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Development of 2018 Gold Wing

g I He P "
Kihoko KAITA Yutaka NAKANISHI
= = ABSTRACT

Gold Wing & 1975 #2385 E L7z Honda DT ¥ K'Y
75 TH5. KPR TIZ Gold Wing ® DNA T 5 M
ERDEEMKL DD, RFOT 2 /a0 Y —EINd 52
&, Gold Wing B E TR g > THLWE—2 %1 7))L
FHIEL. ZOERBO-D, BB TERE L/ Sy r—v
VIO RRERHBEEEEL, BRE Sy =V v s R
L7z, Ty Zidigh»>a 382 b5 1,833 em® K
42 ba—s K ERme KRGy Y v ERBL, NIV
Iy ¥ g VI RORETRERREST O 7 H 4 ) N =2 F YD
FaTNITyFIITVAIyY g VEYBELE 70
VI ARV Y g VIZiE Honda MMBO X Ty 4 9 o
A=Y 2RV Y 3 VAR L. 2o ORI
Lo, EREE LTHIET MR LT, 40 kg DEREAL L,
45T 55 mm, £IE T 40 mm, 25T 25 mm O/NUL % E
B L, Gold Wing £ &> THRLWE—4 ¥ A 7L %
EHL 7.

The Gold Wing is a grand tourer type motorcycle
of Honda, which was first released in 1975. In the
development of the new Gold Wing, we endeavored
to create the motorcycle with the most enjoyable
maneuverability throughout all the models appeared in
the chronicle of the Gold Wing by applying the latest
technologies while inheriting their DNA of reliability
and safety conscience. To achieve this goal, a light
weight and highly dense packaging was set as the
most crucial objective, and its packaging design was
reviewed throughout the entire vehicle. For the power
source, a light weight compact engine, which is water-
cooled four-stroke horizontally-opposed six-cylinder
engine with 1,833 cm’ displacement, was developed.
As its transmission, a dual clutch transmission, which
has seven-speed and reverse gears with slow speed
forward and backward moving functions, was applied
first in the Gold Wing series. A double wishbone
type suspension uniquely designed by Honda was
developed for its suspension. Thanks to those advanced
technologies, the downsizing was realized compared
to the previous model by 40 kg in weight, 55 mm in
vehicle length, 40 mm in vehicle width and 25 mm in
vehicle height, and that made it possible to realize the
motorcycle with the most enjoyable maneuverability
throughout all the models appeared in the chronicle of
the Gold Wing.

L EADE

Gold Wing 13 1975 {EDFFELIK, Rt EEAHIZHN
795,000 BE A, BEHENGICHE TSN TZ /= Honda
DTV YT T ThD. YK Gold Wing I3JLKIGZIZE
W, AT T)RA =T ORAEBAT-E— 234 7 LDIH
WA FZET 5 [King of Motoreyele] 2V &7 MZHIFT
AR EN, BRE 42 & LT nWRRRE Lk
D72 ¥, [Kinglltd Xb LWt s &0 % Rl 2 5 72
W, B POl R > 22T LA HIEL 72, Z0EB
D7=DIZHRAL 7200, {KE.OT, » D KIRE Crfsitto
* “#E R&D £V & —

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

O, K4 2 ba— 2 KPRV Iy T RS
47, = b FBRE 2 Y2 205 Gold Wing DFEAIS
r=ovrThb. ZOWH Gold Wing iF, ZOEFHMED
B ERDE, ROV IR EEEED NS, TAY A
KPEREWT D K 5 Ry — V) v 7 &2%$ 5 54 £3&ICK
Hixhzz. 1513, Gold Winglc kMo 727 v, V¥
FIUORNZT T — AT I AL A X EREL,
IN= b FEDFEDEELALE. 2O B0 #EEE2 %
HLED ANTHEAB X NZ00, 1980 FIZRTFI Nz
2fH GL1100 4 Y 2 —Z2F — b Th 3. & VT LA
PLMEIEO LT IR AT E X5 720, PEXiE%E 1,100 cc
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IZHER UG b L o 28K L 722 2 v 44— FET IS
A, AVEA—ZF—PEFME, KT 27) v e
Y NIV, N2 T — ADERER i S 7z, 1982 ARIZIE
F—=F 4 AR CBEM, vk VO v Ny s E
AR L2ZT AV — FEFFEL, BUKD Gold Wing D
o A REM ORI L 5572, 25612, 310H (1984
) TIRPERE L 1,200 cc ok, 40H (1988 4F) Ti
SRR B R LACE I 6 %ifd (F6) = v ¥ v & Lk
% 1,500 cc lZ#E kL7 MiEF L& 55 5/0H (2001 4£)
TIRF6 TV v AREEL 5H5PFREE 1,800 cc lZik
LY, 7vFay s 7L —%32 25 4 (Antilock Brake
System: ABS) DZfiCttRY) & 4 5 “HgHH T 7Ny &
DEE, NEORHTEE~AFTF vV EMALYNS 17
FEIZDZ D BRRICEINTE .
INSDEBERET, Gold WingldZ v kv 75k
L COMEAL A Hi T C & 72 2 OMFE T, DRI H 3 4
AL, EELMIMUL CX /2. 2041213, 51%H
GL1800 %X — Z(Z F6B (2013 4F), F6C (2014 4F) ZBH¥
L, Gold Wing#a7& L7294V 7y THPRLTER
5fCH GL1800 &, 70 % 5 [E & ik TGS X h, i
B 7 a— sk LT 5,
PDlotmod T, 6 RHE G2 AREOIT YT b
EEDDEOIZ, XEXEHMTEERE DML EERQT
X7 ZORSE, BEMND Gold Wing 123K 2 filifilifgi 0%
2R 7z, mTE [ SIETERETDH S Z &R0
R OB OEN LA H S|, [HEI L ETh
ORI 6h 5 R 80, FAiz5icxtL, 40 4

Y FIZhH72% [The Kingl £\ 5 57— ZD & DIZPEAIA
ATETIRET #RDBEDTH 7. 2T, ThETHife
& LT /2 [The King | \NOLEABI2EHE EMRKL, 5—
EE— 2 YA 7 NOBNOKFRIZLEED, 6 KHE%2
Gold Wing A& HMICIRIL T N X lifli 2 B2 2 &
PORFEEZ L - XHz 2 LT, FAZB RO Gold
Wing OO AR FEEA &AL DD, 61CH 2018 4
E 7L Gold Wing GL1800 (ZieHifiifli # 4k 42 Z &2 &
D, A R A 5 o 7z

ARETIE, SEREORIFORA 6 W E A E L 7215l
FEIZOWTHRNRB,

Fig. 112, 6fCH Gold Wing D/ H 42 /8. Fig. 2

The Gold Wing Tour DCT Airbag (2018)

Fig. 1 Appearance of 2018 Gold Wing Tour

GL1000 (1975) GL1100

GL1500 (1988)

(1980)

GL1800 (2001)

Fig. 2 Appearances of successive Gold Wings
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GL1800 (2012)

F6B (2013)

F6C (2014)

Fig. 3 Appearances of fifth generation Gold Wing series
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Fig. 4 Weight and overall length of successive Gold
Wing series

Z, JERD Gold Wing D/MEEE%/RF. Fig. 31
Q Gold Wing, F6B, F6C DAMBE E % /"9, Fig. 4
i 4 X EEOHERE AT,

2, 51
2, H1

2. AEDODR LW

21. a7 +h

KEFLOMFE Y7 M, [The Honda Premium
Tourer ~ ADREININHSZ I DX ERFELE | L ED .

AVET N EEDDIZH DGO FICH 2T 5 &,
BETFLDAXAA V2 —HTdh 5 [Baby Boomer] & 5bH 3
A2 513, Gold Wing & 12 & EA 5T, Gold Wing
SIFFED B A0, B E R OB HD [ LD R X
ERDBFEM LD STE, —FT, k< BIhdE—4
PFAINLTHOFET B0, KIRDL2 -7y b 2—+
&7 5 [Generation-X| & Ebhh b HIADFRRI KD 5
Nz Wo 6 THREEERDSFTODY » 5K %
fifi>C, IEHEOMANDIRIZHEZ 5726 & DX X & i

fliz7z0W]EWno2/mE Eds72 2D XD a—3Refli
WIEFOZE D S, SEHETA S AL DEBER K, SO
AN &R O S BE L E 2 7=,

40 FERL Eizh 72 D R4 &2 ik T Z 72 Gold Wing
DATAVET MINS= P FERIZIRTAHELATH 5.
Zoar7ave s MIEE &2, Gold Wing ® DNA T
b0, W—M—DF6 LYY UhnE b TEHHN L 2Ok
IZIHiT 2 7 ay —%d5Z LT, Gold Wing W i
LIS TRLWE—Z YA 2 LA HIRL 7=

ZOFREADD, K4 OHBIZ BT 25T —~v & TiLd &
INIHE L 7=
(1) 5ERcH 5 K O HifA

FAY—2—2Ah 60y Y=L TlELL
W3RN DEBEELTKI Sy =Y v
(2) /89 —2=9 b

ZL—=ZBHROEMTET IV 9 v T EREL, &
'35 MLEN/ZF6 2= b
3) BRI LU
TV I T LR DR
) ARA ) T
Pef S 7= gl E & Bl
RS T = ITEED &, B AL & R & ME L 7

(3

(4

=an—1

2.2. 21 TRE & HHk

AT T, KOMRACERR LIFO B EMRISHE ST
HLATWZT D K5, 224 T7DET N % RIERZE
L7z 6RO ¥ b 7 v 7 €T L % [Gold Wing
Tour] LT, YUY bF V2L ALA TOETFTILE[Gold
Wingl& LTy P x— 48872, EFTLIMELAE Fig. 5
(0715 8

Ko DETNIIX L,
TILbEFYAIyY gV (Manual Transmission: MT)
LFaT7N2 Ty F T A3y ¥ g (Dual Cluteh
Transmission: DCT) 2% 7E L 72. %£72, Gold Wing Tour IZ
X, 78y 7% L 72EF I % [Gold Wing Tour DCT
Airbagl & LTH 4 TREL 7=,

IN5OMAETIZXD, —DDOHih

PV AIy Y agvidvza

Sl 0S - TAeI))
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AATRERB I A>T EHICHHLIMbZ LD =— X
BOY IR E TV LR &2 32 L, 42 18 thimtic
XU CTEEH 48 IREE TN A RFEL 72,

ARG TEFRICHW S 2 WIEAE T AU A ERER T O
Gold Wing Tour DCT Airbag & £ 712 DWW itk 5.

2.3. 1% & =1
SHEOTNETFALF 2V P TIE, TV 37 L06KBIZES
EHLWHHN 2R L, EiEx ¥ Z %> 7. Table 1
ISR - E AR T ROKLF IS &
O & &4

231. 1>

BEa sy Mee o b, X 53k E i b A SR
L7-1,833 em’ F6 =¥ Y v %[% L 72 (Fig. 6). {KInldixis
TORMEDHD VIR E D 5720 & Lizo e — R,
T Th 5 OJIHROGIE, (KRB iRt 4 1 £ 7L 5t
LX e, ZOEEDED, A7 /A ta—2HOREL
R CRF450 (€ b7 1w %) TERH XA T B ISMNZ 7 4
VHT7ruIay s T L ERBELIZI=Z N LNLT L
4 P EBEWL . 7, [EfiE &0, BERE 250
TINZ R THING ANV TRy b — THINZEH§ 352 L
BEIZLD, W BREOm EA2FBL 72 (Fig. 7). FHE
[2018 Gold Wing FIZKF-xt1H 6 Xiff/ 37 — 2= F DRHFE ]
R I @A

The Gold Wing

Fig. 5 Appearances of sixth generation Gold Wing
series

IGE), B AT AITIE A X — 4 T — 2 IR L FeERE
B2z >4 VYT LTy F X4 =2V h L =4
(Integrated Starter Generator: ISG) & KAIE — & 4 A
JIIVTHIRA L, MBSO RMEEZE© 2. £72, ISG &
DCT & ZflAGHES I L TR L— XI5 1T
RAETA VYT Ay TREEERE L2 (T XV HER
EENFICIZFREEE L. MT 24 FICIIREREL).

232. h5>RX3IvyPg>

FFY 239 ¥a /IZIEMT & DCT D2 84 FAHRE
L7z. MT &, §iE 7O 5 #LEkicx LT 6 diflike L
2. FEXYL oA, 1#»5 58 TERTETLOL U A
EIITHERS 5 2 & C, REWE #HER L. 2D LT,
N L YA 6REBINT S ET, 70— ZETHOR
RitEe g am b v 72, MT 12, #7207 >
Zb2) 90Ty FEFEH L, 732 MEMIZKD 2
T FIREMTE A 20% IR L, 2 v/ S Bific k> 7
FEYUBED T Ty FERICKD Y 3 v o AR .

— i, Gold Wing IZ#i&#k & 7 5 DCT CTlnitEflz 7
BUZLPL L7, 7THEYDOL AT MT O 6 3EY L
—DFEE L DD, MT IZx U T A 1 BGB L 7=
Kl 222 oAb 5 2 & T, BHEAgEOI Y DY
M EEL2/ NS B, BEREOBIEERY 3 v 2 &
KT 22N TER BHZAT V2 —- LI, WODFA
TAVIE=RFORLEVWIIENTNEbELEEL A4 3
Y ELTWA. FEllE 2018 Gold Wing Y — Vil 5 4
74 v E— FOBY] VRTINS

Fig. 8 IZAEFILLHIEFLDEY L ¥ A fdsy % il
BB L Ty 5.

%72, Gold Wing 7 5 TIZ DS TH 5 143 (V) /¥y — )
HeREx, =— 2B 5Ty Y VEREFRICAHE L 7
(DCT #4 FDA. MT & 4 FIZHIEFILFEIREICE — & B)
AR . BEROBIEEREPICF -V 2T 5
2T, TA N IHEENTASZEu Y80 TiEE
EREE LTW5, X512iF, Z2o02 5 v FOEE I
RIS, Ay BB N 1, (BB R T &
2728, 77y FOEGROYVEZ DA THIME L %EZE LD
BABZ MBI 572, ZOBBEAE T, TILon
VELZA y FORMEIZ K DB TORNME RS L OREE &
Tk ZENTEBMENTHERRE (Tr —F 72—
FE—F)ZBHRELE ZHCkD, UDRELREHARS
B ZAS ZeMReL 5, FEMELE B L7, Fig. 9
12 DCT O YEEX %R 7.

FEANE 2018 Gold Wing I 73 DCT D% fi <
5.

233. 70> hHANC YT

Jay b ARV Y 3 VIZiE, Honda MEDE— & 54
INHLE T 4 v aR—=VRAR ARV Y 3 VEREL
. Ky 2RV Y 3 VOFRMIZLD, 3.2.1. HTHAET S
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Table 1 Comparison of specifications and equipment between developed and previous models

Developed model Previous model
Item Gold Wing Tour GL1800
Id Wi 9
Gold Wing (DCT, airbag) (airbag)
Cylinder arrangement 6 horizontally opposed 6 horizontally opposed
Cooling system Liquid cooled Liquid cooled
Valve train 4 valve OHC (Unicam) 2 valve OHC
Bore x Stroke (mm) 73x73 74 x 71
Displacement (cm?®) 1,833 1,832
Throttle bore ¢ 50 x 1 with TBW 40 x 2
Starter
Engine Integrated starter generator Motor
Generator Excitation formula
Transmission Manual Dual clutch Manual
6 speed 7 speed + Reverse 5 speed
Clutch system Mechanical Hydraulic control Hydraulic assist
with assist slipper y
Reverse Motor driven 31 Engine driven Motor driven
Frame body Alminum twin tube Alminum twin tube
) Electrically adjustable Electrically adjustable .
Windscreen (Iow height) (standard) Manually adjustable
Airbag - equipped equipped
Body -
Drive type Shaft Shaft
Front suspension Double wishbone type Telescopic type
. Swing arm type Swing arm type
Rear suspension (PRO-LINK/PRO-ARM) (PRO-LINK/PRO-ARM)
Lighting devices LED Bulb
LCD display 7 inch multi display 6.5 inch multi display
Apple CarPlay %3 adopted -
Ignition Mechanical k
Electrical Steering lock system Honda SMART Key system echanical key
-1eClrICal T ear trunk and pannier lock (electrically) Mechanical key
equipment and system + remote controller
control y
Cruise control equipped equipped
Mode select 4 modes -
Honda Selectable : _
Torque Control X2 equipped
Hill Start Assist equipped -

%1 No reverse mode for US model
%2 Only equipped for Japan model
23 Apple CarPlay is trademark of Apple Inc.

Fig. 6 Appearance of sixth Gold Wing’s engine Fig. 7 Internal view of engine
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EEEALZE Sy r =V Vv S EERT L L L I, DO
PREDM &KX > T b, —IZiEkOTF L 23y o
RY ARV Y 3 VT, ThEAKRERGERME LTflisT
WB. ZDR, TUAFa—T AV FFa—-TITIEK
ERBEIRMDY, Lo ) BHERAE AT 3.

ZHIZRL, SREARLZETILY 4 vy aR—rR
PARY Y g VT, BHEABINT S22 v v g VHEEE LR
MEZFHO DT+ — R EEpHL, WiEs E T >0
T —ALTHABRYKE L7z (Fig. 10). 72, 20 v 73
ORETIE, $XTOERy MFIZHEA D 52 2 R4 5
ZET, Zbua— s XD 7 ) 2> 3 KA
FHL ZhEDHR, 79 3 v Lw ) P2
WX, BRIED BNV FIICED B & % /i€ 7L TH
30% (I U 7=, & 7=, HEAEAR & fofe i & SRAEER A2 & S Bk L
RS A L B2 LT, ATET MK U CHAEEYEE — 2 v
b & 40% DL EKIR L, ETREONY B V7% XD EHRIC
L7

350

Engine speed: 6,000 r/min

300

250

200

150

Vehicle speed [km/h]

100

50
0
Developed Developed Previous
model model model
(DCT) (MT) (MT)

Fig. 8 Vehicle speed on each gear position at
6,000 r/min

Clutch for
2nd 4t 6th gears

Reverse chain

Reverse sprocket

5th gear

3rd gear

7t gear

Clutch for
131’ 3rd, 5|h, 7th gears

2nd gear

1st gear Output

Fig. 9 Gear arrangement of dual clutch transmission

DIEOSER, IR LR A L 5 L, Hifhit T O
BoNY FEEIZ 8 ey R ) V7 CIB A, MG
R v v TIC K BMELEDOD NG 6 2 3 DA F
BlL 7.

FEAIIZ 12018 Gold Wing & 7L 4 v ¥ 2R —VvRA T
Oy b ARY Y g v OBR] O RmIC RS

2.3.4. BE B L UHIH

FAEMENFNRDY =V TXHIZEDOE LIRS
kO BV E MO A B2 45 72012, oo ORISR
EHOWE[Y—VRHIFA T4 v E— 2L 20
VAT LTIE, ATy b4 T A ¥ (Throttle By Wire:
TBW) 2 & 2 e #hlin 2 V) » THE OB IR, ©
7 N DEHFE (DCT 44 TOR), ¥ 2RV Y 3 VDWW
BN, 7V — F OuitkHIE B R A ) X
Gl A B Z > T b, FElIE 2018 Gold Wing A —
VS AT 4 v E— FORR] YIRS,

%72, POERERF O RO L FIFEEoR EAHBE L
Honda DE— 4% A VL TH BB LILZAL— TV AL
(Hill Start Assist: HSA) ZHKH U 7=, Bipfs bEZ, 54
ENEDT L —FLIN=AD—ERE D —EmEL D
BEANERNT2E, CLZXA— T2 FE—FIZA
5. A4 ZRREEIEICAD L, T —FLov—%HEL 7%
B —EREM T L — F A REE L, POEFHEIRE O L0
A ELTW3.

X512, BIETFIL RIS, 4 — b 27 )L — THEEE & 2
LCWa, Bl V7474 AV MK, E—FH A4 2L
TR HI & % % Apple CarPlay (Apple CarPlay &, Apple
Inc. DFGHETE) R 7 inch ¥V FF 4 Z 7L 4, Bluetooth”
WIEA—F 4 ALz A=y avDry, 7
AR N Fova y o 2 BRI 25 g & S 9 ICiRE L &

Steering bridge

Steering tie rod

Steering arm

Upper arm

Front cushion

Lower arm

Front fork

Fig. 10  Configuration of double wishbone type front
suspension



2018 Gold Wing MEI%

% Honda SMART Key ¥ 27 A &#E# L 7z (Fig. 11). Z
DYAFLTE, ¥4 FET o b= T7 75—, X b
FvoOuy sERE SEB XE 3 2 & TRIfF AR E X
7.

Fig. 12124 ¥ AV AV b ISR VLD IVHE E % 15

Fig. 11 Honda SMART Key

NN
ST TT I Rvs

re §

Fig. 12

Instrument panel

3. ERELLTT b

3.1. EREENET

SEREOREAREITCIZD 5720 & Lz B TEDZRE
PO F FITHENSEHEOWIL ARG > 72 EE L
72, A =L R—=ZIFFHTETF ML 5 mm #E L 7= 1,695
mm & L, Fv ZAXMAEE» L, BROREMEMRL 7.
Table 2 IZHIE T & DFEILO B 2R Y. Fig. 13 IZAKE
T ORARFETTAE T

F/o, BETEHEBEE L Sy r =Y v 7 5BKLT, 585K
HY A4 ZO/NLEFEBLL 7=, Fig. 14 IZAETIL L HiE
TODOHRY 4 ZDOWIKREZRT. HIETLILTERKR TS5

Table 2 Comparison of dimensions and other
properties between developed and
previous models

Developed model Previous model
Gold Wing GO'TdO‘L’]\f”Q GL1800
(MT) (DCT, airbag) (MT, airbag)

Curb mass kg 356 383 423
Overall length mm 2,475 2,575 2,630
Overall width mm 925 905 945
Overall height mm 1,340 1,430 1,455
Wheelbase mm 1,695 1,690
Seat height mm 745 740
Ground clearance | mm 130 125
Caster angle 30°30° 29°15°
Trail mm 109 109
Fuel tank capacity | L 21 25

mm, ZMET 40 mm, 25T 25 mm & L7z (7 4 ) h A%
[EA1F Airbag il 2 L — R4 T o) .

32. TREEE

SERCHE O EAL H NI fHE BT 30 kg iR L, Fh
LW CENHERERTE S F6BHIETFTILIZBITS T
YOVAZAT, b Ty a A4 TITx Ui E R T 28
kg BE)WORXE SV o84 T TEBTSHZEEH
B

IV UE3.3.2. HTHRIBT 24k & D MT AT
6.2 kg, DCT 1A% T 3.8 kg DIERALAERK L 7=, KR
B TCIRRB OIS & 0 18.2 kg IR L 72, IR T
G EEBEREORKAIZ KD N =3 201 ¥ H OB HIK
L, flffz=y F OfAl, SEMORERESE 2D
HC13.1 kg L7 THhoIZA, V) v ERLEM
dAVE, WHAKESZEDORELOKR, aiE 7T micxL
C, SERCEOBHEREIX 40 kg DG (7 X ) 7 &% EH A
17 Airbag Mg B L — RISk 5 i) 2 WK L 72,

745 mm

1,695 mm

Fig. 13 Main dimensions
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I Previous model
i

Developed model

1,430 mm (Gold Wing Tour)

905 mm (DCT)

2,575 mm (Gold Wing Tour)

Fig. 14 Comparison of vehicle size
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Double wishbone type suspension

Fig. 15 Packaging

AROBUTRT LI, 2AKD) YDV FH A b Y —FKEIS
kb, 7ar b 24 YD o —sipiE FSICBREY
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== Developed model,
double wishbone type
front suspension

=== Previous model,
telescopic type
front suspension

Fig. 16  Trajectories of front axle
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BIET LD 22Ty b2 S > v 7L 2a y b
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bt 2 MO RIE A E 2B Tk 572, 72, DCT {14
T, MoEATEERE O NI & b, VN — 2B O E Y
HEAERIET 5L, BiGcb-2BELE BT k57",
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3.33. RERENE
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ERT. MO =ZMAide y 7RA Vb, 270 v TRA YV
b, AT 9 TRA VI PERREND 74 4 DRFLEH %
AT REFILTE, BiEFILOHA =AM EIEELOD,
by FHRA Vb EHEGRTGISEE L .

Developed model
(DCT type)

Previous model
(MT type)

Fig. 17 Comparison of engine lengths between
developed and previous models

=== Developed model

=== Previous model

Fig. 18

Comparison of rider positions between
developed and previous models
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Fuel tank assembly

Yy FEEHELE 72, MHl7 7 v &5V 24370
FAASNMINCRE L, 727 V7 OS2I 7.
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Temperature

- High
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Fig. 20 Result of thermal distribution analysis by CFD
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3.4. ZFEOEMEM
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I Developed model
I Previous model
Fig. 21 Comparison of handle movable extents

between developed and previous models
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Fig. 22 IZAEF L LRIETF LD Y — MR &R T

Previous model

Developed model

Fig. 22 Comparison of seat shapes
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Fig. 23127 L — 4K F— kI, Fig. 24 IZAEF L
DYY oy a VIBIRERT.
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Developed model
Main frame

Seat frame

Previous model
Seat frame

Main frame N \

Fig. 23 Comparison of frame bodies
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Fig. 24 External view of rear cushion

Support bolt for swing arm

Frame body

Fastening nut
for swing arm

1 -y —

— Uil

Frame body

Collar
Fastening bolt for swing arm

Fig. 25 Structure of swing arm pivot shaft
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Fig. 26  External view of electronically controlled wind
screen
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Previous model

Fig. 27 Results of verification for wind protection performance by CFD analysis
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Development of Horizontally-opposed Six-cylinder Engine for 2018 Gold Wing
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Yusuke OSAKI Masahiro KONTANI Satoru YAMASAKI
7 = ABSTRACT

B Gold Wing D5Ek#H I Y 7 MZHTE, [24—
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MEEh7zF6 /8 —2=y 2T MBS
T BRUACE A 6 Siffi/ ST — 2= P EFAFEL /2. R
VR MED DT, 1oV y 7 ERavay RO
BEBREAZERL, WMz 74 v HTruvay h 7 —
LEBBE LI H LIV T P LA YRy Y7L ATy b
N E AL 72 BRI Lo =012, BRI
B 2NV TINZ R TRING 450 TR Y b L — 7 FRIAZEH
L7z ECEIEMHIE L, IRKAR - MoE s Y TR &R
HULZ ERETY 2T 25RO 5N BED DBEEEE
¥ 572912, Throttle by Wire ZFkfH L 7=, 72, HiEE 4
LERRVE EPEROT G A FEBLd 5 72812, Integrated Starter
Generator BXEJIBANDFHENE 5 3 TN —=H oy T V7
DL, PERREITORE LA B I 5 o7 DlkickD,
RE TSR L, DCT 1T 7.1 kg, MT (LA 9.5 kg @
et a vy Mea@ER L ¥—=2 1% 6 kWAl
UD2D, WMTC &— FIRE (2 7 Z 3-2) T 24% Ol |-
(EINIENT) # R L 72, £ 77, SR E SRSz <,
HIFREE ) O 2 @A LD B P S A EFBLL 7.

On the basis of the concept of new Gold Wing,
the new horizontally-opposed six-cylinder power unit
was developed with the theme “smooth yet aggressive
at times, light weight and compact flat-six power
unit.” To achieve weight reduction and compactness
of the power unit, the materials and the shapes of the
crankshaft and the connecting rods were redesigned.
To realize lightweight and compact power unit, the
Unicam valve train having finger follower rocker arms
for the intake valves and the single throttle body
were applied. To enhance combustion efficiency, the
combustion chamber was changed from bathtub type
for two valves, to the pent roof type for four valves.
In addition, the compression ratio was increased
and the intake ports were applied with a shape
generating a strong tumbling of intake air. To enhance
maneuvering qualities, which was derived from the
set concept of the developed motorcycle, a throttle-
by-wire system was adopted. To the drive system of
the Integrated Starter Generator, a damper of revised
configuration and a rubber coupling were implemented
and the requirements for tranquil riding were fulfilled.
A comfortable exhaust sound was also provided by
reassessing the design of the exhaust system. With
all the measures mentioned above, weight reduction,
together with downsizing, was successfully achieved
by 7.1 kg for the DCT equipped model and by 9.5
kg for the MT equipped model compared to the
previous model. Furthermore, the peak output power
was increased by 6 kW and, yet, the fuel economy
was improved by 24% (in the case of the model sold
in Japanese market) in the WMTC mode (class 3-2).
As mentioned above, the enjoyably deep and pulsated
exhaust sound was also achieved while offering the
mild and high quality sounds of mechanical operations.
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Table 1 Power unit specifications

Developed model Previous model

DCT type | MT type

Cylinder arrangement F6-cylinder F6-cylinder
Bore x Stroke (mm) 73x73 74 x 71
Displacement (cm?) 1833 1832
Compression ratio 105:1 9.8:1

Maximum power 94 kW / 5500 rpm

171 Nm /4500 rpm

88 kW /5500 rpm
169 Nm /4000 rpm

Maximum torque

Valve train Unicam - 4 valve SOHC - 2 valve
Combustlgn chamber Pent roof Bathtub
configuration

Diameter (mm) $50/1 $40/2

/ Number of throttle body

Generator Integrated Starter Dedicated generator
Generator (ISG) -

Starter Dedicated motor

. 7-speed | 6-speed :

Transmission DCT MT 5-speed MT

Reverse system Englne Motor drive Motor drive
drive

Engine weight (kg) 114.3 111.9 118.1

Engine length x width X | 447, 700 x 503 | 633 x 706 x 513

height (mm)

*The engine weight includes the intake system, starting system,
charging system and the transmission. The intake system
consists of the throttle body and the downstream parts.
Exhaust system not included.

*The engine length does not include the final shaft.
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Fig. 24 Driving force (actual measurement)
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Fig. 25 Air cleaner box Type A
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Fig. 26  Air cleaner box Type B
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2018 Gold Wing 7 & DCT DR%

Development of 7-speed Dual Clutch Transmission for 2018 Gold Wing

il 73 N o= AT [ S B
Taku HIRAYAMA Yukio YOKOGAWA Yasushi FUIIMOTO
= = ABSTRACT

Honda®% 5 Y FY 75 TH5 Gold Wing i, HERK
AR A A, SO A3 T & 2. 2018 ET L Gold
Wing TlE, =27 b7 23 v g EBRICIA,
WD CIREHLEDH B AKR—T 1 L4HETHEE L
THT TN T 9F b TV Ay Y g VAR
BHILA= b I U239y g v Ly A FEEE ERRTER
Rl Ll eL, 79 yF 20y PN, IA Y &
bk X g 222 I R A R D A RR R 5 & VoS Dh
M & O REEOFFREDOTE & 510 LA 1T -7, £z,
Gold Wing 7 5 TIZD ) 73— A (i) #EMEIL, 1ERDE —
A RPET 27Ty FbITVAI vy a VIS
EWALZ D VBN AANOEEIZ LD, BRa o8
IINBEIY DUy =V EFEBR L X5I1TE, NV
N2 Ay FEEOATHRIEMTORNEL KUOKREL I Z
59 ZENTEDMENLEREE (T + —F /A=
ET-F)EBIMLE ZHIZED, YR LREEHNESIC
70 RSN L 72

The Gold Wing, Honda’s grand tourer motorcycle,
has been highly praised for its quality feel and
quietness. The 2018 Gold Wing GL1800 is offered
with either the manual transmission or a newly
added 7-speed dual clutch transmission, which allows
for comfortable, yet sporty and enjoyable shifting.
The transmission ratios are optimized for enhanced
quality feel and quietness, and shifting become even
quieter thanks to shift controls coordinating the clutch
and throttle-by-wire and added dampers to absorb
shifting noise. In addition, the reverse mechanism,
a Gold Wing exclusive feature, was changed from
the existing motor-driven system to an engine-driven
system utilizing the architecture of the dual clutch
transmission, producing a lightweight and compact
engine package. Further, a new forward/reverse
walking speed mode was added, capable of both
forward and backward creep at very low speed with
just the push of a handlebar switch. These changes
have made the Gold Wing more convenient by making
it easier to turn around and park.
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Table 1 Shift drum positions
Shift drum positions of developed model Shift drum positions of other DCT models
Engaged gear Engaged gear
Shift drum Gear shift Odd- Even- Shift drum Gear shift Odd- Even-
position # conditions numbered numbered position # conditions numbered numbered
gears gears gears gears

1 Rvs N R, 2 1 Neutral N N
2 Neutral N R 2 Start, 1st 1 N
3 Start, 1 1 N 3 1st < 2nd shift 1 2
4 1st & 2nd shift 1 2 4 2nd N 2
5 2nd N 2 5 2nd < 3rd shift 3 2
6 2nd & 3rd shift 3 2 6 3rd 3 N
7 3 3 N 7 3rd ¢ 4th shift 3 4
8 3rd ¢ 4th shift 3 4 8 4th N 4
9 4t N 4 9 4th < 5th shift 5 4
10 4th < 5th shift 5 4 10 5th 5 N
11 5 5 N 11 5th < 6th shift 5 6
12 5th < 6th shift 5 6 12 6th N 6
13 6t N 6
14 6th < 7th shift 7 6
15 7th 7 N

HLTW3, Zhickh, 1KY avdzbhor 7 b F
S LDMENPERD 30° 76 24° LB, VT FEFS
LAONEICEHE XN T b T —2 ) — FIBOE X
WHRTELW., 22T, VI FNEFFL00E% ¢ 4225
¢ 58AWKTBHILT, 1EYYaVvdHihDy 7 MK
I LAEHD ) — PR AEMERD 6 BRI Lz, %
7z, FxVOEHE -4 OREILX, TV P VATV I8 b
1245780, =20y yONHNZEL X5 I2EE L
7= (Fig. 1).

4. Gold Wing F§ DCT MD4F#aY 4+t
AREETIE, BAFE L 2RI B D WO 5.

41. 74+ —F > XAE-FKE-F

DCT #H#EF L TIE, V3 — 2 AT E T L DE
A S TV Y VERE S RICEAH L BT, M
T ERERE 2B L 72,

THRHETOBAIL T A4 FDJHU A8 S MR THELT
THREND B, 72, MTHRRICBW Ty Y v aT &
L7z S — 2B AR U258, IEThintEd 2 L x &
FIRRIZ 2Ty b &S S5y FOREIZLD, BEOMA W
AL IS BERDH D, TO20, UV EEHE
L) S — 2 TR T IR s s 5724,
AEFILODCT HATIE, TBW & DOWHHEEIIZLD
27y FLAay ML ERIFCED S &, HEE#l < 3
BELZRTENTED. ZTORD, TV VvEFHELRY
IN— ZHERE A RS 5 2 L BETREE 5 o 7.

72, ABO L B0, ik E REOYFEZ I, FYOY)
BAEERELEEFIZI Ty FOOREELDATEZ

BHIZENTES., ZOBERETNTNY FILZAA v F
TEDATHIKE TORMMES K OHMEE LI A S TN TE
59 —F VA= FIE-FERKEL -

LU, fodni s ae I DWW THt 3 %

Fig. 512, ZE/VY KL 24 » FOIMEERT.

FSYAI Y a YR a— b ILORETT x —F
A —=FE—-FYBEZ AL v FICEDE-FEEHLL
B, AR 7 N Ty TDAA4 v F T, Bty 7 84
VDAL FTHEMETS.

WTNDAAL v F &, ML THBBIIMETETTSZ
LEWTES.

ZHUZ kD, BEHE A 5 O L AR Hiinifize & fik
EETOHEMKE D M LEEA L XE TS, 24 v FIME
SRR T 2 EMIZB 25 72012, #di7 4 — F

Walking speed mode switch

Shift up /
Forward in walking
speed mode

Shift down /
Reverse in walking
speed mode

Fig. 5 View of left handle grip switches
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Ny ZHIENZ KD 2 Ty FRE LY EHITEL Th 5.

L2ALAERS, FORTHBRGEL koG, BHHl
T 4= RNy ZHIENZED 2Ty FREE ML EIRS L
5 &, mENIZy Ty FIEFKRENE. 20728, Hif
13258 U CHIER M AR e 5 k5.

Z 2T, Btk W CEEDER O 7 5 v F, R
BOWTEBREHD Y 7 v F&2EHT5Z LT, T hmE
WAMORRE I B &, Hilj 2R 52 LN TES.
ZOZEIZHEHL, By HEEgE A/ 2 7235610, AT
HED 2 Ty FIZhb>THHBED Y T v F & d 5l
EEA L2, ZHIS KD Ll Lo & fifl L <
W5 (Fig. 6).

F7z, MOEBTHREE— P, 77 v FERICKSZ VY
YOBRKHBBEAR LIS EWTE, TBWICKD, 74 F
) U RO Y Y VAR K DR EH O 1000 rpm &
KEEIIZT4 =Py izl k->T\W5,

ZhizkhokmitetEd, 4 2120y bLS) o7
12 & B b a0 BB & <, HiljOH Y [ LIiZ#Eh T
XHEHITh ST

4.2. AR =7 1 HERFIFE

DCT I3ZHIFIZ B X Y Ichi s h 722 5 v F &Rk
T3 LRI, REFVICER I N2 79 F 20T S
ZETAL—=X, OB G h G EdE ks 2 k-
T3,

AEFILTIE, V-V AT4 v 72— FOURKZ
VAT AP EN TS UDODE—- FOR, SPORT
E-FNIZBWTE, Y7 7y TR, AT 3 v i3t
DE—-FEH%EELLDD, KD AXR—T 4 AETEAREE

a. TOUR mode
(equivalent to existing DCT)
Long clutch engagement time

(om) A —

b. SPORT mode
(before shock measures)

Short clutch engagement time
A - I\ -,

T3 730, TBW B0 & W L AN & i X 4 5
I % BT 72 DAL 7

RHD DCT OFIEIZB VTS, & 7 F e &
T3, B0y 7y FEEIN L AKRELST S
TETHEETH S, Lo Lans, Bt omiEd, &
RG> Y Y RO T3 (7 5 > 7 FIATE) 4 0k
X4, 25V o ROWE L L SR 5. T O L
o Bk b B £ KT IS ZLAE L, 5
A FBEHRY 292 L LTEL S, 20720, fEROEE
HETE, 77 v FEHHOY 2 v 2 %7 4 X OFFEHRIT
T 2 BEA DY, 7T FOBG £ TS
LR T 5 7= (Fig. 7-a,b) .

T ZTFig. 7-ciomd & 5142, TBW Bl L,
5 FRBIHZ AT o P ARBL S T T, B0
HLZ 2 0 FE T BHIE P L ORINS$ 5 2 o v

MUY EWAD SR, ZHICKDEERY 3 v 7 2 RNEE
-‘:—s r====- | i _I_ r=-=-==-= r _____ | T===== 1
ET : : : I 1 1 1 1
e . . || === #1 Clutch torque (acceleration

. . T at reverse)
o
=2 | || cmmm #2 Clutch torque (deceleration
b S 1] at reverse)
= | -
20
=
O e W

__________________________________________

Target speed 0 Vehicle speed

Fig. 6 Clutch torque at reverse

¢. SPORT mode
(after shock measures)
Short clutch engagement time

I .
Engine /E\=/ : ..... : _____ |
speed 1 i i i
T ] > T 1 > ]
i i ] H H | Throttle
A Throttlelvalve open arigle A I I A closed
i i I i
Throttlé grip open angle H 1
]
. : —k — >
: : '
#2 Clutch I Engine
(Nm) & I K orque
Cluteh/ Engtorgq 1 ) reduced  \l-eseeeeefofereee
engine - 1 1 ]
torque = : - = - >
: : ! : Engine
Shock 1 | Shock i | torque
(m/s”2) A small i A\ smai E:LEEI I reduced
I = 1
IS ~
Ch Lo~ ! \\l—
o = : = : _
longitudinal ) ) ]
g-force Time Time Time

Fig. 7 Shift times and control
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3 ks, ZAWIER % 300 ms A5 200 ms (249 35% (5%
4 . Throttle BHJE 25 & = > ¥ v [HliEE 3000 rpm) FHiE X
7=,

43. FI2RXR3yva DEBRIEBLIULFERHIC
& BEEmMEDRE L

Y 3 v 7 OKEEFHREER EX 5720, TV
Z3Iy ¥ avE THENEZEILLDD, KX VYLD
I bAE B Z %57

Fig. 8 IR 4 &k 91, ETEE/NE <, ZHIKEO/EH)
HAMZ A2 RSO KH IR TIE, AT T U UICHE N
1TESEMLT 2L Y AL ZHIC kD, 2
DXy Y v EROZE N EE/NE L, s 0Kk % ¥
Ihot. 512, 70 AL YA k2t oBE) 1
DEAINE LS BB LT, BHY 3 v 7 NS h, B
&A1 & a7

—J, V=0 v TEHAIN B EEEE T, fiET L
W20 U CEEENC 1 BSENT 5 2 & T, Koy v v
R A S PR A, ffsRtE 2 A b &7,

Fig. 8 12/8 9 & 912 100 km/h EfTHO T > ¥ v [nllxk
i, AT F DK 2600 rpm (538) 124 LT 600 rpm i
#2000 rpm (73) IZWIA B ZENTE A ZHUZXD, i
TFISH U THH 100 km/h KAiED 7 4 & Fedifiy i o
HIth#s #4595 dB Kk ¢T3

4.4, ZRIFOITS KR

2Ty FITG, BRAEDD, 259y FL YA XIS
ERELZ. ZOXV MK, BEFICRETIEFY
DKoy FFEREO MRS & MIRFER R A KT £+,
HEE DRI E X2 > T3, Fig. 9127 5 v F X %
RY. %72, Gold Wing TIXEIBOEHM: A ERK L T <
T, SER OB TIE KU & & B WA RO 225 S
FIZHMY DX D IZ 572, ZD728, ZBHREFOMEZEH 8T
Ao R VAN S AN AT P SV - A OF

New Gold Wing 1st 2nd 3rd 4th 5th  6th
Previous model 1st 2nd  3rd 4th 5th

Closer ratio
at low
speeds

, Topend ellwgine rpms and noise
at ear level reduced
(at 100 km/h: reduced approx.
600 rpm and 5 db)
1

Engine speed (rpm)

== New Gold Wing
=== Previous model
1

100 km/h

Vehicle speed (km/h)

Fig. 8 Speed diagram

BHIFIZY T M T+ =225 &F o7y T b T —2
Y 7 NOWRED, TV VT — 225720 F ORRICHEE
HTORET L. TOWMEFTEMA 57280, ¥ v 7 bl
&8k L7z (Fig. 10).

ER A L A N VAR 1 | T R S D R A
T =0, TOWEERKNT A vV Ilhb L&
ICHREPREE TS, TOHRGT 2N E 572012, <
ART — LRI K V8% BE L7 (Fig. 11). 25 ORIG
L HRD Yy Z y F Ry 22 T kD, 28O ER R
AR -

Even-number gear clutch

Odd-number gear clutch

Clutch center damper

Fig. 9 Structure of dual clutch

Fork shaft dampers

Master arm dampers

Fig. 11

Master arm dampers
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HF6 YV YVERBRLZ - 2@ iAuzxL
B &7 1.3 kg ORELAEKL 72.
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TUZKD, P E ZATOYID R U REE R 2 &Rl
HTORD [ U A ) b X7z,
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Development of Ride Modes for Various Conditions for 2018 Gold Wing

fioH R LI 1 B o o — R
Atsushi KUSUDA Yukio YOKOGAWA Kazuho NAKAI
L3 = ABSTRACT

Honda ®— &4 H A ZNADT IV YT IFTEFALTH S
Gold Wing i, ;D OPuE M & 2K — Y PEOWH % /¥ 7
VA EBEOGHIT AT % /2. 2018 4 EF L Gold Wing
GL1800 CTix, Z DM & EHMENMT 523 Th<, &
K=V BT, I, MAET R EDETY —VIilk
WTE, THICEOF FITHNI ML 74 X Ii 32
ZLT, IAXNEZTE LM E LDIEARTE L
AHIEL 2. ZhaezET 52012, BhEsEEs e
ZDOBERAETE I ZDERHS. LrL, EHTLHHE
REWMRULEGA, 51882 DERLMARDLET
ETY = VICHLEZREIIEDLDERAL I L IIES TIE R
W, 22T, AEFILTIE, iR CEREY & % (Honda i
) O OBR (WIS EFRE, WS R, 2R, o
ARV Y g Y OWRESRE, 7 v — F ORI IR R
V) AR Lz =Vl 4 74 v E— FEMET L
. ZHICKD, AR TNTFhOY -V TEHIZED
TN EDREORME L I 2S5 T L #FBIL 2.

With its well-balanced riding comfort and
sportiness, Honda’s grand tourer model Gold Wing has
gained good reputation for decades. In the 2018 Gold
Wing GL1800, in addition to bringing the comfort
and sportiness to a new height, a target was set to
provide the rider with more performance benefits by
offering selectable ride modes to adjust to various
riding conditions such as the sport ride, the riding
on suburban road, in rain, etc. To achieve the target,
various factors such as the engine power response
have to be altered. When the number of factors to
alter increases, it is not easy for the rider to combine
such factors and adjust to the riding conditions and
rider needs. Accordingly developed in this model
is world’s industry first (according to Honda’s
research) new system for the motorcycle to allow
the rider to select a ride mode for each condition by
the integrated control of five factors (engine power
response, characteristic of driving force, gear shift
timing, suspension damping, front/rear brake force
distribution). The newly-developed system provides the
riding performance that allows the rider to control the
motorcycle as the rider wants in various conditions.

1. EANVE

Gold Wing i, Honda €= &% A4 2 LDF 5V YT 5
ETNLTHS. HIETNLTHS5KH Gold Wing i, £ED
BT 3P AR =Y WIS i AN S VX X4
mLEHMi Eh T/, 6 AHE A% 2018 FE T Gold
Wing GL1800 TIX, [Gold Wing ! L TR &> THL
WE—ZH A ] EHBELZ [REE->THELW] &I,
V75 e LTIEHET S22 ThL, 2R—VET, R
SREEEST, MAKET B EDETY — Vit TY, 5612
BOLFITHI/M A4 2 ICi@ft 52 L
bbb Fig. 11TRT K12, 74 FHERTE 5 VEREME
* “#E R&D £V & —

EWRTHIELERL 7. ThEEBT 2291213, ¥
ANV avey T4 VRN ERE R EDRE S
ZHL, V= VALY TED DR & & 5 LER
5. LHL, Gold Wing iV 7 7 & LTk DRIEOELT
Ve VICHAEEEDL 10, L OBEXEOEHEIRDL5N D
LEA 0, BETIEREER LGS, Thoo
B A HAG DR TETY — VICHE L 23 EITHbHEA
DZEFEGTIERW, 22T, KETFTALTIE, &£ -V
TTA XHRD BHREE K ¥ 5 ToDOEER (MHIGE
Tk, BXEDREE, 2R, 2V Y 3 v ORE TR
Y, 7 v —FOmiRRE DE R 2R L, Zho &
Al 5 (CEERY], Honda #8N) v — Vil 4 54
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Evolution line

¢ Provided
/ performance
in normal
evolution

Previous
Gold Wing

Comfort (relaxing)

Sporty (quick response)

Fig. 1 Target zone

VIE-FEBIRTELZ VAT L LIT, ¥v=vilo4
F4 VTR F)ERERELE ARTE, 20V 2T LR
M= DN TR 5.

2. AEDODR LW

6 fCH Gold Wing Ti3, &y —ViZh\WuE
P ZAR=IWDINT v 2BEN2ED OFME%E TOUR
T—-FEHRELZ ZOTOUR E—F&EXR—=2& L, 20D
&M 5 ElTY — v Ii2d b7 SPORT, ECON, RAIN
DZDODFIA T4 VITE-FNEZRELZ. ZREDE-F
W54 FHWETHIZAAL v FTEIRTESEESI1ZT5Z
LT, FAANEZTELUROME A KT S L%
Moo BRE—FPOMEY -V EEDDOREREA 4 -
% Table 1, EDDFMEDRY > 3 =V 7 % Fig. 2 1287
TOURE—FER—2& L7z, &E— FOEEKNEZRS W
LU FIZLSY.

?—~~ ) )
N Evolution line
\ ECON '\, _
EAN 4 -~~\"
=) | ~-{
£ \ N
8 SJAIN - N TOUR N
g S’ N The Gold Wing Ny
= \
L \
£ ~ r
38 Previous Ssaol? N\\
Gold Wing '\\ SPORT '\
1
\\s_r'\

Sporty (quick response)

Fig. 2 Performance positioning image

Table 1 Presumed conditions and riding characteristics
Mode Condition Characteristic
The most balanced in
TOUR Versatile various situations
(The Gold Wing)
SPORT | Winding/Soloriding | =X¢ting with quick
response
Suburb / Congested Comfort and relax with
ECON ;
(urban) mild response
RAIN Wet / Dirt More secure in low p
road condition

(1) SPORT E— F:Hd#EMERE 2 & Q@ PEREDIA L

(2)ECON & — F:igftEol b & opuwEttom -, &
K OB MERE DM

(3)RAIN E— F:#li D R T WK TOHREm Y » T Off
R LIz &k 3 L0i&onmE L

ERTFiE

ZZTR, BIATA VI E—FOREVEEKT 572
BDOFEIZOWTHMAT S, Av 274 =277
VA 3y g YETFN, Dual Clutch Transmission(DCT)
EFNLITERH &N T 52, AR TIEDCT £ 7 LG
DY AT LIZDOWTREET 5.

3.1. HifiFEE

FTALDPRKD BREEEKT DD OBERE, KHE—F
DOREW ZET» S U, Bl R 43%7%E L 7=, Fig. 31
KE— FIZB 2 2O ERITHIST 2N TRt 2R g
3.1.1. SPORT £— K

T4 VT4 ra—FaET, K AKR-T 4 kElT%
BIASEAITE, I—-FADOE TORGEIXBETIE,

SR CREFE AR E R 7L — TR A e &
ﬁf:—f«@ﬁA%ﬁéﬁé:aﬁ*behé.:@
Wity R, Btk 7y — R EIE O SR, 2Ry
Vg YV OWERERERORENEICHEGT I EHRE L 5.

it,: FHEODONGRXETiE, Ko EniiEs25%
DIZZAYDR) vy TEFREEENVEIS B2y ML

7y THAE L) S AW E 2 4 I KRB 6B,
ZOWE, 20y bLZ )y TSN 5 H ISR
R, ERENIIREME, MRS, MERFFEICH ST A ERE
5.

3.1.2. ECON £— K

ECON E— Fid, ¥R s ICw U 22817 2 E L
TW5, KT, BELEIEOBD B UEER S Z &
bbbz, 20y LT o TEAEITKS 5 IR E) O
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Mode |Condition ‘Rider Demands

Affecting Factor

Technical Measures

Quick, sure gear shift Front/Rear brake force distribution »| Electronically-controlled combined ABS
Corner entry on
winding road
Quick, sure braking to maintain stability
SPORT - -
. Good acceleration without tire slippage Suspension damping .| Electronically-controlied suspension
Corner exit on system
winding road
Appropriate gear shift timing
C?:%(eas;;ed Gentle body behavior Gear shift timing »/ Dual Clutch Transmission (DCT)
ECON Gentle body behavior
Suburban
Quietness when running Engine power response » Throttle by Wire (TBW)
Wel/Dirt Gentle body behavior
RAIN | (sippery)
Stability when tire slips »| Characteristic of driving force Honda Selectable Torque Control (HSTC)

Fig. 3 Technical measures to adjust five factors to demands of each mode

FAPRROrTH LI ENRkOENS. ZOHA, Zay
MILZY) ) TEAEISRT B ISR AR R B LIS
HE59 28R D, £/, RIS THEE 100 km/h PR
TS0 EETTEIL—Y Y ORI, B kH
REHOZISIA TR BETH O, EfTHOSEH
DR RO 6 5. ZO8E, BHEFENT VY VG
DI FH 5T HR L K 5.

3.1.3.RAIN E— K
WORTOVRATIDEVWRLELEE S 7201213,
ECON E— FEBRIZZ T v LY » TSI 5 83K
EOENDIERIPTH DI ENPEENS. 7=, 2k
20y ATy TEETY Y 2 A Y- 72O HE KD
REWERDEND. ZOHHE, 2Aay b7 o THE
W2 B RS RERR, ARV Y g v OWRE IR,

2y THEORRE RS, HREBOZALLE 2 v T D
(KIkI= 5§ 2 HRE % 5.

PER6, £E—FIZBWT, 74 250K 3 HEREICH
59 %, WMINSERE, BRI, ZERE, 2 XYy
5 Y OWEEIFE, 7L — % O MBI O
DOER &AL 7.

3.2. #lfH S R T L

T DEAFB % RIS HIEE9 % > 2 7 £1220 T Fig.
418, BT NA A ERIT 22y buo—ra=y [
DEI1E CAN WIF 2, FA R TE SRk S L.
BE-FORBPIHT NV FILAAL v F TEEIEW, £
THICEBWTEEIRTE, 20%, 20y PLSY) v Tk
Wo 2AREIZT LU AE T k5.

Brake Throttle

lever grip
Mode

select switch

Front wheel

CAN-BUS
s |NpUL
Output
Sensing
Brake
pedal
Engine
Rear wheel

Combined ABS

control unit control unit

Front/Rear brake Gear shift

force distribution

DCT Fuel injection
control unit

HSTC

Characteristic
timing of driving force

Front/Rear suspension
control unit

TBW

Engine power
response

Suspension damping

Fig. 4 Overview of system to control five factors
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4. BE— FICH T ZHIEIEEDETE

SPORT, ECON, RAIND&E— FORSWIIHL, £
NZNOFMFBEOHIFNEIZ OV TIENRS.

41. 20y MILINL T4 % 2 X5 L (TBW)

TBW X, Fig. 51289 &1, HFNHNVY RILZA v F
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HIZREReMIZ Lz PlEo kS &, W E5E2 7200,

Throttle body assembly

: Input
Output

Control unit

Fig. 5 TBW system

Engine speed: 5500 r/min

Power [kW]

Throttle grip [deg]

Fig. 6 Engine power characteristic in each mode

2Ty FLZY y THEE ZT v FILSIL T HE OB R
(TBW H§h) % Fig. 7 1SR,

42 HondatlL %7722 ka—JL (HSTC)
2T L
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REHEHEICL DTy ta—L&E&h3. 2OV A7 LI,
2y TEPLEMEE A % L TBW I & 2 Hil#
MR Eh, 5122 9 TEPBEINL, RO L Z W%
8 Z 72 A IR S X B RIS B S B 2 BRE Ol
e >Tn5,
ZDVATLERWESE-FIZEITE2Y v 7HE
IVVV ML OBKRE Fig. 8IZRT. Ava—-FDY
TIETFNLEVWIENE 2 9 FKOL X WEIZOW
T, §RNCOE-FCll—~& L7z VvV bLorna

Engine speed: 5500 r/min
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Throttle grip [deg]

Fig. 7 TBW characteristics

Slip rate SPORT

Start point of fuel control
Finish point of fuel control

Start point of TBW control
Finish point of TBW control

Targettorque i 1 1

Target torque of TBW control ><

Target torque of fuel control — - - - Y

Time

Fig. 8 Slip ratio threshold and target torque
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Fig. 13  Adaptive clutch torque in each mode

5. EV) OIERER EXHR
HE— FCRE L ZFEORFIZ DN TG

5.1. SPORT E— K, EY4EENE L

SPORT € — FIZ k28 MRem LoREplE LT
HEREL B B . Fig. 14 SRR DORERRAS R A2 3. Bk
E—-FE, 94 vFaryrae—-Foa—-r+HoRe, USo
—fEN T ) = 2 A NORTY — V ERE L2 75 km/
h(45 mph) EHET2E 20y ML Y 5 T E 1T
75% % THAF, 120 km/h (75 mph) {2 23% 4 % B 4 e
L 7z. SPORT &— F i, TOUR €— FIZx L 120 km/h

Elapsed time until reaching 120 km/h

SPORT — 42s
TOUR — 57s

180 450
160 400
140 eun‘\\\l l/ 350

< nDO‘:\ﬁ =

< 120 o a 300 E

£ 100 wl Y 250 9

B RV (2 ] g

g 80 10 = §2S = 200 §

2 60 % cCan 150 &

40 LA 100
- [ 4 A
20 — 50
‘I
0 0
0o 1 2 3 4 5 6 7 8
Time [s]

Fig. 14  Acceleration performance

(75 mph) IZFET B2 1.5 BEMET 5 Z LA TE .
ZOPHIZ, Fig. 1518 K51, M—&KfFT2ay L
7))y TEBTTE, TOURE— FTIEZATy b
T ORI 80% 12l & M CTur B A%, SPORT E— F Tl
100% &7 5 Z & &, DCT OZ#EFEIHEIZ XD, NEEoF
YRV a3 VA TEREWZ EC X EomdpEag 4 HTn
57-0TH5.

5.2. ECON E— K, @tk & RFEMnEE

~N—2Z TOUR E— FiZx§ % ECON & — F O &
RFEA EOMR AR T 272012, 54 F oS &%
B AR L 72, Fig. 16 12— @ HHGEITHE (75 km/h) 126
7% 74 & Houhi & st ilss R AR g, s kiE US o—
My 228k D L — ZEfTERE L 72, ECON £— F°C
374 S HILOE S % 3 dB (3.6%) KK T% 7=, Zhig,
DCT iz & A& ERl#z & v, TOUR £— FiZxfL, &
THOFY RV Y g VA TBESHREL, TV Y VREERK
AN EEZETEKL TS, KIZFig. 171I2E—F
EATRBERRERNT. RBICIZUS AR EL T2 LA4 £ —
F & EEEHE®ED WMTC € — F A&7z, DCT 12 &k 34548
FRPERINIC X 0 IRERAE £ — BT ECON £— Mg

120
100 SPORT throttle valve
g 80 / TQUR throttle valve
5 —
= TOUR/SPORT throttle grip E
S 60 0 6000 =,
@ (&) -
=1 ine SFe_ed- --" 3
c Dl = - g - 7]
- - - - T
- L = - th 0]
20 Hf=T—TTOURengNe sgeed () 2000 &
]

o
o

Time [s]

Fig. 15 Throttle angle and engine speed in each mode
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Development of Double Wishbone Type Front Suspension for 2018 Gold Wing
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Naoki KUWABARA Junpei MISHIRO
= = ABSTRACT

6 fCH 2018 4-E 7L Gold Wing GL1800 ® 7 & ¥ b+
ARV Y a VY AT AERIETHICH 0, BP0
ERWREMOW N I KUM@ 2D FE R DA S
ZFLOREE LTHTZ. Zho0oBIEAEKT 57289
12, Honda D E— 2 A ZALHZ T T 4 5 ¥ 2K —
VA ARV Y 3 VERKELE T—ALA T DIk
L&D a4 YA - EaEESFAICEE T2 &
T, A4 YORFBIRENLS L, TV YV ERIFIZE
HWTREE L7=. Zhicky, 7ov Moy HATEEAEP L,
BRPL 2 PR & RO S A B L 22, 72,
TOEXRy MEIZ=— FLIZ2KAL, AbETo
aVICHIAMER L A WESE A D728, FL A3y
IRY ARV Y g VIZHR, L D BEHT A KK & 872,
Zhuc kb, BER A & OETIZE WX BN £ R
ETITH 30% KL, PR FEARD DA ER L
7o, EBIZ, KV AT L TIEERAEHN 3 Uil 4 #7712
A7y bLaAuy FTHMETIHMEE 5284 T, N
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In developing the front suspension system for
6th generation 2018 Gold Wing GL1800, we aimed
to realize both agile handling and high stability at
the same time, and a comfortable and high quality
riding experience. To this end, we developed a Honda
original double wishbone type suspension system for
motorcycles. By devising the arm layout, the stroke
trajectory of the front axle was set in the vertical
direction, and the amount of rearward movement of
the tire was reduced. This made it possible to allow
forward shifting of the engine position, which in turn
increases the front divided load, and we were able to
realize both agile handling and high stability at the
same time. In addition, by using needle bearings for
all pivots and at the same time having a structure in
which lateral force does not act on the cushion, the
sliding resistance was able to be reduced as compared
with the telescopic type suspension. As a result of all
these enhancements, the vertical acceleration of sprung
mass was reduced by about 30% compared with the
previous model in traveling roads such as an uneven
road, contributing to the realization of a high quality
and comfortable riding experience. Furthermore, in this
system, the handlebar pivot axis is offset backward
from the wheel steering pivot axis, and tie rods are
used to connect between the pivots. This mechanism
effectively shortened the length of the handlebars
and enhanced operability in situations close to full
steering.
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Fig. 2 Double wishbone type suspension for
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Fig. 3 Front suspension of 2018 Gold Wing
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Fig. 4 Comparison of front tire stroke trajectories
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Fig. 6 Comparison of front cowl widths
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Fig. 7 Comparison of handle grip positions at full
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Development of Robotic Lawnmower Miimo HRM3000

X & B NI K* A Ak
Susumu OKUBO Kenta KAWANISHI Makoto YAMAMURA
3 NI 7T [ x*
Takuya KANISAWA Dai HYAKUSAWA

= = ABSTRACT
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MDD E R AL T 57280, fEEERICE
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A robotic lawnmower has been developed that
mows lawns efficiently and simplifies placement,
cleaning, and operation.

It uses an efficient method for turning within the
mowing boundaries to shorten the time required for
mowing.

In addition, in order to facilitate mower cleaning,
the robotic lawnmower is the world’s first to be given
a waterproof frame that is washable with a garden
hose.

Also, whereas existing robotic lawnmowers have
limited options for where to place the docking station
for charging, this robotic lawnmower was enabled with
a system for returning to the docking station from any
angle in response to user demand for as much freedom
as possible in station placement.

Furthermore, the mower has a likable exterior
design and can be linked with smartphones.
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Fig. 1

7 Table 1 Comparison of specifications
Model HRM520K1 | HRM3000
Overall length (mm) 645 710
Overall width (mm) 550
Overall height (mm) 275 301
Wheelbase (mm) 300 326
Mass (kg) 11.9 13.8
Wheel Front 100
diameter (mm) Rear 200 | 250
Forward speed (m-s™") 0-0.55
Robotic lawnmower Miimo HRM3000 TT;L"”“;',:‘;’Q’QI‘;‘&((T“?) 220 | o
Blade rotating speed (min™") 2500 | 2290
Blade type, Number of blades Swing-back type, 3 blades
Motor For driving 10.8x 2 17.6 x2
performance For mowing 28.8 40.8
2. EEDR S W (W) For trimming height adjust - 3.2
Type Li-ion
Battery Capacity 22.2V x 3.6Ah[22.2V x 5.4AN
FFIZ7Z ST, RINTOTGHEE L B Z kW, 2—W Sound power level (dB(A)) 60.5 59
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Technology for Enhancing Thermal Efficiency of Gasoline Engine
by Pre-chamber Jet Combustion

INORR A R oM A& e KT

Hiroki KOBAYASHI Kiminori KOMURA Keitaro NAKANISHI

X H OB OE IS (O A

Atsushi OHTA Hiroki NARUMI Noriyuki TAKEGATA
7 = ABSTRACT

BIEY v MRBEABRHLZHARAA V) v v oy
T, WMEITHIR SN2 EREGIE 45% = D VIR LT 2
KA Vb OIEREGh A 23R U 7z, 2 T 23T
fitt 16 & U, Bt O b & 8= NEEA O B2kt o
=74 VI EFERL, EMELREE GO RS IRD
o bz ¥ 2k -7z ZORER, FIFIC SULEV20 =3 v
Vg VBRSO 720 NOy HEH &1E 30 ppm & RILAE
PEHEE 2000 ppm Z3ERL L 72, F 72, BRBELEM I CPmi
3% LIF ERNIES ER-#E1X 300 kPa/deg AN E L, FEHL
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A two-point increase in brake thermal efficiency
was achieved over an engine with a brake thermal
efficiency of 45% from a previous study by using a
single-cylinder gasoline engine adopting pre-chamber
jet combustion. These results were achieved with a
mechanical compression ratio of 16:1 by optimizing
the pre-chamber design, coating the pre-chamber
inner walls with thermal insulation, and optimizing
the combustion chamber shape, including compression
ratio settings. The resulting configuration also
achieved NOx emissions of 30 ppm and hydrocarbon
emissions of 2000 ppm, which puts it in compliance
with SULEV20 emission regulations. In addition,
combustion stability was kept to a CPmi of 3% or
lower, the rate of in-cylinder pressure increase to 300
kPa/deg or lower, and noise vibration requirements for
actual vehicles were satisfied.
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Fig. 2 Brake thermal efficiency for EGR combustion
and lean combustion using 1-D simulation
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Fig. 4 Visualized direct bottom view and CFD
calculations for pre-chamber jet combustion
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Table 1 Test engine specifications for pre-chamber jet

combustion
Number of cylinders 1
Displacement volume (cm3) 458
Bore (mm) @73
Stroke (mm) 109.5
Stroke/bore ratio 1.5
Expansion ratio 17.0
Effective compression ratio 125
Aspiration Supercharger
Fuel supply (main/pre) (PI/DI)
Ignition energy (mJ) 60
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Fig. 5 Pre-chamber design parameters
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Table 2  Final test engine

specifications

Number of cylinders

1

Engine type DOHC 4-valve

Displacement volume (cm?3) 458
Bore (mm) ¢73

Stroke (mm) 109.5
Stroke/bore ratio 1.5
Expansion ratio 16.0
Effective compression ratio 12.5
Pre-chamber volume (cm?3) 2.0

Nozzle diameter (mm) 1.6
Number of nozzles 10

Pre-chamber specification

Thermal insulation

coating
Intake port Weak flow
Aspiration Supercharger
Fuel supply (main/pre) PI/DI
Ignition energy (mJ) 60

Target
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test engine specifications
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Fig. 15 Achieved brake thermal efficiency at engine
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Development of Evaluation Method for Waviness Property on Hypoid Gear Tooth Surface

I, Bl m & oE AT
Takeshi HORI Naoto SHUKUSHIMA
7 =1 ABSTRACT

A RA FFEY 2558 5N 5 EREE Y BGHT DK
& B PRI D 4D & E A9 2 ME, kAR L
7o, BRI 9 4 D&, A IR 3 YOTTIERE 2 ol
EL ZOMPIZ2WICT — ) T4 LW 7 — ) 225
ICKBEBT 4 L) v EEHL, XY EORBEEICH
B LMD H 25 DKy EHE L7z, KRFhE R0
THFEBEL=y P THIE D RDEHIZ I Z 5 - 7285R, SR
D DRRIAMED ¥ — 2 R & F X RSSO RO ¥ — 27 &
B —F L1z, F72EBOMREE Y OFHEDOR R K D,
Y — 2 KB D S 0 PRIGE & £ Y S OFIE L L DE
H BB E R L2 ZhE D iEkIziZ N4 R
4 P XY HE TOERETMATHEE 74 - 72,

Measuring and analysis methods have been
discovered for quantitative evaluation of tooth surface
waviness, which cause high-order sound radiation from
hypoid gears. Tooth surface waviness was measured by
an optical, non-contact 3D measuring device. Taking
this measurement result, images were filtered by
applying a 2D Fourier Transform and inverse Fourier
Transform to extract the cyclical waviness components
impacting gear noise frequencies. The method was
used to evaluate tooth waviness of hypoid gear in
an actual gearbox unit. The cyclical peak order of
the waviness matched the peak order of frequencies
of sound radiation from gears. In addition, upon
evaluating multiple specimen gears, a quantitative
correlation was found between the amplitude of
peak order waviness and the pressure level of sound
radiation from gears. This has newly made quantitative
evaluation of hypoid gears in isolation possible.
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Fig. 2 Sound radiation level inside actual vehicle
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Table 1 Detailed conditions of hypoid gear for
inspection
Pinion Gear
Number of teeth 21 29
Module 3.724
Pinion offset 5 mm
Mean spiral angle 36.1 deg 30.8 deg

Sum of pressure angle 40 deg 40 deg

Cutter head type Stick blade Stick blade
Cutter head radius 2.25inch 2.25inch
Number of cutter blade pairs 11 pairs 11 pairs
Cutter rotation speed 211 rpm 239 rpm
Generating feed speed 4.54 deg/sec | 5.71 deg/sec
Cutter runout on machine 0.03 mm 0.03 mm
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Intelligent Power Unit for the 2018 Model Year Accord Hybrid

LI e IE o omo8T
Jun MACHIDA Naoyoshi MADOKA Shogo HAYASE
= = ABSTRACT

SPORT HYBRID i-MMD ¥ 2 7 & % #i#%4 % 2018 4
E T ) Accord Hybrid D728, #JfFH T — b FNEETHE 4
/N Intelligent Power Unit ZFA¥E L 7=, fERE T NLITH
L C Li-ion /¥y 7 U &Y 2 — L Z/PNUL L, &% 5
b L, mAEs 2 R@fb Lz, 612, 12 V DC-DC =
VIN=RETVTVIL—LND Power Control Unit N\t
4 L, Intelligent Power Unit %%/ > — b P ATHE X
YA ZIPRE L 7=, ZOFER, AV ) VSO EE
RE b7y o 20 —HEEPEBITE 2 72, PP
WV 10% O R G R L 7=,

A compact intelligent power unit capable of
being installed under rear seating was developed for
the 2018 model year Accord Hybrid that is to be
equipped with the SPORT HYBRID Intelligent Multi
Mode Drive (i-MMD) system. The lithium-ion battery
module was made more compact than in previous
models, the structural parts were integrated, and the
cooling structure was optimized. A 12 V DC-DC
converter was also integrated with the power control
unit in the engine compartment, making the intelligent
power unit compact enough to install under the rear
seat. As a result, the vehicle gained trunk room
equal to gasoline-powered automobiles and realized
a structure allowing continuous open space from the
trunk through to the rear passenger compartment. The
increased compactness also achieved a 10% reduction
in weight.
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AT -, VAV -2 BEBROKHBENENNY T 7
TREIEEDOREEAHEL TS, 512, I 3L ¥ —
AAMNEE5E, IPURBN 7Y 9y FY AT 46K A
BEN AV AV N AARGTHREEHS T 5.

2016 #E12¥ 4 &7z SPORT HYBRID i-MMD ¥ 2 7
LATIEZT VKR =3 v P ORI, NN LD X
5B S NP P ULaL, Accord Hybrid IZ
BOWTIEHM Sy 5 — DHIC & D IPU #fiEAIERK T
BRMENEC, AV VHEE AR THBEERELCHEOET2
HIR X Tz,

AR Cid, #7% SPORT HYBRID i-MMD ¥ % 7 4 (Fig.
NI L7222 VRN 7Y oy REZBT S5V ) Vi
EISE DR EEMOMIRE L 7 v 2 2 — K 42 BT 5 7-
¥, HE D% — b FIZEETRE 2/ N TPU OBFE % A
HWnE L7z, 2018 4-E 5L Accord Hybrid H IPU D%
NEERITT 5.
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CVT

Fig. 1 Electric powertrain components in new SPORT
HYBRID i-MMD system

2. 224

Fig. 2 I2H M IPU DM AR, IPUIE, r—A &P
IN=TZRERMERL TW5E. ZONEIZEEL Li-ion /¥ v
TV EY 2 -, BIEWTAE A T3 5 5 R R A,
Ny T ) EHIBEE S B KUYy T ) BIEREE A,
HlE§ % 72 D3y 7 1) ECU THR XN T\ 3.

IPU Z %Y — b IAE#ET 27281213, Fig. 312K
FHIF 22BN UGN TTBE 2 A ZI/INLS 2 BB S 5.
Table 1127 D% % 8 % E SO HIFI &I %R ¥

Ihsov A7y MHKERIEOHRIZENT, IPU D%
= b RO EBET L 7.

Outlet duct

/ IPU cover

Inlet duct —————=3
“\

Battery ECU

Battery module

IPU case /

Fig. 2 Configuration of IPU

Table 1 Boundary constraints under rear seat
Direction Constraint condition
Longitudinal | Passenger’s leg space and fuel tank
Lateral Space between side frames
Vertical R(.aa.r seat height and cushion thickness
Minimum ground clearance

Rearseat

T,

‘Reanfloor

Fuel tank

Front Left

Front  passenger

N

Thickness of seat cushion

Minimum ground clearance

Fig. 3 Constraints on layout under rear seat

3. NEUERNT

3.1. Li-ion /Ny 7 %y 7 /\EIE

Fig. 4 12783 & 512, Accord Hybrid @ IPU (213 72 i
D Li-ion /¥y 7V L LB EH XN T 5. JiE T TIKE
FNZ 18 A L7ZEY 2 — & 4 BlAGDE TV
A, FTIEEANC 36 LA LAEZEY 2 — L 2 /ICE
HLTEILEE AR #/HEL 72, 612, hifER 7
L — bOENB K7 L — AMEE RI2& D, LB
BN &Y 2 — L OB & [t 2 i L L 7=,

ZOFER, €Y 2 — LAHEEE I K OEEE Y — 1 2
R, PABITBE L AR A 15.5% Kk L 7.

3.2. ¥— MNZXTFT 1 7T REBERA IPU BN —

IPUARROKSEDEIN Y TVEY 2 -1 HD R, %
sz, IPU #o8—, r — 2K &EHMBoO 2 ) 7 5
VANDB.

IPU Z 8> — b TSRS 2554, [PU AN —& v —
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Battery module

(a) Previous
(18-cell stack module)

Unit: mm

Center plate
Battery module

(b) New
(36-cell stack module)

Fig. 4 18-cell stack battery module and modified 36-cell stack battery module

M 2T 4 7T OBREN—HEE TS, T I TEET
CHBEAEMA L TAE L2 ) T 5 v 2 EHIKRL 7.

E 512, TPU J77 3 — 3L R A Ar BT A 5 5 B3
bb. T, Ny T EGOEELERNEEIBICEM L
BONEKIAN—DLA T b, ME, WFEEBEL 72

Fig. 512 CAE @b L 2245 R AR 3. e KA A I &
NIPU LD HN=PEML TR, HN—ENy T ) &8
JEEBMID 2 ) 7 5 ¥ A= T 0B Z L DR T X 72,

Front

Rear seat

Rear seat stiffener

J{ Fuel tank

e T
Gasoline
Front IPU cover with maximum load input |
<
IPU cover without load input | (
: -‘I\-/Ta;\-)a"ﬁtjm..load \ 3
P ‘-‘--h-‘-"'-q__ - t 4
= Minimum clearance between
= IPU cover and battery module

A]

Fuel tank

Hybrid

Fig. 5 Analysis results for IPU cover displacement
under maximum load input

3.3. 7 — Z— kR 45HEE

WERDIPU T Li-ion /Sy 7V EY 2 — LD AL, H
CU DM IS RIND & 2 b % 3 TRMRIE 2 2R L T
2. WIRIPU TIE, 7 — 2 & 3 —fiifim & > — U hiii &
T %2 &TIPUNEAXERELL, w7 7 vickom
HRAEFS+ 22 THOx s 240U 7=

Fig. 6 (ZiEE D A& CFD i L =858 2 w4 /vy
FUHOP S HmH T 7 VIR > THRESIK S h
TWa, 72, Fig. 713,35y 7V HIEMANC 354 2 i HUR O
RN ATRLTHED, B ANGHEIMEE XN TS
ZEDMERTE .

Z OFER, HIP U SRRSO M HVEGRE & fEff LD
D, iR IO~ % 26.3 mm K% L 7= (Fig. 8).

Air outlet

Air intake Air intake

Front = »

inlet

Battery module Battery inlet duct

Fig. 6 Cooling air flow line inside IPU

‘elocity
[m/s]

{7
U

Battery module

Cooling fan v

o

s
3
2
0

Fig. 7 Distribution of cooling air flow rate on battery
outlet

— 74 —
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X 512, #Hf SPORT HYBRID i-MMD ¥ % 7 4T3,
PERTIPUIZNE XN T\ 212 VDC-DC A Y /N =& 2=y
N % PCU M HREMA L —thit L 72,

INSOEHIckD, IPURHEEZRET LD 70.8 L »
5481 L NE 321% /L 722 & THRIEY — b TADH
TR & 75 o 72,

Fig. 9 1IR3 & 512, 2018 4-EF )L Accord Hybrid T
FHY ) VEHEEFEL VDA FE 549 L #F8$5Z &8
TE X512, KB N T v o 20 —BEEEAEN X 7z
ZET, AV VHEEFORMEEME T o AL —
WA A 72 RINE N Ty FHEAEREBT ST &
MTE:E,

Fz, MUHLIZE S B VRTETLICH L IPU OHEEAS
4.0 kg, 10% FEEALL 72,

Battery outlet duct Unit: mm

Battery inlet duct (Estimated outline)

Battery inlet duct

Batteny: -

(a) With outlet duct

(b) Without outlet duct

Fig. 8 Volume reduction of IPU due to elimination of
battery outlet duct

Previous

Cargo volume
VDA 381 L

Cargo volume .
VDA 549 L

———

Crrunk thiogt
o

IPU #Fuel tan

Fig. 9 Comparison of cargo volume of previous
Accord Hybrid with that of new Accord
Hybrid

4. £&D

2018 #£E F)L Accord Hybrid (25 W TH YV ) v Hfi[[%
DRBRBB IO T V7 20 — G2 ERT 572912,
By — b ISk T E 5 IPU ZBA% L 7=
(1) Li-ion 7Sy 7V &Y 2 — L/, TPU A3 — L 8
Ry — b 27 4 7 F OERERA, 7 — A —IRZEnkhE
fLicky, IPURRAERET LD 70.8 L & 32.1%
IR L 48.1 L &2 Z & THEIE Y — b FAOHEE
EEBEL.

(2) IPU /NMILIZ & D, BIET ISR L CEHES 4.0 ke
Ik L 10% O#EEALZ K L 72,

SE XM

(1) P, ZEHAFRIA, R 2014 4F-E 7L Accord
I SPORT HYBRID i-MMD #ilfii> Z 7 & DR %E,
Honda R&D Technical Review, Vol.25, No.2, p. 32-40

(2) Gk, SR E2MR2E—2 A4 TY v F ¥
2T LNV AIy v g vEEMELEE PCU
DOFFE, EB T2 2016 F-FkT K 25 1hy a2
RS, p. 1916-1921, (2016)

(3) K EEM, H FHEE, SRZOL, A —, SRHAA
BB:mnA 7Yy FY 27 A HHHEEE— 2O, B
B A ELfr 2 2016 5K 2 A by i 2 A i 7 R,
p. 1100-1105, (2016)

(4) Veigtdie, PaRR, DrfIsk, NERG, BTHE, &4
ik & 2F =204 7Yy F Y 27 L3
DAL, BB EEFR, Vol.72, No.9, p. 42-47, (2018)

(5) http://hondanews.com/honda-automobiles/channels/
accord-hybrid-press-releases/releases/all-new-2018-
accord-hybrid-arrives-in-showrooms-as-the-new-

benchmark-among-midsize-hybrids, (2018)
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MEEICKIZT

T EFHI AN DHEL) #B A4

Initiative to Evaluate Effects of Atmospheric Impurities on PEM Fuel Cell Performance

G [ S L
Keiko YOSHIDA Ryu OKANO
= = ABSTRACT

ORLEE 1 B B 23 SEBRBE CAEAT L 72 A ISR P O AR
PO YREE DR EEMPEREIZ B 2 % B A LIS E L & F
W7o B RARECRT L 7.

KEATORHMME LT, HARDARHMMWTH 3 S0,
H,S, NO,, NH; OE 2B O I Y 72 D O I~ K
IETHELAHONIT AN TE . SRR KOS
%@I%%%ﬁ%@%@f&%bt%ﬁ,%ﬁﬁX%%@
TN BEIRRKE N LS Ik 572,

— 17, IEHZAROAMITH % NaClIiZDWTiT, i
PWRFOIERETERIIL T IR A EE L, fEKHE L
T & 72RKEWIC & B R & iR U 7. 2 OFER, A
TEREDZERIZ L > THIINDOENRL 5 ZENHENE
7 > 72, NaCl RAH O G L5 2 F2hi 3 2 556, 288 &
NBEEICHE D 228 U) 72 NaCl JEREA B E$ 5 Z L sl
THHIEnbh o7z,

The effect of atmospheric impurity concentrations
on fuel cell performance when a fuel cell vehicle runs
in a real-life environment was evaluated by bench tests
using an actual automotive cell.

The effect of the concentrations of the gaseous
atmospheric impurities SO,, H,S, NO,, and NH; on
fuel cell power over time was clarified. Comparison of
nitrogen-based and sulfur-based impurities at the same
concentrations revealed that sulfur-based impurities
have a larger effect on power.

Regarding the non-gaseous impurity NaCl, as sea
salt also scatters in aerosol form, these evaluation
results were compared with the results for the
conventionally used aqueous solution. The results
showed that the effect on power differs according
to the injection format. Therefore, when performing
bench evaluation of NaCl-based impurities, it is
necessary to select an appropriate NaCl form that
conforms to the assumed environment.

1. 13U®IC

GHG (greenhouse gases) {2 & 5 HIERIEHEILO I, (b5
BEORE, AEHEOPEH 2125 Fh 3 BEEGIE DK
Tk & o RIS IS T 2 728, 7 ) — U DIRBRE &
HBEHE OIS 5T 5. BRREMBE S E (FCV) i
EfTh CO, PRI, H VU v EEIFOMEEE R
FOIERER, (KR EINE 29 5 720, Eli s T RO
VeDELTHEHIATHE Y

% Ufs R&D £ > & —

Fig. 1 IZHE ARG 73 IR it (DLR OB ) o 4
J& X %/T'é‘ PROBFE M 2L (DUR L) 1%, BB MR A TR
(membrane electrode assembly: MEA) %, # A& AL
ENFze/ L — XA THRAZRGEZH L, O v &8I
MIE L2 D& RBEMmZ 2 5 7 (DLTFA 4 v 27) EFRLT
W5,

MEA (X557 FE VB % (polymer electrolyte membrane:
PEM) & filfitlg (catalyst layer: CL), ¥ XOH A LiE
(gas diffusion layer: GDL) 2 5K & h T 5,



RAP OGN D E S S FRRFEHMEREIC RIS T REFFMA D) A

RO SRS T O (1) IZR$ 7 7 — P K
RIRACFIE &, X (2) IR 7Y — FiOBEIEITRIGA
57%.

7 J — P (An): 2H, — 4H* + 4e- (1)
A1V — FH&k (Ca): O, + 4H™+ 4e- — 2H,0 (2)

WD, BREFE W S Y — PRSI T 2B A AR
NEHD AN, L L NTKIRERIBEHES. 5% FCV A
W 21060, XEIELBREAETTE7 — 2126
U, RO A OARMPA 2 & 5 2125 AT 5 ARt
FAbNb. TNLORDR, REIZEK->TIE, 2492
OFRBWT (LITHID ICHEERIETZENELON 5.
ZD7=%, FCV OFEME B COMAM: % Flid 5 729
I, RRPICEEN S OLEEMNS 1 I23 5 0%
BdHb. FTOLD ks s, EEMTRSETIE, K
SO ORI & YRE N IS 2 528§ 5
M PrbZanbhTnsg, EaBETORKIE, »
U — R ARG 2l B A G A 1 S AR s IR
FTEH5ZELIZKD, MEEMEREMET T2 ThEEELD
NnTnb.

L ZAT, BURTIHKAR L LTEliTd 280 E Y 2
FTLDAX N HENT B 20D0—2D ke LT, &4F
TdHEEMBEOHTRAKK 2 20% I nEsZab
NTW5. LU, il MKk < 22846121,
MO LMK T2 Z 212k, F—AHiEg
IZnTy, KM RIEFTHER LD RES KB L
PEEN TS Y, 24 9 7HRIZENT, LD
S ETETMBE AR A H0MEE 55720, Al
YIRS B AT S T AIFCIEEETH 5.

INFTRRFDOAMP B HIINCE 2 BB IZONT
OHEIL, JARI L VDT I = v L TOREBIZL S
LONELL, EEOBEBLLAHFHLZEDIE, RY%7-56
.

Load

Cathode

Separator lGDL CL PEM CL GDL |

Separator

\Y
MEA

Fig. 1 Schematic image of PEM fuel cell

Table 1 Atmospheric impurities to affect fuel cell
Impurity | Form |Concentration| Upper limit Hot spot
H.S Gas 1700 ppb 1000 ppb Hot spa
Vol
250 ppb olcano
SO, Gas 1000 ppb
19 ppb
Heavy traffic
NO, Gas [600-6000 ppb| 10000 ppb Tunnel
21 ppb
NH
8 Gas 38 oob 100 ppb Livestock
pp Industry
Solution
3
NaCl Aerosol | 100 Hg/m Coastal area

—RIC I S — Ry 2 A4 YRR AL T B
LDONE L, FEOHER L LG LR, A% &
HLUEZBROUGBIEES R 5. 2D 701K TR
HCIFFELERNRET RN E L 6N 5.

28y 2 W EEGZ 5%z 6h b KRahoR#E
2 A O 12T Table 1105 F. AR, iR
72 (H,S, SO, % XUEERARNZ (NO, NHy) &, JEH 2
FZDED (NaCl) 23 d 5.

KD ORI OB 1, MPEEBE, KR&MEal X%
XEnMTIcEGENS. 20D REAMM OB LS
NTEBGETT 2 MK BRI 5 2 &13B15m
T BV, 22 TAMRETIRR L 5 IEDOARMME G A
AR A 2 & FHEE LD A Y — PSS LTt
THELRBAE B I Ko7z,

—Ji, IEH A KD NaCl %74 2 554, #EkiE NaCl &K
WA ELOAODPSHRATZ LS FE Y pHv e
T&E2 LA LAasBoiFEXicsnwTidhir(z7aey
L) JZHETETRELL T3 728 ), =7 a VL TR A
WA U728 OB EmE I ANORBE ARG 22 505
Ndb. T TRIETE, {EREOKREBERTHEATS T
BICMA T, =70V L TERATLHETAEREBE2 B2
28\ & LU L 72,

2. B EEBRAE

2.1, A ZRAR M OFHEF &

211, HABEDRE

A O E AR 1, LIF O & k6 0 kil ) &5
FZIZHE L2 Table 1 1272 D—E & /R

(1) H,S  H,SidFE & Lkl 2IiclRkd 5. il
KIAAIZEB T 5 H,S IS HIE DOKR, AT 1HMFS
1700 ppb & WS HE O R 5. kilic k> Tid, Thib
FOVREAEI S 2 EEEIEEZ 5N 5 300, il
A B 5 H,S O LRI FIIEIZ 1000 ppb
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EINTWBEZ N6, KW TORKNEEREIZ 1000
ppb & RE L 7z,

(2) SO, SO, XkL# 2dkDE DL, {LAMREH
KOELOD2HEN D 5. 7277 L, {LABREHHSED & DI,
H V) VR TIPSR 2 OBiREf oIz & D, FEFEE
WM ® Td B, Kl H ZAHEKD SO, EER, FiRAR
HIZB T BHEEORER, 250 ppb TH B DK LT, Hidi
B2k BHEIX, 19 ppb T 7=, BBIEMED 5 SO,
I OERBIHEUE )13 1 EEEYS T 100 ppb Td %. 1000
ppb &z % LRI L 2 D AP AT B &) AR
BEMiAE R B 5 V28, KRR T O AR 1T
1000 ppb &@%E L 7=.

(3) NO,  NO, OFEWIE, T8, KJ5EmR, HB)
H, FRERE TH 5 M. #liEoFHEE LT, 600 ppb
LV HE OB 5. 727 LEEEO®E T, R
Tidd B2 ZGBERDEL N b ¥ FILIINZBWT, ik 6000
ppb EWVVIHENH B, AW TORAAEEIRE 1T 10000
ppb & RE L 7z,

(4) NH;  NH, o®4¥ %, AddEodky 2, 56
VIS E U CORE D B OFIRRP HIER IR 5.
BB FEOPER A A kD NH, T, 72 & 2 IEH 505
BDLNWEZAT, 21 ppb LWV RE I NB B, F 7,
ok O KA O NH; W IZ OB To#HE ik 5
&, THEOEENKA LMK T, KT 38 ppb 2@
ENTWB. Z 2 TR TORAEEREIZ 100 ppb &
PRE L7z,

2.1.2. EBREH

ML 10 RO FEHEZIR L0 SRR S D 2 4 v
7 & Wz, FEERHIREE ORI IX % Fig. 2 1IR3, &l
Bk (Wi 5N) 2357 ) ¥ 2 RIS & o THEEE &
WRE, MR L7228 D& 2L LT 2y 71T
U7z, BBALAL T 2 3R M & RE L 22k (U2 ) — v

H, MFC |—|
Bubbler
Air MFC | |
I
Air: Q,;, [INm3/s] U
Bubbler
MFC |
e
Gas cylinder: Qoyiinger [NM/s]
CcyIinder

Fig. 2 Experimental scheme of gaseous impurity
injection

I —) &, %, rEDAMME X 2 v o —
FA A 2 ANTTECE (T B0HK T 2 Hefe LIRA S8 TG L
7z AP O W EITIRE A — BT S N/ 2R RXop
5 KOFLOC #1#! Model 3660 SERIES v 27—V |
g—3F (MFC) Z#HWTHIE L 72, 2 & v 7 MRS m %
R T—ZICHIE L 7.

FEAG (PO 2= SR — F A Fig. 31283, Al mei,
5 1R BT A, 5 2 Mt v — PSS9 5 i
ZNY. AT DL & 452k, T & PO RIS R AR T
LEMEERE L 72— F (I FEFTE-F)TEZ k-
72, X (BTN T & O ITETE — FhidE e B B i i
WY — P QO WAL T 5.

1 1
Ouir INm¥/s] = 17 x 0.0224 x s x 051

I : Current [A]
F : Faraday constant [C/mol]

s : Stoichiometric number

Z &y ZIZ AP E O, (&, H ARV XOAHY)
Vi3 Coytinger EH ARV RED G xh 5 7 2 O cyiinder
[INm'/s] 25 (4) TRD 7=,

Qcon = Ccylinder X Qcylinder ( 4 )

Xy ZIZABRERHP ORI C,,, 13X (5) TR
7.
Qcon
CC()I‘[ bl e
QAir + Qcylinder (5)

7)) = vy —ffah, ETE - FIKRBEAREOH T %
L, FERYS 720 O KT OREHEE U TR 72,

AT % A4S U 72 B0 1y D 2 BRI FR 3 X (6) D &
NIRRT A IAE I OHEZ (AP,/An) &2 ) —
7 — GO EE (AP/A) EDEE LD, K
N (power decay rate) & 3 L 7z (Fig. 4).

| High load I\ | Acceleration or deceleration |

]

FC current [A/lcm?]
Cathode flow rate [m%/s]

Time [s]

Fig. 3 Schematic drawing of evaluated operation
mode
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Power decay rate [kW/h] = AA—IZZ - AT}:' (6)

2.2. NaCl OFHfiFi%

2.2.1. NaCl iBE DEXE

KEHIZAFAET 5 NaCLSHHER FEWEh TH D, i
KROEFZHKT 2270V TH 5. K ORI
JEIE, R, A, KiEa DXk I BROMEL 7
J B0, TORKMEEBRET 57201013, REROBH
BRETHE, IRNEFTHIAHIN TS T — 21T A
DONE BN -T2728, KL TIEFNE B Z k- 7-.

b 62 UORKHA ORI 7RIS 23 & @\ G & e
HIANTAER, HARTIE#Z EDORFDOET, BRD K
ZHOMMZE by o7, 22T, XS HBE T2
VAT AXORPESEZ 2 Y v R A LT,
REHEORUNEABARY IS ) VX T2 M2y 4 —
EHERAERBRGICTHEA*BZ k-7, 2016 -9 H 2
HA 5 2016 410 H2 HD—» A%k 3 % NaCl %
(4 WEREIP-¥2) DSEE 7341 % Fig. 5 1289, eiEIE 20 ng/
m’ TH o724, 100 ng/m’ 1IETIHMEH2Z 0D
"oz,

ZZTT A MIHWS NaCl O R HIX TEHII L
IR ERE T d 5 100 ng/m’ IZHE L 7-.

Power decay rate
in clean air
Power decay rate
with impurities

Power
=

At ——

Time

Fig. 4 Power decay rate by subtracting rate in clean
air for correction

60 A

s |\
a0l [0
S| |\
£ l/ 1\

0 ' \/\*”\;f- ——s

0 20 50 100 150
NaCl [ug/m?3]

Fig. 5 Frequency distribution of sea salt aerosol

2.2.2. NaCl DEBEM

PEREED NaCl 2 RKBEWTHAL SR 7O YL
TEALEZBAOXEEZWNENZTE7289, [l—2 % v 71t
K, BX UL Cili% 352 % - 72, 3T — N2
BREIZADET, WHENEH KRR 2R E2H 52080
PIab—Y 3 VTRHRELTO01 A/em® —ERAMHEE T —
FAZEE U7z, GHMIZIE 10 SO FEHIETK L L 5 6 RERK &
NB 24y s &R EiEARR WESN) 2137 v
2 H RIS & o T, IMELME 7 2L LT 921
A U722, BILAEI A 2132 ) — v =7 — &N, IR,
NaCl %A & v 7 5V — FhaH A ALNS T RUET- % Jfi L
RAIETHIGL 72, 24 7RIS E N T—EIC
Tl L 7=,

NaCl % KXk CHG 4 5 5%, HPLC 7K ' 7 (Scientific
Systems f1# SERIES 1) & - CKF TG = A HI# L, 2
&y 2 AATo ) =27 =D NaCl 25 100 pg/m’
1275 K9 ICHRE L 72, Rl REE O BIE X % Fig. 6 (2
N

A By 712 A% NaCl it it Quaer [kg/s] 1%, NaCl KIEHK
R Cone & NaCl REEWIEE Qsoion [ke/s] 225K (7) T
Ko 7.

Onact = Csotute X Qsolution] (7)
7 = B Q INm's], 2 4y 7 AR T, [K], A
2y 7}\DEjj P,, [kPa] 7» Bﬁiﬁ(ﬁ% Vaiir [m3/S] é’i‘ (8)
TRD 7.

101.3 % Tair

Vair= ir
A Oa Pir 273 (8)

2 &y 712 A5 NaCl DIEE Cyoey [kg/m’] 2K (9) TR
7=,

CNaCl - QNaCl (9)
Air
H MFC
2 |
Heater
U Concentration:
C
Bubbler e
Va 7]
e s
l ' Heater

Bubbler —_—

—
Air: Qu; [NM¥/s]

| Quaci [kg/s]

Pump
Qsolutiom [kg/S]

NaCl:
Csolute

Fig. 6 Experimental scheme of salt water injection
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NaClZx7a v L THiGT 23, =7u L7 b+
A 4 — (TSI #£3 Model9306) & FHWTZ 7 & VL & FE &
, A/ AT Y — v 7 —FdD NaCl A 100
ng/m* I 5 EDIHK L. BEXE I T YL
IR EEZ(LEKARIRE XD ERE B I Ao 7.

FETE AL E O MRS X % Fig. 7 128,

Z 8 212 A% NaCl it Oy [ke/s] 13, NaCl K e
J& Copue & NaCl KIEWEERZEAY O,prion [ke/s] 22 53K (10)
TR 7.

Onacit = Csolute X Osolution2 (10)
YV — Rk Qu, [NmY/s] & MIEL 7 — i O, [Nm'/s]
Mo I7 —AE Q [Nm/s] 2 (11) TR 7=,
Qt = QAir + QpAir (11)

I7 —#EQ [Nm/s], 2% v 7 ALWRET,, [K], 24 v
2 AL Py, [kPa] 20 5 Ry & V, [mY/s] 2R (12) TR
D7,

101.3 Thi
V, = x Lair
=0 Pir 273 (12)

28y 212 A% NaCl DU Cy,e [kg/m’] &3 (13) TR
7.

CN(lCl - QNaCl (13)
v,
H, MFC |1'
Concentration:
Bubbler ¢
NaCl
Air Mml
—
Air: Qu; [Nm®/s] UI
Bubbler Qnaci [kg/s]

Pressurized air:
Quair INM®/s]

=0
2oy Weight variation:

Fig. 7 Experimental scheme of salt aerosol test

3. BREER

31. HARFHYORER & ZR
Fig. 8 I AMIRE & MK T ROBR AR T,
PERHE O D XS ICR U TARG P AWML 2 < &

ZEMINE T HKREL 55 2 L BAEBRTEERI N

K ARET L DR E U TR R A 2 7 (H,S, SO,)
DI FHO PR R AE VA O 2B % 77 L 7=, STk 0o
THIEX T3 H,S, SO, TO Pt Al O K I51E 2
TOEEBEDTHA.

H,S i3,
Pt+H,S — Pt-S+H, (14)
Pt-S+4H,0 — Pt+S0,>+8H*+6¢- (15)
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Method for Predicting Vibration Transmission of Car Air-conditioning Hose
in Light of Prototype-less Development
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ABSTRACT

A method for predicting the transmission of
vibration by air-conditioning hose was devised for
the purpose of examining the reduction of booming
noise in the cabin and of engine noise caused by
engine vibration during acceleration. For the stand-
alone model of the hose, a multi-layered structure was
recreated to take into account the anisotropy of the
reinforcing layer. With regard to the internal pressure
exerted by coolant gas sealed inside, influence
factors that do not contribute to analytical precision
were omitted, thereby shortening the time taken by
analysis. A model of the vehicle state was created
by joining a modal model of the body by the mode
synthesis method, and vibration transfer function from
the engine to the body was calculated. Calculation
successfully yielded results with an error of 2% in the
frequency and an error of 3 dB in the transfer function
level. In addition, measures devised for the modeling
method and calculation conditions enabled the total
analysis time to be kept within 24 hours. With this
prototype-less approach, the vibration transfer in air-
conditioning hose can now be predicted.
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T & L b 5 72, EXALFHE OFRER, BT TR E
AAEET ) F 444V EOHE, BLULEBEE
WAHOZDORKZ K - T, IEEMOFHHFM A T2 Z
EIZK-THELDRZ R o7z, LR DD ZH 5
MIZT D780, BUMOMB A Z x> =R, VFo
LA K v OERITEMRES BB ETETLARIhS Z L
12& % Solid Electrolyte Interphase FEIZ, 1EMRE IR
WSIEPE O WA ERE A IS, ThEhiER+5Z &
S M L7z 5612, Solid Electrolyte Interphase @
SR 2 o AT K D, BRI N B TR KLY
HETC R S 5 DIZHEG, TS % 2 < G001
JREIEZR &, BEERSE & & 81272 DA 28 A o7
122U T < MR, WEEZL S sk 572, — 5,
MR TR 22 o) F o 44 X VR, BRIbE
HITFETRO 2 IEERB 2 EET 2 ) F9 44 4 v Ok
weE—HL ko7 ZOBEMERITEX ST E TR
HBEZENRETHD I EEHZITHE NI LT,

An analysis for elucidating the mechanism
of capacity loss due to calendar aging in high-
power lithium ion rechargeable batteries have been
performed. The degradation of the batteries used in
this research did not follow any particular trend with
storage time, so that it could not be explained by
the general, simple square root law. Electrochemical
measurements revealed two factors that lead to
degradation by a capacity balancing shift among the
electrodes. The two factors are: the loss of active
lithium which flows between anode and cathode, and
cathode capacity fading. In order to identify the above
two factors, we performed some material analyses of
the battery. The results clearly showed that the loss of
active lithium is caused by the formation of a solid
electrolyte interphase due to reduction of solvent in
electrolyte on the anode surface, and cathode capacity
loss due to partial crystalline structure transition
of the active material. A further detailed chemical
composition analysis of the solid electrolyte interphase
showed clearly that as the electrolyte components
undergo electrochemical reductive degradation on the
anode surface, an initial film largely dominated by
organic components is first formed, then change in
chemical composition and structure occurs whereby
those organic components transform into inorganic
components. However, the total amount of lithium
in the film that was measured by material analysis
did not match with the amount of cyclable lithium
lost between the cathode and anode as obtained by
electrochemical measurement techniques. We newly
showed that there is the crucial need to determine the
amount of the active lithium loss using electrochemical
measurement techniques.

1. EANDE

D F LAY TREMIE 1991 SEICERL Y hT
LISk, DA, @it s & oM o £ 31315
BN K U 7=, AR IE AR OB R & LT 8
* Uk R&D & v & —
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5, FFRIZZOMHESAZ SWIT 2 L PRI T
2 Wy A kY TREMIEAE, Sl EE
HTE2800, ot FRICHL® LS s
PIAES 5. BROHLIZTRBRBUARTT 5414 2L
Fb, B I OCRIERERNIART T 2RI HIL (DITH 4 20



Honda R&D Technical Review

Vol.30 No.2 (October 2018)

P EFIBT B0 AL v AHLERT3)nMmeNT
W3, ZOXD sREAEAT 2 EMOMHICEEL, A%
IR S M= N & B akBR T — 2 12D W TRl &
B9 710, SRAREREM % E U7z 2 8o aH % 52
ML, &% HIOBRYE~Y v T E2ERT 5. BiMthoh
L v A G UIRIRIE & BEFSE (State of Charge: SOC) I
WAET 208, 2h b & HMARERRIZIE S S R0,
7y TERIZIEEME~ N ) 2 202G 2 RET 2 P Bk
WM TH 5. OB TEEHIRT 372012, 56k,
BROE D HDIRIEIEE B B\ 3 4 2 LD IS
Whlg 2 L REL 2L — MNZ K2 PHIZHWShE Z L
ML o7z O oL — HINE, Bl SR X B
(Solid Electrolyte Interphase: SEI) D& 4 Kz LT
W3, D0, FEMBEFEETIVFY L4 4 Y (DT
Y FoLLiET ) SEIAERO -0 ICHiEEh, EA
R A EETE L KB T LICXDEBMOR RIS LD
IREIZFED T WS, Lh UEMOBIEER D ERK A
MOCHHEAER L B> /R Th b O W08 kim3 &
AT EIITHHL — PHNZABL 2WEHE2RTI LA
5NTnE W W2 kS R ERRAD OB £ FT S
728, BRF R IEAMZ W2 HEBE R X OIEAMO
FIHEFHO T » SR TE 2 Z L MG T h T g -
WZrhs, ZNEDONEEIRDAAZKEE OGO T
HWAOEH B HFFE T 5.

B TR OB O 72 1213 EieA P o 5 K
EHEN2ICL, ZOTNEEZERTLIZ EBMETH S.
SETIZHDAE ) F 8, BE) 57 4388
BIRER A B B &) s 8 10 W9 2%, WS REIR
A 5o LHFEORIRBEREMAL, Z2hoD 2
ZXLTHEDWERRWMD O TR A REEL 2B I h
THE Tk,

Z 2T, AW TIIEMO B ET) A EMEIC PIld 5 7
WIZWETH B, BB A = X LHEHNE L, &
SALZHIE & B MRS E 53 B % ML AG b TR & 5
ML 7z, R TIIEMOFREIMD 2R L Uiz L2
Ko 7GR ETEE L, HHl PO DOV TR
IZCRENC G T 2 PECh 5. 22T, IREDS
LIz K 2 EERD ZHICHL L0 5.

2. EBRAE

21, MRE LA

ATz mRE I Y 77 44 4 V@Bl E H v
7z, BoNFix kB4 100 mm X 80 mm X 16 mm T
H U0, BHIEMIZIZ NMC(Ni, Mn, Co) —JCREINEEL
M, BRIIERERME, 2SL — 2ICidEY L U
ZFUBI, BMRIEICITIRET 2 7OV RIS RS L
T LiPF; 204 7z, SABRICH O 2B by 2 > 7 4

Table 1 Capacity retention during calendar
degradation test

Temperature | SOC Aging time Capacity

(°C) (%) days day'? [oe/:l)antlon
65 80 610 24.7 62.7
65 50 450 21.2 85.7
65 20 450 21.2 915
55 80 450 21.2 84.3
55 50 250 15.8 89.9
55 20 450 21.2 95.8
45 80 190 13.8 83.7
45 50 200 14.1 93.6

Va VI TREPRICERINTED, ZE2BICHEHAT
ZHRETH 7.

EMOAEBREIIHME UMD SOC - 0CV(Open
Circuit Voltage:FARIRTEIT) HifzH 5 P& L 72, HEk
FFREIHHOBME RN T2 HLEOBMEEDOR
L Lz, BB EM 2 T E D SOC IZA®E L
7=k, PrEMRE O MRS IS ERFRE T 52212k D
B o7z Table 112, MREMIZ DUV THTE PREFIREH]
Z e ORMEBERBEERIZIDE SN, HEWND O
ZALDOF % TR

22 BRLFHEE

FRBRIC W 72 B G R R IR L, R, oS — 4
BXOBEREE ZhZhiB L 2. Zh o id#doERIL
S B KO8 2.3, i Mk L 7=,

Rk X M7= B & BT Table 2 123K D 2032 BY
a4 VEMAEFEEL 2 Y s 2O TRKERS &
WE L HRMELE B Z ko7 A BT =R —7 2L
(Cathode half cell) 1% 2.5 VETD, Eifi/y— 7 )L (Anode
half cell) I£ 1.5 V EF CORBHRREARMBER R LTEH
FRHEL 2. 208, EMx 2.5 V IR, 4.2V EROE
JEPH, A% 0.1 V FRR, 1.5 V EROBERHHOR R
AUEL, ThZhomARE Lk, JlEiciddEms z
hEh3WHREL, Zh o OFEE %KM L 72,

Ak, FrmEis X OHE A S Bk A MY 51
¥, BXORINEME 3 4 v BMICHAATEEIETNT
TILITYH AN L =g —T 8Ky 7 ANTEL 7-.

2.3. BIFEMD I
231, EBENEFEME S L VERLE AT FIAMIFERE
fip R A 5 L 72 1Bk KOk E 2 v 2k o
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Table 2 Coin cell configurations for electrochemical

measurements
Cathode Anode half
Full cell
half cell cell
Cathodes Extracted Extracted Extracted
cathode anode cathode
Anodes Li metal Li metal Extracted
anode
Separators New New New
Electrolyte New New New

v 3 VK1) v ¥y (Cross section polisher: CP) TWrifi %
fER L, Carl Zeiss tH#! ULTRAS5 B A 7TIE T P HE
(Scanning Electron Microscope: SEM) & W T#EIZ2 L 7=,
MBI EHO L7 2 27 7 Xy L&, KRR
T SEM BEICEIU 2. B L 2Z1EMA, S0y v 7
LEGID L, HARE 8 JEM-ARM200 BUEATE R
1S (Scanning Transmission Electron Microscope:
STEM) % F\Cllrif 2 8155 U 7=, BUERAHEURHI R A A+
V¥ — 4 (Focused Ton Beam: FIB) 3& & & FI\WCTHERK L 7=,

2.3.2. S FIE I NYT ML

BRRD ) F v LGB ETIRGEZ R T 2 BT, [k
"Li BERG LS (Nuclear Magnetic Resonance: NMR) & #X
I NG E B 2 oz ML 2B O i 5 ' u —
TRy ZANTHAE ZHEEL, ME4 mm O NMR # >~
TOEIZTIAL, B L Ch o llleicfit L7z, FEE NMR
DOMEIZI1E Bruker 13 AVANCE 1T 400 % 7=,

BRI ST o BT ds K OVEURR SET il M8 43 73 B 13 78 K
'"HNMR T# Z 7% > 7z. it 5 ML U 7= BRI 5 % &
AKFL7E b =1 VI (CD,CN)IZVAEMR L, NMR HlE I f
L7z, SEIRSHiiE s a— 7Ky 2 2N THIEE L 72 Bk
B Al & EHK (D,0) THit U, [ & HUD B 7= 4l i
% NMR #lEIZ U 7=, 7 NMR ORIEIZ I3 B AE 1L
B ECA400 % f 7.

2.3.3. /XL -2 DETERIE

RAREM A S L7z SL — 21 ra—T Ry 2 %
NTRIEY A FLEHWCTHRGEFLI2%), sa—T Ry
ZR6ED L, KAFIZEVWTERE 2 HlE L7z, fllE
ISR RT3 — L — X5 v Y A — 4 G-B3C %
Hu7=.

234 SREEFEREE T T ARSI IEICL 20

BIRWEH DY) F 7 LA & IR E &5 E & R
AT 7 X~ FHH K #rid: (Inductively Coupled Plasma
Atomic Emission Spectroscopy: ICP-AES) #HW\W Tk Z
Koz, TEROEMKAZTREL, REME A TNEL,
BIREE MR T)F I LA XV EROERE L. 7B
W & MK CRTEIREICAHRL Th 5 ICP-AES MllE % k5
ko7 BMAHIO ICP-AES #ificknwid, 7 a—

TRy o AR TRIEEL =EAE A TERFEL, ROBE
MATMES 2 Z LI K DRBER S EFML, A X V&S
IR E L 7=, W% K CIrEREISHRL THr 5
ICP-AES Mg % 5 Z 75 » 7z. ICP-AES Z3FriEizid v 4
a—4 v 2V XY itE SPS3000 & L 7-.

235. 44> v0% NI T 7 4 B

AEVESE I T CRIEE U 72 B Al 4 8K THi L,
R 2 LD B - oz 4 A v oua~ 77
7 4 (Ion Chromatography: IC)IZX D o3tiZ& 6 Z &\, fil
oA A+ v &N, BRE L7 EIZIE Dionex fHEL
DX-320 44 voru~v b 777 4 EEEM, #7410
4 mm ¢ X 250 mm [d] TonPac AS4A-SC, AEERIZ TR IE
KKF bV 7 LKIEHEZ 7=

2.3.6. X {RHEFHIAH

sua—7FKy 7 2 THPNL -EaEEHO T v
A7 7 Xy LT XHNHESN (X-ray photoelectron
spectroscopy: XPS)HIEREIEAL, MIEEHI &>
=, BEEIZIZ ULVAC-PHI #1#! PHI Quantera SXM %
FHVY, P X ##95121% monochromatic Al K, i, % (1486.6
eV) ZfiH L7, X #ie — 4813200 pm Th 72, 22T
XPSIZ&k 2 EMHNE, KH» 58 2 nm DRS F TOHK
AWM E FICKML7Z28 DL %5,

2.3.7. B X AR A i

yu—78y s 2R THINL 2B EHHO T v
AT 7Ry -t)b“(%XﬁWﬂl’?ﬂﬂﬂ% &A1 (Soft X-ray
absorption fine structure) 3EIZEAL, W&+ B I k-
2. AREOH A XTiE 1 mm X1 mm TH o7z, X H
WSS PRI R 3 V5 M B — PICIR(F L CRi» 5 2k 5
HEETOEMMBIERLE S NS, 08T IR
(Partial Electron Yield: PEY) 13y 2 nm O X £ T, &%
TUNEEE (Total Electron Yield: TEY) 134 20 nm O X
£ T, W aIUE: (Partial Fluorescence Yield: PFY)
1359 200 nm F TOE S FHIEOLA WML ERLF SN D,

238. =V 1 BEFHREICL DRSS AAEBL

7U—7¥v72¢?@ﬂbt%@%ﬁm®b”
VAT 7Ny L TERNY - D 2 BT
(Scanning Auger electron spectrometer: AES) |28 A L,
HEEB I k-7 RElZiZ ULVAC-PHI tH# SAM670
ZHO, B Y — 41813 100 nm Th - 7. ikt %
ITyF I LAEBLHMELBREDETZLIZKD, HEHN
129 AR E LD 5T & %6 2k - 7-.

3. BBERS L UEE

1. RESHEHBORBR
Hg1_$ﬂ MR EIMOFALREASR (Table 1) D—
il Z 755 . BRI AR AT H OB AR, fifhis 2 R R
2D, BRI 22bE T oy b Lz ZORE
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Table 3 Degradation analysis results

Aging Analysis method Results Reference
phenomena
Capacity loss Electrochemical Observed 1
measurement
Active Liloss | ICP of electrodes Observed 2
and electrochemical
measurement
Cracking Cross section SEM | Not observed 3
observation
Delamination | Cross section SEM | Not observed 4
observation
Li plating Solid state "LINMR | Not observed 5
Loss of NMR, ICP of Not observed 6
electrolyte electrolyte
Clogging of | Gurley densometer | Not observed 7
separator

(Table 3, Reference 1), IRAFaAERIZ & 2 & RIR/ME HAT
L= FHI THbH—DOEMIC BT, HLHEEHX
HA B CO=ZDDREZMERIZIFHANTNDE I LhD
Moz, BAIRANS BV CIE, BERMEEFRE SR H B OF
FRUZIHI L, ZhFHude — FRNSHE - T2 5, fiisk
RICARMiSE L s> Tl ) —DDOHHIL — NI TEH$ 5 Z
LIFTE AN 5Tz,

ZOEHIZ) F U L4 F VEMOFCFINL 5L —
FANZEAED T, AR OIRINZ SET R D A% 5 3
THZEWRBEGTIEENWZ ENHE M 5 7.

3.2. BEXLFBREDFER

Fig. 2 oAU EINER R AR 1 0 BITR§ &4
i3, Fig. 3(a) IR T HEIZE DR 72, §hbb, EMk
TR E R O carnone V&, LA LT 72N — 7 2L O RS

100 o=
< 9 |
e I
s | 0 TO0C%Cmogy---__
£
[9]
s 80 }
=
©
]
Q.
©
S 70}
A : B . C
60 'l 'l 'l L
0 5 10 15 20 25

Aging time (day'’2)

Fig. 1 Capacity retention of Li ion battery during
aging (aging condition: SOC=80% at 65°C)

525 VT, AMIKIKERRE O (30— 7 LD T
BE2S%15 VETHRETSZLICXDZThZThRe
7z, ThE E AW TIEABROAM AR O 31 0, KA
THU L 7.

Qshiﬂ = QR,('at!mde - QR,anodz' ( 1 )

FIHFEH O TN E B L CEmKRER R, HILaioIE
fi ks & OB BTN E L L 72,

% 72, Fig. 3(a) ® =D ORI TRd & 512, FIFHHEH
DT hEE K CERERIRD 525, Bl 72 & feR
ALi S FORIZK 5 TR 5 5. (Table 3, Reference 2)

ALi = Qi + AQ unode (2)

- -

— 5

AQ.uode: IEMRA WA 57

Fig. 3(b) IZIZ ZDOFETRD =) F 7 WA R % ICP-
AES OHIEMER L GHYE TRT.

3.3. Bt OB IIER

3.3.1. SEM & L U STEM

FHALSERmRWTIHO SEM BIEIZH W T, IEEME 8128
ffgDE|, B L OCHEEERD? S OFFENEE TN L
% fifis® L 7z (Table 3, Reference 3, Reference 4). —J5, &

100 Dleger
\~~\'~'§'tr.:: ----------------- A
D"
80 f@ 7T N
g 1:| \\c
= 60 F
5 h
15 ---A--- Anode
> 5
g 40 T | — o - Full cell
S - Cathode
O 20 F i ?
. —x— Anode residual /
z X
i? 0 §x=x/ L
a'R
§ > 20k oL~ _
S5 1wt IR
ES o =
2 g -10 |
g _8 20 b (b) - -O - Shift value
=
>% 30 ' '
:% 0 10 20

Aging time (Day'?)

Fig. 2 Capacity retention of full cells and electrodes
(a) Capacity retention (b) Shift value normalized by
new cathode capacity. (aging condition: SOC=80%
at 65°C) (Triangle: anode capacity retention;
diamond: full cell capacity retention; square: cathode
capacity retention; asterisk: residual anode capacity
normalized by new anode capacity; circle: shift value
normalized by new cathode capacity)
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(a) Schematic drawings about active Li loss,
cathode capacity fade, and capacity shift
between anode and cathode.
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(b) Li amount on the anode surface measured
by ICP-AES (diamond) and active Li loss
measured electrochemically (triangle)

Fig. 3 Active Li loss by SEI growing

U2 B W X EMBEYEEmIC SET O Bg & -
(Fig. 4 HORHIT/RS G S) .

EMmEWEOWmE STEM TBEL MR %
Fig. 51Z/R§. AWFZE TR 72 8 ith o 3 V813 28 1 7R
(Rhombohedral) RO IRELE) 77 4 EREIEER{LY
TdH 5%, STEMARIZIH\\T—DDHEEHRINIZ D DK
DIAET B Z L 2R T 3R A T Y T X b ABIhT.
W§3#543 D STEM %D Fast Fourier Transform (FFT) /8% —
Vb, ZBEIAICIEZ E AOLIK (spinel like) fi & i A3
W5 W00 SRR Oy Y 20 R 2 (LA U T
52 L AL 72

3.3.2. WK EEI~RYT ML

FRA A O LiNMR 2<% bLIZiE, 0 ppm(LiCl
FHE) (DY — 2 DABIE SNz, 0 ppm (HEDOE — 2
Y FYLBRICRBEEI NS, ) F Y LAGBOBEND H 5175'7
A, 268 ppm FHEICE =2 R8N 5. AWFFERRE I
W ZDOE =2 ABMR S h 572729, Z'Kﬁﬁjn

IXFBMEEE L & H - 72 (Table 3, Reference 5).

@W fRER O THNMR 3 OFER A &, A5

CEWTEMK TR OZEZEE T AW Exbhr >
7= (Table 3, Reference 6).

B E AN O THNMR OFER 2 5, MEOAHEK
HELTAMRUHE, T bRV ) aF o T4
F v, BROMBA L vt s, £72, &) bE
e Ul YR, V) VR X FOLEEEHRS M e,
7L 3 F LAY B IRALIE B o O Gy AR, &) v
LB YNTEIRE B 5 NIZIRIMAID 3R Th 5 &5 A
5h 3 1 19 (Taple 3, Reference 2).

3.33. /XL — 2 DB EAE

il KOS MBS SEIRL 222/ 5L — 2 OFEXE
WZKEBENR BN 57T NG, L —2DOHGEE D IZ
A TnknwkEz 5h 5 (Table 3, Reference 7).

3.3.4. ICP-AES #'#f

SEIHDY F9 44 4 v EWWERIAIETZ) F Y
LA KXV ERXBIT S 729, ICP-AES HlE ORiiIC &G0k

Fig. 4 Cross section SEM image of anode (arrows
indicate SEI)
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BERREE L, BREWEIRAET2) Fo Lty
HAEEE L ICP-AES M@ TR 6 h-Bfhoiky) 7
T LKV (Table 4) 705, BERRICHY T2 +
Y LAk VA (Fig. 2(a)) #2515 Zki2kD, SEIEPO)
) F L4 F ViEERD 72, Fig. 3(b) & Table 4122 DJ5
ETRD 7 SETHDY 7 44 ﬁ/ga%mﬁﬂ@$ﬁ
WOREBERT. VFI 243 YORIBIALHSEA TN
%)L— RO D e —F L 7= (Fig. 3(b)) & DD, Fig. 3(a)
ISR FETRD 5N AL L 133 L &5 - 7= (Fig.
3(b)).

FihiD ICP-AES HllE 2>\ Tid Table 4 15k 2 560,
Ni, Co, Mn DERE B I K> 7. SEIIZE N2 EMGE
DEIFVTNEG 0.01 wt% KWiTh D, IRIFIREHINIZ K 25

T e g

i

TEM image

STEM images

1
1
|

\

FFT patterns '~

\

Crystal,structure change \B\efore change

: ¢

SHRERE o

B TV At
VAV“‘VA\; ;U'AV“VA
AV A YA VA YA Metal
B V¢Y“V#V“V¢V-
0 0 Ao Ao
X ¢ A .A_YA o

&

Rhombohedral
(LiMO,)

Spinel like
(LiM;O,)

Fig. 5 Cross section TEM, STEM images and FFT
patterns of cathode active material

Table 4 ICP-AES results for anodes
Aging time Results (Wt%)

(Day'?) Li Ni Co Mn
0.0 1.42 <0.01 <0.01 <0.01
6.2 1.78 <0.01 <0.01 <0.01
7.7 1.94 <0.01 <0.01 <0.01
18.6 3.01 <0.01 <0.01 <0.01
24.7 4.27 <0.01 <0.01 <0.01

Aging condition: SOC=80% at 65°C

M B X N i 572728, Al B2 B0 TR Z
BEEMHIIEZ CnanZ & 2R L 7.

3.3.5.IC #h

B AR D 1C A OMER» &, 7 v FA F
YV, VavuBBAL Y, BEO) VAL VYRR
INEDA & VIFERIED 5 TR IA O 5 T &
5EEIOND. DB, Ty A X VORBIIHIOE
TIZONTWMUL 72, 7 v R A F Y OAHEIE SET HIC LiF
R DEFEERELTWEEELSNS Y,

3.3.6. X IRHAEFH KA

XPS DGR S, IKFERFD S B, REHH 5003
IRBBT Z TN D 3% 76 7% & DT\ 7zZ &
b o7z, XPS TlE, KRB & RAGRZER ST O XA
DEIZL WY, RBIER OB REITTE AL 720, ¥
2 nm £ TORMIZBNT, KRERFZHILOMEITIZES K
XaZIEE TRV EEEENS.

3.3.7. B X AR AIAE & i D A

Fig. 6 IZEM&R DK FE KRR Z X2 bLERT.
TH P YT FLF—289.0 eV & 290.6 eV DWIE %
NN H IR = NI L RBIEO R IRE S5 ® . %
2568 2 nm DX ETIEH LA FEOPIUZ R T
SRR DI A A - 7= (Fig. 6(a)) DIZX L, Kiii» 5 20
nm O S FTEET 5 & RBIEOIN A K 058 -7z
(Fig. 6(b)). FRIZIRHF A B A 18.6 day'” & 24.7 day'* DE
U2 B TUE, B A 4 v QWA J7 )L A =)L FED IR &
DEREL B o7 LR S 200 nm O X L TORERIC

EIZ M EE SRS 2 IRBR I B AA YV TH - 72
(Fig. 6(c)).

INEDORERM S, SEL ki & i U THlREIZTN
FIRICK DL DRBIENGENDIEELE5N 5. 293.0
eV B L2955 eV OMRNITE 1231 v &FD C-F 1207
FEns @ FEIZHAT, HIEOHETIZON T C-F Ol
IS A L7z, Zhid, BT IO T SET 2E
K%B25ZLIZE38DTHD, TORESEEMITIRE
dDLEZOLNS.
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COOH 3.3.8. 7.'- - :/ T %%/ﬂ\ﬁ%iﬁt: ct % 53& é ﬁﬁﬁiﬁ%*ﬁ
(Caborih - N\ CF Fig. 7 ICEMBERO F, C, Li, P, O O X SIADIAE
wmoMART. SEIRAA Ty F v LENSHIET 5 F
3 | 0dv” WEHWZ2, EfELESOBEIIES T AW, M
s . RIRII L E 2 bh 3. T2 TERBER SO %
2 le2daye /icOs | SEIDEX L&KL T, ZOMIDORS % SETRTE L
z (Carbonate) . N _ = N -
= ' 7z. Fig. 7 1R L 723 E NS ORI 54 6 b % & 95
§ I, EEOERSIERETH 5 7285, SROVFT LS
S GER T 3.2 BIOBKALEME TR L2 &S 1l
P ENAMITH T P A FERIE > T2 (Fig. 2), I
24T day’C of ocier PEAHO ) F % A GRAREEIRE LTk ) F9 4
) ) ) ) ThdrEHEAZLNS. —J, SEIIZBWT, Fig. 7(a) T
Photon energy (eV) FALDOHEITIZE 785 SEI DFRIZEK - T, SROEHETIE
(a) Partial electron yield mode COHEENWPL, RO IZLIioEGHEESEML 7. &
Soon MAID 2% 7 5 & F OBIGIT LI/ & 2 5 72 (Fig.
(Carbonyl) ; C-F 7(b)] .
F
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18.6 day"” T2 72.0%, 24.7 day"? TiZ 54.4% ~JH L
= — 5, R (IS U708 TEM L 22 F iR R 0
day”? Tl 17% TH > 72745, 7.7 day”? Ti2 20% I L5 L
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SERRLIIE, WESEAEBD Y F 7 L4 F Y DA D AR —
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Durability Evaluation of Polymer Electrolyte Membrane for Fuel Cells by Molecular Weight Analysis

o EoE" Hr Ji L
Atsushi HIRAIDE Akira NAKAHARA
= =] ABSTRACT

PROBFEE M O & TEMEEIC BN T, A TEICERT
% Z & T, MO AGRER T & SOWRE TH b2 /it T
& DAl FiE A L7z, @A TOSRKISICERL, &
BENTVANERIET HHEFR L5 TRHOBKRE T AL
THZET, HTEOKTEHFIZE>TVHILCHh TR
{5 TSR 2 1R U 7z, BRBHE M 0O 5 25 B VR HL A ©
DAl K EE TR ik & FE i L, &5 BRI S i
X0 FRIKTFA, B L 20 K Piligics 28 %
FERNNFERR U 72, £ 72 HEROBRNE £ L T O it A GRER
%N L, PR MO MRS TR T % S T AR
D RAK T 235 7 RAK FHICHE S Z & % FERIYICHERD
L7, P RIE T4 W3 Z &, S oA ek
TOFHAED & REBIB Ot AR TOHbw% PHlTE 5
92k, By TR MR O A NE O M 1 245 2 G ER
B & 5 & 2 By — LU FIZkEHE L 7=,

As molecular weight analysis of polymer
electrolyte membrane for fuel cells has an advantage
in sensitivity of membrane damage detection, it can
detect slight changes in membrane damage even in a
short-term durability test. Modelizing the relationship
between the molecular weight of polymer and the
probability that the polymer will react with a radical
allows calculation of molecular weight reduction
as an approximation to a curve. Hydrogen peroxide
exposure testing was carried out on a membrane to
experimentally confirm that the decrease in molecular
weight due to degradation of the membrane follows
the molecular weight reduction curve. It was also
experimentally confirmed by a real fuel cell durability
test that the reduction in molecular weight of
membrane under the fuel cell operating conditions
follows the molecular weight reduction curve. With
the molecular weight reduction curve, it becomes
possible to predict the degree of degradation in long
term durability tests from degradation in short term
tests, thereby shortening the test time necessary for
evaluating the durability of the polymer electrolyte
membrane to around one fifth or less.

1. %5

BRRFEMIIE LB RID &2 R U C, B & R & 29
WCREBABILE) L ERHE L REBREETDH 5. REEL
DU APENTZDIZT I —DOEBNENR LN LR,
T U W2 IS KGO BIA I A D 500 2 & OF) S
Db s, e UTKEEMAT 2561, HAPOBHR
ERIBEEZZETREEB Z W, RIBAERM & LTk
MWEREN D (Fig. 1). BORHEMIZBREAMO/N S T %
LAX—=ThHdZenb, EETEBEXEDEMOEBREE

* Ui R&D £ > & —

https://doi.org/10.69239/hondatechnicalreview.2018 30 2 13

ELUTEHRAENAFEIML T 5.

1 ) B R R S oD B G TR I/ N R 2 2 M E
MRDENTEY, ThHEid bbb —FA70BKRICH S
M A & Wi & 1 7= L CakEt & ol 325 Z e EETH
5. L2 LARsRBEMOm AN %53 2 729121
B H A & SRR O R O A GRSk % Fhe 3 2 B2 &
D, ZOZ MRk & BRI B o FE I & =5
b E3EKE B >TE .

RRFE M O RIS EEMRIE AR (mnembrane electrode
assembly: MEA) &I B85 T Z b b (Fig. 1).
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il (anode) & 1EMR (cathode) DRNIZENE & N7z &5 1
IR (polymer electrolyte membrane: PEM) (&, #0KBFE
WO IR A IR SN THILT 2 Z LB ETH
. BB OREMRE 2 1 L X H 572912 PEM OJEA
A pm LW X TIES LTV B, [RIRFIZ+ 5 it
A% G 7o iEt e T2 08N H 5. PEM 0K E L
TRBE, 7700 L LTHIGNEK) T P I 704t
IF L VERE (-CFe-) 2R E 32 7 v KEEROBME
(perfluorosulfonic acid: PFSA) 23 ik k> Tun b, &
17 PFSA &%+ Td % Nafion® DAL2EREE % Fig. 2 1278
¥. PFSA O43#iE Fig. 3'VITmREn s k5 %, & 10
YJr (Fig. 3 Xrh, ##E DY I TRUR) &, @5 TOA
D AN ARF T ILEE (<COOH) 2 6 43R A #4795 Unzipping
Kt (Fig. 3 X, HEDRAITXIR) D DO RISHEMEA
FHETZEEZENT0S. 55D S 7D
KWEZOH 7Y ANTHDZELEALNTED, PESAD
B TOYIN SN2 & ZORME A LR F L LIE 55
T, Unzipping RISO#Hi 7= sikdiiL 2% 2 ¥ Unzipping
IBOA S RIER A L FIoRd 2.
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Fig. 1 Schematic cross section of typical fuel cell
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Fig. 2 Chemical structure of Nafion®
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%7-%, PEM OEEOWRADBHAET 2 Y. 2oL 21Tk
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LI,

2016 4 LART, PFSA 0 PEM 122\, A%
EINZEHET 5 FIEDBHEL S TWiah o7, 20708
PEM O % # B4 31213, PEM AFMICEZ L TOE
THR Ot A Bk & FEhi§ 2 BB B > 72, THITH L TR
WOTIE, TR ) - 2 RS 2 EBICHHLT
PEM Ofif Ak % @ &INZEHIE L, PEM 0%z Tilll4 5
FHEERFE L Tl L BIARMIZIE, Fig. 31T En s
KD PFSA OFE S FHAUIEh 5 &, Ul & A= (&
W72 DOOKME k3728, Unzipping KGO i ixf
BBIBIICEEINd 2 Z L AR I N7z, 22T, PESA %
DREND OO EET L, 7RV ) -2
B AMARR OB E UTERNT 5 Z LT, S
WoTHMT 279y FE)) - 2BEHETTHTE S LS
12U 7 (Fig. 4). £-Z08H & LT, PEM 2 FmICE 5
DRz, MARBO®RPTE, 79 E) ) — 2 BOHENY
2 %8 5 HLOWE % E'EIIZFHE L, PEM OFFdr %
HANZPMT 2 Z LRI G572 LAL—HT, 7
R ) — 2O LN, TEAGRERO P 0B
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Fig. 3 Degradation mechanism of PFSA polymer
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B2, 79V —212fb BB LOFHEF RO A %
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Fig. 4 Non-linear behavior of fluoride release in

durability test

2. pFEERTOETIVE

Fig. BIZRI NI DRD A H =X LB NWT, 1KDH
STICEHT 2L, 1MUY D % &0 KMo T
252U, BATORS#F T HFRIEE L7205
KFTA3ZE08bhr3b. LT, BT ORN A
EF 57 9F) ) - 2EEMHORME TN <, BinE
N E & B ITREL &5 &) BB ERNEME 4 5.
ZHhiZH LT TREOETIE, IO TELE > &8k
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FPTHRMN AT Tu—F L LT, @ TonRcksT
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D7=DIZNL D DIRE R RTE L7z, Fig. 31Tz
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WIZESTFROH 7V ANk > T N5 Kiba £
TMET 5. OH 7 ¥V AIITRISHERIEFICE N 20, T
U7 OH 7V HDREST &AL 72 & TYll 23 2
3 LfRE L7, Flory'®-Huggis WO FEFLIZK S &,
A TIEZEBR T TFRICHIL 2B E 5D 5729, 7
VELZHEILTLK B 0H Y H kb2 EnT N
fihd BHEHRIL, TOREFTFOFTFRICHHTEIEZELZLGN
5. 22T, bdEm AU S 2RI, 20018,
ThbbEELLZEFLTREDTORXICHHIT S &
RE L7, BIEICIET 57200 7)LT ) X4 % Fig. 5
IR, Fig. 5(a) Tid %94, FENcFEHL 72 PEM O% T
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Fig. 5 Modelization of random polymer scission and
molecular weight reduction
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FENMMEANE L. fFBRLESTEETOETLIZLS
AR A Fig. 6 1R, UOBEN %, S5 FDILD
AECFEE L 221 720 DIETRL TS

N = (U llE) / (53 1 DICDOARL) (4)

P oM N &5+ R K FORRE Fig. 7 (2m$. #it
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Fig. 6 Calculated shift of molecular weight distribution
using random polymer scission model
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Fig. 7 Calculated molecular weight reduction curve
using random polymer scission model
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Technique for Simulating Vehicle Handling in Very Low Speed Range for Model Based Development

28 & 7 wE s R OKT N S E O
Takayuki TOYOSHIMA  Yoshitomo AZEKATSU  Yoshiaki KOBAYASHI
ML= T R [ /N N m*
Naofumi IKEDA Hiroki TAKANO Isao OBATA

B =] ABSTRACT

HHEEOBBECHEHAL TOWAEROMREERIHY I 2
L=y a VETFLAER=ZIL, ATFTTIVVIROETFTILA
W7z ICMAGA D T & T, FRIE AR R HE A 2 B8R —
FBUCEHETE2Y IV —v g VifliskEsgE L7 Zh
kDI IZy I 2L —Y 3 VETFL AN /ER
T HUMEN L B D, RGO RE | B L /2. 72
RPN BTy I 2L —Y 3 VICXBREADES Thn
PRSI T H 572 2T 7V VR PALZIZDNT R, &
MW S MIEE Ty — AL ZICHBEMAE L2 CatE T
2 & 9T o T AT ISR L £ T A & R A oD
VA WAL 2 ERROMRETR, F 7 E VEED O F L
o B DG Hrs £ T, VI OMREREHZHEDTH D,
2014 F£ETULFIT 26 FRH SN T A/NUEHY v & 7
S b7 x— LOFAFEIZEA L 7.

A conventional performance design simulation
model, used in the development of mass production
vehicles, was taken as the base to which a steering
system model was newly added on to create a
technique capable of simulating vehicle handling at
very low speeds by performing a bulk calculation
of those indices together during the initial stages
of development. As a result, there is no longer a
need to create separate simulation models for each
index, and the efficiency of performance design has
been enhanced. Formerly, the performance index of
steering return torque could not readily be examined
by means of simulation during the initial stages
of development, but this can now be estimated
seamlessly from high speeds to very low speeds by
changing the vehicle speed condition. This technique
is effective for performance design during the initial
stages of development, including for investigation of
specifications to achieve a balance between vehicle
handling at the very low speed range and handling
stability at the high speed range, for analysis of factors
in torque around the king pin axis, and other such
investigation. It has been applied to the development
of chassis platforms for compact vehicles that were
adopted, starting with the 2014 model year FIT.

1. 13U®IC

WA, EF LR — ZB% (MBD) i3, Mt rntEaE
BB A RIS a5 Tkt noTng (P @)
V-Model i2&k 2 BEHDE 77+ 2 % Fig. 11217,
MBD & Fig. 1 O Pkl £ W 7= MRt v i At
DOERETY I av—y 3 VERHL THHBRET 21 5 72
DORFREFLETH 5.

HPEH O MBD TR S - o © & & X & 2kt
lAFHET 2L L3I0, WL ITERA LA TX B84

% Ufs R&D £ > & —

W42 Z L NEETH S D). 7, HERIBEERR A
RO TIE a0 - 72 MREE H OMETEZIFIB L T Z &
LR ON TN B,
INETHELTEEGEBOENERIE TH 5
Ty T AL LETFPHEFHETE20ODOETIL VR SHELIC
N sax2 FMEREOEHE T 2 ML ENE % PG
FT2EFNL KLY, MBD O A AT 5 720 DHLD #1
AD—BTH - 72 VAEE, X 51 A B)EE A 1 )
BEARAE IS RIS U 22 W A 4712 36 0 2 3ifE (DL T ARG
HUEATHAEE) # RET T 2 EE S E > Tnva. Fig. 21C

— 106 —



MBD O 7z & OBERETEMME D I 2L — 2 3 il

I ETHEL CE MBS 2 HMi#ER) > I 2
V=¥ g YORRHEFEFREZRT. kDY 32—V 3
V3B km/h 2S5 BEH km/h OFE#EA R ELTED,
M HETEE O RENHIB L T h o 72, ZHIEERD
MBD HY 3 2 v = 3 v, H5shRn Lo - ois 847
IRRED G EE A AL U, EERFOEF L TERL T
W72 Th A.

L2rL, ZF 7V v k4 —LaERELGDAATER
T3 &5 BB TIE, 277 Y7 ROIEBIERER G
JEAFRMED Bz L 0, #ERD T T TIREIERE 25D
ENAENVEWVNI BN D 572, Z D7D, BILHETIED
AR IR % Z 1 5 B EB R, 7L e—
INYIab =Yg v EHsTHRETL Tz, Fig. 3137
NME=I N Iab—Ya VETADAA-VXTHB.
ZDETFIUIE A O HEAL TETF AL B BERH S D
T, RO S W= 1WA 6 /R 2 DIXES TRk
W, BRPEHOBRYIHO MBD O EF L L LCIEM
UL otz

R AIGHE AT RIS BROE U 7251 7 L o WF%Efilid & % 8
© MBDHYIalL—Y 3 VvEFLOMEMIZZNET
bEOE,P o 22T, FARPIHIZATTZ 2RO A

A

Conceptual design Performance evaluation

Function design x
Performance de5|gn I
1

l

by

Structural deS|gn Pans charactensnc measurement

Parts design .
i
A

Fig. 1 Positioning of MBD in V-Model

Very low speed area

Base performance of vehicle dynamics: handling and stability

Lap time simulation
Side wind simulation

\/Ery low speed handling

i i Vehicle speed
0 10 km/h Vmax i’

(N _J
——

Speed range of conventional
performance study

Fig. 2 Domain of performance design
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Fig. 3 Image of full vehicle simulation model
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Fig. 5 Turning radius with respect to vehicle speed
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Fig. 7 Steering system
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Fig. 8 Outline of model for calculating very low speed driving
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CFD Calculation of Cavitation in Outboard Motors

Mo HRF" [N < G € I E
Ayaka NANGO Yuka IGA
7 =1 ABSTRACT

A O 7 a X IIRE LI, BIR T 2 b LEH5
O AHNELT, Fvy 7 —Y a3 VBIREZELE
CFD A B o7z, BIRBEFRGEIC X2 T EL Y
ORI (2T 2 MRE, L2 RE, T a T ahE)
NOEEW O ML 72, 5517z CFD ORI, &
RIGRER & BRI —3 L, ZORE I+ 7% TH 7. L
Lk, MO AR » S, Fv T —va v
WHAEBTHIENTEL LG ST

CFD calculations accounting for cavitation in
outboard motor propellers were performed to save
calculation cost and calculation accuracy. The impact
of the boundary layer mesh resolution on the main
propeller performance values of thrust coefficient,
torque coefficient, and propeller efficiency was
clarified. The obtained results of CFD calculation were
qualitatively consistent with the results of model tests,
and its accuracy was within £7%. With the above,
cavitation effects can be accounted for from the early
stages of outboard motor development using CFD
calculation.
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Fig. 1 Phase diagram of water
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2.1. FEM%
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Table 1 Calculation settings

CFD software ANSYS Fluent 16.0

Time Steady

Viscous model SST k-w

Multiphase flow model Mixture model

Cavitation model Zwart-Gerber-Belamri

Table 2 Calculation procedures

Step 1 | Single phase flow calculation with high pressure

Step 2 Multiphase flow calculation with high pressure

Step 3 Cavitation calculation with high pressure

Step 4 Cavitation calculation while reducing pressure

2.2.3. 5tEEE
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Fig. 2 Calculational domain
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Table 3 Mesh generation parameter for boundary layer

Mesh i Mesh ii | Meshiii

Number of boundary layers 25 15 5
First layer height [mm] 0.025 0.05 0.2
Growth rate 1.05

3. BREER
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Table 4 Key propeller characteristics for cavitation

tunnel test
Propeller name A B C
Diameter [m] 0.220
Pitch ratio (at 0.7D) 1.26 1.06 1.12
Expanded area ratio 0.481 0.481 0.460
Number of blades 3
Rotational direction Counter-clockwise
Material Corrosion resistant aluminum alloy

Table 5 Relative calculation time

Mesh i Meshii Mesh iii

Relative calculation time

(Mesh i as 1.00) 1.00 0.83 0.58

0.53 ZFEUEDRERSM & Lz, ZDE&ME, i HERE T
250 FSIIARSME A B U 22 W EE O I S SR T H B, TR
M 70 km/h, 70X F [AEEE 3000 rpm 22 5 F%5E L 72, GlER
ik, a7k E e U, AREENGE Z H#ET 5
ZEIZ&kD, minERE ) 2 E L 7.

3.2, St ERFIRELER

224 TR B0, BiFE» R 5 3HEHOG
1AM TCFD R FEN L 72, 3HF5IL Table 4
DFaxF AL L7 Mesh i OFMHEMAZIEAEL LT,
BEER TR TDA 2L — g v 1N A B SR
iZ Table5 DX S5k -5 7.

TuxXSEAEmDF v ¥ T — ¥ 3 Y%A Fig. 312,
FaxX S HRERKX % Fig. 4 18T, T8 EE, 7
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Mesh i

Rotational direction

y;

Mesh ii
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Fig. 3 Influence of boundary layer mesh resolution on
cavitation on blade suction side
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Fig. 4 Influence of boundary layer mesh on propeller
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Fig. 5 Propeller blade cavitations, compared between test and calculation
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