and
points (arrows). Table shows atomic ratio at
each analysis point.

FTRI Y VIZPtOEIGS LV, KRR & 15D
Zehbhoi

3.2. RDE (2 & % ORR j&EMEHM

JUTIfA PtNi/C & ifillk Pt/C @ CV {4 Fig. 4(a) 1=/R
¥, % Pt F 2 R0 CV igE, 0.05 - 0.4 V TAE
O - ik, 0.7 VIR &L - STk > &
FwABM B, 0l Pt/C O CV Tid, 0.13 V& 020V
IR Y — 2 AR 6N A, UK PtNi/C TIER 6h
B o, DX BEAKZEOWEREEMRIZT VW TY -
7 EREHOCVIEIRIE, E SN T3 0.1 MR
T PH{111} MO CV Ik E K< LTk ",
JURIR PENi 7 2 R 7-&MIC Pt{111} 2% < @l LT3
ZEAERBLTOWS, £72, il Pt/C T3 0.69 V 25
FHR IR OBR S FHN S OIZK L, AR PtNi/C
TRZAAAR0.75 V &, @SBRI 7 FLTnw5. Z
u, NER PtNi/CId R0 2 @8 A
KEL, F/RFREICBIIPERL DbV L 2R
WL CTH 0, fERD Pt L 3585 5 KMkt HT 5
LEZEND. KEBEY — 2 5 5K 72 Nk PtNi/
C DECSAZ32 m*/g-Pt THV, 68 m*/g-Pt ThH-7=
Wil Pt/C D 1/2 AT TH - 7=. ilk Pt/C OFE¥RiEE
2.3 nm &, ANME PtNi F /Rl h&a <, Z2ozEN
ECSA 2K x 7z,

Fig. 4(b) I RDE i & % ORR s iiififi #, Fig. 4(c) =
0.90 VIZ¥1) % Koutecky-Levich plot #7879, Koutecky-

3 1 0
(a) 0 (b) 01 F ©
27T 0.2
-1 }— Octahedral PtNi/C Ve F
1 2 || (Pt15u9 _-03 \’*‘\‘\’\
N & — Commercial Pt/C t 0.4 F
IS £ 3 H S
o S Pt: 3.9 -
20 E a4l ( Hg) T -05
£ E E 06 |
-1 -5 F = o7 b
6 08 | —— Octahedral PtNi/C (Pt: 1.5 pg)
2 — Octahedral PtNi/C (Pt: 1.5 pg) 21 ' — Commercial Pt/C (Pt: 3.9 pg)
—Commercial Pt/C (Pt: 3.9 ug) -09
3 n n n n n -8 L L L L L 1.0 N N
0 02 04 06 08 10 1.2 0 02 04 06 08 10 1.2 0.05 0.10 0.15 0.20
E vs RHE [V] E vs RHE [V] 12 [rad-1”2 s1/2]
4.0
35 (e)

Mass activity [mA ug'-Pt]
Specific activity [mA cm2-Pt]
N
o

Octahedral

Commercial
Pt/C PtNi/C PY/C

Commercial

Octahedral
PtNi/C

Fig. 4 (a) CV curves, (b) polarization curves and (c) Koutecky-Levich plot for octahedral PiNi/C (Pt: 1.5 pg) and
commercial Pt/C (Pt: 3.9 yg) as determined by RDE measurements. Comparison of (d) mass activity and (e)
specific activity at 0.90 V between octahedral PtNi/C and commercial Pt/C.
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Levich plot DY OEHMEI, ILEPRAER O E % Ko
BFETERME CH Y, ThE2BEMLEO Pt & THIEL
7=l & B R YE & U C Fig. 4(d) 1278, ik PtNi/C @
BREMEITIR Pt/C D535 CTh -7, ZOHFIE, N
K PtNi/C #HWT - EOERE LS 554, #EK Pt fil
B 81% DAV Pt ETHBETH S Z L #EIKL T
5. ECSA THUE L 7z fe3E Tt il & mAng & LT
Fig. 4(e) 1Z/nd. JUMA PtNi/C OmifEnG Mk Pt/C
D115 TH D, Afifk PtNi 7 /K72 ORR 125 L T
REWZEN MR Ch 5 Z LR Eh iz,

3.3. ILEE AT

Pt & 0.14 mg/cm’ AR PtNi/C & v — FIZiEH
L7 MEA @ I-V li## %, Pt & 0.50 mg/cm® O1HIK Pt/C
@ 1-V Hiifg & 312 Fig. 5(a) 12789, A PtNi/C O Pt
HIEHIRPt/CO1/3UTFTHBIZEEbES, MiHD
I-VIHBIIEIERETH > 72, BREEE e L-e %
O Tafel-plot % Fig. 5(b) 12, £720.9 V COEREMDLL
&% Fig. 5(c) g, AR PINi/C & A7V — FIZHOW
MEA OZ &M, TR Pt/C D 3415 TH -7 ZOH
RiF, PEFC ® %V — F Z&ifillk Pt il 5 AFfA PtNi/C
ICREL2254E, 71% DO H Y — F Pt BEAHRRARETH 5
ZLERBKLTEY, MR PtNi/CiZAh Y — N Pt®HD

KIBEHIRIZHGTE B Z M, FEOMBIERYILIZE
WTEREh.

RDE 12 & 2 AMfifk PtNi/C OB ELWEEIZ 5.3 15T
Hol=DIZH L, BEELILTIE 34 ML, BREWEMm Lo
BIRBINE 572, ZORKDO L 2IZ, MEA HO AT
A PtNi 7 / ki 7 £HIZ PDDA BRGELTH D, 2hH
ORR #FHFEL 72720 HE 2 65h 5. RDE Ti, %K
BWIRHICIRE L TR 2 ) — = v e RT3 2 &
T, KEMHED PDDA FERRHPICE 230 L, A
itk PtNi 7 / Ki 722 PDDA 274 L W VIREE TR
fliL T3 L HEHT 2. FEEERTIE MEA OR&EMERES
FlEH$201, WENZ MY 4 2L 2 T3> To
30, B ORIIIIZIEXRMETH 5729, PDDA OfRE
RN W EE Z 50, RDE & 0 & AR PtNi /K
F-RIEIZ PDDA 2% < Weg U 72 IRRECTEH L T 5 & 4
W4 3.

3.4, BRIY A 7IVIC & BTHAEDOSHE

H1Y = FIZAHEA PtNi/C 2@ L 22 BE L L2 Hun
T, 0.6 - 0.9 VAERHA 7 L% 10,000 %1 7 LFEHEL 7=
Wi 1-V i o [k % Fig. 6(a) 12Rd. & CTOHEFM
T, B A MK B -V RO R E ZELIER s h i
Motz BNV A 2K B EEEEOZL % Fig. 6(b) 12

1.0 0.94 300

0.9 N (@) (b)

08 | & 250 |

07 | 092 | =y
= = € 200 |
g 06 | ?8\ E
L‘ll: 05 L? 0.90 = 150 |
o L o =
= 04 __ Octahedral PtNi/C £ 2
w3 (Pt: 0.14 mg cm?) w S 100 |

02 | i 0.88 | @

' — Commercial PYC — Octahedral PtNi/C S 50}

01 F (Pt: 0.50 mg cm™) .

— Commercial Pt/C
P e ——— 0.86 e L 0
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i[Acm?] i [A mg-'-Pt] PYC PINi/C

Fig. 5 (a) Polarization curves of PEFC using octahedral PiNi/C and commercial Pt/C for cathodes. (b) Tafel plots
for octahedral PtNi/C and commercial Pt/C in fuel cell tests. (c) Comparison of mass activity at 0.9 V for

the octahedral PtNi/C and commercial Pt/C.

1.0 400 50
0.9 (a) = (b) m Before (c)
0.8 | & 40 | m After
— o> 300 | m Before =
= o7y E m After &
o 06 | < © 30 |
9} £ o
r 05| > 200 | E
T 04 | 2 & 20
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o 100 | w
02 | After a 10
01 | =
1 1 1 1 1 1 1 0 0
0 020406081012 1416 Commercial Octahedral Commercial Octahedral
Pt/C PtNi/C Pt/C PtNi/C
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Fig. 6 (a) Polarization curves of PEFC using octahedral PiNi/C before and after 10,000 0.6 - 0.9 V potential
cycles. (b) Change in mass activity and (c) ECSA for octahedral PtNi/C and commercial Pt/C as a result

of 0.6 - 0.9 V potential cycling.
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AT VAR PtNi/C OBEREFEEOIKTHIZ 19% &, ik
Pt/C D 29% & &/N& 572, 0.6 - 0.9 VEN YA 2L
# 10,000 4 2 LHEfiE L 2z#%Ic BTy, itk PtNi/C
OB RILTEEZHIR Pt/C @ 4.1 5% R U, ERE OB
PERREL T, DEORERELD, 0.6 - 0.9 VEMNSA
MR L T, NER PtNi/C ik Pt il & v & @0
A EH T2 Z & &G L 7.
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In-plane Visualization of Oxygen Partial Pressure Distribution on Cathode Side
during Fuel Cell Operation

2 W ¥ P HOT N
Shohei TOYOTA Chikara INASAWA
= =] ABSTRACT

BRORHE ({EZ sy 7 OVEREIKT &2 J1 4 2 72 0 O il %
WESEF 5 728012, HHOMRIE M Y ILIRNIZ B 2 B%R
D \Xﬁ%ﬁﬁ$1%iﬁfj‘$%{tnf(ﬂj'§—%) VAT LDREFE
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A system capable of visualizing and measuring
the distribution of oxygen partial pressure in fuel cells
during vehicle operation at a high level of resolution has
been developed in order to help enable the creation of a
method of control that would ameliorate the decline in
fuel cell performance. Changes in the fluorescent intensity
of an oxygen-sensitive reagent coating the gas flow
paths of an acrylic plate designed for the visualization of
generation were used to measure oxygen partial pressure.

The research discussed in this paper made it
possible to predict the distribution of increases in the
resistance of the materials employed in the fuel cell,
which is the main cause of performance declines at
high current densities. In addition, the research verified
the effectiveness of applying control to reduce the
partial pressure of the residual oxygen in the cathode
tubes in reducing this increase in resistance, making it
possible to develop a method of control that ameliorated
the decline in output displayed by fuel cell vehicles.
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Fig. 1 Schematic image of PEFC

Open circuit voltage (Theoretical)

1.23

1.00 Open circuit voltage (Actual)
= Activation
= polarization losses
& Ohmic
° olarization losses
o Cell voltage P .
3 Concentration
o polarization losses

0
Low High

Current density [A/cm?]
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Prediction Method for Vibration Transmission of Hydraulic Engine Mount
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ABSTRACT

A vibration transfer function predictive technique
for hydraulic engine mounts was devised in order
to reduce medium- and high-frequency band noise
(e.g. engine noise, gear noise, motor noise) while the
vehicle is in motion. The procedure was to model a
hydraulic mount, beginning by predicting the dynamic
spring characteristics of highly deformed rubber and
then performing coupled analysis of the structure
and the fluid sealed therein. Then, the vehicle model
was created and a mode synthesis method was used
to predict the vibration transfer function from engine
to body. As a result, it was possible to predict the
transfer function with a precision of less than 4%
frequency error and 3 dB response level error at the
resonance peak. It also became possible to cut analysis
time from the typical 104 hours approximately to only
about 35 hours by innovating the modeling technique
and calculating conditions. This technique enables
advance studies of hydraulic mount characteristics
on a simulation model even during the initial stages
of engine development, before a prototype vehicle is
available.
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Fig. 16 Dynamic spring analysis result of hydraulic
mount systems

Table 1 Accuracy of dynamic spring analysis
Hole Membrane | Membrane
1-order 2-order
Frequency error -5.0% 0.9% -3.1%
Error level -19.7% 15.2% -9.8%
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A Fundamental Study of Tool Embodiment for Human Dynamic Analysis Relating
to Handling and Stability of Driving

A W o® =
Koji TANIDA
C:3 =1 ABSTRACT

7= OFERE G F RO R EIZH 72> T, 7L~
DREIRH X #EE VN EH G OEHEIERICH D AL &
RMEICEH Uz, SRS EHREORBREIRS 2127 5
7o 12, HEEIEA R BEHRUBE OB I BT oL~ Ok
EEMTHEEZELONDENN—F v LY T )T 4 BETO
N T K BHRUINTEE R A B R L 72,

IN=F L) 7Y T 4 BBIC W, BN PE S R R
ThHHEEHENDT 4 — FNy ZERERAIZELE TS
ZEIZ& T, BAEPIZAE U B HfEFE& & iR s o
BRI R R S & 57z, iz, EE
FICIZEY RO RRABETH 5 Z &, RSN
DOENIFB IR EEBRELER LD LN oh -7z EE
BAERED 2 6 OFERAER A L T, 7L~ QR et
TR 1T T ERME DB D BB 2 A R, T b b
A U 2 RIS AT O BB 2 KT B I E 5 72,

In the course of formulating methods for evaluating
the handling and stability of driving an automobile,
attention was focused on embodiments of the size of
the automobile and its movements, which the operator
absorbs into his or her own sensorimotor system. An
experiment was devised to clarify the relationship
between embodiment and sensorimotor activity. The
experiment involved cutting paper with scissors in a
virtual reality environment, where that action would be
considered equivalent to steering an automobile from
the perspective of processing sensorimotor system
information.

In a virtual reality environment, the sensory
quantity that accompanies activity is provided to
the operator as feedback information. When this
information was changed in various ways, the
corresponding changes that occurred in the cerebral
blood flow clarified the relationship between the
feeling of actual operation generated during operation
and the activity of the central nervous system. It
was also found that the feeling of actual operation
requires an appropriate sensory quantity to be
presented, and that time delay in presenting the
sensory quantity alters the feeling of actual operation.
This experimentation during the manipulation of
tools produced results that led to new ideas regarding
evaluation of the handling and stability of driving of
automobiles from the perspective of embodiment. In
other words, it led to the proposal that it is necessary
to evaluate the sensory information generated during
driving.
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T RNA 2124, £, W3, 1k F B OIAMRED
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Table 1  Experimental tasks for measurement of brain
VTR observation

H Real task VR tasks task

[%]

L \ \

c

Q | " | X i

T Real paper |VR paper Auditory and |Observing

S | with real with VR tactile video

E | scissors scissors sensory recording of

g generated information |real task

5 using sensor | added to performed by
glove on task at left  |someone else
right hand

54 THY, EFTHEDKRE S CIZ VR A T 0 %¢
% &S Z5E ML 2. IRENIMTEE 51X Fig. 1 1IR3 &5 1S,
O UED 2z X ® 5 Z L TR A4E AN TE— 2%
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d

Vibrators on right-hand glove. Five small
motors are placed at circled locations on
the tops of the fingers and one on the
palm.

\
»

/

Fig. 2 VR environment with right and left hands, a
pair of scissors, and a sheet of paper
displayed by CG
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VTR observation
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information

Fig. 3 Experimental result for measurement of brain
activation
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Table 2 Results of Scheffe’s method of paired
comparison with Nakaya’s modification

Source Sum of Degree Unbiased F

squares of variance

freedom

Total 100 48
Main effects 85.187 3 28.395 241.54
Main effects x 9.3125 21 0.4434 3.7721
personal
Combination 0.5625 3 0.1875 1.5949
effects
Error 4.9375 42 0.1175

Here, F( 3,7,0.01)=8.451252 < 241.54, F(21,7,0.01)=6.132382 > 3.7721,
F(3,42,0.01)=4.285255 > 1.5949
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