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ABSTRACT

The newly developed fuel cell vehicle, the
CLARITY FUEL CELL, has evolved to provide
new era appeal together with the same usability as
a vehicle with an internal combustion engine. The
fuel cell powertrain is mounted under the front
hood, realizing the world’s first fuel cell vehicle to
be commercially available in a five-passenger sedan
package. The key technologies in this achievement
are the greater compactness and shock-resistant
construction of the fuel cell stack, the adoption of
an electric turbo air compressor and fuel cell voltage
control unit, and the compact drive unit. Optimal
placement of the hydrogen tank and increased pressure
capacity extend the driving range (reference value)
to approximately 750 km, and achieve a hydrogen
refueling time of about three minutes. Driving
performance is also heightened by pursuing reductions
in vehicle body weight and enhancement in its
aerodynamic performance, through increased power
of the motor, and so on. These efforts have realized
a level of usability on a par with vehicles running on
internal combustion engines. In further innovation, this
model features external power supply functionality, a
new linking technology that gives a foretaste of the
vehicle of tomorrow.
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Table 1 Basic dimension
Model | cLamiTy | 20 ::/ear 2015
ceL | Aceord | TEGED
Specification PHEV
Weight (kg) 1890 1740 1980
Length (mm) 4915 4915 4995
Width (mm) 1875 1850 1890
Height (mm) 1480 1465 1480
Wheel base (mm) 2750 2775 2850
Seating capacity 5 5 5

IZBRRIEM ST — P LA VERRD V6 TV Y VAT 4
TIN5 Z &N TE 7=,
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KFEH Vo OBIRIESE Fig. 12 1587, 2 v 27 )L
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DFEMEKF A 2 &P TaEE LT 5.
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Fig. 11 Package (Japan model)

Fig. 12 Image of H, tank installation
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Fig. 16 Image of aerodynamic body shape image

Fig. 17 Induced drag generated by longitudinal vortex
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Rear spoiler
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under cover /

Motor
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Fig. 18 Aerodynamic parts

Table 2 Aerodynamic parts effect

Parts ACD (%)
Rear spoiler -1.0
Rear under cover -1.0
Rear air curtain -0.5
Rear combi washboard -1.0
Tire cover -1.0
Tank under cover -1.5
Main floor under cover -2.5
Front air curtain -1.5
Motor under cover -3.0
Total -13.0
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Fig. 21 Dual pinion assist EPS
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Development of In-tank Solenoid Valve Compatible with 70 MPa High-pressure Hydrogen Storage
and Supply System for FCV
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In order to increase fuel cell vehicle mileage per
filling, technologies have been developed to reduce
the weight of the in-tank solenoid valve and boost
hydrogen seal performance, both issues in increasing
the pressure of a hydrogen storage and supply system.

It was necessary for the in-tank solenoid valve
for use at 70 MPa to display twice the pressure
resistance of the previous model (for 35 MPa use).
However, realizing the necessary increase in pressure
resistance would increase the size and weight of the
valve. The in-tank solenoid valve is provided with a
check valve on the hydrogen filling side and a shut-
off valve on the hydrogen supply side; these valves
connect to the high-pressure hydrogen tank and supply
and shut off hydrogen. As a means of reducing weight
in the developed in-tank solenoid valve, the functions
of these valves were integrated, making it possible
to share the flow channels for hydrogen filling and
hydrogen supply. The temperature sensor was built
into the tank, and aluminum alloy was employed
as the material for the valve body. These measures
reduced the weight of the developed in-tank solenoid
valve by 41% against the previous 35 MPa model.

For the hydrogen seal, a structure that helps to
ensure that the seal material is not damaged at a
pressure of 70 MPa was adopted, and a high-strength
seal material was employed. These measures made it
possible to realize a high level of pressure resistance
in the hydrogen seal.
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Table 1 Tests stipulated by GTR No. 13

Component Test items

Hydrostatic strength test

Leak test

Extreme temperature and pressure cycling test
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Vehicle environment test
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Vibration test

Pre-cooled hydrogen exposure test

Shut-off valve
and
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Pressure cycling test
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Temperature cycling test
Salt corrosion resistance test
TPRD Vehicle environment test
Drop and vibration test

Leak test

Bench top activation test

Flow rate test
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Development of CCM Water Content Distribution Measurement System for Fuel Cell Stack
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A system was developed that uses impedance
measurement of membrane electrode assemblies to
quantify water content distribution in the polymer
electrolyte membrane. That distribution influences fuel
cell degradation factors including membrane damage
in polymer electrolyte membranes and functional
deterioration of electrode catalysts.

The impedance measurement sensors in this system
are fabricated using flexible printed circuit technology
to form thin shunt resistors for current measurement.
This allows sensors to be produced in the same form
as the membrane electrode assemblies.

With the development of these sensors, it became
possible to measure the water content distribution in
polymer electrolyte membranes in a fuel cell stack
in real time while it is generating electricity. Those
measurement results have been put to use in the
2016 model year for control of the water content of
electrolyte membranes in actual fuel cell vehicles.
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IZXHB B 72012, 270 — v O fRIRE & QB O B %A
S TdH 5. Honda I3AMEM 28 = 3L F — BRI & % H
B U, (LABRBHTH S TR &R & 3 2 OB E M B B HE
(FCV) ORIz & s T x 721V

Fig. 1 12K MO RHERK X & NEBD KB DWW TRT.

BRRE M 2L (DUF L) I3RS A K (membrane
electrode assembly: MEA) & 7 2SI Xz 8
L= oI TED, ELEEERBERELZ D%

* Ui R&D £ > & —

Separator

MEA

Fig. 1 Schematic image of fuel cell
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RREMZ &y 2 (LIT A& 5 2) EIFATO S,

MEA (3555 T BB (polymer electrolyte membrane:
PEM) L fililit)& (catalyst layer: CL) Z L CH ZHLHUE (gas
diffusion layer: GDL) 2 S M & TH 0, iR H R
SN E o T EEEIL catalyst coated membrane (CCM)
EIFEIN TN D,

BORFE MO RS, KX (1) 1SR4 7 7 — PO AR
RIS &R (2) ISR A Y — FEOBIDETCKIL,» 5 %D,
KRR LR PRI L DB EAREEKT .

7/ — F#& (An): H, = 2H" + 2¢° (1)
AV — FR& (Ca): 1/20, + 2H" + 2¢° = H,0  (2)

FCVIC##Kd 2 2 4 v 2%, INURREL L &S T8
R RBIRED EBINRD 5N B & & 312, Hilli§ 5%
R A OBRAMOZINI N T 2MAMNER S
3. ORI MO AV & #ECR 3 2 1213, BORFE M Ik
L ET 2B O R MM ORE B X OBRR LT
HBKEDHT AL 7 ) — F & H U — FOBESHERREDM
WERE & 5D PEM OJEARE AR T L 5 5

B O LEHRIO MR & PEM OEARIFIZEZ L
M CCM EKENERIZBBRL T 5B, —fRIICEKE
ML WIGE, BRI O FERRLBEE & PO D R LIS
& o TRBED AL RAL AL e X Ui i R O AR T 23 e X
ha. —HTEKRENDBEOGE, Rk tkE s
PEM WIZER S T 2R LM < PEM OJE AR
WhTsns#E e H 5.

& o T, HEHREE RO A Z 1A E X85 72012
h»@WCCMa*;ﬁE%%%_L,%@LT&»@W
CCM &K & & W 1E & @I I3 2 MR b 5.

2. AEOEH

CCM EARESAMEWMHEIZT 5 Z 13, Waem e
{LIHI OB SN2 6 EBETH 5720 Th <, BEEFFOH
ERMATE— FOMEL ZOMIZ AR AEHRES 2
T NB720, 249 7B 2EELMENT &
KoTW5,

ZZT, 2016 FETLDFCVHZ 2 v 7FFRIZENT
g, ZEA V=2 Y 2 VY ORRIZE B CCM EAKE
AAADMEMELE S I 2L =Y 2 VIk B iEs CCM &K
BOMOSEN AR ZaW, 24y ZhitAtif EE» L7z

ARiTIE, CCM GAREAMEERLT 52 FORTE
EXDY AT LREEIZDONTIANG.

3. EKDEKEFHADRE

COM D2 AR & AHI 5 Pk 2 LT, Bt
(NMR) #2077 94 27 7 4 RG) b iF s @@

5 < Honda TI2B0KIE @t»W@ﬁ%*®%%%%6#

2570, WET RGICK a2 noTE R
Z OFHITFEIE L A 6 T A B, KIS &
BEHETOIREEE Y Vv F L — & THICER L 728, CCD 7
A 7 TEXEFICAH UGB TR R ERILT 5
FETHS. LrL, ZohMEEEEFH L 23Tk
13 Fig. 2 1R T X512, ¥5L — 2K OER- AR GDL
NOKE E7=3HAIE 0, CCM KR & BRI
BRI HZLIIEDTIE A1 -7,

2016 FFETF L DOBBIBEMMZ & v 712k TidE/3L —
A FIEPNZARDWEE LIS WHERMAENHRE SN TS,
ZOEREEE A, nm O CCMIZEEFN 5 EGKER A%
YT RGIZTEHIIL 7235 SR 250728 1T
MPNZ K BN KREL B D REENMEL BB L v -3

Bd -7z,

Fig. 3 IZ{KEMTRERH ST RG TEHIIL 2285 2R
4. (Fig. 3 (Q))DHEIBIIAN L FHELTNB T L AR
LT3, (Fig. 3 (0))I3HIETHE & W -miGOBR%E» 5Kk
JEAREFE L CHAASGICERILL 22T 7 &R, &

Neutron
beam

Image processing

® o f

Separator Scintillator ~ CCD camera

Fig. 2 Schematic image of detected water using
Neutron RG

Caln

(a) Neutron radiography image

—_

Water content ratio [%]

(b) Water content distribution

Fig. 3 Neutron Radiography and quantification result



PRRIEMX 2y 7265 EIIVEA CCM EXKEATEHA Y X7 LD

5 74N CCM MBMEKTE B ADEKEE 100% & L
THPRTERNLT.

HPET RGIZK B 2 LN G ARG AE bR T
12100% 2 A -GKEIRIA TS, ThiE, Hke
GDL IZADBIEAEL TV 20T, ¥t nm & IEFISHEHN
CCM AKEZREE KBTI ENEHTHENI L %
RLTWE, 2O KD Bk, 5, CCM AR & 1K
KHETZ BERY 27 L DOBAFES LT T,

4. FHRIFEDREE

FHIZ BT B M % & 72 CCM &K O I % H 4
T 5729121, FHEE Y 2 7 AITHE W THRERO LI
N IRIE AT R VRIS 3 A b6 & OV A Wi oA 7 B Is i
L2232 e TE5EHITFESLETH 5. FHIIT
HBEBEETHECIE CCM GARREDFUATEXZZ L DIF
2T, FERETRYE, WS AW A e E DO ROV IIND
FEEBRIE O P B, 240 e, Wi EE, 2 LT T
2 A LFHATTE % B8 725D DBUS THREHL 72, B
H% Table 1 12/R7.

X ##%° NMR 12 & 2 5H0E, IR IZERS L OO KHE
PO LR/ BETH D, FHEEHS 27 L TORERIZ
KoTlrmn, —, 4 ¥ =& v AR 2 7
AN YNy P TRBEBRY ZF L2V EHBAA
TaMHHIATE 5728, FEORKBERE FTOHIA T HE
Thsb.

ARG R & 0 TSR X T 4T, EEROIEE &
GO O EKREL) 7L 24 L TEHMITE 54
V=& v 2B EEIRL GRS EHS 2 7 20 % %
Tkl

Table 1 Various measurement methods of water
content inside fuel cell
Imped- | Neutron | X-ray X-ray
ance RG RG CT NMR
Indistinguishability for
water content of PEM o A A © o
Production loading © X X X X
Environment

reproducibility © A x x x
Spatial resolution A O © © ©)
Time resolution © A A X A
Real time measurement| O A A X x

©:Excellent, O :Good, A :Fair, x : Poor

5. WIVAEIREKENFENE Y X T LDEHE

51. BEEMmX 2 v 7 DI
Honda BUREIEM 2 % » 213, 2009 4EEF LD FCX 7
)T 4 KDERAL TG mH Y L EED R T H

2 ZHRRERE LIS S = mHIE A 1/2 IHIR
L, 2RO MEAIZX L, BB AL/SL — 2% 406 3
BUZ L 72/E T, 24 9 2 o/NL &, Bm bsBio—8)
o5 TNA,

RIF| & ml LRSI 20 MEA & 3D &/ 5L — %
Zlaz=y b LREMENS B -T2, RO
Wi (Fig. 4 (a)) & KPR v ¥ % EdE L 728 (Fig.
4 (b)) %Y.

52. YD

Fig. 5 125MBAR L7214 v ¥ —& v 2@z &5 2L
HNEKRESME Y 27 0% v S EOBBIX % R~d.
K¥ V4 DHFRE Impedance Distribution Measurement
Sensor DYHX 7% Hl-> T IDMS & L 7=.

bV IR E R 2 & 2 ISHAAD T L AR L,
MEA & [El—DIR TG L7z, ZDH5E, CCM GKED
WSR2/ SL — 2Ry — LA BT 5 Z & k<R
B2 2y 2 B LTS MEA & ANRZ 5 2 & Cit
HAERET D 5.

Y Y ORI ITEEOIE S EX v 93y N EEE
L, 2O Y48y FIZkD MEA DA Y ¥—4 v ZEHH
ERIRD. KL vHty FidvSv -4 %4 L7z MEA
ML F LS ZTREODXSICFHE L. £ 108
L — 2 ik & ORmaE F U< L, EKhuENIc L S

= = 5

MEA Sensor MEA Sensor
Separator Separator ~ Separator Separator Separator ~ Separator

(@) (b) (© (@) (b) ()

(a) Normal structure (b) Sensor inserted structure

Fig. 4 Cell unit configuration of fuel cell stack

Interface connector

Sensor pad

Interface connector

Fig. 5 Impedance distribution measurement sensor
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AHHIERCE R A P 2 SRk e L 7z

WIZY AT L2 & 2 M % Fig. 6 T/RY.

4 =&Y 212K 3 EKEDOHEZ, CCM H
NBAKGEDEN KD BE»Z T2 Z L 2FIH L
72t DTH B, WaldEEmZ 4 v 7 2RICKRE TR
HEL, VY TRIIL 2B & BIEE A 5 BT 4 5
UMK BRI 5.

L 2-ZREROBRABIEE VDY v v TR
T, EHUCBRSRN ISR ET S IR Fay 74
HE (V), UTORX (3) THE VS8 FIZHih 2 8%
K 7-.

i, : Terminal passing current [A]
V., : Shunt resistor voltage [V]
R, : Shunt resistance [Q]

F 72, BIE (V)3 vy Hs8y FEtSL —2% (a) ¥
THIEST 2. Gl L Z-E M e B %2 PX1e-6358
(NATIONAL INSTRUMENTS #L#1) 12T 5 — & U4,
LabVIEW IC X AHBEMPUC L DA v E =XV 25 EH
L 7.

LabVIEW TD A4 v ¥ — & ¥ 2B Tok (4) TR
HHB.

AV,

zZ =—2"
"7 AR, (4)

Z, : Impedance [Q]
AV, : AC voltage modulation [V]
Al, : AC current modulation [A]

A V=&Y ZWUEMWA S NEEKBENDOHRFL 5.4, i
Tib 3.

PXle 6358
@) (W

LabVIEW

Shunt resistor

MEA Sensor
Separator Separator ~ Separator

(@) (b) ©
V,: Shunt resistor voltage
V,: MEA voltage

Fig. 6 Principle of CCM resistance measurement

5.3. {tHEt&ET

Y Y ORFEIZB T, 2LEN CCM &K &5 D
fEl s & GRS I E A A E X, LT OEB I DWW TEGE
BT L 72,

5.3.1. AAR I

VA, EAUE BB LA e R T L R v T
L) Vb ECERIENR (Flexible Printed Circuits:FPC) 451l
ZHWTEYEL 72, FPC 13/84 12 pm 25 50 um Oz
R7 44 BICEEREEKRL, E512Z20 RICEA 12
am 2> 5 50 nm FEEOBERE AN &b -G T, —i%
WaEHTATRFVE) Oy PR E IR L THEL, ML
P E NG LR OEER T RET H 5.

VNI ORBIE, Ty F YIRS hzE
B — b & 5 JEHE ARG TR S N, RS Okt

&0 fLE BT, ZDILONEBIZD > & & Jin L -2
AN — R — LA L TR L 72, 2O RGO EX
Bl & FHOTEL v 38y FEFHIIES L T 5 72004
VAT 2 —AAX T ALz (Fig. 7). £728t V4
23y K95 O SRS EHIREE 217 | & 2 % 72 0 H R
Pilidgr e L 7.

HARESAMGHINC BB s v B8y Foa#ElEo R &
TRz, ¥ 8 E & GRS O R TG % i
L7,

PREIEM 2 & o OFEBEEMIMNICIE—IZE R AT
EIRELIZEZDE Y3y I"\*ﬂiﬁc‘:ﬁﬁ‘y FiZih b
EHROBAKR%E Fig. 8 12787,

28y o EERENE—DOLE, V38 FaEE

Shunt resistor Terminal pad Cover layer Solder Interface connector

Terminal pad Through hole Solder resist layer

Fig. 7 Schematic image of FPC

50 \
40 -
<:| Segment number limit

from wiring layout

80 \ (equal resistance wiring)
20

RN

0

Current [A/Seq]

Safety rate 20%| Current limit of FPC
-y

. ;
0 50 ' ’ 100 150
@ Segment number
validity range

Terminal pad
distribution number

Fig. 8 Through current value of each sensor pad at
various distribution numbers
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BENER Sy FiZimih 3 ERIZ/NX < %0 (Fig. 9 (a)),
T Y NEEA D ENERN S ERIIAZL 5B
(Fig. 9 (b)].

YV NECRRE OBEAK R X R ERRIE, B o XA k%
W8T 2 — 2 TG L2 0G, &1 vy Pl Bl
ARE TR ERRIZET R L TARRE L £ 5. 2 4 v 7 ERsT
BFOBREBEESMLODEEEL, KLV ¥ /3y Fll%E
B AEWIZ 20% FREOREEE AhAd L, ¥V
75y Ry #EE O TRRIZ 60 EIfEE L5 5.

Yy ISy FaEo ERRE, sz FPC R L
A7 MIRELSMETSE, LUy H8y FEREREMPLT
W 2B, NP RE DY Y38y P64 V4T 2 —
2% 2 ZICHIEHTEILA 7 PR TR AL KD
728, HARRERER A R BB H 5. MEA JEIRO & v+
B E A 12550, HRRREES A Ty 2 EL 5%
e, BRLA T BRI L B BB I VY
ISy FOsy#ERNE B B4 100 2 #IFEE A FRRE 5 5.

LRt vty FAEIBRRETE R & MEA ERTEEIRO
TARY PG, 2V H8y FORE LS 1T 15 4
D75 55#EE U,

532. %Ny REE Y F

VYRR O A BRIEROEH T L L, £
I8y FH A4 X, vy v MEPIOKRE X #PEL 7.

BIARER 1L, YL EN Lk v H8y P L O
A= 3IFICKDEIMUL ZBHICH L, %3514
ICTHA L -EBROEESGERLIZEDTH 5.

Fig. 10, Fig. 11 IZERMERD 4 X — VK &R,

BHARER N SO v E, RO v 5y F
B2 BV A (Fig. 10 (a), Fig. 11 (a)), fiERME
Wb v, BRI UAO £ B8y FERCHE LA
B %78, BIRENERD X ¥ %y PR BRI AME
< 7% (Fig. 10 (b), Fig. 11 (b)).

ZhudSL — 2% GDL & E i Hih 5 8 (k&
BE)ICKD, WEREMETLTWEZEARL TV,

ZOBHRIMERIT LV H/3y FORER Y v v MEPUE
I2koTEEDLS. Ferlzy 48y FEIEy F LV v v

Pad Pad

Large

Small current

current

==
e

FEEEE |

Sensor Sensor
Separator Separator Separator Separator Separator Separator

(a) (b) (c) (a) (b) (c)
(a) Large number of partitions  (b) Small number of partitions

Fig. 9 Image of electric current quantity

MEA ME.
Separator Separator Separator Separator

(@)

(a) High current trapping rate

Current

= £ =5

Sensor

(b) © (@)

A
Separal

Leak
current

Current

Leak
current

Sensor
tor Separator

(b) ©

(b) Low current trapping rate

Fig. 10 Image of current trapping rate
o Current impressing
£ 100 +—
D.'_| e
80\0 80 -+
)
g s
5
o

Current trapping

(a) High current trapping rate

. Current impressing
it
\ -t part

(b) Low current trapping rate

Fig. 11 Measuring result of current trapping rate
(Image)
I;
Separator\_Q
GDL —o

current

current

[

Current trapping rate = I— x 100 (%)

I;

Ii: Input current
I, : Output current
Rac : GDL/CAT resistance

Ras : GDL-separator contact resistance

Rsep : Separator resistance
Rs : Shunt resistor

Fig. 12 Model of current trapping rate
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MMEPIEAZ /ST A —2 L L, Fig. 1212k 3 EFLICED &
A O A BT, HAhi o REBFRAFEL, vy
DETAFIE R & KD 7=

Fig. 133t 9%y FEIE vy FRov V4 v v MMEH
O K 2 BEIIE RO LA A G TR 72 R 2R T
LY HSy FRIE y F2 KEL§25 EERMERE L
BTZENTES., 2T VB8 FEICET AT 18
L — 2 OSBRI 5 2 LI K D BB A, KAEER
MR K & B720TH 5 (Fig. 13, Fig. 14). L2 L%k
NEEYH/8y FIE v FE2RKEL LT L2V H8y
FH 4 ZHWDT 3728, £S5 — & & OEMERESKD
B SZBWMD U, B MR TE L 55
DEAKBRO R S R T 2 720D 2 v H75y FD
WmifIZ, 24 v 7 EREBERICHhEREE X VL
3L — & OB A 6 RO 72, 7z, BERIKE Y
Ho8y PR, S/ 38y P94 Z&FEL, 3y
FEE Yy F% 8mm & L7,

53.3. ¥ v > MNMEHLE

¥y v MEIOMBEIZIREZIC K PO 50
v v H=V (Cu-Mn-Ni &%) # itk UTHERHL, £V
HNOET & BB 2 5841 7 i &, e RS
BUMHRHIO BB PER T E 2k & L 72,

40 40000

30 /’%—y‘

e
20

Contact limit area

0 ; \\Izﬂfﬂfiffffaﬁ1°ﬂm

0 2 4 6 8 10 12 14 16
Sensor pad interval [mm]

—

30000

20000

Current trapping rate [%]

Terminal part total area [mm?]

Fig. 13 Electric current trapping rated at various
sensor pad intervals (75 segments)

<
L
E :
o
=y
<
—
Y
AN/ E ]
NW
Current Current
Leak
current
MEA Sensor MEA Sensor
Separator Separator Separator ~ Separator Separator  Separator
(a) (b) (c) (@) (b) (c)

(a) Large partition pitch (b) Small partition pitch

Fig. 14 Image of leak current at various segment pitches

VoY MRV A/ NX K 5 EEBHHEERE LTk
BTES. TR0 — NI EERPT T U EE 716
EHOEMEL 50, BRS/EBEFEIZHNRL T LS
7= Tdh 5 (Fig. 15).

UL, P ZK< § % L BHRIERS 23 s — 5T
VoV MESIOSHEREE AR L S ERXh B 2 Lk B,
Iy F VI TEAEL TS Y v v MEPIO ISR % fifiad
L, BfMIc 2 v 38y FEBICEIE S Thb Y v v b
PRI S D E B HE 3% I T 2K TES5 m Q%
BHL .

Dbt ryosy FrdligeidiE e miE, & v v MMkbiE
Z U T FPC AT 2 MG U 22855, JRf%iic5 m Q
DY v v MEPL, 8 mm B TEAET S Z &I .

5.4. t > Y OHEEEARETE

5.4.1. fHfi v

IDMS OifefaEix, (Fig. 16 (a))lZ/Rd 2016 4-EF
LHEBOTNZ & 9 212k VY ERELBGEL 72, £ V%
LD MEA ZHIENR & L, sl VICEEE L 72
MBI AA ARG U 7z, FEEREIZ TV Z 4 v 7 KO
P BRI X B 150 kW AR LEE 2 v 72,

Y VA OFHHIEE ORI, IREREICT 5 MEA &

Low shunt resistor

High shunt resistor

Leak
current
= >
MV

>
Current

Current

L

>
Leak
current

MEA Sensor MEA Sensor
Separator Separator Separator Separator Separator  Separator

(a) (b) (c) (a) (b) (c)
(a) Low shunt resistance (b) High shunt resistance

Fig. 15

Image of leak current at different shunt
resistance

Full stack

(a) Overview of 2016 model year full stack  (b) Overview of mini cell

Fig. 16 Schematic image of full stack incorporating
IDMS and mini cell for correlation test



MHE LI L v 7ICH T3 VAN CCM EKELHETR S X7 LD

KREOHRFEAZBGT 52 DOICfHHL T3 2016 €7
LI =) (Fig. 16 (b)) & L 7. I =)L IdFEMxififY
12.5 cm®> T 2016 EEEFILZ 4 v 7 ik LT\ 5 1%
L — & LAl CHES AR CHiN O 73450 7 2 s 75 A,
WEAMNYY L b X5WEFE T, LRI
I D 726 — 2 THIFEIL, 2016 €7 )L & [El Ui
JEAnf 8 CHLAL T 7z,

5.4.2. MEHAER ORERR

IDMS 2 &k 2 HCHEHINE % iR 5 720, 70C DE
BB T ol BB A2 b e TIRPUE A HUS L, 3=k
Ol U4 T OFHIE R & ik L 72,

YV MO EE OIS & B IR O 255 A R
27:%, IDMS D75 ¥ V459 FDS %, #AOHAD
R ER—BRIE T TE A4 Y E— & v 25O 2
A TR0 25 [T & 3 = 2L (MR 12.5 cm®) O A
YV =&y ZEHIME & R U 72, PEA S 23 FETE I & [FIAE
12, An IZI3AKREH 2, Callid Air & HW 7=, SIRE I
B 2 RN N IR O HEE (relative humidity:
RH, UTHEE/IERH & T5) 8L ET S 20 & L,
TGS 2 & ERE N RH10% %A T4 L X ¥ 7=, Fig.

IR B 54 Y E— & v ZOFHARE R % R§

IDMS DA Y=gV 2 ilik I =L iR 5 &, &
TP FEIER T 10 B % RS —ICK B2 2 &by o 7.
ZHE I =D ITEER D A28, ffkG s AYE
TLRT < L BOEMIRI AL 72720 L E 2 5h
5. 72874 FEITIENE 3 % OERNEAET B,
ZHUE T IV A Ay & 16N O 53 A =0 i PR B o5 A 12
EoTHELTWBEEZELZENS.

NS DA RME SR A MO EAMIET 5720
12, v AV MRS A V¥ — 2 Y ZDOBIREEUS T
é;bf,@5Cﬁﬁ?éa*g%ﬁﬁgﬁm?%;&#
HRE & 75 > 7=,

5.4.3. sTRAIEHED 5 EKEANDEH

56 N KB MOED UL 5 EARBEANLEWS 5 —HDWH
h#% Fig. 18 1239

9, A VY=V ZFHINC X 0 86 h 2 &P &

_|_¢_J_,3% M Sensor segments
£ @ Wini cell
S
& 5
E
(0]
o .
s 1
& 1
E 1

LI x®
0 20 40 60 80 100
RH [%]
Fig. 17 Impedance CCM measurement value at

various RH levels

Z OB AR SIS BRIRICE 3 % (Fig. 18 (a)). £t
T A5, WEEICT 2 & VY OBt 5 K$ 7=
MR AMHL 2. i, WERE N2 5 MEA O&kE
IZZ ML 7= (Fig. 18 (b)). BKENOEHIIEE & MEA
GARERBERICKS>THB I ko577,

5.44 ZEELICIT 5t > DI iE % SHE

IDMS 2 7L Z & o 7 1Z3%E L= IREET, RIS 2 768
SMEOWEIZ BT, AT ZOWE EENL SR T A

12k %5 MEA OPiEZ &ML 72, 135 h 7=k
W (Fig. 17 E[W L 25 ¥ 2~ 1) % Fig. 191239, 2
DOREHRE A T (Fig. 18 (a)JIZmnd &1, 8o 2V
I DYl % 7 OIPUE A R ISE R L 72,

5.45. RIFEREEE(LICHT 5 MEA EEDEHA
FRETR® - IZ I B CCM Bk % K2 Wi 25
EREE (N4 F U4 IGA SORP) TEHHIL 72, Z OHlE
FIlEA Fig. 20 1289,

P FMIECCM D20 mm X 20 mm D4 cm’ &L
72 YT EZAT VLA Ay Y a2 ART (Fig. 20 (1)),
IGA SOAP (fH#/E) Oz AT (Fig. 20 (2)), &K%

Conversion
RH distribution

G

Water content
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Conversion

Resistance distribution Water distribution

Fig. 18 Conversion of resistance to water distribution
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Fig. 19 Impedance CCM measurement value at
various RH levels
(1)
') @ -
B _Oew £] — =
Fal ©
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o ©
o g 5
R % 2 = 50 £
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e | | 3 e 2 —RH <
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T . 0 é
0 5 10
Time [Hr]

Fig. 20 Test procedure of adsorption and desorption
measurement
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T oA 2 3 Z 2 (Fig. 20 (3)), W21 EHER %
AP 7= t%, WIREE S T2 B 2 B A it L 72z
(Fig. 20 (4)). BIESIFICHT 5 30 20 fH5% 0D CCM &
WL B R TOAKEEZRNL 2. 5 h7=8nE
ECCMERE» LRI LEKRED S T 7 % Fig. 21 1IR
T, Fig. 21 O 7 712Xk - TRE 5 & GRS Z i)

(Fig. 18 (b)) L, FETEMRD MEA O &KE 54 %1572,

T »

/

T | -~

kS

=

0 20 40 60 80 100
RH [%]
Fig. 21 Water content measurement of CCM at

various RH levels

. BHEBRZ Z v T ANDERRER

6.1. EKEN 7IL 2 A LEHA

Fig. 22 i&t v ¥ & HBEH > 2 7 2 OWRKIEMZ 2 » &
IZHBAA TRIFEIEICHEFI U 7= 2 2 o 7 3-liET & — P TR
BLREOAM & HGKREDOZENERLZEDTHS. CCM
E/KEIE An In fll, FUeE, Ca In OB Z(LEZRL T
D, BAMEEHIBOGKENRE ZL 55, —F, An
In I3 B ARBDZEANZ N EABH ST 5 7.
KEHHIY 257 21205 BT L OREN DA Y E—F Y
ZFHHATHET, it T RG OF{RIEIERE 1 Kb 720 8
B & b U CHER A RRE 230 B U 72 2 OFEIR, I iy
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s /
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Leph il
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Fig. 22 Change of water content during generation

126175 CCM HAREZAAZ GRS 2 Z L 28 ufg L
o7z Ein, 2R REEIL 75 T Ty RS A
LTk, CCMIEND &R FRYE & FRME 2+ 53
HMTEARENDH S, ZTDLSIZIDMS OBAFEIC &L b E
R OBREIEM Z & 5 2 CCM KRR Y TIL & 4 L

DR EHIIPTEE E 78 5 72,

6.2. EKEHNTHDEHA

AWM THREBLIZE XD IDMS 12 & % &Kl
#ER (Fig. 23 (b)) & M7 RG o ®ALASE (Fig. 23 (a))
L7 P RG Tld R/ SL — 23R GDL ok
EEOERIL 2 TE &b 57275, IDMS & L 7=3Hl
T3 CCM &AKED 3 FHAA W HE & 25 - 7=.

ZOIDMS 2L 5 CCM &K matilick b, CCM D
WA K B0 & W X A RO IR LIZk - TH[ %
2 XN BB IEDONEE — FOFERIE SR, ¥ 3 a2
L= g YO PIEER B RN R e o7 7, FEE

Bl 257 41286135 CCM &/KERHNZ &, MR D
BARERI A B L, RIS X

o

©

5

c

3

g

g =y An In

. 0-
0‘5,'\'“0“N
S
T 100 + Caln T
<
[}
c
8 N
Pt’ o) An In
©
=
(S}
Q'De/)lpo 3 — 3 No
Sy, N .
“on No, 12 ent 905\“0“
: ced™

(b) PEM water content from IDMS sensor

Fig. 23 CCM water content distribution at low
generation condition

7.%&ED

(1) EHELEE S 27 2NOfBAT Z & A ATHEZR MEA
KoA4 v —av 2500 Y3 2% L, FEHEERER



MHE LI L v 7ICH T3 VAN CCM EKELHETR S X7 LD

Bkl 5 CCM K& M%) 7L 44 A TEHEIT
EBHEHIITE ST

(2) 248y FECEIEIEHEOMENIZ K 0 BB it 2
Sy 7 CCM GRS & RS TRIE & <HlE 3
52 LMNTREL X557,

SE XM

(1) AL, AWz, W™ ZE:FCX 2 7)) 7 144
WOHIREIE M Z 2~ 2, Honda R&D Technical
Review, Vol. 21, No. 1, p. 15-22

(2) Va5 OB OBl RS 7 I OB & okt
W, SRR AR, p.84-113, (2010)

(3) Wang, H., Yuan, X-Z., Li, H.: PEM FUEL CELL
DIAGNOSTIC TOOLS, CRC Press, 260p., (2012)
(4) Hickner, M. A., Siegel, N. P., Chen, K. S., Hussey,
D. S., Jacobson, D. L.: Observations of Transient
Flooding in a Proton Exchange Membrane Fuel Cell
Using Time-Resolved Neutron Radiography, Journal
of The Electrochemical Society, Vol. 157, Issue 1,

B32-B38, (2010)

(5) Eller, J., Rosén, T., Marone, F., Stampanoni, M.,
Wokaun, A., Biichi, F. N.: Progress in In Situ
X-Ray Tomographic Microscopy of Liquid Water
in Gas Diffusion Layers of PEFC, Journal of The
Electrochemical Society, 158 (8), B963-B970, (2011)

(6) Teranishi, K., Tsushima, S., Hirai, S.: Analysis of
Water Transport in PEFCs by Magnetic Resonance
Imaging Measurement, Journal of The Electrochemical
Society, 153 (4), A664-A668, (2006)

(7) THEGN, AT 704277 7 4 #HOW2K
BIGIZ K 2 ORI O R BRIl {l, Honda R&D
Technical Review, Vol. 25, No. 1, p. 119-127

(8) K2 N ES, KARME  ORKEE W FH /55 531 78 fift 2 15 0D 6 g
FALITRT B F i PRI, Honda R&D Technical
Review, Vol. 28, No. 1, p. 54-61

(9) MZEMER], JF /7 EHERIE: > I 21— 3 vitkd
BRBFEM A & o 2 VTN CCM & 7K & 45 A 173,
Honda R&D Technical Review, Vol. 28, No. 1, p.
24-30

(10) &7, BE—, AW, JF 7 FHERES: F2 mE =N
BHREEY 2T L2280 28BEMZ 2 7 2L
N CCM &AKED Y 7L 4 4 45t Honda R&D
Technical Review, Vol. 28, No. 1, p. 31-36




https://doi.org/10.69239/hondatechnicalreview.2016 28 1 4

ESZ00E Ev]

v3Ialb—Tglil&BBRPEE

S &2y JEILVANAN

A N — AN N
CCM E/KEN T FAl
Numerical Prediction of Water Content Distribution of Catalyst Coated Membrane of Fuel Cell
Stack using Simulation
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D12 catalyst coated membrane (CCM) D &K EFHNH 5.
R 2 4 2 DX ILIEN CCM GARR M, 1
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The distribution of the water content of catalyst-
coated membranes (CCM) is a factor that affects the
durability of polymer electrolyte fuel cells. Because the
in-plane distribution of the water content of the CCM
in fuel cell stacks changes with changes in fuel cell
operating conditions such as the coolant inlet temperature
and the cathode electrode gas inlet flow rate, the setting
of appropriate operating conditions is important in
helping to ensure fuel cell durability.

The research discussed in this paper therefore
developed a simulation making it possible to accurately
predict operating conditions in a short period, and
studied the effect of operating conditions on the in-plane
distribution of the water content of the CCM. The results
of this study indicated that the in-plane distribution of
water content could be controlled via three operating
condition parameters: the coolant inlet temperature, the
cathode gas inlet pressure, and the cathode gas inlet flow
rate.

Using the developed simulation and the results of
the study of the effect of operating conditions on the in-
plane distribution of the water content of the CCM made
it possible to maintain the in-plane distribution within
the upper and lower limit values and reduced variation
in the distribution. It was also possible to apply accurate
operating conditions in the 2016 FCV fuel cell stack in a
period of several days.
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Real-time Measurement of Water Content of CCM in On-board Fuel Cell Stack System

Ok = "R -
Toru IWANARI Kazuyoshi MIYAJIMA
O e b OHERERT
Koichiro FURUSAWA Masajiro INOUE

= = ABSTRACT

RELEM 2 &2 o OINAYER LD 7=012, 28 9 0 4
V=&V A &N TRILIEN catalyst coated membrane
(CCM) GkE & IE A & 50 E2 B 25> Tnb,

ARaT, LN CCM & KREZWIMEIZT 5720, &
K amatills 27 4% O, EFHEEBRBEES 27 4106
JBREFER 2 & 2 DR ILIRIN G KR E) TV & 4 LIS
AHHIL 72, ZHICK D, EEWREEIILEHAAD I LiE)E
BRHABICBNTEXLHNCCM GKEZET 2 Z &
MWAMREL 5 7=, ZORR, 2016 FET LD FCV IHH
LT3 LN CCM Bk R OE M 4 i3 5 Z
ENTE, 72, LN CCM &R O R ki &
0, BREZ 2 » 2 O &5 %5 B AR FIZB A 5 7.

In order to increase the durability of fuel cell
stacks, the in-plane water content of the catalyst-coated
membranes (CCM) in the cells is controlled within the
proper range using stack impedance.

Setting out to elucidate the status of the in-plane
water content of the CCM, the research discussed in this
paper employed a water content distribution measurement
system to conduct real-time measurements of the in-
plane water content of the cells in a fuel cell stack
forming part of an on-board generation system. The use
of the system makes it possible to determine the in-plane
water content of the CCM during both constant current
generation and transient current generation. The results of
this study verified the effectiveness of the in-plane CCM
water content control employed in the 2016 model FCV.
In addition, optimization of the control of in-plane water
content of the CCM has also had an effect in further
increasing the durability of the fuel cell stacks.
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Fig. 1 Schematic image of fuel cell
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ABSTRACT

A method of predicting polymer electrolyte fuel
cell performance loss due to electrocatalyst degradation
was developed in order to reduce the performance
loss caused by fuel cell startup and stop and by
acceleration and deceleration during driving.

An electrochemical method was used to define
a platinum stress index to express the influence on
platinum (Pt) catalyst degradation from potential
cycles in a fuel cell stack. It was found that Pt stress
shows an exponential relationship with the rate of loss
of catalyst activity, and an empirical prediction model
for Pt catalyst degradation was developed.

When the developed model based on Pt stress was
used to predict performance loss in a stack during
startup and stop, the results showed that a prediction
accuracy of approximately 90% was achieved and
confirmed that the model could be applied as a
catalyst degradation prediction model.

Operating conditions derived from the prediction
model were incorporated into fuel cell system
development. The results showed that the rate
of performance loss during startup and stop was
reduced by approximately 57 points compared to the
conventional rate, thereby confirming the usefulness of
the model.
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BRI 2 2 = X ApMRIBE AT 5 (D) s
FRBR L OGBS AR AR IR 4 D Mt 2 i A st AU A T
f#5 (scanning transmission electron microscope: STEM)
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Fig. 2 STEM image of Pt catalyst on carbon black
support (Pt/C) before (a) and after startup
test at 1000 cycles (b)
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Fig. 5 Diagram of relationship between FC
polarization curve and voltage loss
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& Wz CV EHll & FE L 7-.

G U 72 IS M 3% A 18 (membrane electrode assembly:
MEA) iZ, HlROMERE B X OS5 T EREIE (catalyst
coating membrane: CCM) & 4 2 f:8UE (gas diffusion layer:
GDL) # W T —AR{LAABE L 72 & D & L 7z (Fig. 6).

Ak £ LIRS & Table 1 12/

MEAROSEARSFEER O 2 2FICR0EE Lz, vVl
& % BT 70°C ISHilEE L, MRS 2 VT Anode
KU Cathode DIV (relative humidity: RH) % J{%&
L7z, /1 A1 Anode IZH#ikFE % 0.3 NLM, Cathode {22
NLM OARFEMEA Z (N,) & Jitil £ &, Anode 230 kPa ¥ &
U Cathode 200 kPa O JJT CV GHill & F2fiE L 7=,

Cathode % 1EHM (working electrode: WE), Anode #%
Wk ds &K OSRA#R (reference and counter electrode: RE and
CE)IZi%® L, Anode ® RHE 2% L T WE O& N il f#l &
RF vy aHNINI 24y b (potentiogalvanostat: PGS)
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Table 1 Operating conditions of single cell
Operating Anode Cathode
condition (RE/CE) (WE)

Atmosphere H, N,

(flow rate) [NLM] (0.3) 2)
Pressure [kPa] 230 200

Temperature [°C] 70
RH [%] 50 | 73
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Fig. 6 Schematic drawing of electrochemical system
using single cell
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Fig. 7 Graph of WE potential trend, showing changed
ULP levels using CV (a). CVs obtained at
each ULP from 0.05 V up to 0.9 V (blue solid
line), up to 1.0 V (red solid line) (b).



Pt X FL X EIRIZE T 2R EERABED L8

3. wEhe ik A M0 L 7= ko> Fig. 8 &, Mio#ic &k 5%
A B) % HEE L 72 Fig. 9 Ol 5, LLP #4EA 7\ Fig.
8 T3, EEAEFE D ULP 12 & 3 Pt LI GO 4 BB 23,
PtO i EIC K & % E5 & (Fig. sKhod Q) & L
HRohs.

—J5, NIRGRRF OB A % 8E L7 LLP = 0.8 V O
fEa ANZ541E, ULPI2&k 3 0, A LLP Oz k-
TFig. 91T T a» 6 b TWAT L. NNGROEMIZ K
5 LLP f#%i2X > T, ULP TR X h7= Pt filfiimo
AP BT ST, ~BEEIRENR B 2 0B EN
WhL-eEZ 5.

ZZETOWMD AN S, FC OBMNZTA Pt iz &
IETHBICH LT, CV &2V TEIE L OMET % U 722 fER,
CV O PtO #iEIZ & 2 BXE (Fig. 4 XD Pt reduction
SR B ETEE AR L, B0 ULP 5 K ULLP
&2 DORFIRFHIC & > TERR T 2 Z & BHL L k5 7.

DLEOER A & Lz, il ik fo & OUETT RO s
K2 ENEHOLEEXANTS720, LTOX (3) IR
MR L OIRIEE LT Pt X b L 2 AEFHL 7.

Startup
) 0 or 10 secWave profile: trapezoid

S
€ —
o W
5 I
2
(O]
o >
£
©
O
0 Time [sec]
(a) Potential cycle profile
PtO
20 ULP=1.0V|
ol [ o
hoid"|
10 sec
< o0 =
g TN PtO
S0 |/ —
o / No LILP
20 Total charge of Pt reduction
! Q, (blue area)
50 1T T ]

0 02 04 06 038 1.0 1.2
Potential [V vs. RHE]

ULP =1.0V, hold time = 0 sec
ULP =1.0V, hold time = 10 sec

(b) Current-potential curve obtained by CV

Fig. 8 Potential trend at cathode in CV (a). CVs
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oo High Table 2 List of accelerated stress test (AST) by
1.000 o . : . h
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> sg:f Load cycle-lll Drive high RH 70 50 [100] 0.90 | 0.70 [ Rectangle | 4
5 0.800 \ 0.036 Potential cycle-IV mfj':lz BT_P 45 100 | 100 | 0.95 | 0.80 | Trapezoid 4
> 0.750 oo Potential cycle-V h;;aSL“F?_ ; 45 100 | 100 | 1.20 | 0.80 | Trapezoid | 4
ggfz Potential cycle-VI | _Air Start up 45 100 [ 100 | 1.40 | 0.80 | Trapezoid | 5
0.700 0:014 Potential cycle-VIl [ Fuel starvation 45 100 | 100 | 1.60 | 0.80 | Trapezoid 5
0.009 Potential cycle-VIII High load 70 50 [ 73 | 0.95 | 0.65 | Trapezoid 4
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same conditions as Table 1
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Fig. 13 Average voltage profile of FC stack at startup

| Average voltage profile of FC stack at startup and stop (Fig. 13) |

l

Identify ULP value and holding time of ULP from voltage profile in Fig. 13
(ULP =1.0V, holding time = 100 sec)

]

| Calculation of AQ using ULP, hold time and data map of Fig. 10 |

]

| Convert calculated AQ into numerical value per amount of Pt loading in cathode |

l

| Determine ECSA loss rate from correlation of AQ and ECSA in Fig. 12 |

]

Evaluation of ECSA at startup and stop test from determined ECSA
loss rate and number of cycles (Fig. 15)

Fig. 14 Prediction flow of catalyst degradation in FC
stack using empirical model based on AQ
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Fig. 15 Actual data of ECSA during startup cycle
and prediction line (a). Comparison of
actual data and predicted data at EOT (b)
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Life Prediction Model Estimating Chemical Degradation
of Polymer Electrolyte Membrane for Fuel Cells
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Atsushi HIRAIDE
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20 & EIREE OB B E LTEF LT Z & T, BIRE
WD Fdn & GHRIC K - TPHIT 20k 2 BFE L 7=, ERH
EDALEFHAE, &8O U & EHERE A & O 53R
RIBD D D RKIHERHIER LT, HbDZF A 5Bk
ICK-oTEPTES Z L 2FEEHEET VO 55 »
12U 72, &7, HBEBOREAE BIRGE L UTER
T2 2 L2k, ALFHA & N & 72 33 5 KT O fF
M %2 BANZEHES % & & 12, BROK OB 4 —
DOERTRIT 52 & ATTHAIC L 72, A TEIE O
FBIZ K o TEBBREOM AN % EREIIZEHE L, FCV D3z
ﬁ%%ﬁibtm%¥ R BN D F i Tl & ATRE LS L 724
R, EE M OMERE, b, I A b, WAEDO P L— N+ T

ABSTRACT

A calculation method was developed that can
predict the lifetime of polymer electrolyte membrane
for fuel cells. The chemical degradation of polymer
electrolyte membrane is caused by two reaction
mechanisms, scission of polymer main chains and
unzipping reaction. It was made clear by both
experimental and theoretical approaches that the
degradation behaviors can be closely approximated
with exponential function. By defining the coefficient
of the exponential function as the accelerating factor
of membrane degradation, the size of the effect of
factors accelerating or mitigating chemical degradation
could be evaluated quantitatively, and the influence
of multiple factors could be represented by a single
variable. With the development of a method for
predicting membrane lifetime, it became possible
to estimate the durability of the polymer electrolyte
membrane under the specific fuel cell control as
envisioned in the actual operation of an FCV. As a
result, polymer electrolyte membrane design values
related to the trade-off between fuel cell performance,
efficiency, cost, and durability could be optimized.
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Fig. 1 Schematic cross section of typical fuel cell

PEM design parameters :
- Thickness
- lon exchange content

- Additives etc.

MEA

Requirements

Fuel cell properties :
Fuelcell .- { - Performance

stack : ' ; - Efficiency
....aﬁﬁ - Durability
rRequiremems

- Cost etc.

Merchantability :

- Car space

- Driving ranges

- Endurance reliability
- Price  etc.

FCV

“ Fuel cell stack

Fig. 2 Hierarchy of requirements from vehicle to
materials
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Fig. 8 Fluoride release behavior, calculated by PFSA
membrane degradation model
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Fig. 9 Experimental data of fluoride release behavior,
approximated by exponential function
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Fig. 10 Comparison of fluoride release behavior

between membranes with different
amounts of Fe ion contamination
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Fig. 12 Fluoride release behavior in case of non-
steady state in which test condition was
changed at 700 hr
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Life Prediction Technology of Fuel Cell Polymer Electrolyte Membrane
under Mechanical Degradation
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C3 = ABSTRACT

TAOREEE I i o3 7 BRI S T 3 B BRI 220 ) & B
fEfb U, BB OREL 2 C BB 5 2 LT,
%%E%G%W%m:ﬁféﬁﬁé?MTéiﬁé%%b

. R & W A AR D RS BREE M IS BT, BRI
ELTD%M%FW@77/7$T MQFQ%W%M#

795, IWWHEKRDOERK & 725 > T 2 B RFEIE L Al
@%ﬂi@@ﬁﬁﬁémﬁhivmgwkﬁ B \F 50k

DZEALIZFEH L, BORERAMEE) T 28 o KON IZE
2 R & R Ot A FHI L 72 & 72, GRIL 7=
YAl 2 A PRESRIAIC K B I8 & 7 LISl L, S84
JEIDTRRERE D) b2 30 - 7=, RIS 4 KO &
FORHRAEROBA R A 5 JARE I H 5 & HI W TR~ OB
WPACDREE & FpamiH B F & U TRl b L, FamiH#s
P AGRER % DB IR D IRIE & OMHBIA & 5 T & % el
L7z, Z ORR, B 2002 K 2 BERO a2z T
W92 Z EMNHREL £ 5 72, HlHEEY 1 X OIEE kRS
PRz IO TR L 2 I3 B AR & Jo & WA Tgan
T OREERRGE % 5 T 7% 5 7z, @O HBZE 5 7z
8, ATt T M A3 L FE R A XIS ATRE T H 5 Z
LR S Tz,

A method was developed for predicting electrolyte
membrane life under mechanical degradation, by
quantifying the mechanical stress generated on the fuel
cell polymer electrolyte membrane and quantitatively
understanding the impact on mechanical degradation.
In an environment with repeated drying and wetting,
mechanical degradation of the electrolyte membrane
progresses at the cracks inside the catalyst layers
that are bonded to the electrolyte membrane. This
study focused on changes in the electrolyte membrane
and catalyst layer properties in the temperature and
humidity environment in which fuel cells operate as a
factor that increases stress. The electrolyte membrane
and catalyst layer properties were measured at the
temperatures and humidity under which fuel cells
operate, and the measured property values were
reflected to a stress analysis model that uses the finite
element method in an effort to increase the stress
prediction accuracy. The cumulative fatigue damage
law was applied to the relationship between the
generated stress and stress frequency and the material
limit line to quantify the impact of mechanical
degradation on life as the life consumption rate,
and it was confirmed that the life consumption rate
is correlated with the thickness of the electrolyte
membrane after durability tests. This enabled
prediction of electrolyte membrane life according
to mechanical stress. Durability tests that accelerate
mechanical degradation were performed using a full-
scale-size membrane electrode assembly, and the
accuracy of the developed life prediction technology
was verified. A high correlation was obtained, which
confirmed that the developed life prediction technology
can be applied to an on-board-size membrane electrode
assembly.

1. EADE

PRRFE KR & RRDE R FIUIBIC & > THXZ I
DT RERETH 5. EBEOINE, RIEA (1) 1R T
7/ = F (An) fiZ 613 2 KEORACKIE & RIS (2) 12
R HY = F (Ca) MIZH51) B IRFE TGN 5 %5 5.
% Ufs R&D £ > & —

An £ : Hy, — 2H" + 2¢° (1)
Cafiis : 1720, + 2H" + 2¢” = H,0 (2)
PRRIEE M J5 1) 2 XU RUEE, £3° An F’ﬁ’\fﬁff\%é
NI Ecra vy (H) LEFI2bhbhrh, H
oy VBB (polymer electrolyte membrane: PEM) ’5:
D, Ca s~ E)4 5. Ca iz TIIMLIS S N2 BERH An f
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Fig. 1 Schematic image of fuel cell
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Fig. 2 Image of electrode surface using X-ray
computed tomography
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Fig. 5 Cross-sectional image of electrode crack at
dry condition
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ERBRIZIAEIS ST & 2 DRI xT 5 T\ D RS
o THITEBEELZ). CLEPEMDOY VY IEDEL
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BB TOREIS N E2EE . 7 OBREL F COMBHRA R &
FANST I & OSHE O BER 59§ FFar OB 4 LRk
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5z25Zki2ky, MHEEE XOCRENEEL, PEM O
EABMETT 2. 20z &b Fifm L BIEOBIRIE % L
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3.1, [SHEEF ISR T 5 PEM, CL #1tEDEE

3.1.1. PEM, CL OV > JERDOWG

PEM & & U CL OV ¥ 7 I IE F5 & ORI IRAFE A
H D728, HEEETF v VNN TEEIR TOD Stress-Strain
=T (SSH—=7)%FML, SSH—Th bV rEirE
U7z, HPEIZH O B4 % Table 1153, HIEIC
L 724 Y 7L OIRIE 10 mm X 50 mm ORI E L,
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WEL. CLOY VIR E $HIMTHES 2 Z & WA
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Table 1 Measurement conditions of Young’s modulus
PEM and CL (CCM)
Temperature (°C) RH (%)

-35 Dry

23 50

SS curve 70 Dry

(Young’s modulus) 95

90 Dry

95

Relative humidity: RH

Table 2 Measurement conditions of dimensional
change rate

Direction PEM | com
(in _X;;(ne) 23°C RH50%, 70°C RH95% , 70°C dry, -35°C
Dimensional P
change rate z 23°C Wet to dry
(thickness) 70°C Wet to dry

(CCM) DY ¥ Z'# Ecey, T LT CL DIEFETER Vo, 70 5 5L
HL 7=,

[ECCM -(1- VCL)EPEM]
Eq = v
cL
3.1.2. PEM O~ EZE{LRDBIE
PEM&REIZL > TEHEKELPEH L, FENZENLT S
728, fEEENF v V3T Table 2 [ &, W
A TIEZECRAFHL 72, & 72 il Ao~ k2L
KOPEIMH U724~ TR 10 mm X 50 mm D
FE Lz F v v 7RSS 20 mm & U, JHEY Y T
DTIZZENT 2 3 ZHUD (1), & BREET O o~k
AL A FRAL 7=, JEAIT IO EZAL RO RE I
LY 7LERIES mm X 3 mm DIESEE U, Kb
TOIEALIF DN FAA R 2 WE L 7z

3.2. IS/

PREFEIMNTBO BRI R e E113 & & & & A 277
T 5. ZDXS 54T TOPEM OEEZET OB LN
A BT R (A =GR R S X et i A | N =S YA T 2F <
L2 BETH D, FEM %= i 3G xhx B
bhb.

/5L —4%, GDL, 75 v o Hidi%® & CL, PEM %
TOBBIEOWRIE 2 EF b L, PO AIRGE
TORHIAN B Z k-7 FEM®Y 7 Mo T 7I2id
NASTRAN #fHv, PEM OMEHHEE & O BFICHBLT
2 72902, MMM O 58 F13 AR RS 0 D B PR &
LCTHD P> 72, F72, MEA BLERHICINEE KOS
EBIMLB XN TW1W572% GDL & CL KLU CL & PEM
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PEM DOl I & OIGEIHZ B 2 5 v 730 PEM (2
AT BIR R L 72,

3.3. M RBRFARDEE

PEM DI, YH#HIZ & % 95 57 O —M i) 2 g 44
& RIS @l DS E OB T TR T E MK T 9
%. 72— PEM OALAURE 2 80C (L2 0,
WERAFTED TN RENWZ ENEE SN /2720, [HRER
F ¥ VST RH95% 12 [E17E U S IS THPRIBR AL 4 L
U7z, MPEISHW 72 B4 & Table 3 12K

Stress-Number (S-N) $#XHSFIZfEH L 729~ T LZIK
1310 mm X 50 mm OEFIFZE Lz, F+ v 7 BEEEHT 20
mm, 0 E U IX 20 mm/min IZ8E L 7z,

3.4. PEM O#HLAEICx§ 2 Han il

3.4.1. RIEEFIBEN AV EGEERNEHAZE

SARE G & IR O IS\ T, BT 350
21T B & XIS £ T oI A Tl B AT H
%. S-N#H B L, BJEE % Fig. 715789, MEHERRA
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L, #R UG P, OREEDIE A n, L BT 5. WIS
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oI, SF I Ba B0 RSO M LD 2
RAU 729207 48154 D % R0 G o ARt & £ X (3)
DESIZHHTE 5,

D= AD,=>" (n,/N) (3)

AR U 72 o7 HRIG R & A 0 3 TR L 72l & e i B 3R
(Life consumption rate: Ler) EEF L, & (4) 1T,
R AR & KIR M & OBfR A Ler TRT Z EIZKDH
MANOE LRSS I LB REL &5 5.

Step 1: Clamping force

Step 2: Swell and shrink

Electrode crack

Fig. 6 FEM analysis model for dry-wet cycle

Table 3 Measurement conditions of S-N diagram

Temperature (°C) RH (%)

70
S-N diagram 80 95
90

Table 4 Conditions of RH cycle test

Test condition

Temperature (°C) 90
RH (%) 30, 70, 120

Gas: N, (Both anode and cathode)
Pressure supply: Normal pressure

Gas supply Flow rate: 2 L/min
(Both anode and cathode)
Ler [%] =) (n;/N;) x 100 (4)

PEM 3RE SRS L 0Ptk K OB RS2 3
% 728, BB U 7 MRR AR & RIS i A S Ler %
BT 208 H 5. 3.2. HiT/RLZ, FEM 202k
TIN5 6 3R 7= 3R IR IS LT, 3.3, filZ/n L 7z
PEM OMBHRA R & O BIfRA & BARE 77 115 HI & v T
Ler 8 L 7-.

3.4.2. Ler EIEEDBRERXDIER

FAIBIF B T2k 2 BRI &K EEI1C
KIET 2720, W 4 2 Uit AGRER & F2hE L 7=, 4730+
A 2 N O AR FERE M % dey ISF0E L, Sl
Table 4 IS/ B0 ZDOOWE M THE L 72, Hili#
Y4 2O MEA ZREHELEE cm> DY A XTHD,
W A 2 VISR N TR A RA T . 2 2T,
NDOME I NOHE IR S E 272912, 40 mm X 60
mm ¥4 XD MEA #H\W T4 B Z & - 7.

WM A 2 LT AGRER TR I MR 2 5 o 2 80D PEM OJE
JE &R L 72, 3.4.1. BT/ L 72 Ler & REOMBE %2 IS
U, Ler 705 RS 2 355 < FHBESR & TERC U 72,

Stress amplitude [MPa]

Frequency

DR
Log cycle number [-]

=]
=]
)

Fig. 7 Cumulative fatigue damage law
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RELREGKBEEVPRET ZEFOEMRS 7 v 75T PEM
OFFa VRS ORGEE 55 2 78 - 7-.

120 1.2
100 | 1.0
80t Wet 0.8

60 |

o
[}
Cell voltage [V]

40+

o
~

Stack temperature
and dew point [°C]

20 == Cell voltage 0.2
Dry = Stack temperature
== Ca dew point Dry

0 - - “ 0
. 200
n‘-"_‘ 150 f X v \y
=3 / \ /
© 100 ——4
5 n
3 50 == Ca L]
[ == Refrigerant
o o 1

0 100 200 300 400

Time [sec]

Fig. 8 Profile of accelerated stress test for
mechanical degradation of PEM
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Fig. 9 Results of Young’s modulus at various
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A Pore-Scale Multiphysics Method to Study
PEMFC Catalyst Layers

o oAt Jinfen KANG** Seung Hyun KIM#**
Koji MORIYAMA
ABSTRACT

Three dimensional pore-scale numerical approach to study the effects of structural parameters, material
properties, and operating conditions on the performance of catalyst layer of proton exchange membrane fuel
cell is developed. The proposed approach includes a novel stochastic reconstruction method and a pore-scale
fully coupled simulation model. The pore-scale simulation model is based on a hybrid lattice Boltzmann-Finite
Difference method. Multi-physics phenomena are taken into account and fully coupled in the model including the
electrochemical reactions, water generation and evaporation, mass transport through electrode pores and ionomer,
electron transport through carbon support and catalyst particles, and proton transport through ionomer. The
proposed method is validated with experimental data and shows good agreement. The case studies show that the
structure of catalyst layer and operating condition impacts on the overall electrode performances.

1. Introduction

To achieve high performance with a low-Pt
loading electrode is an important issue for the mass
production of low cost Proton Exchange Membrane
Fuel Cells (PEMFCs) and has been intensively studied
through experiments and computation'”. Among
the main issues to realize ultra-low Pt loading is
optimizing the microstructure of the catalyst layer
(CL). As in Fig. 1, the PEMFC CL is composed
of four components: carbon agglomerate, ionomer,
Pt particles, and pore-space. Water is generated by
electrochemical reaction on the Pt surface by use of
oxygen, proton, and electron. Oxygen is transported
in pore and is dissolved and diffused in the ionomer,
electron is transported in Pt and carbon support,
and proton is transported in the ionomer. Therefore,
transport of reactants and products strongly depends
on the CL microstructure. In particular, at high current
density operating conditions, the substantial oxygen
mass transport loss caused by liquid water, ionomer
transport resistance, and interfacial resistances between
different phases significantly limits the output power
density. The variation of ionomer morphology also
affects the Ohmic loss due to proton transport.

To find an optimal CL structure, pore scale
modeling has been a focus of attention®®. However,
no previous work on pore scale modeling has
considered complex phenomena such as two phase
flow including phase change, which impact the

* iy R&D £ ¥ & —
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performance substantially.

Therefore, we propose a novel pore-scale modeling
platform to study the influences of various CL
microstructures on the performance. It was developed
to perform a detailed analysis to understand physico-
chemical processes in the CL, and to evaluate the
influence of pore-scale structures. The computational
platform consists of a novel stochastic reconstruction
method and a pore-scale fully-coupled simulation
model. The reconstruction method is designed to
generate 3-D geometries of the CLs including all
the components, at a high level of details. A number
of pore-scale and macroscopic structural properties
are introduced and specified in advance, leading to
a customized CL reconstruction method. In addition,

| M Carbon M lonomer [ Pore |

>
»,

_PEM_ CL MPL

Micro Porous Layer: MPL
Proton Exchange Membrane: PEM

Fig. 1 CL in PEMFC
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anisotropic CLs with graded structural properties
can also be reconstructed. In such structures, the
electrochemical and transport properties vary along
the thickness of the CL. The multi-physics pore-scale
model describes important physical and chemical
processes in different components of the CL, including
liquid water generation, transport, and phase-change.
A hybrid lattice Boltzmann-Finite Difference (LBFD)
method is used to describe multiphase reactants and
products transport. Several new models and methods
are introduced to describe processes related to mass
transport and Ohmic losses. Furthermore, results from
validation and case studies are presented.

2. Stochastic Reconstruction of Catalyst Layer

Pore scale modeling needs the information on the
detailed three dimensional structures to predict the
phenomena in the CL microstructure. However, it is
challenging to measure the real three dimensional
geometries due to the weak material characteristics
of ionomer to electron beam. So, a numerical
reconstruction method based on the knowable
structural properties is necessary. In the literature, the
efforts on numerical reconstruction of CLs are mainly
focused on reproducing CL structures resembling the
digitized ones obtained by a microscope. However,
due to the technical limitations, it is challenging to
distinguish the ionomer from carbon components. The
CL reconstruction study was therefore mainly limited
to carbon structure reconstruction. The ionomer is
added in the system following simple rules, such as
uniform thickness”®. Pt size distribution has not been
considered.

In order to optimize the electrode structure and
enhance the fuel cell performances in an efficient way,
it is helpful to develop a customized CL reconstruction
approach, such that we can stochastically reconstruct
the CLs not only having the overall desired statistical
properties but also having numerous detailed structural
features, including ionomer thickness variations and
Pt loading. In addition to isotropic CLs, it is also
desirable to reconstruct graded anisotropic ones,
which are often observed in real experiments. In this
study, we extended a previously proposed stochastic
reconstruction method® to provide such features.
Numerous structural properties can be flexibly
specified in advance, such as volume fraction of
each phase, Pt loading, ionomer distribution form
and coverage, Pt dispersion and coverage, etc. The
structural properties can be globally or locally adjusted
and the reconstructed CL can have various graded
anisotropic properties.

2.1. Carbon Structure Reconstruction

For the generation of carbon structures, a sphere-
based simulated annealing method” is used. Among
several approaches which are used to virtually
construct a porous media structure, the sphere-based
simulated annealing method has recently become

popular due to its outstanding features in generating
the CL microstructures.

The sphere-based simulated annealing method
is based on the stochastic optimization method to
minimize the structural differences between the
specified and generated carbon structures. Initially,
spherical particles representing primary carbon
particles are stochastically added and located in a
computational domain until their volume fraction
reaches a prescribed limit. Then, the spheres are
moved arbitrarily and relocated to a new position
according to certain distribution functions and
restrictions. This optimization process continues
until the structure reaches a status that satisfies the
prescribed statistical status. In this study, the status is

described by a two-point correlation function®.

2.2. lonomer Distribution

Ionomer is used to transport proton to the catalyst
surfaces and is used same polymer with PEM. In
the cathode CL, the structure of the ionomer thin
film strongly affects the performance. An ideal
coverage and thickness will provide the maximum
active catalyst sites and mass transport. In a real
manufacturing process, the ionomer may not distribute
uniformly on the surface of the agglomerates and even
it is not uniform on each carbon particle®. In order
to mimic these real scenarios to the largest extent, we
introduce five parameters to guide the reconstruction
of ionomer layers: ionomer average thickness &, ..
ionomer to carbon mass ratio I/C, ionomer coverage
percentage (i.e. percentage of carbon particles covered
by ionomer) c;,, maximum offset value between an
ionomer layer center and its covered carbon particle
center d,,,. and the Relative Humidity RH.

The ionomer layer was added in the CL according
to multiple restrictions with these controlling
parameters. The reconstructed ionomer layer has non-
uniform thickness on different carbon particles with
the average thickness §,,,. By defining the ionomer
coverage percentage and the maximum offset value
d; .. We are able to reproduce carbon particles that
are not covered with ionomer or that are partially
covered as in Fig. 2.

During fuel cell operation, the thickness of the
ionomer layer changes due to humidification. In
this work, this ionomer swelling effect is taken
into account. By defining the RH and I/C ratio, the

. . . 7
ionomer volume fraction g, is calculated as'”,

Carbon lonomer

N (2

Fep+ 5i + di, max

Fig. 2 Schematics of ideal uniform ionomer layer
coverage and non-ideal coverage on carbon
particle
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Iy _10 Moy P a1
g,,RH-(C)ﬁpm S ). (1)
where f, = 28+2 mg/cm® for I/C<3, Piary is the

density of dry ionomer, p,, is the density of water,
M, is the mole number of water, A is the water
content of the ionomer at a specific RH, and EW
is the equivalent weight of ionomer material. The
ionomer layers are added to the reconstructed CL
according to the RH-dependent volume fraction
given by Eq. (1).

2.3. Catalyst Particle Distribution

To represent or control the characteristics of
the catalyst particle distribution in the CLs, four
controlling parameters are introduced: Pt loading
mp,, Pt weight percentage Pt,, Pt/C ratio c,, and Pt
distance 7. The m,, is the total amount of Pt particles
distributed in a unit area of the CL with the unit of
mg/cm’. The Pt,,, is the ratio between the weight
of Pt and that of carbon and Pt in the CL. The cp,
describes the fraction of carbon particles that contain
Pt particles. The 7, is used to specify the minimum
distance between any arbitrarily distributed Pt particles
on the surface of carbon agglomerates.

Based on these controlling parameters, the volume
fraction of Pt particles ¢,, can be calculated as,

tht% (tht%

I—PZ‘W[% -l
+ ) 2
Ppy ) ( )

Ep=Es Ppy Db
where pp, and p,, are the density of platinum and
carbon, respectively, and ¢, is the total volume fraction
of carbon and Pt particles. This amount of Pt catalyst
voxels is distributed in a stochastic way according
to specified restrictions. Assuming the solid carbon,
the Pt particles are located at the surface of each
carbon particle. If c,, is unity, then the Pt particles
will have a nearly uniform distribution in the system.
The minimum distance between every two Pt particles
can be specified to control the degree of particle
dispersion. The c¢,, can be adjusted flexibly, giving
a specific percentage of bare carbon particles are
introduced. No catalyst particles are attached to the
bare carbon particles. The bare carbon particles are
randomly selected among the carbon agglomerate,
until the specific percentage is reached. In this way,
the Pt distribution will be reproduced to mimic the
real situation to the largest extent.

If the percentage of bare carbon particles is 0,
and considering the Pt supported carbon has constant
Pt then the Pt is equal to the ratio between the
total Pt weight and the total Pt and carbon weight.
Therefore, the Pt,, and Pt loading have the following
relationship:

Ptyq, = [( ‘C;;f;[ - pLPtp(rb + 1] _lr 3)

where L is the thickness of the CL.

2.4. Anisotropic Graded Structure

The manufactured CLs can easily be inhomogeneous
and anisotropic. In order to capture this property, we
also extended the current reconstruction method.
In the literature, no study has been reported to
reconstruct such CLs. In order to reconstruct such
structures, two approaches can be considered. The
first is to design a reference trial two-point correlation
function that describes correctly the graded structure
characteristics in the whole system. The second is
to generate several different CL domains that have
customized properties in each domain and then to
combine them together. The first method needs a lot
of time to obtain the structure. On the other hand,
the second method is more straight forward and easy
to realize. However, the main issue for this second
approach is the abrupt change of carbon structures,
e.g., broken carbons, at the domain boundaries. In
order to solve this issue, we propose the following
method. First, the carbon agglomerate structure for
the first domain is generated. When generating the
second domain, the carbon particles in the interfacial
region between the first and second domains are
subject to some constraints to maintain the continuity
of the structure. Specifically, the carbon particles are
restricted from relocation or addition. In addition,
all the other carbon particles in the bulk region are
required to skip the interfacial region when they
have to be relocated in the optimization process.
After stochastically reconstructing all the domains,
good continuity property is obtained at the domain
interfaces in the final graded structure.

3. Multiphysics Pore-scale Modeling

In this study, multiphase reacting flows and
transport phenomena in different components of
the CL are simulated by using a hybrid LBFD
method. The velocity field is solved by using the
lattice Boltzmann method. The liquid-gas interface
is described by using the finite difference phase-field
method. The species transport is solved using the
macroscopic conservation equation supplemented by
the Knudsen diffusion correction. The electrochemical
reactions, water generation, and evaporation are fully
coupled with the mass transport through pores and
ionomer. In the experiments, it has been observed that
ionomer layer geometry and transport properties are
strongly influenced by the RH and the liquid water
in the pores. lonomer swells and ionic conductivity
increases when the ionomer uptakes water. The
effects of ionomer swelling are considered in the CL
reconstruction process, while the ionic conductivity
variation is taken into account in the pore-scale
modeling.

3.1. Multiphase Reactive Flow with Phase Change
The phase-field method for two-phase flows with
phase change has been developed in this research. The
equation for the order parameter C that describes the
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liquid-gas interfaces is given as,
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E”“axa:axa( axa)

e “)
+;Bp w,sat w,g Cz(l—Cz),

Cw, sat

where M is the mobility. ¢ is the chemical potential.
The parameter 8, is related to the water evaporation
and condensation rate. c,, is the concentration of
water vapor in the gas phase. ¢, is the saturation
concentration of water vapor, and is evaluated by the
Clausius-Clapeyron equation®.

The continuity, momentum, species, and energy

equations can be written as,
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and @y, = dcpowc. The parameter acy,o is the
conversion factor between the order parameter and the
water vapor concentration. @, and @, are the source
terms of species conservation equation and temperature
equation, respectively. The velocity field is solved
by using the lattice Boltzmann method, while the
finite difference method is used to solve other scalar
equations. The details of the hybrid LBFD method
will be presented in future publications.

3.2. Oxygen Reduction Reaction (ORR)

At high potentials, O and OH coverages on the Pt
surface are significant”"”. The adsorbed O and OH
therefore block available reaction sites on which O, can
sit. As a result, the available reaction sites decrease as
the potential increases. The oxygen reduction reaction
considering the oxide coverage effect can be expressed
by the following kinetic model"”:

j=io(pas) (1=6) exp (i m) exp (-22),  (10)

where 7 is the overpotential, F is the Faraday
constant, R is the gas constant, j, is the exchange
current density, and y is the oxygen reaction order.

 is the energy parameter for the Temkin isotherm,
which defines the coverage-dependent rate of change
of the apparent Gibb’s energy of adsorption of
adsorbing species. The cumulative oxygen coverage 0 is
a function of potential and was given by experimental
data (refer to Fig. 6(a) of Ref. (13)).

3.3. Coupling of Electrochemistry and Transport

3.3.1. Water production and transport

In the particle-type CL, water is produced at
the catalyst particle surface, transports through the
ionomer, and finally emerges at the ionomer-pore
interface. A simple water transport model involving
only diffusion is solved since water production at
Pt surface and emergence in the pores is of major
interest. On Pt surfaces, the water production is
considered as a flux boundary condition:

®wpi=j/2F, an

where @, p, is the water production rate.

At the ionomer-pore interface, water emerges from
the ionomer. The water flux on the ionomer-pore
boundary is modeled as,

Oy = Cif (Cw,i - Cw,.vat)y (12)

where c,,; is the water concentration at the ionomer-
pore boundary. ¢, is the coefficient that controls the
water emergence speed and can be written as,

Ci= CU;QDW,,' /llz (13)

The ¢, is an adjustable parameter, D, ; is the
diffusivity of water in ionomer, /; is the characteristic
thickness of the ionomer. Hence, D, ;/I; represents the
velocity scale of the process. Currently we set c¢;,=/;
assuming the water emergence speed has a similar
order to that of water diffusion in the ionomer.

In this work, when water emerges from ionomer
or Pt to the pores, it is assumed that water is in the
liquid phase. As of now, there is no clear evidence
of whether the emerging water is in gas phase or
in liquid phase. However, when the RH is less than
100%, the emerged liquid water evaporates, which is
considered in the present modeling.

Since the order parameter is unity for liquid water,
the velocity at the water-emerging boundary can be
given as,

ve=awe! Ci (14)

where C, is the order parameter for liquid water, and
it is unity. w. is the water flux of @, in the unit of
the order parameter.

3.3.2. Electron and proton transport

The potentials for the solid and electrolyte phases
are governed by the Poisson’s equation. The boundary
conditions are set as follows. For the cathode MPL/CL
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interface,
¢x = Vcell, 6¢<’ /an = O’ (15)

where V., is the potential at the MPL/CL interface.
For the cathode PEM/CL interface,

(be = ¢e,0, n V¢s =0, (16)

where ¢,, is the electrolyte-phase potential at the
PEM/CL interface and n is the surface normal vector.
At the ionomer/carbon interface,

n'V(be:Os n'V¢s=0- (17)
At the electrochemically active surface,
—kev¢e'n=—j, —ksv¢s'n=j~ (18)

In the simulation, Ohmic losses from other
components of fuel cells are also calculated based on
the electronic and ionic resistance. The resistances are
converted from the Ohmic loss of each component
predicted by the down-the-channel model"?.

3.3.3. lonomer humidification and relative humidity

The water plays an important role in CL. It emerges
at the ionomer/pore interface, evaporates from liquid
water to vapor in the pores, and it can be taken up by
ionomer again. It alters the oxygen transport by blocking
the pores directly or by making the ionomer swell. It
also influences the RH in the CL and proton conductivity
in the ionomer. The interactions among these processes
are important and are modeled as follows.

When the water concentration in the ionomer c;,,
is lower than the saturated concentration, the ionomer
uptakes water. The saturated water concentration in the
ionomer c;, , is calculated as below"”.

i,w,sat

Ciw,sat = Al (i‘Tw + EW/pi,dry), (19)

where V.. the molar volume of water, Piar 15 density
of dry ionomer, and the water content 4 is a function
of temperature and RH:

[1 +0.2325r02(55°)] x
=] [1422RH? — 18.92RH? + 13.41RH), 20)

if RH < 100%,
9.22 +0.1817, if RH > 100%.

The RH is calculated based on the water vapor
concentration c,,, and temperature 7. When the water
concentration c;,, in the ionomer becomes larger
than ¢, . the water emerges from the ionomer and
appears in the pores at the ionomer/pore interface.
The liquid water evaporates, which increases the RH
simultaneously. When the RH varies, the ionomer
saturated water concentration c;, ., 1S calculated

accordingly in the next time step. The water
emergence rate from the ionomer varies accordingly.

Table 1 Parameters of CL sample for studying pore

size distribution and transport properties
Parameter Value Unit
Thickness 1 um
Porosity 42 %
Carbon volume 28 %o
Structure parameter d 40 nm
Carbon particle diameter 40 nm

Pt loading 0.0129 mg/cm?
Pl 19 %
Pt particle diameter 5.7 nm
Pt/C ratio cp 100 %

ESA 45 m?/g-Pt
1/C 1 -

EW 900 g/cm?
29.5 (RH0%) %
lonomer volume fraction 82 (RH20%) %
34 (RH45%) %
39 (RH85%) %
lonomer coverage ¢; 100 %
Voxel size 5x5x5 nm3
Grid number 200x200x200 -

4. Validation Study

4.1. Validation Study: Reconstruction

We reconstructed cathode CLs (CCLs) by applying
the proposed method. For validation, we examined the
structural and transport properties of the reconstructed
CLs and compared with experiments and literature
data at different RH values. These properties include
Pore Size Distribution (PSD), Electrochemical Surface
Area (ESA), proton resistivity, electronic conductivity
and gas diffusivity. The ionomer thickness and volume
fraction vary with RH, which changes the porosity and
tortuosity accordingly. This volume variation effect
was taken into account in the reconstruction process.
The CLs were reconstructed with the setup specified
in Table 1.

The reconstructed CL is presented in Fig. 3. The
pore size distribution at dry condition (RH=0%) was
evaluated and compared with experimental data in Fig.
4. At different RH conditions, the ionomer volume
fraction was calculated in advance and used for the
reconstruction. Several macroscopic properties of the
CLs were evaluated based on the reconstructed CLs.

PEM M Platinum B Carbon
M lonomer M Pore

Fig. 3 Reconstructed CL using proposed general
stochastic reconstruction method
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ESA is about 45 m*/g-Pt. For each CL sample at
different RH, single phase simulations were conducted
to examine the transport properties. In Fig. 5, the
proton resistivity with respect to RH is shown. The
results predicted by the model are in good agreement
with the experimental data. In Fig. 6, the gas
diffusivities and electronic conductivity at RH=30%
are compared with literature data"”. The simulation
results of gas diffusivity and electronic conductivity
also agree with the experimental data.

0.40
0.35 1
0.30
0.25
0.20
0.15
0.10
0.05
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—e— Experiment

Frequency [-]

0 0.02 0.04 0.06 0.08 0.10

Pore diameter [um]

Fig. 4 Pore size distribution
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—e— Data
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800

600 \
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200

0 '
30 40 50 60 70 80 90 100
Relative Humidity [%]

Fig. 5 Validation study: proton resistivity of
reconstructed CL
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Table 2 Parameters of CL reconstruction for validation

Parameter Value Unit
Thickness 15.5 pm
Porosity 42 %
Carbon volume 28 %
Structure parameter d 90 nm
Carbon particle diameter 60 nm
Pt loading 0.2 mg/cm?
Pl 23.4 %
Pt particle diameter 5.7 nm
Pt/C ratio cp; 100 %
ESA 45 m?2/g-Pt
1/c 1 -
EW 900 g/cm3
) 29.5 (RH0%) %
lonomer volume fraction 35.5 (RHB5%) %
lonomer coverage ¢ 100 %
Voxel size 16x16x16 nm?3
Grid number 960x64x64 -
RH 65 %
Cathode inflow Air -
Anode inflow Pure hydrogen -
Temperature 353 K
Pressure 150 kPa
0.010 B Data NE 0.14 mData ||
® 0.008 IS 0.12
o —_
g 0007 2 0.10
— 0.006 =
2 0.005 G 008
= 3
g 0.004 < 0.06
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(a) Gas diffusivity (b) Electronic conductivity

Fig. 6 Data comparison of gas diffusivity and
electronic conductivity of reconstructed CL
at RH=30%

4.2. Validation Study: Simulation

In this case, a cathode CL with full thickness from
PEM to MPL was reconstructed and used for fully
coupled multi-physics simulations. Numerical results
of the model are compared with experimental data.
In Fig. 7, the reconstructed structure is demonstrated
with the view of the X-Y cross-section at the center
of Z-coordinate. The parameters of CL reconstruction
are given in Table 2. Carbon particle diameter is
measured to be approximately 40 nm. Due to limited
resolution in the numerical reconstruction, 60 nm was
used. Similarly, the agglomerate structure parameter d
is set to be 90 nm. At the interface between CCL and
MPL, the boundary value of oxygen concentration,
RH and temperature were all defined with the values
predicted with the down-the-channel model’®. In the

MPL side ==
Ak A4 p w3 of
o 1 o 0 APUR SN 3 T ‘
v micr O St € i wevines A

Fig. 7 Validation study: 2-D view of XY plane at center of Z-coordinate of reconstructed 3D CCL structure
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simulation, single-phase calculation was conducted first 1.2 30

to get the converged ionic potential field. Then, the —e—Data

multiphase simulation is performed by using the single 1.0 —#— Model ) - 25

phase results as the initial condition. _ —=—Saturation (Madel) _
In Fig. 8, the V-I polarization curves are shown. % 08 20 &

The predicted results are in good agreement with g 0.6 15 §

experimental data, while at high current density (1.5 S g

A/cm® — 2 A/cm®) the model slightly under-predicts E 0.4 10 3

the current density. In CCLs, the water generation rate

changes with current density. The relationship between 0.2 -5

water saturation and current density is shown in Fig.

8. The saturation increases with current density. At 0 0

the current density of 1.5 A/cm?, the saturation level 0 0.5 1.0 1.5 2.0

is about 12%. The distributions of liquid water, water Current density [A/cm?]

vapor concentration, oxygen concentration, electrolyte Fig. 8 Validation study: comparison of V-I polarization

-phase potential, and temperature are shown in Fig. curve between simulation and experiment data,
9. The average saturation and current density profiles and simulation result of water saturation

along the CCL thickness (X-direction) are shown
in Fig. 10. The results of two cases are shown, the
higher current density case at I = 1.5 A/cm” and the
lower current density case at / = 0.4 A/cm’.
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Fig. 9 \Validation case: 2-D profiles of flow and electronic field properties on center XY plane of CCL
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Fig. 10  Current density and saturation distribution along thickness of CL at I = 1.5 A/cm® and 0.4 A/cm® (RH=65%)
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In Figs. 9 and 10, the left end corresponds to
PEM, while the right end MPL. The ionic potential
is the highest at the PEM boundary. The maximum
current density occurs slightly away from PEM. This
is because most of the liquid water exists near PEM.
The oxygen concentration is significantly decreased
in this region due to the blockage of the pathways by
liquid water.

5. Case Study

In order to evaluate the impact of various CL
structure properties on the electrode performance,
CL samples with different specifications were
reconstructed to conduct the case study. Here, results
for 4 representative non-graded CLs (N1-N4) and 4
graded CLs (G1-G4) are summarized.

5.1. Non-graded CLs

In the reconstruction process, we adjusted only one
parameter for each case, while keeping other structure
properties the same. The base non-graded CL sample,
NI, was generated with the parameters shown in Table
3. The difference of N2, N3, and N4 from N1 is only
RH to examine the effect of RH on the CL structure,
water saturation, and performance. RH of N2, N3, and
N4 are 95%, 70%, and 30%, respectively.

The fully coupled multiphase simulation results
for all cases are collected and compared. In Fig. 11,
V-I polarization improves according to the increase of
RH due to the increase of proton conductivity. And
the polarization curves show that 95% RH case has
the best performance due to the best balance between
oxygen transport and proton transport. As shown
above, the developed model can be applied to show
the optimal combination of CL structure and operating
condition with the understanding of liquid water and
current density distributions.

5.2. Graded CLs
Three graded CLs (G2 to G4) and a reference
CL (G1) are reconstructed and simulated with low-
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—&—— N2 voltage - 1 80
—®—— N3 voltage
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= = =@ - - -N1 saturation
;. - - -A---N2saturation [- 140 —,
=, - = =B - - - N3 saturation °\°
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3 ‘ 5
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= - 80§
[} w
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- 40
- 20
0

0 0.5 1.0 15 2.0 25
Current density [A/cm?]

Fig. 11 Case study for N1-N4: Effects of RH on CL

performance

Table 3 Parameter setup of reconstruction and
simulation for reference CL sample, N1

Parameter Value Unit
Thickness 12 um
Porosity 42 %
Carbon volume 28 %
Structure parameter d 90 nm
Carbon particle diameter 60 nm
Pt loading 0.2 mg/cm?
P, 23.4 %
Pt particle diameter 5.7 nm
Pt/C ratio cp; 100 %
ESA 45 m?/g-Pt
1/C 1 -
EW 900 g/cm3
lonomer volume fraction 29 (RHO%) %
42 (RH100%) %
lonomer coverage ¢; 80 %
Computational domain 16x16x16 nm?3
Grid number 760x64x64 -
RH 100 %
Cathode inflow Air -
Anode inflow Pure hydrogen -
Temperature 353 K
Pressure 150 kPa

Table 4 Changed reconstruction parameters for
non-graded CL samples, G1-G4, from
reference CL

Value .
Cases | Parameter | s 4omains from PEMtoMpL) | YNt
G1 Uniform
o 1/C 12,1.1, 1.0, 0.9, 0.9, 0.9 -
Porosity | 23.2,26.1,29.0,31.9,31.9,31.9 | %
G3 Plo 131,131, 7.0, 7.0, 0.0, 0.0 %
G4 Pluce 0.0,0.0,7.0, 7.0, 13.1, 13.1 %

Pt loading CL, 0.05 mg-Pt/cm’. The main parameters,
which are different from those for the non-graded
case N1, are listed in Table 4. G1-G4 have the same
overall I/C ratio, carbon volume fraction, and Pt
loading, but their structures are graded and locally
different from each other. G2 is chosen to examine
the effect of I/C ratio and porosity distribution, and
G3 and G4 are chosen to examine the effect of Pt
distribution on the performance and water and current
density distribution.

Figure 12 shows the performance and water
saturation comparison for cases Gl and G2 at 100%
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Fig. 12 Case study at RH 100%: Effects of graded
I/C ratio and porosity on CL performance



Honda R&D Technical Review

Vol.28 No.1 (April 2016)

RH. The performance of the CL with //C ratio and
porosity gradient (G2) is found to be better due to its
high proton conductivity from PEM to MPL and high
gas diffusivity from MPL to PEM.

Figure 13 shows the performance and water
saturation comparison for cases G1, G3, and G4
at 100% RH. And Fig. 14 shows water saturation
and current density per Pt surface distribution along
the CL thickness for cases G1, G3, and G4. The
performance of CL structure with no Pt loading near
the PEM (G4) is found to be the lowest because
there is no electrochemical reaction near PEM and
proton transport path gets longer and proton transport
resistance gets higher. The performance of CL
structure with high Pt loading near the PEM (G3) is
found to be not better than uniform structure because
more liquid water accumulates and the reactive sites
are not utilized effectively near the PEM. To examine
the effect of RH on the performance and water
saturation for G1 and G3, comparison at RH = 65%
is conducted as Fig. 15. At low relative humidity
condition, the performance of case G3 is better than
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Fig. 18 Case study G1, G3, and G4 at RH 100%:

Effects of graded Pt loading on CL
performance
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Fig. 14 Water saturation and current density per Pt
surface distribution along CL thickness

case Gl due to less liquid water accumulation and
lower proton transport resistance, and the reactive sites
are utilized effectively near the PEM accordingly. As
shown above, the developed model can be applied
to show the direction of low-Pt loading CL structure
and optimal operating conditions for it with the
understanding of the phenomena to improve the CL
performance.
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Fig. 15 Case study G1 and G3 at RH 65%: Effects

of graded Pt loading on CL performance

6. Conclusion

We have proposed a novel computational
framework to simulate the detailed physico-chemical
processes in the reconstructed CLs of PEMFC.
First, a general stochastic reconstruction method
was developed based on the sphere-based simulated
annealing method. This method is the general
stochastic reconstruction method that can generate
customized uniform and graded CLs with specified
structural parameters. Second, a 3-D pore-scale
multi-physics simulation model has been proposed.
It can simulate fully coupled multiphase reactive
flows and electrochemical phenomena in PEMFC
CLs. The model was developed based on the hybrid
lattice Boltzmann-Finite Difference method. All
important processes occurring in the CL are taken
into account, including the electrochemical reactions,
water generation and evaporation, mass transport
through electrode pores and ionomer, and the electron
transport through carbon and catalysts, and proton
transport through ionomer.

Reconstruction method is validated by the
experimental data of PSD, gas diffusivity, proton
resistivity, and electron conductivity. And the fully-
coupled model is validated for the experimental
V-1 polarization curve. The simulation results
demonstrate that this approach can be used to predict
the performance of the electrode and to investigate
detailed transport phenomena in the pore structures
including distributions.
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Three Dimensional Large Scale Numerical
Simulation of PEMFC with Low-Pt Loading
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ABSTRACT

The developed multiphase mixture model for low-Pt loading electrode is applied to examine the effects of
Pt loading and operating condition on current density and water distribution in realistic scale proton exchange
membrane fuel cells. The predicted fuel cell voltage, high-frequency resistance, as well as current density and
temperature distributions all show good agreement with the experimental data under various operating conditions
and for two Pt loadings of 0.3 mg/cm’® and 0.1 mg/cm’. In particular, the present study demonstrates quantitative
comparisons of the liquid water distribution in the proton exchange membrane fuel cell with the neutron imaging
measurements. Such a comprehensive data comparison gives a fundamental understanding of the physical
phenomena in the proton exchange membrane fuel cells and findings to design and develop the next generation of

proton exchange membrane fuel cell with low-Pt loading.

1. Introduction

In the past decade, significant advancements have
been achieved in proton exchange membrane fuel cell
(PEMFC) technology. However, commercialization
of this promising power source for automotive
applications is still hindered by high cost and slow
development cycle. Spatially resolved measurements
of reaction and transport parameters in a fuel cell,
while critical for a basic understanding of the
complex electrochemical and transport behaviors,
are expensive and challenging, if not impossible,
to obtain. Modeling and simulation, therefore, play
an important role in meeting the increasing demand
for details in fuel cell research and development.
Additionally, computer simulations become an
increasing part of the discovery and design process
for a next generation of highly efficient and compact
PEMFCs.

A number of modeling studies have been
performed with the computational fluid dynamics
(CFD) framework to solve the complete set of
transport equations governing mass, momentum,
species, energy, and charge conservation in
PEMFC'"". However, the majority of prior work
is limited to simple geometries such as straight
channels, simplified dimensional assumptions
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such as 1D, 2D, unrealistic operating conditions
such as fully humidified gas feed, or small-scale
calculations with computational mesh smaller than a
million grid points. While these prior studies helped
to understand transport phenomena and reaction
occurring in PEMFCs, the current challenge facing
PEMFC technology is to address real issues arising
in development of next generation fuel cells with low
cost and high durability with low-Pt loading. Such
PEMFCs of the future usually feature a complex
3D flow filed, and have auxiliary components, such
as coolant channels and inlet and outlet manifolds.
Shimpalee™ employed a single-phase model to
study the dynamic response of a PEMFC during a
20-second cycle with realistic fuel cells. However,
the single-phase computations failed to address water
flooding and ensuing mass transport loss inherently
existing in the PEMFCs under normal operating
conditions. Moreover, there has never been an attempt
to validate the realistic fuel cell simulations against a
wide range of experimental measurements including
distribution data. Until most recently, experimental
validation studies were limited to small-scale
calculations. For example, Fink et al.” and Carnes et
al.” performed validation studies on PEMFCs with
parallel serpentine flow field, but only the current
density (CD) distribution was examined.
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Table 1 Physical properties and correlations
Parameters Value | Parameters Value
Dry membrane density (g/cm?), p, 1.9 Volume fraction of ionomer 6= (11C)s, P2 [1 + M. p, AJ
EW of dry membrane (g/mol), EW 950 | inthe catalyst layer,z, ° ‘Pl PEW
Anode Pt loading (mg/cm? 0.05 ivi i
9 (mg/cm?) Proton conductivity of ionomer . =220 exp [_5[1_ 1 H a2, E, = 12 kJjmol
Cathode Pt loading (mg/cm?) 0.3/0.1 | (§/m), « R\T 353.15
Anode ionomer carbon weight ratio (I/C) 0.6 Tortuosity of the ionomer phase o= 0.0845 (&, — 0.04)"17 £,<0.16
Cathode ionomer carbon weight ratio (I/C) | 0.95 | in the catalyst layer, z, 10 £,20.16
GDL porosity, ¢ 0.625 _
— 1+0.232542 [ 12398} |[14.224° - 18.92a2 + 13.41a] a<i
MPL porosity, &yp. 0.5 L 30
— Water uptake in ionomer, 4 A= T_303
Carbon fraction in CL, & 0.696 8.71 [1 + 0.2325[ - H (1-8)+[9.22+0.181 (T-273.15)]s a>1
Carbon density (g/cm?®), p, 1.95 30
GDL thermal conductivity (W/m K) 0.5 Water permeability in the membrane . E, (1 1
PR p,=32x10"exp | ¥ (7 - —j exp (3.4a), E, = 22 kd/mol
MPL thermal conductivity (W/m K) 0.25 | (mol(m*Pa’s)), p, RIT 363
CL thermal conductivity (W/m K) 02 Oxygen permeability in ionomer Po, = Pay €XP (= Egyy/RT) + Uy, et €XP (= Eyer/RT)
Electrical contact resistance (Q cm?) 0.012 | (mol(m*Pa’s)), po, Pay=0.674 x 10", p,,= 5.05 x 10" mol/(mPa S), E,, = 21.28 kJ/mol, E,, = 20.47 kJ/mol
Coolant specific heat (J/(g*K)) 4.18 Water volume fraction in ionomer, u,, | u, = 181/(184 + EW /p,)

In this work, a series of 3D computations and
experimental validation on a PEMFC with realistic
scale and geometry used in a U.S. Department of
Energy (DOE) project™ is performed using the
multiphase-mixture model. The predicted cell voltage
and high-frequency resistance (HFR), current density
and temperature distributions, as well as liquid
water distribution are compared to the experimental
data under various operating conditions and at two
platinum (Pt) loadings of 0.3 mg/cm” and 0.1 mg/cm’,
respectively. The details of the operating conditions
and the corresponding experimental data can be found

on the DOE project website®™.

2. Numerical Model and Procedure

This modeling study employed the non-isothermal,
electrochemistry-transport fully coupled model based
on the multiphase mixture model”’. The two-phase
flow in both porous components and gas flow channels
in PEMFCs is taken into account. Conservation
equations of mass, momentum, energy, species and
charge under two phase condition can be summarized
as follows:

Continuity equation:

Proton conservation:

0=V - (x"V®D,) +j (6)

where, p, u, P, T, o j» @5 and @, are the density,
superficial fluid velocity vector, pressure, temperature,
molar concentration of species i, volumetric reaction
current, electronic phase potential, and electrolyte
phase potential, respectively. More details about this
model can be found in references and thus are
not repeated here. For low-Pt loading (0.1 mg/cm®)
simulations, the microscopic transport resistance of
oxygen in cathode catalyst layer (CL) will play an
important role on PEMFC performance. We used our
recently developed electrode model to account for low-
Pt loading effect”. The physical parameters relevant to
the present study are listed in Table 1.

Figure 1 shows the computational geometry and
mesh of the modeled PEMFC in this work. This fuel
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V. > =-VP+V.-(uVu)+S, 2) z
&
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Cathode coolant
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0=V -(c'V®d,) - j (5) Fig. 1 Computational geometry and mesh of modeled

PEM fuel cell
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Table 2 Geometry parameters of modeled fuel cell

Parameters Value
Membrane thickness (um) 18
CCL thickness (um) 16
ACL thickness (um) 6
MPL thickness (pm) 30
GDL thickness (um) 160
Gas channel width (mm) 0.4
Gas channel height (mm) 0.7
Gas channel length (mm) 183
Coolant channel width (mm) 0.7
Coolant channel height (mm) 0.15
Anode land width (mm) 15
Cathode land width (mm) 0.5

cell includes 11 wavy rectangular flow channels on
the anode side and twice as many on the cathode side.
Each side has 12 coolant channels with the arched part
near the inlet and outlet. Due to the complex geometry
of the gas flow channels and coolant channels, the
bipolar plates (BP) and coolant flow channels, gas
diffusion layers (GDL), and membrane electrode
assembly (MEA) are meshed separately in order to
simplify the meshing process and reduce the mesh
element number. This results in the non-conformal
meshes in both anode and cathode BP, and in cathode
GDL as shown in Fig.1(c). The total number of the
mesh elements is about 9.2 million with 95 mesh
layers along the through-plane direction of the cell.
Details of the geometrical dimensions of the cell are
listed in Table 2.

The governing Eqs. (1)-(6) coupled with the
low-Pt loaded electrode model for the cathode CL
are solved within the commercial CFD software,
ANSYS Fluent, using SIMPLE algorithm and
algebraic multigrid (AMG) method. User defined
functions (UDFs) are added to update the source
terms, transport properties, boundary conditions and
electrochemical reactions in these equations during
calculation. For a typical two-phase simulation case,
several thousand iterations are required to reach
convergence with the water balance less than 2% and
species balance less than 1%.

3. Results and Discussion

3.1. Calculation Condition and Calculation Result

The present validation studies are performed on
8 cases, including 5 cases with 0.3 mg/cm” Pt loading
and 3 cases with 0.1 mg/cm” Pt loading. These cases
have different inlet boundary conditions and operating
temperatures. Table 3 lists the operating conditions
of these cases, in which Letters B and L in Case
No. indicate the case with 0.3 mg/cm’ Pt loading
and 0.1 mg/cm” Pt loading, respectively. Numerous
comparisons with the experiments were conducted.
The prediction of water balance between anode and
cathode is challenging in the case where cathode inlet
gas is dry and anode inlet gas is wet or conversely,

where cathode inlet gas is wet and anode inlet gas
is dry. Thus, 8 cases are chosen herein to compare
between simulations and experiments here.

Figure 2 shows the contours of the simulated
current density (a) and temperature (b) distributions in
the membrane, temperature distribution on the cathode
BP (c), as well as water saturation distribution in
the cathode gas flow channel (d) and GDL (e) for
Case BI at 1.5 A/cm’. It can be seen that the current
density decreases somewhat with increasing water
saturation in the GDL along the cathode flow channels
as shown in Fig. 2(e). Some regions with much
smaller current density exist near the top and bottom
edges where gas flow is detoured by the cathode wavy
channels such that it becomes easy to accumulate
liquid water. The temperature distribution in the
membrane appears to reflect the different patterns of
the wavy channels in anode and cathode sides. At the
cathode BP, the region with the highest temperature
exists near the outlet of the coolant channels. The
water saturation in the cathode gas channel and
GDL increases along the cathode flow. Although the
anode inlet is almost completely dry, the cathode side
still accumulates considerable liquid water through
condensation, due to the low operating temperature in
this case.

The detailed distributions of the reaction current,
temperature and water saturation in the PEMFC shown
in Fig. 2 are obtained from the 3D computations
with fine mesh. However, it is challenging to obtain
these distributions with such high spatial resolution
from the experiments. In particular, the difference
of current density and temperature in the membrane
and water saturation in the cathode GDL between the
region under the land and under the channel can be
clearly observed in the simulation result with high
spatial resolution mesh as seen in Fig. 2(a) and (e).
As shown in Fig. 2, this developed method can give
the deep insight into distributions in the cell such as
differences of water, current density, and temperature
in the MEA under the lands and under the flow
channels which are challenging to measure with
experimental approaches.

3.2. Comparison of Current Density and
Temperature Distribution between Simulation
and Experiment

It is challenging to measure the distributions

by experimental approaches with such a high
spatial resolution as shown in Fig. 2. According to
reference®, two 25 (length) x 4 (width) segmented
collectors were used to measure the current
density and temperature distributions on anode
and cathode BPs, respectively. In order to make
direct comparisons, we also divided the simulated
results into the same 100 (25 x4) segments as in the
experiment. In each segment, the simulated values
are averaged based on the weight of the mesh area in
that segment. Figure 3(a) and (b) show a comparison
of the segmented current density and temperature
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Table 3 Operating conditions for validation cases

Cathode Anode Coolant
c Loading Sur:re_tnt Inlet Temp. Inlet Temp. Inlet i mCerIIt "
ase (mg/cm?) ( :/cfrlmg; Stoich. | /Dew point |n|et(z:;s)sure Stoich. | /Dew point pressure € |:(>?Ce)1 ure I?L%)T Ol;:'g T
(C) (°C) (atm)
B1 0.3 1.5 2 15.1/9.8 1.6 1.5 18.7/-100.0 1.0 20 11.8 18.9
B2 0.3 1.5 2 36.1/38.2 1.6 1.5 38.7/-100.0 1.0 40 30.9 38.3
B3 0.3 1.5 2 56.8/58.0 1.6 1.5 58.6/-100.0 1.0 60 50.6 58.3
B4 0.3 1.5 2 77.6/77.8 1.6 1.5 78.7/-100.0 1.0 80 73.3 78.5
B5 0.3 1.5 2 37.0/10.1 1.1 1.5 39.9/39.2 1.5 40 33.2 39.8
L1 0.1 1.5 2 35.4/38.1 1.7 1.5 38.7/-100.0 1.1 40 30.1 17.0
L2 0.1 1.5 2 55.9/58.0 1.7 1.5 58.4/-100.0 1.1 60 50.0 58.2
L3 0.1 1.5 2 34.4/10.1 1.2 1.5 38.8/39.2 1.5 40 29.5 18.9

distributions between the simulation and experiment
for Case B2, and Fig. 3(c) shows a comparison of
the corresponding 1D profiles along the cathode flow
channels for the same case. It can be seen that the
multiphase-mixture model predictions are in accord
with measured current density and temperature
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Fig. 2 Contours of calculation results of distributions
for Case B1

distributions. Moreover, the 1D results successfully
capture the trend change of current density and
temperature along the cathode channels. Similar
agreement is also achieved in other cases considered
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as shown in Fig. 4 - Fig. 7 for Case B3, Case BS,
Case L2 and Case L3.

The effects of Pt loading on current density
distribution are examined in Fig. 4(c) and Fig.6(c).
The operating conditions of Case B3 and Case L2 are
almost same. Although experimental data of current
density distribution along the channel doesn’t show
much difference between 0.3 mg/cm’ and 0.1 mg/
cm’ cases, the simulation results indicate that current
density distribution along the channel becomes more
uniform and the peak of the current density is shifted
from near the cathode inlet to the middle of the
cathode flow path when Pt loading is decreased from
0.3 mg/cm’ to 0.1 mg/cm’. It is assumed that CL with
low-Pt loading is unable to deal with high current near
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the cathode inlet due to its low active surface area
and the peak of the current density is shifted to the
downstream of the cathode flow path.

Figures 8 and 9 show the comparisons of the
predicted voltage and HFR with the experimental data
for all cases with Pt loading of 0.3 mg/cm” and 0.1
mg/cm’, respectively. From the results of Case B2
and L1, B3 and L2, and B5 and L3, cell voltages are
decreased by 50 to 100 mV and HFR is increased
by about 10 mQcm’® corresponding to the decrease
of Pt loading from 0.3 mg/cm’ to 0.1 mg/cm’. The
simulations capture the voltage and HFR changes
in a wide range of operating conditions for both Pt
loadings. Good agreement of the voltage and HFR
between simulations and experiments are obtained.
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3.3. Comparison of Water Distribution between
Simulation and Experiment
Figure 10 compares the water thickness
distribution measured by neutron imaging with
the simulated one for Case B2, B3, B4 and BS5,
respectively. The water thickness in the simulations is
calculated by,

t,=[s,&,dx )

where s. and & are the water saturation and porosity
in the cell components including gas channel, GDL
or CL. The integration is performed across the entire
thickness of the cell. It is seen from Fig. 10 that the
simulated water thickness distribution agrees with the
neutron imaging quite well. The liquid water in the
cell decreases gradually as the temperature increases.
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In Case B2 at 40°C, liquid water nearly spreads
through the whole cell, while the cell has almost no
liquid water in Case B4 at 80°C. In addition, although
Case B2 and Case B5 work at the same temperature,
different water distribution patterns appear due to the
different inlet conditions. In Case B2, the cathode inlet
has high relative humidity (RH) and the anode inlet
is completely dry. Consequently, there is little liquid
water in the region near the anode inlet. In Case
B5, the anode inlet is nearly fully saturated, but the
cathode inlet RH is very low, thus resulting in a drier
region near the cathode inlet. The simulations correctly
capture the water distribution change under different
operating conditions. The simulation study achieves a
quantitative agreement of the water distribution in the
cell with neutron imaging measurements, demonstrating
that the multiphase-mixture model is quite capable of
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predicting water transport and distribution in PEMFCs optimal combination of operating condition, flow field
with realistic flow field geometries. Also, simulation and MEA design to utilize a low-Pt loading CL and
results show the ability of the model to find the realize low cost cell.
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4. Conclusion

Large-scale computations of a PEMFC with parallel
wavy flow field have been carried out using the
multiphase-mixture model. We demonstrate the vast
computational capability of the model in simulating
the comprehensive two-phase phenomena in a PEMFC.
Eight case studies are performed to examine the
validity of these simulations. Reasonable agreement in
cell voltage, HFR, and current density and temperature
distributions is achieved between simulations and
experiments in these cases under various operating
conditions with two Pt loadings of 0.3 mg/cm” and
0.1 mg/cm’, respectively. Of particular importance, we
obtain a quantitative agreement between the predicted
and measured liquid water distributions in a practical
PEMEC.
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Nomenclature

Latin Symbols
¢, Specific heat (J/kg K)
C'  Molar concentration of species i (mol/m?)

D" Effective diffusivity of species i (m’/s)
Volumetric reaction current density (A/m’)
Pressure (Pa)

Source term in transport equations
Saturation

Temperature (K)

Velocity vector (m/s)

T NY Uy

Greek Symbols

Porosity

Ionic conductivity (S/m)
Water content in ionomer
Density (kg/m’)

Electronic conductivity (S/m)

QU >R”R O™

Subscripts/Superscripts

e Tonomer

eff Effective value

g Gas

i Species

k Component in cell
s Electronic phase

mE Enl

Chao-Yang WANG




https://doi.org/10.69239/hondatechnicalreview.2016 28 1 11

=
aff

70 MPa ZEERXSEKEHEX 2 v 7 DR

Development of 70 MPa Differential-pressure Water Electrolysis Stack

ZENIII . S E G O S

Hiroyuki ISHIKAWA Eiji HARYU

i e g 27 P i )

Nobuyuki KAWASAKI Hayato DAIMON
= =] ABSTRACT

BORFE M A B OBk 2 v 2 B IE 70 MPa fbizfkun,
Honda it H 21 A K B i Fe i & -V 72 KR 2 7 —
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In order to accommodate the increased fuel tank
storage pressure of fuel cell vehicles to 70 MPa,
measures were taken to enable hydrogen stations
that use Honda’s proprietary differential-pressure
water electrolysis technology to support higher
pressures. Specifications capable of enduring long-
time operation at 70 MPa were established by using
a sealing structure with a high-pressure hydrogen
channel in the center of the cell. In addition, the
break mechanism of the proton exchange membrane
was clarified, and specifications capable of sustaining
the differential pressure were set. A high-pressure
water electrolysis stack based on this know-how was
manufactured and compared with existing hydrogen
stations that use a mechanical compressor, and it was
confirmed that the electric power needed to produce
hydrogen compressed to 70 MPa was reduced by
approximately 30%. Moreover, the water content of
the hydrogen was reduced by 60% compared to that of
hydrogen compressed to 35 MPa, which reduced the
dehumidification energy needed for use as hydrogen
fuel for fuel cell vehicles.
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(No compressor required)
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Fig. 1 Concept of Honda original smart hydrogen station
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Fig. 2 Overview of high differential pressure water
electrolysis
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(a) Conventional structure

Hydrogen channel

(b) 70 MPa structure

1: Separator 2: PEM
3: O-ring 4: Anode current collector
5: Frame 6: Water passage plate

7: Cathode continuous hole part  8: Anode continuous hole part
9: Pressure-resistant body

Fig. 3 Schematic of conventional and 70 MPa sealing
structures

O-ring

PEM W///;/A////%

Hydrogen channel Separator

Fig. 4 Enlarged view of PEM dry-wet area in
conventional sealing structure
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Fig. 5 Relation between surface pressure and difference
in dry-wet PEM thickness (50°C, 100 pm)
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Fig. 7 Evaluation system of hydraulic durability test
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Table 1 N permeation amount before and after

hydraulic durability test (25°C, N2)

PEM permeation amount

Measurement point of N, (cm¥/min/cm?)*

Before durability test 0.046

After 1000 cycles 0.046

* Average value of 3 times

— Pressure — Temperature
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Fig. 10 Water pressure and temperature profile in
hydraulic durability test

5. 70 MPa X % v 7 M BESFf

5.1. M4EERTIE B
70 MPa 2 & v 7 IZBW\WTE, Y WRBEEZZE A2 722 L1
TR RE I BB 2 D *J‘%M%ﬁ Hb. TDI

W, Jnif@ 35 MPa I X & v & L &IEAKE fh O iR
BHEDER A HMGE L 7=, %72, BEFED 70 MPa AKE 2
T—¥ 3 VCHE T AIENRER ) R KER TR L
THRET RILF — 2R L T, 2EREEAKEROER
MEAEMGEEL 7=,

—5C, 70 MPa‘%rﬂ(éﬁﬁﬁ“éﬁiﬁibf:*?% FCV
FHARZMB E LT T 27291213, SAE J2719%
mou%%?mfﬁ%méhfnémim%ﬁkw%h
KAFIEE A 5 ppm Al § 2 BEN D 5. KEMKIET
PEM W% 7'a b v 23884 2 B Ky & —Hiic I&EH:TM
729, AR L 2 ARBHICBKFEIRTEENS. ZOKG
BAETEMNICHET S Z 12k - T, KERICEEIBK
BEBIFETHOBR DIZBBELE T 3 IL¥ -2 /i 5 2
EMTEDID, VAT LHENIE > TEETHS. Lz
MNoT, L7270 MPa 2 & v 212 WTEEKERT
RET ZARERICE TN B KGR EE L 72,

52. 2 &y 7 4EEFHE A &
PERIZH W PEM ORREJEIL 100 nm & U, B FE MR

Bl UC Ru-Ir REARRCHAEE, ARFEMAEZ Pt 7
T w2 W ZThoOfifiiz PEM Oty 7
L 2% UC/EBLL 7 2 MIZHHWZ=, Fig. 11 ‘liﬁf%!éw:
70 MPa 2ERBIEAEIRZ 2 v 2 & VEREGHMN§ 5 %

27 L% KRERE L, SIEKERPIZ, xWﬁML
WY B KENBIRMEENS 20, BENKRTE S EES O
EZATERTHMRL, HHEWKRIRETH S Z L &K
YUY TEHHEIL 225 RERL 7.

RBREIFIE A 2 v 7 OEHRETH 5 60CIZH B &
12, A%y 7 BB B KBTS B L 72, i 54k
Biddike L, BREEA 12 A/em® &Lz 22 oD
PERERHMNZ, 70 MPa $ CORTEIC M B A BFREL & 35
& FE T T 3 2 & CHRAEY % &S, KIS TE
VA ZEATI-VHEA B Z 50, [Ef#mc k3 v E
DN AL Z ko7 7=, FRL7-AERT, TER
25 I T 228, AR CatllL 2. 512
HEAK R i S AR RN & 5 Ko R, ak?%ﬁw)w
5y Bl oy DAKNE ST & RE T B KRICE Fh B AN

KEAEL TR 7.

5.3. R & v VI4REFHFER

AR U 72 22 ORFRIERE, SUBIERE, KEMIEREICBI 5
MR AT, 70 MPa ZREASEAREMZ & v o Z2{EEL
7z. Fig. 12 1212 Z O/ BIG B AR Y.

Fig. 131212 70 MPa £ COHRTICHELEBMEIT 4 Z
NETD35 MPa 24 v o LK L2257 5RT. 20O
FERTHS 25K H1Z, 35 MPaxTidZhx Tl LT
= 72 SR & RO RTH 572, E-T, 70 MPa X
By ZNETD35 MPa 24 v 7 TYIUFEEEEAT-

12K BAKRBRERENDELE I W LB 572,
72, R (L) Tirk¥a b L8 X h 5 EEAKSE
R BB A TR RAEIE Ewe O RS 1Y & F2HIE & i L 7=

FL: Filter

BPR: Back pressure regulator
MFC: Mass flow controller
PT: Pressure transmitter

HS: Hydrogen sensor

RV: Relief valve
IE: lon exchanger
FM: Flow meter
TC: Thermocouple
LS: Level sensor

H, separator

O, vent

H,O

Water
pump

Fig. 11

Evaluation system of electrolysis stack



70 MPa ZEEREEKER I 2 v 7 DFRHE

DO, Table 2 Th 5. FHHEME KL T42 mV k&< &
501k, PEM2EEMm I N5 2 &12& 3 45 o |
FAZHR T 2 BRSPS OB & e xh 5.

RT . P,
Ey:=E, +—In—L+ir 1
wE oF (1)

Eye ¢ 8 e I 92 [V]

Ey : FEGWEMEE (V)

R KRERK [J/(K-mol)]
T R K]

F 7777 —%% [C/mol]

Py ESEMIKZESE [MPa)

P, REMIAKFRSGE  [MPa)

ir EPARPIERE (V]

Iho DR, 6, Table 3 TidAHE 1 kg 41 70 MPa 12
JERE S 2 ISR BN REMGFOKKAT — ¥ 3 v Ll
L7z ZORRRYT &5 12, BEAEEAER L
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Fig. 18 Hydrogen compression curve of 70 MPa
stack and conventional 35 MPa stack
(60°C, 1.2 A/cm?)

Table 2  Electrolysis voltage for 70 MPa compression

Electrolysis voltage for
70 MPa compression (mV)

Calculated value 78

Measured value 120

Table 3 Comparison of energy consumption for
hydrogen compression

Manufacturer Energy consumption ‘for
: Hydrogen compression
(Location) (kWh/kg-H,)
Honda
70 MPa stack 8.
JHFC
(Asahi, Yokohama) 6.44
JHFC
(Daikoku, Yokohama) 4.54
JHFC
(Senju, Tokyo) 4.82
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Fig. 14 Effect of Hz pressure on I-V curve (60°C)
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I EXZAERINT SR ERIEE, #HA CLARITY
FUEL CELL D7 %1 >

Design of Next-generation Environmental Vehicle CLARITY FUEL CELL,
realizing Harmony between Vehicles and Society

Kook Ut Nk =

Fumihiro YAGUCHI Kei KOBAYASHI

e R fidt* R IR

Ken SAHARA Saki TOMITA
= = ABSTRACT

¥ CLARITY FUEL CELL &, HETHI®OTY — 2
IRFe S h7z FCX 2 6 88 3 HIC & 72 2 0k E i B 5
Thd. HRICENTEMRREOXY O LI v Y g VEEL
PR A FEBT 5770 Tldal, EFVYOELVEEZTEL
REHPELE BWVEKE Lo DR naima HigL 7.

Iy r—YFHFAL voa vy 7 MZ[BOLD & AERO
PACKAGE]#81, 22 11ERIC BN 7284 & {22
AWM XE. Zhafic, 22257 )70avE 7 M Z
[BOLD & AEROJ& L, v—& VA4 FAETar—2 3T
A b U2 Hig LR T Ll 7 A4 v A EBIL
7=, F72, 4TV 7Oy E T MiE[Advanced Modern
Loungel& U, T o7 v a v — L0z Eh b 2EM &
OEMEEBL:. ZLTHTI—~vFUTALAY LT NI
SETOBRBEHDA X =V % - FEEIHMLNITFV 2T
) — iR A £B L 72 [FUTURE LUXURY] & #8072,
ZN B2k CLARITY FUEL CELL ®O# L\ g5k
ERIM L 72,

The new model CLARITY FUEL CELL is the
third generation of the FCX fuel cell vehicle, which
was the world’s first fuel cell vehicle made available
for lease. In addition to the world’s highest level
of environmental performance (zero emissions), the
development of the new vehicle sought to realize both
the aesthetic form and practicality of a sedan, and a
sense of luxury.

The concept for the new package design was
“BOLD & AERO PACKAGE”, balancing a low total
height for aerodynamic performance with a roomy
interior space. Based on this vision, the concept for
the exterior of the vehicle was “BOLD & AERO.” For
the exterior, the development realized an imposing
body through the use of low and wide proportions
combined with an advanced and aesthetic streamlined
design. The concept for the interior was “Advanced
Modern Lounge”. The interior design realized harmony
between advanced technology and a satisfying interior
space. “FUTURE LUXURY” was set as the concept
for the color and materials employed in the vehicle,
expressing a new vision of luxury that redefines the
image of environmental vehicles. These elements have
realized a new level of commercial appeal for the
CLARITY FUEL CELL.

1. 13U®IC

2008 #F12% £ L 72 FCX CLARITY (2 5V 7 «)
(Fig. 1)iF, K&UHY., mEl, (LB HEOMBZ &, B
MRED YIS TRELE RS RS Y 2 7 4 %
PAFEL, EHEH & LCOME L& HIEL 2. fEROMEE I
HEjH (Fuel Cell Vehicle: FCV) DA X =Y & —#H&d7=
Y&V TFYA Y5 Z 5N, BEEH (Fuel Cell: FC) %
VAV = UICHET A I L T4 H4FHEEREE L7z,

WA A B3 CLARITY FUEL CELL (¥

% Ufs R&D £ > & —

CLARITY) &, HHifys 8y r — Dz & v /MVb L 7=
FC24 vy 2r%&70ay 77— F PRS2 ZOFEFHIZL
DA% & U7z s N2z &2 28 L, 5 4 RADTEE &
BolzZ 3R 50 F 4o RkELENL LDV &
DCTH5B.
TAIFHIZERBICR X LW TR BERRISHAE L TV
7T EWEEZ . BEEDIF LY E L TOYSTIH i
boTWbZEThs. WhEid, L EBENETNT
BE, VBT, ZLTCT7 98— FLOHERKRETHS. Z
NoEBERLZEE Y 24400, Fill CLARITY DS
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Fig. 1 2008 model year FCX CLARITY

neu|

tojthe/New/Era;

Attractiveness of
advanced performangce
L

Attractiveness of

L radvanced design
PN

Welcoming customers
advancing into a
new era with
attractiveness offered
only by an FCV

Nttactvencssiegacvancecipackadge

An advanced five-passenger FC sedan

Fig. 2 Grand concept

ERBTEDLHZ AT

OB s EEN M CLARITY D7 v Fay
+ 7 M iE [Red Carpet to the New Era|T& % (Fig. 2). %%
WOBMREE 7 v /3= I FAL X VOMNERAETS Z
&TH UMl & At 5 & & 472, Zoflifis 1= —
IRTHFA KD BERORFEBIZIBA S Z L2fk4cD
T—=<Tdh5b.

2. Ny r=IUTH¥A >

21. Xy =y a>E 7k

B CLARITY @ %y 7 — U F %4 VT, Hido s 5
YERAYET b EIPEBIZT S0 DO/ E A B
kU7,

— D HOffEX FCV 2§ % Z LICiE &R0 %
JBRU S HHBERTH 5. BREMEREZ T T A< s L~ L
L OB AWM TH D720, TA—FEEDT vI5—
IPLEL Y EHIRLTENIRICRZ 2 2 4 4 L0t
NREZLEZ -

3O —DOOMifEIX FCV b v 72 5 2 Ok vl fig i i
Ths. 2016 FHFHTHHTE 2KEZAT -2 a3 VO
WHI )Y 24y FERBEERLNS 728, FCV OFT

HEHIZE > T—EORIFAET LD ROMihi a4 iR
THIENEETH D, MR EEE»OBE LTS 2
ETZOMifEAEREK L 720 EEZ 7. Zh b DOl
Ay E¥3/89r—va v w7 FA[BOLD & AERO
PACKAGE] (Fig. 3) Th 5. /M» 6 e N, 6 KU S
N5 HfE&% BOLD &% L, @b a2 i & iy < &
7RI FCV 2 HfR L 7=,

22 REMEEEE 2T

P CLARITY 12137 v /85— 3 N2 5 ZOHEKE 5
25728, KNS A P28 28 2 BN 2 Rt L 7.
72— MRIZT v T4 P AREEBARHT SV 5
25 ZAOFHE L IR THEZBEWRE LSS XS
12, ¥ Z V5 LWRBEZBL 2ETHH T LA HEE L.

SHRHEARIT L2012y 5V T4 By 23y
V= LNIZEE L T2 FC 2 & » 7 /ML L Voltage
Control Unit(VCU) &2 oy b 7= F AN B Z &
TFC/8Y— LA VEV6E LYY VHIMOKE XIZHERN
L7z, ZOEHIZL>THBICHLTEYy2a vy -1
mEFRe 7T P Y AABKRELSERTEI LN L BD,
RAFEALENR I TV F A DA/D» 5 5EHIHRTZ L
T&E F, KASAMNERL CEPEAZEME T 57
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WIZ, 2013 4EEF O T I — P & [[155 0 Fii % i 2 [0 it
L 1450 mm DI EDOBEFE Y a L &)L — L ZHER L 7-.

WIS, 45 LOREZER LG E2EBT 572012,
BRENFHOD /Ny ) #7097 FOAR—=ZITEW L A6,
ML EELS ) TOTOT ERIEOL v TEA VN EK
< BUiE L 7z

Ny TSy 2 TERRTHMO R T -k E TR 52
ET, 7uT7DOEEHMOENEMA 2. £72FiED Y —
ML=k Tua T OB AEENRT S LT, B ND 2
N—= 2R KRB N 7)) 2L 2S5, b—L
by THRA Y POEKEE 265 mm U TEL, ££ VD
& O AL 475 mm DEEEEBT I LN TR
7z (Fig. 4). 7z, HifFiv — b 7L =4 & 7 a7 ORE»RD
e, BEORBOENY — DO TIZA L THRFEDRE:
YR RAEDNS. 72Ty 7 ) ORCE % FifEO 25 %M
PR TE BHPTT oy MINZHE, Ny T VIS 70
AR LRI Y — P O TR RFERE DD LIS EET
BZETHRY) a—2&5WMAL XSIHEEENEFO7 0

KRBT 2 )Y —2 82 b etkrya2ayy —Lllick
B3 Z LT, %M ODTEME & AR O RS %
AL H

23. N1 Ty XL BIE
FCV v 77 7 2Ot dat 2 MR 3 5 72 12 H ARG
&2 62RO & B U 7. 22 )3kee LAR 54
WEDOED L EFy By VI y & P 2R
EMV.EEDL20, bI o)y FEELEE L 2R
Y& VER M Ty Fe s B ZFALEZ 200
ATy FRELVERICEKD, BHEOXL LDV Y I T
2 %RKEMEF X G 2HT VIO —T FHA VERHL
TR, 05Ny ¥V T 7V ARSI ENTE .
IZH CLARITY T, #%55 Mo/ aEEkE 4
YO, bV IIRTICKREGEEARL Vo ERET S L
A7 N AR5 ERIZ 70 MPa ~N@EE(L L, KK
WEEBRZ 5T 4 KD 33% WP L2 WHOLE
TR V2 Z2XR=ZABRESHIGNTLE S B, A

BOLD & AERO FACKAGE

Realizes a powerful frame and advanced aerodynamic form

Overall height

High-deck

aerodynamic cabin

High deck allows
luggage compartment
to fit three golf bags

Vﬁ\l

Fig. 3 Image of package concept (North American model)

. —

Driving position similar to sedan

Shorter distance between seat frame and floor

L\

Space to draw feet back

N

A

Rear heater duct moved to console |y

Appropriate ground clearance

Fig. 4 Details of battery and floor layout
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HENEW CLARITY
EFCX CLARITY

FC stack moved to location under

hood, with auxiliary equipment
clustered together

1875 mm
NEW CLARITY=FCX CLARITY+30 mm

Battery moved to new location
under the front seat Two hydrogen

1475 mm
NEW CLARITY=FCX CLARITY+5 mm

NEW CLARITY=FCX CLARITY-50 mm

NEW CLARITY=FCX CLARITY+50 mm

Fig. 5 Comparison of CLARITY package layout

FoF XL VEKORMHIZE STV 7 2AR-ZDORE
ERWFETHELL, F 7y 20BN ES EFickE<
R4 2 Z & A ATREIS 22 5 7=,

INEOTRIZKD, B2 7Y F 4128 U OREEIK
HERPLOD, 954 Y FOITNLTNy ZThIUL 31,
29 4 VFORITMEATHIE ORI Z LB TE B
FEEFEBIL 7z (Fig. 5).

2.4. BHMEE E B ARA DML

NA T F L VEROFHAICE>TELS G727
70y BB, BHHAOHFIC S AWK S EEL 2. #r
BICLARITY T, #%i5y — by 2 0%AL N5V
Uy FICHCE L 22 " RONEEBLT, BHFDORTA L
HOWREMI TN TXBT T AT 4 v P&l
L7z Wtz z 2994 v FyEROER2 )74 &
DEVY T4V FTET T AL TY 4 Y FIOROIAM
Dbk, VY2RS5 OMEREIRE L L
e F, Rk oA M L e 5720, B T
VT AR 72X oA =2 4 VRO ENATZ6 5
4 MERE L ZhenLRIFEARDIE LT Tz s

HERNOIZE A5 L, W2 K AENEEF v vy
DB EICIRS REIZR U 6 2R & 6725 L 7=,

3. IVRFUTFHA >

31. a7 b

B CLARITY @2 251 713 [BOLD & AERO|%
VYR TR, k2 v ELTORALE LT EN
EEMTELWI TS L F Iy R AL DB E
HfEE LTTHA v %524k -7 (Fig. 6).

32. RELGXvEETEVET -

FrEVOTHA VIFHAYIO5 kD FCEa v &L
TIEEWEBREZTFY AR LM EE L X 2RBIT 572
W, ¥4 FE 2 —TlF7—XOXIBA) =KL Ty
Pl 2 VY2 -2 153252 KEEDE T —
V=T ET T T7IbTBHIET, HTIAF v/ E—
D& BIhAc L LAl a7 A v EREL /2.

T3V A —-TEBYEIT—HETDH T 2DIA%
DIMINZH ¢ Z 2k 5T, BAZRMAIAL &2 5 B

Aerodynamic

Sleek high-deck silhouette

Good stance

Low and wide proportions
Highly aerodynamic body and parts design Clean and sharp surface finish and details

Futuristic

Full-LED lamps, hybrid wheels
Black-out canopy cabin

Fig. 6 Exterior design concept
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BROAADHZ BFE L0+ v B VIBIREFBIL /- (Fig. 7).

AF—HA F3EALL LA E YDA TEVAERET
27-08» RGOS WL L, BEEHE L UIAR -
TAR184 VF KA =L ERMA LA 72, VYEDIL
ISy = VHRONA Ty FEKRMAEA 5 TH XD S
ZEIZ&-T, Yy =T THROART = %#1ED LiF7-.

ZOLTUES AT v E Y E O ERT — %24
AEbE, IO FC &y FH A v ORENTE -
(Fig. 8).

33. BHMEEEAED BIRET T

WisiBE DR PSBETH B FCVIZE T, T AT
VT TFYA kRO R LIZEETH 5. %N
2 & FEINCENR S D, B CLARITY CTii& 645
22 IPEREIA LA R S, BIFROWIE & B & 22 )1 i
LT A v EaBT k-7

BWEOX X VIZA YT — TS M) v ok
T5CET i BO0 50 TR X, ZhiEEiK
P s 0 2ERAMKT 9 5. 2 LHR CLARITY
TRAYT —OffELER, ©7 —KRmORA, 77 2L
DFERBEL, AT —Eda Lz £/, CET—
HETIEEDOLZ Y ED VY R T H S A EErERED
SRDADEHIZCE T —TmaB I IELZ &
I2&->T, CE¥T—me ke F-Cy % L
HIZEIDAZEFHRBFICHTZEA ) V7594 En5 Y
Y AKRA ZITHE§ Z & TRAEERPIA K& <k Z
DEIBEWMOMAIZE D, BOVEIRT VY v L 2O

Fig. 7 Top view of exterior design

&M TE 7= (Fig. 9).

HADBRTHENEEHIRT Vo vk, XHICHHX
HE2DONRT 4 T—=ILDTHFAVThHb.

TaYy bNVUSTEHEY Y F7REICRTFOhETT
B =T VITE, Z A4 Y6 FE T A ELTR & PRI B gh R
D, BIVYFT7OIT7H—F i3y LTHER
HKORATH 7. WHEXL VD)X FTO®RIEE X4 Y
INT ZADRNZIEART =D 7 o 28X H H D A8 HT B
g Tz, Hif CLARITY &) Y F 728 k4 —b
NG ZORMIE THN—=FTBHEEE L, 2O VA
IR ORE, S— > (Fig. 10) ZlO T 5 Z LT, VY F
TOD LY I EHHEAINIZAEKN) Y 2 A4 YOSl Al
D, 24 Y2 5RET SELREM A 72 (Fig. 11).

Typical Sedan New CLARITY

Fig. 9 Image of aerodynamic styling performance

Fig. 10  Study of air curtains

Fig. 8 Exterior design sketch
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VX 24X EEBiZhm b 2 4 Y H3—13 88 CLARITY
DY A FOHRHTERB LT VAV THD. VY24 Y
MW AN—FT 5T TR ERKE M L¢3 2
EWHRETH L. LaL, BIRIZHL MLy FANMENZA
5ZLIZE5TIVY =25 RBEOR 4 Y 2954 L
B35 E0OMED»HMEDOL & VIZIFHW S WTE
THo7. HMCLARITY TIE, £4 Y56 OELFH A%
BDIZ IR & 2 A YO R0 AR E 3 4 K530
TYUATHNN=F5ZLT, BTOANN=2E T4
by FER-F FEHRZMA 72 (Fig. 12).

P CLARITY TR, &2KOART -2 67 17—
NOIN=VET, EFFHFA FHEREED, KicEh
vOZThEN) 32— 3 Y (Computational Fluid
Dynamics: CFD) % 2243 €, 22 PERED 1A _E O A a1k % Mt
L7, ZOMRE 7 L4 TFMICKML CTEF LR TT
ZbFB 7T a2 EBEDIRT ZEIZK - T, —FEETR
Bt (B2H 1) 9 750 km 32K 2 RO E VT 4 v
% 58K X 7= (Fig. 13).

3.4, LEMETAOC NI IAREELIEERLAEY
Yarex—-3>s>7
Honda® 79 Y b THA VDTAT VT4 T4 ThHD

Fig. 11

Wind tunnel experiment

[SOLID WING FACE] (Fig. 14) %, i 7 2 /a2y —7T
FHL 2O HM CLARITY D7 aY b 7 x4 X2 TH 5.
gayrryiEgay b7 — FOEmASAIZED
ALFHAL VL, 20— AT LOHRRES AL T
52T Yy =T/ - R L £, 7L
LAy K54 MO O — 4T — LA ESERIZO &,
ZOLETMICZVLED OEM LY -V P 54y
AL TONL - —-LE2RETEHILT, 74 FT%h
M) 2 F G AT L 72 (Fig. 15). N K54 b » 5308
Tl TAkE < LRI D JAEr Daytime Running Light
(DRL) &, Hi A R-H7Z T Th< BB TEET» 58
RTELEVIRERBEPEALETHA VTH 5.
VYarvex—varvsy 73Ry T4 5620
WNET 2T IA VR EHAINEZS T T 4 9w oI
I, 74 FT—RIED D 2R T4 e Lz
OB XL SO FOFEL X AT L, @

Fig. 14 Honda Solid wing face image

Fig. 12 Aerodynamic features



Honda R&D Technical Review

Vol.28 No.1 (April 2016)

WEDENA VL U ISR E RS 52 iI2k -
TH 7 ADD &S sl #F8LL 7= (Fig. 16).

35. #eEETFH 1 M EHEEONIT Yy Kk14 =L
W CLARITY 134 & L= & v OHilg A KBT 3
728, X5V F4IZFL24 v FRENLISA VF ok
A —LZEEHL 7.

BREHEO R — VIEROEREZ D5 < LTINS
B, AN EIMEDT 4 v v a8 A4 TFITT BT ETiREL
UMiie il s 53 5008 N TH 5. Li LEBEHOH
FHIIT LV VT L — FOBRSRO20, L T E
TALAOT LV —FmANFEEL 50, w4 —LHEHODH
KHBBIETH %, HA CLARITY DF A4 — i, KETH
D A S EEE, WAHIMERE & 22 TTHEREDNE T &y S B &
K 5728, KOO 7L I KA =L TiREL & i AERE
AR LAENS, BIEHO A/ =12k > TR IMREE2ED
7o, ZORER, EN BTV A VDA T Yy FahAf -
(Fig. 17) 8 T & 7=,

N—2AbL b7 IhA — AR, EFERICRA->
T nRE A F B 0 SRR THOL T IR A X — 212, BiflE
HIN=TRIEONBFIRELZ2TFA v EBI RS L&
IZ&oT, THWA VHERTH 7L IEHBEAHILL 7.

Bitfis®lod /3 —12 CFD (Fig. 18) # 3 Z Zswash A — LN

IZADRADEKOWNEMBEMT L 52356 8, KA —ILNDE
Z P 2 BRI & [mldn A fEfR U, 22 S1PERE & m HIPERE
DT % ER L 7z

Side marker

Turn signal

DRL and position lamp

Fig. 15 Full LED head light

Turn signal Reverse light

Side marker
Rear fog (EU)

Fig. 16  Rear combination lamp

Fig. 18 CFD air flow simulation

4. 1 >FIVTFH1

41.a>€7 b

AVFVTTFHA a7 bid[Advanced Modern
Lounge] & L7z (Fig. 19). ZHid Honda D# % 2 BftlZEH1,
B E DB A S W = e 25 4 V2 T 2 — 2D
AL, BBIECEFA 2 5 R TR L 727218 & O &
K5 Z LT, LAizEhs4 v 7)) 7T EED TS &E
A7z,

42. { DA EDEHIER

D72 ENB L DAEDZEBZRINT 5728, 1V %
FL XY RS xouheh 6 R 723 ¢, EAFREOMY
RPBRIADD E S 120 TARPEEGRL =Mk L L7z, Th
AR TANC S 2R 5 2 L CRTERE S 125
U, SHEDLEIZIE A4 L& U 5 522/ & L 7=,

AVARLAYFISHLERT YA ERIZIE, Lok
DERHEMNEY T M8y FEFHUEEEERL 2. #
B2AHICin 22 D RIS A B0, < D DdH B FEM
ETHEICHRE N2 bo IO R\ FE AR
MAEREY S Z & CRIEICBELHOMOR X2 XKL~
(Fig. 20).

4 YA LAY FRFILDOFIR IO (Fig. 21) 13,
ZEMIRE I S W TEHEEARE A R LT 5. TEORLT
ESENFATEDS LPROHIRIIHD, LKL TES LA
B EEEBZNTT7I VKB LOD , TIZFRE» %L 2%
DIEBEAPHE X NS, ZOZE» 6 A5 Y MEKRIZT S
ZET/ TICFNELMEEF—T L, Fo ARG
KUM AKX 7. 2L A4 BFARSy r — P EFILTH
A B TR, BITE LA 115 mm & 452 L Tlhk &
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LR AKC X8, GhhD 2 TI2F < e vk
ThbdENIHEEIZE 7.

V=MW G ETROENL o2 D EIREZTIE
WDBENAIN Y 7 EFRHALE. I =hE» 6]
EEO L TRLEES A, RIGHIRE L2 EBETHERS
THAVTHD. EHICLETIEZDBRICTEZ L THE
DOFBIZEEE A5 AT, 52 RE»rSBEEhDY 3
NEEITE Y ET 4 ATV A DEND Z EDEWERE %
¥ Z 7% 7= (Fig. 22).

4.3 HEEN L2 Y=L

K275V F 4 TlEX Y2V —LNIZFC AZ v 2
N AT b ERTNZD, LSy r— DHiC &
D7y 7 —=FFICBEILE ZO%MEEEHT 5
TOIZERLIZOPNA T vF >y —)L (Fig.23) Th 5.
IR X7z 24 » FR Shift By Wire(SBW) &
Electric Parking Brake (EPB) & #/F L ¢\ i & I2fidiE
L2 ETTRRIZZ—T 4 ) T 4 BRIZERLZ. 2V —
T VURET Ly MRKOBEESE L TCAEEAREE

Advanced

Top of instrument panel pushed back,
with a step-up

115 mm

Reverse slope
—_—_—

Fig. 21 Instrument panel design

Fig. 22  Front seat design

Modern Lounge

Adve in harmony with

Advanced

Advanced interface

A people-friendly, eco-friendly
interior environment

Fig. 19

Harmonized

Captivating

Thin-framed wide instrument panel
creates relaxing space

High-capacity high-deck console

High-gquality material that appeals
to the senses

Interior design concept

Fig. 20

Interior design sketch
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Fuel cell power monitor (Fig. 25) &, &K — LD/
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F 72, MERIZZR T % Power/charge (Fig. 26) iZ, & 1D
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45 FMELED L EER

PERDA V7 ) T FHA Y ORIFIERI N A 2T
W B B > 7z TFIFERFA L L, FEEDOR M
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*ﬁnz»@*ﬁ%ﬁ<274ibt%®%ﬁﬁ 2D
&, EEHML LT RO FEESEIC Lfmhé0<h
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N 522 % FBLL 7= (Fig. 28).

Fig. 24 Interface design

H2 consumption

Continuous variation

Fig. 25 Fuel cell power monitor

Battery only or battery + FC
(Dependent on situation)

Battery + FC
(Maximum power)

Battery only

Regeneration

Fig. 26 Power/charge indicator

Consumed amount

Residual H2 amount

Fig. 23 Console design (Mock-up model)
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Fig. 28 Mass production model
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CRYSTAL BLACK P. 137 + — <)Ly — Y TR
{, PEREEBHE AR EEEh T L LI

FTNEFNORT — T — 12BN E2H-0, fGEL-Y
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HiB% L 72 PREMIUM BRILLIANT GARNET M. i,

PREMIUM BRILLIANT GARNET M.
Luxury expressing pride of ownership

WHITE ORCHID P.
Clean and progressive

CRYSTAL BLACK P.
High-quality, calm feeling

Fig. 29 Color lineup
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DENLZEMAEBIEL 2. 7Y A4 VB2 5 @ FEM
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PREMIUM BRILLIANT GARNET M.

m Paint composition

mColor image

Fig. 30 Paint composition

7 f B \
BLACK PLATINUM GRAY

Chic and luxurious black interior Advanced, brilliant gray interior

B>

Interior color and material coordination

Fig. 31
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Seat material

-

Urethane top coat

'ﬁ Bio yarn lining

Structure of urethane leather

Fig. 32 Seat materials

Fig. 33 Atrtificial suede leather

VARIIZ D 7253V AN T4 TD YIS %
fiL, KHWMA XD —EilEr>2a—-F 43— &Lk
(Fig. 34).
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FL7z B TRZ L, MIEBE TFORAZRD /3T 2
FoF, EVADT Iy MS— U NRETE, FEICH
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Fig. 34 Wood film panel
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Styling Design of the Forza125

[ S N
Taro NISHIMOTO

2 B

Forzal251%, 77 v 2 &b &4 5N 125 cc GT A
s —atiGE =7y MRS h GT 27 -4 &3,
EHEEEc L < Hweh5, ifkoRkEhn T T %
R BRI > Th 2 abh - hilg#d» 61%, R
MPRDZED = — ZNHENMIZE N2, £Z T, Forzal2b
1%, [New Stylish Sport]Za >t 7 F& L, KitoD 2 4
VE—RNEALHARETZEE L HMENCHWS RS
ZOHTIT)OHME LT, SEGER, fititzhzhT
KOO NLMREE, MOVKILTHILT5ZEEHIEL .
ZEA4 N VI FHEAL VIZEWTE, EljOH BN 2R
ERTZEERNG ST F, SMETYA VICkB T T
O—v3 YA N EREL . BRI G T A asEf e
LT, 2025 AHDEMEBRBZ TV v AR TILAL ) —
VHH B, T LT IALZEEE, WO T
EHio T ARG, IGERORIERIZTHT T by
TEEBETHIENTE.

ABSTRACT

The Forzal25 was developed targeting 125 cc
GT scooter market in Europe, especially focusing on
the market in France. The name GT scooter stands
for the category of scooters with larger body size
primarily used for long distance commuting. Prior
to the development, market survey was conducted
and customer’s real needs were revealed through the
results. Based on these findings, the development goal
of the Forzal25 was defined as a next generation
standard scooter under the concept theme of “New
Stylish Sport.” As the vehicles of this category are
used for commuting, it was pursued to fulfill both
requirements in performances needed for highway
driving and for city driving to highly satisfying
level. In its styling design, representation of superior
performance of this vehicle was endeavored. In
addition, air flow managements were thoroughly
investigated by applying appropriate exterior designs.
One of such examples is application of an adjustable
screen that is the first in this vehicle class. The
developed model was favorably received in the marked
winning the category top model in the cumulative
sales volume after the product release.
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2. T A — v F 20 ZICHRERRD T AT,
=T 4 VT4 A=A D 125 cc VT AR — 4
i, BIER L E Vo TONEE AL DETBIZIATAA R
FlEEE>TNS,
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o EHED, WINZ 7 — 2 etk 50% LI Eo
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TV KB LA EERICL, FOMER TV
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Fig. 1 Transitions of scooter market size for ten major
countries in Europe (from Honda internal
material)

Fig. 2 The PCX125

T/, MkkE RO ET B KRERA —LD AT — 4T
FhaYCld, SHI2S BREAY . 7T EMBEL TV 5.
SH i3 1984 SEDO RN F & 2 — LISk, BVWELEZH>EF L
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Fig. 3 The SH125
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0% r T T )
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Fig. 4 Transitions of market shares for 110 to 125 cc
class scooters among manufactures in France
(from Honda internal material)
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Fig. 5 The S-Wing
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MolzE VR A UM, WO A BRNIZERZ 7 — 212
FDHDIEI BT —28DTH LB, LaL, 5
DIF LA EZBIRE L TO  dHdAOBKIZ 200,

ZDESIZ125 cc VT AR =R, 7TV ADEL
DA—HFIZE 5T, BED-DDIERIZHMZEETH B

Fig. 6 Parking spaces spotted in a city area of
France
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(e, BB UG, 45 kg2 & OIEPERE)

(2) 2R =F 4 TAVFIY 2V M BETHAL Y
CEOETIERE A RBIL, WA ED A TIRREE S AR -

TARKAIZA ) VT THA Y
CHOEUL T IA NERUESEEA VT YV v AN,

0T AEBAIZBEBRF AR ERC 224 ) v
(3) Highway L — Z ; fmd i BB AT RE O Pmi i, )54
- wA VT TF sy g RS
- R E D EXR
CROEIR & ROl U
- BTN
- ABS 7 & O A
(4) City 2 — Z;lifhtE TR Ok, FfE M
CHENCE L —F 4 ) T4
- T U 2P, EEpE, HUO ol L
L SR PARE I
(5) Jeett:

- BHROMEALE & 5 2 724 A — ¥ AL B Bl
(6) KR

- #1573 No.l DIREMEGE

-1 ER O BN ST B A R

PLFIC R 7= 528 H & Rl 224 7291203, LTI
WD LS BIERD 5.

AV ETaTF sy g VIHEOEDIZE, dEE T a Y b
WOHAINRAZ ) =V DA XEKREL TS, LrL,
B ILH A ZOWKE, HHEHTOT O T ETOWT &
B0, WA ZRA LTS, /2, 220 =V P A IO
KiE, “HGEH S LWEAZ T 2 RPURLIK IS & 5

F 7z, gt coOPEME A X e B 720121, 24T

DY A X HRELTHEZEVENTHSD. LIrL, 24Y
A ZNKREL b L, VY a4 vr@ s kE<
BY, 2—F 40T 4 A= ZFIHTE BB L
b, LR T, @gicmEie insdt+ntr—741
T4 ANR= GRS ST ENHEL < K 5.

EHGE T TORENR EOE®IZE, M L R—2 %
FELTBHZENEHTH BN, HhTORBERLHD [0 L
HEREMK T3 5.

SHOFAFNRE 55 125 cc 7 T AD A2 — 213, Pise
flifgs e ZHEEFL &L, KTF—DAXR=Z2H/NhE 0, F
7o, REVHIEAD T V¥ v IIZ IR T & 0. B)J71kRe
OB, S, HAOEESKE TP T LIETE L.

Iho kD, ZOX>EETNICET S, GEEKET
it e S, FHOIEFOF 572 Bk b ORI
B AR A S X ¢ AHRIE, IEWICHESE RSN &
Nbnd. ZhWAIZ, ThoETRTUTBOLTRET S
ETLOELGIIR SN 57,

Lo L, M-AFZZDOLI BIEFHIZF v L v Y v kil
124 LT, Highway 2— X, City 2 — ZDEWKICTOMN:
BEDMI AL A4 5 VI, PAFSICID A 2. A4 IZZD
H LA — 4% [New Stylish Sport| &R Z 12U 7=,
DA —=2DORRIZE T, MEFTABKIMKEZ ) = F
TEZAZVA—FGT Ay —2 LB LEHIEL -

5. 7Y A UEGIOEREE B A HERFET

ZDAY T M- T, BT RE BN 2R H R
T4 AV a v, FEEAKETERD T2 Zh
EDHB, TOAT VT THFA VERETBIZH 20 BER
DIWNFEICE Table 1 12/87.

TP UIZE, eSP YV U E ATV S Y. eSP
I VY VIEFERN L ST — LKA E A9 5 Honda O
Rz v LTHEEINZEDTHS. KETIL
IZBWTIE, E5ICZDT Y Y Vv EN=ZIZ4 LT
XD, SRR A HEL 2. e H L 22 E) Ik aE
IZOoWTIE, #7TY No.l DD 23K T 572912,
11 kW/8750 rpm D1 ST &, 160 kg LA D3 i & 4 H i
ELTHREL.

FA =R =21F, WM U EETRERDINT v A0
5 1500 mm Hifhk & #%E L 72,

v— b EE, EHERE TR RO LY &l T o 2
DEMAEEZE LT, 780 mm EFXE L 7.

A XY AL, REREBIME, FOOHONRZ PN
v A%&KEL, 7a v b 120/70—15, YV ¥ 140/70—14
EPVE L, ZHUE S-Wing KD —HD KZEnwH A Tk
5. 2A4XYDHA X7y FEFED O L&D, B
BEARRL X BB 284 ) Ve HEBT 2 E T EELER
b
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Table 1 Target specifications of the Forza125
ltem Specification
Engine eSP engine. 4 valves
Power 11 kW/8,750 rpm
Curb weight 160 kg or less
Wheelbase 1,500 mm
Seat height 780 mm
Front tire size 120/70-15
Rear tire size 140/70-14
Fuel consumption | 2.29 L/100 km
Fuel tank capacity | 11.5 L
t’;‘é‘;ﬁ;{face 481 Ful face halmes x 2 or .
Full face helmet x 1 + Business bag

2.29 1./100 km OBREMEREE 11.5 L OK 2 v o FE
i3, ZTheElAAbYE 5T &TiRAk 470 km YA ED#HT#H
P A mTREE 3%, ZhickD, £< o2 —HId 1EMIC
1RO THEEE LI ENTE S,

=T 4 V)T 4 AR=-ZDFERFIRIL, 7T 24 X
AL Ay bR, LTI T 24 AN Ay b1
VR ANy FHENINTE S Z LA EL 7=

6. AZAM Y TITF—<wEZTN&EEHI LS
JOR—- 3>

61. X214 T75—<

ZAAN VT TFEA VETHIZHZD, TTEEOT —
CHEBELE. GT A7 — 2 —HI2e 5T, HEBELD
BRI MR TH 5. T4 YV ZRIZSEIDHDL W
Z2R=T 4 KEDERD TS, TRIZIBA S 720IC, T
YA VvF—-2u1F, ~HREZZATTZ-VIZHREDOE X 215
A, TNEBBLTCES A A4 A4 VIR EEEZ
7z. [New Stylish Sport] Forzal25 125 &b L VA& A )
VIF—vL LT, AL —bMNI[EDDORXEKBTS
284N v EFE L,

F7-X512, ZHLD DD TFHF A VIZkas Z i<,

HLETMHATHBBREICAID LTS, Y EBKL K
I WDz, FHA VICk > THBEA ARA LT &2
<, BEEAWE» L, BEEARBT22LT, @mnWT¥4 v
MEERETZZEA#HELE 2hiE, BHOMEHE WS,
HHEWTIIRS Y7 i HERE T, 794 D0
ICHREA ZARANTHZ L%, 2—FIFRLTEATOE
WEHTHhD. £, HETE-7-K9 574 v TiE,
—EHETHAEED B EEZH-TE, ROWHRIZH 5
THTTVDAL Y X = FEIIRD AW ETH 5.

6.2. 7AKR— 3>

AN, EDDOREERRET 2244 v r2idEnk
IBRTHFAVEDOPIZOWTRET Lz, D DR X %3S
FHEEIZIR Z B2, AR T A T4 —AiRFD 244
VLR, kO T aR -2 g v AIEEICEE L
LBBEINETHA.

—RIZGT 22 =21, w4 v FTuasrvaves
7y VEROMN.OZS, £95 LT HESEIRFHIZE
B0, 2AXYEGOEELDICH L THERT -2 KE
{ o202 HARD 72. L2rL, ZDOXIE/NT
2T, AR=F 4 @ ARA LI TL W, Bt
DFHIERCIEL T LIFHELL, 22 TR TIE, 2
AANV YT TEDDORIERIT L7720, YA T+ —
FNNTG V2B TaR-Ya vy ens, Juk—-v gV
Wb ZOOERERHTSZ L5k

ZZTWHIT AT 4T — K35V A&, milcEdr s
evA v rTursy g YEREBERAL, NS KOS
FEBRC SV DLTHA VY FHEO—DTHS. £/, BT
OR— g ViE, RF—%MS a8y MiCL, Hfi & B
ATRDEEDY DA BT H LT, EDORX, #
HHERHETIOICHENEFETHS. ThHIFAR—Y
RDE—ZHFA VL TEEINDEZEDEZVWTETHD,
PWRD2A Y —ARDTFHA Vv FEEIIRELSELES 224
Vs Fa—Fib (Fig. 7).

Previous model

Developed model

Fig. 7 Objective directions in design for the vehicular proportion of the Forza125
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7. A4V ITHA LRy F

HAFETT R R A SVEICBE X DS, Y2 T 5T — KN
SYAELBETOR-V a3 VEERBTE ALY VTR
U7 27y FMERIZBWTIE, DIFICdNs o0&
KAERMTE224) VI TFHA Va7,

71 HEEEP LRBTIR AU ITTHA
ZBA N YT TF =2 ThRELIZ, AEBIRD %<
i,za40/7®tmtff&<,%&#6$ihfn
5D Forzal25 ORI TH 5.
HMOTaR—-v g vEHIZ, AR—F 4 TEPREZ X
40 v R T OMEINE A RO & B 5 71T, mTRE K
RO LR R T =% a8 MZT BRERD 572, —
BT, w4V FE7rarsya VA E 20121, 55
FEDH IS A ZHBETH D, TNE AWM T 57280
12, 7 70—v3 VAV FEREL T A VIBEREE
Az, Thbb, AV M ERT—-TE LD EUA VU
TaTF oY a VEMRLEI EEFEADOTH 5.

2y FOBREENS, EDKIITH T 5%EK %%%
EE5h, EZHLMEROARE Z 25 HT 52
hok@@%h%%<4X~9L&ﬁBZ&4UV#%@
Lz Fcgary Ay LOmERE, 5420 Yy
DT A4 v K TFaT v g VICEENISEES 55
Thb. 2T, ZOEWBOFHFAL VIZONWTIE, 70V
b 71 AT L3600 ) /N — 2T & - TR A FIEE X ¢ % &
E, ZROFTHFA v EOTRE KM xE T3 (Fig. 8).

72. FEARKASIFSERBTEIXZA UL ITTFHFAL
HISHEORERIRT LI, ZOEFALDAL V& —
P MEAADED X 28—V v Thsb. Lrdg, AL
ZBRIND =9 Th 2 Z L &#FZE, ANERASIFE
R, CRAEKCTE DA DT VA v, ML RATAERES A
B MR AEE L B2 794 VAL 5, L
72T, THA VICE2—FDTF74 FaEwzL, 4V
TV 2V AURBRERAERC S Z RO 5N 5.

Fig. 8 Body shapes designed by thorough
investigations on airflow management

KASIFER8, X 2RI T 572012, 7ar bR
TRV YRT =R EDHNEMITIE, #4392 Th
DENROWMBAF Yy T2 274 VY —7 2 ZAEB AL
DARNTWS (Fig. 9). [AIFIZY v — 7f¢wman~
TR, WA E H BB OENE /N T ¥ 2D T RIS
T,kA%ﬁEéﬁézﬁ—%4ﬁé%jtﬁfma

2T, SR\ OVERA NS 572012, BRE
EEICBI LTI A = AL THE 74 v A&fE L, JitE
PEREOIEEZ & C 28T 03, &< & THREEICH -
T, T4 T4 = LETHIEL TFH¥A L7z (Fig. 10).

INSDEHREZWD ANBZ LT, METERDH %R
F—FHFA &, A H = H TG BB R Ot s,
AR=F 4 THODENSILIF VT, TFVL YT Th
DEBEA YTV 2V 2D H B, Forzal2b MFFD Rk
st Eh T s,

ZDESIZLT, HREATE AL, BB LA G, B
DRADZ—=FIZZIFANENDEZALA NV TDAT v F
% 5ER X 4 72 (Fig. 11).

Fig. 10 Design expressions evoking mechanical
characteristics of functional parts
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Fig. 11

Styling sketch of side view

8. B L TH 1 HERDEE

81. IKEFIICHIBTHA >

WIZ, TRETIZBRAEZTaRE - 3 VRFHFAL VYOS
Mk %, SAROET IR L -, ZHUE, TRt kS &
fE¥ABOET I EICEk > THZ b3,

(1) Z v 4 EFILOEK

(2) FHA V7 — 2 DK

(3) RTEHDIERK

(4) keI & 268, YEREDMGE

KHHFEDOTFTHF A VIZBNTIE (4), EDbIFZEIZr»
bEMREL, ZOREROT VA Y ANDT 4 — N3y 2I12H
HEDZ L OREHAEER L 7.

Thabb,
(L)av,szbhhorickbkEhvA v FTaTsy
¥ g VIEREDIEH
(2) 2 EEBBOIA LI T HIREET AV KT
a2y Ot

(3) JEY) D FKI A& & OB Rl

EFHNE LT, MO D70 T, &7z %, dfEd%
JEEIZHAATER T 5 Z LIS K DR L 72, ZOfERICH
DE, VLA ETFIRL Y VT LI H Y L OMITRIF
ROBIEEED B L 72, W & AHEREFr LT, a3V
Va—2ya3Ib—vaVIZkaMGE eI hni
NoH, A44 ) VT EHREE TN 72,

ZIHOL7MEEEADLET, MEHEAET 2 b a2 — 21T
A, A YR TaTF oy g VIO X X EEREDOE
B EBAER BT k572, INEMEEOFRE T 2 T4
KNS BB REICZ, 244 ) V7 HOWE % 530k %13
o,
KEFILDOFHFA VIREIZIBO TR, BtlesEZ e w4
vETuT oY g YEROWMN N E R, T4 T 4 —
MBIROZE T 5 E12ONWT, F WL ETEWMO B WT

4 VORBREZ b, 2D XS SHUE L 7-8GEE 7 o
Y 2 %48 T, Forzal2b Omf&M L2844 ) V7 FH 4 v
M5 L 7= (Fig. 12).

82. 7V ¥ ARTINZRT)—>

AV RTaT oY s VOREERRTHEI A ) -V
i, 244V Vv OHRICE RS BETLIHURTH 5.
RO S 7Y A v EED 72A, Forzal25 OB Tk
ETFVA VAL TH -2 £, ok vAVF
TUF oY g VERT A A ) -V DBEBLTOYA X
REE, BRENEMRE cBEE L, ZhEXR—-2IZF7Y
4V ERGEIL Tn L.

Fig. 12 Finalized exterior design (for mass production)

— 107 —



Honda R&D Technical Review

Vol.28 No.1 (April 2016)

821. A7 Y—DMREYAFRE

20N =VERELTEIA VY FTaFr Y 3 VIR
&y, EHEGETHOYEEIIES. LirL, KEh2s
V=2 E Ay MEPD Tk an. ZigHEo 22 -k
Avvzry g VlgEReRy b 7L 2B K BRI
579, WiEHEO 7T VA7 2D K552 ) 7 THR
BHRERLZZENHLL, HaE D00, WAK
BEWRAZ ) —VITNE L KEORR S 2 ET, 45
THRAENT 22855, £, “dafipfFoiEL s
RPRIT, NUFRE L8, SR TRERLC N5 &2 A1
55, KEFTEBLZA2) -V iEZORYEE L AR L L
TLED.

822 FAEDIFEEX V) =Y A4 X

IOV FIEAERENT V2 EHE BT, 74
ADOWIEIZ A 572, BEHIERVWAT ) — VA XKD
ENB. L2ALYR REEA2) —VvH A XEF74 4D
BERRBIZE > TENT 5. B2 IMIZL S 4 212138
WA )=V HAXTE, REDITA LI2L 5 TUIHA
ZHNEL, FakTarFsy a VB ENWT ENE
Abh3b. —J, REOS A Ttk A ) -V EE &
EBORWT 4 £zl > TEATAHROHF IR ->TLE 5
0§ BUEEMNS D B, WA —FORKBIZY v FT 5
2N —=IEED HBHNRNED, F— L TilamaEHAT.

823. 7V v AATIWAT ) — L DIRA &K

RSN U2 R, 7V AZ T A2 —
VOEMTH 7=,

KDY T T —FT LD TRIEHEI N TWE TV v
AL TINATY) = VIR, WHEIZ125 cc 7 7 AD _fGHH T
FHEhZ=hdzn, L, £ 02 —HilRility 1 v
Frusoy g VERRTE, ZE2»D " HEOME 2
BPPBERCTEHABHEEIIN LBV EE R

125 cc 22 — 2 D— N GEits =& 2 5 &, 73—
BEAE KIS, S8R AT 4L, a2
PRI T Az Eir TR L. TN ERE 2 - b
T, A7) =V T Yy A MHLY - L O A,
BT AR L A035 224 ¥ 7 &R X8 5 BEH
b5, FDEHOTHEE LT, 22 — VHiJIC Fig. 13D
BEIZRTNSAFEREL, 7V v 2 MM 28> 7
WAV EZZZ, ZTRICKD, 7Y% 2 MERMOREE L
RS, fEROGT 22 =24 L0DE 22 ) =V ET VIS
MIREBZZENAREE R T2 /2, 244 ) v 2T
AR=T 4 THOER6 Y, kAR E KT &5
DT 2 A ZATHA VICFHG T2 L b7 BB A
o) = ETTEBIZE, 2O FO TSI s

oI, NAHFTEHDOZ 7 26l Ahzi %34
PHMTERL, 220 -y Hhirbl+52&7T, 7
AXIZEDBVBWIA Yy FFusrsy g vaEELTWS
(Fig. 14).

824 . A7) —LFH AL LDRE

TV AZTINAL ) =V, KF—H o ILlEkk, I v
Va—2v 23—V g yRBAERE COFRFEIZL S
MEEBZRNENL, LR T A Y ERLICEHD T
7= (Fig. 15).

Fig. 14  Airflow straightening effects generated behind
the screen, where red lines show the
straightened flows behind the screen

Fig. 15 Design verification using wind tunnel
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BRI 227 ) — v o, 120 mm O BT
6 BEFEDAR DY g VICEERARE A {LRkE L7z, ZThICK
D, XEIFAHGEOI—HFIZH LT, Yoz @ duE sk
et 3 Z e NalREE Ko7z 72, w4V F T T
Y g YRIRELEESE, 22—V E TR LT,
B 5 LRI S 2 BT 2R LT L TE .

83. T4 T4 —ITHTL>

HGEARD T O R -2 3 VR AT LLSNDT 4 74—
&, BREMERRIE Y, REMAFZRL T A VA BRML
F2. FOHTY, KEFIICT, BICHEHEE B AERER
FHAL 2O TELITFITRNT.

831.M1>Hh3IF—

7TV ATIE, B EEGER T, i 2 M H o
23 0T BB, N — FEEEESE 500 AT
H 5 (Fig. 16). Z D72, 7a v b4 v HiE, EOME
IZhBH% 4 F3IT—ICHEL %z (Fig. 17). 25952 &
T, A4 v hNHE EDEEFEYORICEND D &MY
X WA AESD DI ENTESL. /2, ZTHIZEH T,
—fEEIZ BT RO T A4 BT EHH & OWHEREIA L
IG5 TE 5.

Fig. 16 Congested motor highway circulated around
the city of Paris

n \

Fig. 17  Side mirrors installed with turn signal lights

832 . BEhl)

it AL =i, BREOE—2% 4 2L LY P EEH
L& 25008, NWTHFA v & 5528 T
EATHERED R S A& LC *# T\ 5 (Fig. 18). ) Y # 2~y
vavazy M BAETeR-Y 3 VESIZVTOD, R
WAERLFDODHIZEE L 2O A E LT3
8.3.3. ITK%R

LEDDF a7~y K4 ML, BHHIZL->T54
VIRIZHRNX BB LED BV Y 3 v 54 L EHlARDES
ZLT, v —TTHEREERNEE S A, AL RT3
FH¥4 &L (Fig.19). £/, LEDF— L7V F 7L —
FI4 ML, kA MTIRET 2T & TR & 7 9 A
vel, BENPS5TE —HTForzal25 & b2 21N %
3. 724 7= (Fig. 20).

Fig. 18 Front wheel and front fork with bottom case

Fig. 20 LED tail and brake light
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834. 1—F 14T 1 ANR-2

=T 4V T4 AXR=2F, W—#EH@GHrTFITY by 7
LARLDIEHA R — 2 EMEHR L. VY AT —HD 2 —
FTAVT ARy 2 2348 LOBENDH D, @O0
WEMAADLES Z LT, &L AMEHERIZIGTX
% (Fig. 21, Fig. 22). £7=, 7u v b RF—HDZa—7
Ry 2 A2V H—FA4 2=y b7y Ly b a2
fiiL, A~v— b7+ ¥ EDFHESAREIZ L 72 (Fig. 23).
835 A A RNILALZIINZIV

4 VA NIV ZIISFIL, 2— FHHLG % i 3
BRI, HEICHkD AT ) T CH B, TDD, 1 —FH
DGR, ZDOTFHFA VI e EEEC 5, 7
YAV EEELAI) TO—DTh 5. Mo B A K

Fig. 21  Utility space under the seat

— One helmet
with a Bag

with a Bag and
a Chain lock 2

A Bag, a Chain lock
and a RaincoaL _

Partition plate

with a Chain lock and
Others

with a Second bag,
a Chain lock and
a Raincoat &

J

Fig. 23 Glove compartment

IZh->Tnda—HIIxL, ¥V TILTHEEENTH D 508
O, KDEWVHEERARLC X2 LS, UTFTOMICEEL 7Y
1V E BT k-7 (Fig. 24).

(1) 2¥—Fax—gbaax—z2ig7rursNeL, K
ASIFOEEE E &2 L7,

(2) A —=2R0iFE¥EL EFOT7 v -4 THAZ. Zhi
Ko THEEEED, £/, RO — 4 LDENE
EBLZ 7L —2a@ix, ESONUGEDOL V7)) 7
TOMN Y RTEHBIUAT Ty 2L LI RIS
L0, D Polypropylene (PP) #LsiHg S — > & 'E
EOEEIL TS, IRFETIE AL, KADOTER X
NE=FHA VEEXIL 7~

B) LR 7v—212&k>T, NHEIO X =2 B XAV
Var—sE, MDA YT H A= 3 Liquid
Crystal Display (LCD) &I 5L, »DHIT =
DEREDFZ. ZHIZKD, UHHEO A 2 by L
AV RNISFID & S LIRS A L 7=,

(4)4 v 7 x A= 3 ¥ LCD L, WHEE ISR 255
BIEIUY, BB AL L L 7.

(B)NY RAAN=BEIZE A= O T 2T
T v 7 DHEFISN—=V EMA, 4 YV Z b yIb X VAL
FILDFBAERZ S, Bi&A EORBREHR L 72.

(6) XHIZHBWERERD 22— HFIZANT T, AF—H
Tl bETERE LA —ZTL =2, NV FIL
HIN=HED, T %) 8= & HE L7 (Fig. 25).

Fig. 25 Example of furnished accessory parts
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(7)Y EIN=X, TTE = A= DAV— T %V
AL ZEEOHNMN T EMEL, S L EEES 7
EHAT, $o2DENEL LI LT v ELE
(Fig. 26).

836.CVTH—RAAN—, TT7I)—FHr—XHIN—

20 =AM TREENE—Z2H A 7LD THA VIV
T, Ty VORI EIIMRRDE S L EA KBTS LT
EHEA/S— A, L2 LAERS X2 — 2 TR, 7R
FIS—=VIZEDLNT, TV VIRIFEALER ALV, K
ETMICEOTUL, ENENMERARC LT~
DFEBEEZ—DOOHEL LT\ 22T, KEFLTIE,
IV VOROEWETF Y Y v Lk, TV Y Y ONMEOR
b0z, BEEREEZ NSO THNE CVT 7 — A H/3—0
FHA VIZKSTRBETEZ L L ZOFHELT,
FHRO Y AR BT PP EEREERELT, KIRDH S
BRE LN ETEICREL, ARV RE—ZH A
LNDAA VT T —bDA A=V EEBH L MATZT 2
V—=F T —ZAAN—F AN KN THBEEDH B EDET
5ZLT, @b Ehizo vy Yy ThHiI I EEKZ L EH
5THAVELI, ZT ) —F T —=ZhN—DT A
T3, BBEMIZ S, IR A 5 DR KRDEA % B TR
L5 TW3.

ZD X ITHERER/ S — Y ORIEBIZH 20, T ORRE L
ZAAN AT MIB->TTHFAVT52ET
B EARDA A =D 2H— L, BEHE EIZFS LT3
(Fig. 27).

84.h7—-)>9

ERTESZATDOHNT =NV T =Y 3 VERELE (I
=) L= g F, IGETAEIC & - TH T OZEENR
» %) (Fig. 28). WD 2 7 — 213, WRGEHEDIZFL AL %
T =V ROAT=NED B, IR, 5H Q@I
BB NN, XTI AMEZADLERTLT
BEEODMANSTHB. 22T, 584744471
TI9IRHVAR) 9o BRED, ¥y BT F—VR

17— %A

L2LED) DDA T, 75V 2D ANLZDENER
TryiasiiEd, TOLD EBNT, b i TRHEN L
NT=V VT ERELE vy PRI bevy bTIL—
EHlAR DY, MOFEERERS, AN2DEFIIHD &5
Z, AR=T 4 THOEDBERASITOEAZK L 5 &
IEANT =)V EfELZ AT FETI—EWnS A
AbHEiE, MM AV T A NEHARDEER, WiH T —
EVy b AT —LTBHZLT, FRLTEAWESEZ D
BFHA L ZOEIILT, HHTHD ENS,
WLUTHBECIENH S =) VI EEBIL T3,

Fig. 27 Covering of CVT case and covering of air
cleaner case

\

Fig. 26 Example of smart phone installation

Fig. 28 Color variations
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9. MHBDRIT

Forzal2513 2014 4F 10 HIZ/ S £ — & — ¥ 3 — CHE
xR, 2015 4F 4 HIZIRFEHBG & .

Z ORFEHEI & SO TR T D B M, 75 v
ZTCOEEE1 A2 5 7 HOREHRGEAR RIS BT, 125 cc
20 =257 3Y by TOWRFEER AL 72 (Fig. 29).
ZhIZ&D, 75V 212k % Honda D 125 cc 27 — 4
HFT)VDY =27 HKRELMPUTNS (Fig. 30). 2 —H=%
Dy —=F YA MNOBEEED TY, Forzal25 IZIEFIZS
WA 2 572, Z DR TTF A I3, BHSEOLERE & 15 5
ZENTE, HljEROFAIZKE < BBk 7.

72, HF—V VI TFHEAL VLT, WETE Ll
HENB20—-2THbI28hr2b5F, vy PARTA b
EX Y N TN —DAVER =2 a3 VDT =R TN, H
7 —BIARGE LT 25% & 7z, Zhud, &5 44 T
FHIZHZWIRFEHE L 5> Tw3 (Fig. 31). 2D Z ki,
4N Forzal25 OH 5 =1 VA WL, 75V
ZADNA DN L =22k 3DEELONS.

Sales volume (units)
0 1,000 2,000 3,000 4,000

FORZA 125
Model A
PCX 125
Model B
Model C
Model D
Model E
Model F
Model G
Model H

Fig. 29 Top ten models in accumulated sales units of
110 to 125 cc class scooters in France (January
to July, 2015) (from Honda internal material)

30%

Honda
25% /
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Fig. 30 Transitions of shares among manufactures for
110 to 125 cc class scooters in France (until
October, 2015) (from Honda internal material)

m Mat black x Black

B Mat white x Mat blue
B Black x Brown

@ Dark silver x Mat black
O Mat white x Black

Fig. 31 Constituent proportions of vehicle body color

variations for the Forza125 in sales

10. &

TSmO HE = — X OEE I E 2, Forzal2b
DOFAFETIE, 572 HLWGT 227 — 2 DRI A HIEL 7.

ZORMMAEREE KL, ElAEICE N TIE [New
Stylish Sportl# % —7— I & L, Highway 2 — 2 & City
21— 2, ThENTRD 5N 5 MR A B\ RIT Tl & &
5ZLAHEIZETR. 224 ) VI TFHEAL VIZBNT
&, R L W5 222 TR, RV ETTERE
OBEERBTLZEEHIBLE. ZORBOEDIZ, ¥
AV iTursy g vERKRICGIRNTZ 5L, HhE
PEEREOSAATEZ 24 ) V7 EHRIEL 72

ZDFER, Forzal25 3HBIcH W\ T, IH&EF->TZA
non, RANBZLA ) Y AIZBWTHIEL 2 hingEs
LT EEHIIL T b

L2 L, 8IS 2 BORHIiE, 2 — 328 RO
VIAAZRIZBNTL 3. LER-T, Shefkrid,
WICKT 3OS ICH 2 HT, BESEOHMTED
EFRTHKAFERTOE W, ZOZET, 2Thhbd
Forzal25 "BEMIZE ST, BOZAXZ VX —-FETILE
ROLNHITOEND ELIIILTVELZNWEE LTINS,

SZ XMk

(1) http://world.honda.com/Global-125cc-engine/

d.hk
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Styling Design of New Tact, 50 cc Standard Scooter

P
Mamoru OTSUBO
=3 =1 ABSTRACT

REKL22HAD 50 cc A7 —2H 7TV HBIZBWT,
BfF 22— OMFHIZINZ 5 LRI, TV ) —FETF L
LCOMNEMAT, Bk A2y X —F 22 —2D%
MR LN T, TGHEIIBT 2K IEZOR25
i, POt 2 -85 k0 8, B Tom L
IZOAENBFBUNER I EEFER SN T4hbb,
INFRDLI—FRNZ L 5/S— FF L LTHAITE 3
Za—bPFPINBETABRDOENTNAELENHIZETH-
7o, ZZT, F—U— P& [RDLE| B, HHiNTid%k
<, BERER W FE2 LR D MR Z 44 ) V7 FHA
VORI AEHIE L. £72, HondalZ & 5 THID 50 ce X
2 =2 THHHM Tact &, KRETFTILHBHIFT L DH—H
LTWaZenb, 2 —3I V2% Tact WEINE A, £
KD, <OV 22 I LMY LFohs e ek
D, 2—-FRWFEHEIZE, EFLDI VLT FEA ML —
MUEABZEMNTEL, -V OIAREBMIIADYE
THEIRNRELE T - V7 HD, 2—FORE/S— )
ELTC, BWEAMERNC, Yol AR — T BEFILICH
EFBZEenTEL.

The development of a new scooter to be recognized
as a next standard model has been required for the
market of 50 cc scooter category in Japan, which is
already in the status of its maturity, to respond to the
requests from existing users providing features attractive
enough as an entry model as well. Through the results
from our market survey, it was found that flexibility in
design to provide usability enhancements was considered
to be more important than that for having features or
uniqueness of a product. That is, the neutrally featured
model, which is suitable to be the best partner for
every individual user, was requested. Accordingly, the
key word of the exterior design was defined as “relieved
feeling” aiming at a creation of styling design based on
logical consequences from the functions and usability,
keeping away from embellishments. The model name
was inherited from the first generation Tact, which was
the first 50 cc scooter from Honda, because the goal
the development for the first Tact was identical with
that for our developing model. Because of that naming,
it attracted the interests of many media people and
made it easy to straightforwardly introduce the vehicle
design concept to dealers and customers. Through this
development, including coloring options selectable to
fit a user’s preference and belongings, a scooter that
pleasantly supports their lives with conveniences acting
as a good partner was successfully established.

1. EANDE

HARHE OHMX 5y, RETHIED S &, a3 i
TYHZHE S5720M, 50 cce A7 — 27 T)Thb. Hir
EFHURO LT X, v TV HEEERAE, 7 O Rl 25 ik
Who, ZEOTY N —HFTY & LTOREDITIC
b5, BUEL —EDEEDE L, 50 cc 227 — 2 Wi,
BAEDP BB TETANRASH, ST hEEEF
D=—=XBA TS, ZOELEDZ 2 —FRE, HE»H
40 L ED R AIZZEL LY, 1980 E8A 5 90 IR
ENES %, FEDETFTANERMICFENE LS T L
13 %< -7z (Fig. 1).

* fi R&D v & —
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10s 20s 30s 40s 50s  60s or more
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Fig. 1 Generation transitions of motorcycle buyers in
Japan
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L LERS, 50 cc A2 — & 03HD FECMIEM: % & »
5, ZOMMAEMREEL, BHL T EZE 5TV E 21—
i, BETEIRLTh RS B, £, HOALBIZY, Z
NOAHMICIRL T 55 Z &0, 550 @tk
RARTH B EEZ T

ZZ7T, O -V OB A S &8I, =V b
V=T NELTOMNEMAZ, itk A4 4—F 2
I —BDRERI LI L E -T2

2. MGHE

2.1. KEHBICH T B3EbNA
KEFLDOEE, ZZ VA —FAZ =R L0 ED
Ih5, EXFABEIFISHRTILELHS. 20D
72, ROrRENh4 =7y b2 —-HFIZTE- LTS %
EDORMREXTERL S5/ Z2T, T3 —-FKD
ZAE T DOIRFEIEIZ T, 50 cc A2 — & 2 —HFDHHE
PFEAEML 72, Z L TCZOFEEIZED, FIZ Honda l2H
FBBHED ALY & —F 22 —4, Today(Fig. 2) & Dio
(Fig. 3) IZPI T 2 EMANIET 2 Z L TE 2,

%7, Today IZDW T, flif§ 2 EHM T 52— nZW0
LD Z LW T E 72, Today 1d Honda (236 1) 5 i BEA

Fig. 3 Exterior view of the Dio

BMTHD, ZTIZETPHROL B OB TH 72, %
U TARRICRE kB4 5.2 %, Today DT WA VK
AV MIEATAEREATTEI LN TE L.

Today id, BEfliCIXH 2B F —T A X —=VIZiEL 7=
BN, ZZTC, ZOXTFMIZESTDTAFT VT4 T4
ERTEELLT, 779 vaF TLEEFTLDOA A —
CEED AN AN—L ZDNY RIS TR iy L
72Ny RIA b, A—2i%, ThEaMLZEHETH -
72. L2 LSROFEKT, ZORBKPLTLEIAL ZITA
nohTnhknEnwd ZERHE K572, ZOHHE
BLehaBEELTHATK NI EERBVTHAT S5 —
T, /EROBIG S— Y THIN ==y FLED OH:
BeETOHERB YT WS 2 ETH 5. MO R
3, BEROWGEE»SHL 2N T,

72, DiolZDWTiE, Filloz -9 & g IcEHE L
A—=ry b ThHb, FRIZI-FOFELEL Z &P
TE7. £, 50 cc A2 — & % Honda B0 » 5
KREVWIFHETEAZHW. #EE*B I k- 25T,
Giorno (Fig. 4) % Zoomer (Fig. 5) &\V5, 77 v ¥ a+ 7
LT, RN e 2 4 4 L O EfiliiE O TR EEL T
W, L2 LARDL, Wb EHELREDETILERD
5L, Today 2 DiolZfEhTLES L), 51T,

Fig. 4 Exterior view of the Giorno

Fig. 5 Exterior view of the Zoomer
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FREROZ—-FIZE 5 TE, NY FARDIZMA TR
F—FbDDOL D ELDTOEFILERE > TWS Dio
LBEIREA BV E WS BRI E b - 7.

% Z T, é%&él—ﬁ?%&F@ﬁ%@%?%ﬁb
12, 227 — #IRGED L HFEHIZ 1 %2 2 —HFIZDn
Ty, HARErBIho7-.

22 . WAHEHICH FB2{EHRA
HWAEHIZH S 50 cc A7 —21F, KEbfi& gL T
ZREDR DD, KFDAEHICEE LA TH DI I LIIED
DB NT LD, HiENHE RN S Z & CHRE T & 7.
KEETHTI1E, AHISERB BT L, HF] 58 T
BE< b3, LaL, HHOHIIZ &> Td, ALZSEMIE
RoN7ZEDIZH D, 2D 50 ce 27— &1, Eilid¥
ABFA4TIAVD—DLLT, LoD EEZLTNS.
FIIGHDOEFTTh 2 HENICIE, L ORE, RED
Bhim s i S T %L SHOEBRERFFICIE, A —Y %
?BZUD%UHE&@LEJ}L?Z = RA—Flbh, TNy
IZE O miE S — P FREILOT U TITEE, R4
tH%%qufna
Bl d 2 KEOHEGGIZIT > TAS &, BFEOMLFE
me L THhRBENL LI ERBN2DTH A HKRERDET
AW, BEZLIEDTH -7, 2Oz, #HRE N 2
Ty T EBLEZETILE RS h.
¥ 7z, WD L OCEFERR OGS TlE, Giorno &
E®77yvaV%@%?»ﬁ&@%h%<¢@f@o
XS, WATEEKML T, $Hiky 5 — 3 [6 ClEA
®é®#§<ﬁhfwﬁ
Z LT, BRSO 2 —8—< = v b OB T
Today X Dio #BEZ RAZENTES ZZTlE, 22—
BDAEA v eid—YBRE <, HIKDOH{TTRIZNZ T v
AW HBNEIAT Y ST TIIREL R EEL
wE, B2 SO TS Hlj A KL < fifsd L7z (Fig. 6).
ZIZHEA L - AR L, KIS O DTH B

Fig. 6 User using the Dio equipped with both of front
and rear baskets for delivery

PLEOMAERSRID, T2 5DZA8 VX -2 —4&
12, 7oy a YHER AR IR EDRM AR
Ze&y, B Fom Eicok,N s, X FIE B
IBZ SNDFHMENEETH S Z Ebh -7z Hilioit
Azl o, EARN B MEREOR LS B ETIED S0, ThE
hO2L—HRRZ M H/S— b FELTHATES =2 —
FNEETNERDTND Z EMMERTE .

3.a>t7 b

31. -V DENEREOBZE
HIEOTLHABICLD, 50 cc A4 VA —F A7 —4
T 22 —FORWEHRT 2N TEL. ffle L
T, SFERDOL—HFIZE 5T, Bl ERLEODOERBD, &
BB AEENBB NS T L. 72, AWEKROTE
WM, A2 —=2DAZ4) Y 2IThhrbET, Bk
KLTOhBRZEBETHD. Thbb, WHAIZLI—FOf
WIET 2R Udhd, —DOEELEIREMLLEBDT
bH5.

AKEFILFARIZI T 5’42 O HEE, MEROFH O 2 —
PFOXEFLIEFABHIIIRASZETHS. LT,
AVE—F2A7 =2 LTRDLNBLEREAVEL, Th
M- hBELZIIHLT B arZ N R
5. ThEMFIS, RELZERDEVI—-FIZE, B
L&%beéézfa L{lonEDOLELI BRSE
L, INBESERRLWER S TWEZ TS L BEWMTH S
tb~ﬂb~@<£L®%ﬁ~O“T,gﬁw,#Oi%
IZEZZDSBTIENRETH - 7.

32. ¥—7— KORE

B cih Rz —FOMr 5, ks ZHEDF -7 —
Fa&[RDE]EED Tz, ZOFHITIE, FFFFRLEBL
X RllEEan. LALARS, BB 5H2T, B0
BEE MO T R TEERAAT, ANA2DEFFIZR X LLF
DRI TNDPRADEN TS EHETDH .

33. 3>t7hk

2RV E—=F A7 —=ZDOF =5 MHbhgE, EHORT
b5, ThThor—-FOHELERICLELEED DL
LT, ZOHHEHS TS D THD. WDEEFI-T
EZALIRUTELARZEZEN, XEXEHI-VD
CEXFEFARBRIZZAZZDL, HFINERAN RV T
FEDTHB.

il DA 8 72 & TR RUI RIS 5 2%, %
NREEOM U IZE ST, ZOEFLOHFETEZ
ATIEBELS BE->TLED. Th& Y, ZhinLDEs
FroTlizsLLAZLDTEBZETLDOERIMEEL
5.
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4. N—XEFILDEIR

AEFLOIAV LT M EBBT 572007 T v bk—
LI, WRICHRFE E T3 50 ce A2 — # Dunk'? & 4k
WO EDEMNWZ (Fig. 7). SEAMERE L BT O L2
HIZ, #7250 cc A2 —28EHHT Iy bR—LE LT,
IUVDVEITTL - AFHKOTRTHFHRE I N
DTH5. TREHVBZEIZED, RFTOMRELE 7256
FTROVEETFIZANDD, lifgD LAE2IA 2 Z LA hE
Lot

Fig. 7 Body frame configuration and exterior view of
the Dunk

5. 224V>7

2 —PIZRDEAE R T X B, A EOREIZ DN T
WL OADFHBEIZS T T FIORT

B, V- P OEEAEIILD E L, kDY 4 XK
ORENBEEEL D, BEIOLZOOFEELTO, R
TR, RO T I LWV, FHIZE T S [LRDOE]T
»H5.

W, S E, HREMICA > =B HbA L
fliboTWBZ ENEBEL AL, VB TIZHT 5 %D
IO T H 5.

F7z, RMOMHIZEM A > 247 %R A5 HE
WTH 5. i flifsiD 2 s —2Th->Te, §FIT8E
NTLENZE I AEFEL O D TIERS. BEARD [RD
&S SN TE RS B,

ZLT, IN6DEEE, RTH»5[ROE|IE LT
RANVIIZEBTBZENROONBEDTHB.

5.1. ZMHDHTE
ROVEDL—FIED B A LA N EEZ DHBICHBW

T, AW O DOFRMERYNCEHRTE L 72 T, BRE

BEHZIR VWS 22 ek L7227 bR — F %, Fig. 8,

Fig. 9 127"

F/z, RE LG ENISRT.

(V) EELE L -7y MaThBFRPLLMDL - EFH
A, OB R XI2ohNnBT V37 AT
52 k.

(2) B2 SIS LG 2 Ledn, MBELEODONY K
LTH%Z L (Fig. 10).

(3) EFTFARUMO -S> T A#MEL, 75 v
FCHHEDEBWATF y F7ur bty — MERTH
52 k.

()X T2 av—vyD7ay bNAry P E¥EHL
Bficd, TEAZTHIAICHSIEST3ETES &

Lhelscootentolbelalnewistandard

With the good total balance in vehiecle requirments

Electrical speedometer
equipped with a clock

Large sized
convenient hook

Flat floor
that allow more freedom
of foot positions

Handy size

offering value for money to the customers

Optional low-height seat
is also available

Under-seat utility box
with an abundant storing space
(excluding low-height seat type)

New wheel design
succeeding the established
wheel design for thirty years

Fig. 8 Conceptual descriptions on specifications and equipment
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5, AN BRKIZLEZTO Y P AN—TH D
Z & (Fig. 11).

(5) RitmDEAE T O & HThA2 D, #ELRV, il
VHEOTIO Y N T2 B THBET L.

(6) HELNBESZ VLS, BERDZZA) VIR
IS=V IR, ¥ v T OMMERE IR C 58K TH
BT L.

oD E S EIZ, 224 ) VOB EB IS
ikt

Feature expressions understandable at a glance

EShapes thatidirectlyrepresent :

X hosefunctionalbenefitss

Highly considerate designs

for detailed parts to represent
reasonably high qualified

appearances

Surface configurations
leaving out
extreme exaggerations

-
4

Slim and compact dimensions
that offer relieving perception of a good manueuverability

Fig. 9 Conceptual descriptions on styling

Fig. 10  Styling sketches of front and rear quarter
view for new standard scooter concept

52. 7¥ 1 L DF&
284N VT FHEA VK, B TFOMAEEHL =Tk

A oTHIkEo7.

(1) &BRHA X &2 82 MIZID 5 2012, By

i, HkEd &), EDED T S— Y ORI % 5%
Ty a—bT—NIZT5.
FT, SR T =L, TJL—2EEICHETS
AVFIN=D DI )T 5V A EmMNGED 2. FHe
RDOKE SIRIZH Z 2 HEPRET ORI 5O T —
LZ4 M, FOMRSEY 7v s 2 %@AL, 2
v30 MEEM - 7z (Fig. 12).

(2)&kTaR—-v 3 vaE, REEFLDRRBKES L
MolzFIROEEEL L, IV 2X815 5.
TRTET, iETE AN, BrOIERWA X =T
A BT 2728, A7 %D Lo 7 4 v & KT
SIEI, T T4 v &Rl BRIk ICRE L
7o, EHIZ, RF =S A Pz ol %l 5 i

RFBZLT, BRI LHFHEDHEZALA4 ) VT

fasket  New model

backward
[ Basket Space
big
@ Lugoage box :
- Fuel tank
Battery

Basket Today Basket io

backward us Ssgqagﬁ__ forward

Fig. 11 Comparison of utility space arrangement of
developed model with those of the Today
and the Dio

Fig. 12  Exterior views of rear end of body including
combination lamp assembly representing a
short tail
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12t B 72 (Fig. 13).

(3)AEATFT — =D PEXL 27 X2 RET 37290

12, YV TATIRD O b 5 MmN AR E T 5.
UTNEHOEIE AR I G D 20T, KEDOIE
AT ==V EHWRZ L ELE 277L, KEDHOD
AT —28=V U, M (ST 5 ORI O FEE A
D—D) WL BAEAIZHS. T I THDALALD
%, BeicZfbx sl Rk, i
HOZME VT LERS, VY TLTRDDD S
ERAM L. 72, 2 72 0ORBEZMBRTS7-0, &
OMRR AR L, WARIZEAD D BP0 IR Uil & 5%
EL7 ZOHDBLOMBIZLD, METHE
VYIRS ED TV MIED, AUN)DDH
LR ERBT 2 Z N TE - (Fig. 14).

(4) BEm G 2 ISEE U, BEHIER, fif P o RUE 2

ELZ A & R WL, HEBE S 2R
¥ 5.

HECTOMWET 2% 2 720, EilomEidkx n 2
Uy bbb BEERECEMLLTVL y SV — LR
EZ2Fy T T7uTEDR, )Y F v )T AOYORE
H, Ny bRy 7 ZANDT T & AW AR

ENEVHEBETD L1121, £ A4 —YDbknig
WEIE S—Y Z8HA L7z, 2612, 2156 NER/ -
VEDIRD I LEBIRE T35 2 &T, BRmANOER
& &PHIET 21588 Fi728 7 (Fig. 15).

(5) 70y b 2 —DEIEZAEZFD L7201, oA VA

—fEKHOvLF ) TL o A RNy F T4 EFKRA
5.

NV FLE D O/, 50 cc 27— & & L Tid—Ak
Wz, Mg/ S—y CcHN—hzfbike L, ¥ &0
ATEILFY)TL I RTTRDNY FI54 V&, 94
VA E—RIZUTHARALE. S LF) T Lo A
ANy FIA M, LYy X Hy BIFEAEAL LN
e, VIV ADEREAEREHOEE TR E K&
5. L2 L, A0 ARRRLEH O 5 gk
Eno, BIEZOEODOHMEIZZHIZE S B,
AREFILTIE, Ny FIA4 MO Fih S EHDT A
VO ESEAN BFER AR 5 2 T, &
BEDHBHEBERL 7z, ZhizkD, HRENSM%
VT LENS, BREOETAIRETEILENTE
7= (Fig. 16).

Fig. 13  Exterior design scheme of the Tact

Fig. 15 Arrangement of colored parts on the Tact

Fig. 14 Intensified expressions of rigidity applied to

exterior part
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Fig. 16 Design concept for headlight and accented
lines surrounding turn signal lights



#FEB0cc R H— KRR —4%, Tact DFH A >

(6) ~HRT, #HANDRFTNWAE - F A =2 L T30

12, BERMEICEN 2 X7 A RS < BE L, Bliic e
Bk 3 5.
WOk 4=y METH BHERD L —FICHEE
L, BRI EEEN B IR A5 X5, LA T YL
AR AHIE T, KREEY A ZOXFEEHHL-. £
7o, ZROGHIZL Y, AERKRSZ & T, A —
AOHIREZ o F) & XH7 (Fig. 17).

(7) BICORX 2 KBT 272012, 2AE— 2V BTFH 4 v
DFRA =L E#FHT 5.

IR Tact ISHRH &7z A4 —ILid, ZO#HK 30 4
flizh7z0, 8t 2 7 — 2 DHEETFIVIHH SN T
7z, BRERICHEN Iz, TR T A v Th 5 &G
ENTE SR, Firhk A2V FT—FAr2 -2k L
TREFLEFRET 5 LT, v4 —LFH A v R
FTZLL LA BWRENTY YT, ZLTCExEER
THA VDA — 2 EER, AR —27IKDE
% $i- 724 — L ZBAFE L 72 (Fig. 18).
INHDOFHEICKD, WHiNTIEA <, HRESLHVLIET
MHRBMARNEZLA) VI THEA VERIHTAZ LN
TE Z—YRHEEFOH TR ZEDTE RV S—

e

Fig. 17 Simplified speedometer design for good
visibility

Fig. 18 Steel wheel with spoke like radial pattern

FFELUTHERE, Mi5IC[A21ZE | EMEL T2
BETNMIGES5T2EELZ TS,

6. *x—3I>7

Tact &) B, 1980 FFICHRFEFIG X 7z, Honda
D50 cc A7 —ADFHERDETLDEDTH -7z
(Fig. 19). Tact {37 D%, 2002 4% T 22 4[], 72
b7z D EFEN N,

ATvav s ME, HIZEGFETLE) =2 -TLT5
DTIEEL, EBoE B, Today TE < Dio T AW,
W22y 8= FEFLORRTH 3. TD7=8, FRY
PIOBHETIE, x— IV 22 Oo0nWTRARDEE TH - 7.

L2L, 794 MiEEEED T IZHAT, [ZTho
T, 22 bEXRAIEOIENHZD, TATT A0y FIC
L HRIZ Tact DXLFEBAST20DFT B K H 1Tk 7.

ZD XD ERRENS, WM Tact DV ) — 2L &#HfERL
728 Sz, MW B, 3 o8y b sk, BUD )
R T WEFRHERE, AT 793 VIZT7 4 v b § B8]
Peg 224, LW -SENIER. RS RARLD
FHREHWA LM, BIELTWA/EmI YT ML, 1T A
EZDFFHTIFEEDTH 7.

VIR, BHFE A v SORBITIE, 72> T? Honda 50 cc A X
VE—F 2= 2DORELFATH 572 Tact EFI F— 3V
IWEH Lz, TR LEEAIBL S AL, #%H, E
R F—3I Ve LTHRABIEL 72,

LRt & B0, HANZ Tact fED 2 TidAa <, ETLOH
BEH, P Tact BHIET DL ~FL T/ Z
A6, HAREMIIERS WA —-I Vv I Tho72. T
DA—=IVIIIRTIREEKEL, < DY ZAIN5
LY FLFohabZ bkt £72, 2—-¥RIRFEIEIC
b, ETLOIVET IR Z ML= MIsbD, ZThUE
2w F Lt — IV TIRIENITEL S O TR RV L if
BIarZ o7

Fig. 19 Exterior view of the Tact of the first
generation in 1980
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I—FIZRROB AT LT 37200, Ri%EOH:
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FIZTC, —HFDF4 T AZANIZHEDIRD T & &0
ISEWTEABEINL (20154 1 H, #oeril), 26 ax%
& L 7= (Fig. 20).

(1) F¥v VT4 =/ =TVl y FEARRDDENSNA
T4 M DEELDBEEOFE Ly F

(2)78= V¥ ZIVATA PSS LOKEE &S AN
52— FILTHELOLETA b

(3)KEA P YT T 28y o FHEEDbDES T
=T V=0 N2 T Ty

() FVr =1 Th—=X20 927 HENEGHTH D &N
LRI VEEORS LTI —
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AHIEFIZHB W B A LN —

(6)vFRHT=—=T T x5 vy b ehkiREKEEED
HEDHLIMEPNT Y A LT TV

(5) Force silver metallic (6) Mahogany brown meta

Fig. 20 Color variations of the Tact
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Development of RC213V-S

https://doi.org/10.69239/hondatechnicalreview.2016 28 1 15

F OH £ & + B R T T =
Hiroshi UNUKI Ryuji TSUCHIYA Hodaka MUKOUHARA
ool =T KB 1B
Naoki MURASAWA Satoru OKOSHI

7 = ABSTRACT

RC213V-S &, MotoGP JHL — ¥ v 7' <+ v RC213V
ARARL LT, ZOA DXL LHMEHMAMEL - % %
T, AWETETRE T 2HBAHELME S 20
7o, RIS, FHVEMEIR D 729 O RfiiB i, HE %k
HRELE S BEOEFE L E 2B ko> T 50, HARKRS
ZAAN VT ERESETT L2 LKL, by »aHRERY
MWz 5 Z & TR E R 170 kg #3EK L 72,
Zhizk b, RC213V D=0 O EE L T TH 5 [
DRFTEXEWIEET 4 =) VORI E DT 4 &
ITRRLTE 65 ZENAHEE k-7,

The RC213V-S was developed aiming at a creation
of a motorcycle, which can be legally driven on a
public road, based on the MotoGP racing machine
RC213V while succeeding its mechanisms and detailed
specifications. To comply with regulations and to apply
necessary equipment needed for practical use, some
of the parts manufacturing processes were changed.
However, the basic configurations and exterior styling
design were maintained within a limited range of
changes, minimizing its weight increase to achieve
the dry weight of 170 kg. Consequently, it was made
possible to have ordinary riders enjoy the attractive
feature of maneuvering feeling that is so called
“excellence of maneuverability,” which is a crucial
element needed for RC213V to win the races.

1. 13U®IC

MotoGP fV — ¥ v "<~ RC213V (Fig. 1) 13, 2012
25 MotoGP 1224k L, 2013 4F, 2014 FFD 2 —X
VT, MAZA ML, VAN T I A AL ML,
F— L84 PO 3TEMSEEKL 2. MotoGP THED 7=
WICHIE SN ZOHEIE, [T S &L — 2D
HOREEHHO—D2& LTW5, D%, RC213V iZ
MR T VL =V VvV YV ThBESAS. Sl
BA%E L 72 RC213V-S (Fig. 2) 1%, RC213VDELL DA 1 =
L EMERHAR B L - £ T, AMETAETREE L 7=
HiljTH 5. ZTORFEORSWIE[FHDRT XS
DT A FIZERELTEEHIZENTESL LT
5Z2&THBH. TkbbH, RC213V-S i, ThFEFTDHLS
#* “#i R&D £V & —

Fig. 1 RC213V
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Fig. 2 RC213V-S

7% Honda 28 — 2 T =8l & HilR#ENE T T 5 £ 05
DTIE% <, MotoGP HIIZHAZE L 7= Hifli & — A% A% THEAT
EHD, LW BB ATH S.

AMTIE, TOWFEI 2T, = vk, dimH
BB 2 12N 5.

2. It T b+

RC213V &, BHEr42 160 kg DR IcmE /1 175
kW ABAZZ LYY v aFIRL, 5L 228 PR % fi 2
T3, [FFC, ZOMEEEH3ICRIES 520 DEN
THHERE R A LT 5. ABEET TSI L ZRilEe T

BHIRHETH 5 RC213V-S 2\, By IMERE% & L
Téavgkibé ZOEBEHET 14—V v R
LTE59 RO TRy sz, 7 OWEET 4 —
U/ﬁ%ﬁbf 5N [#25%L & (Fun to Ride) Ji
ttszﬂP@v—//774ﬁ®£7&7474/7
NTEELTE, MDA FOH 4 IR A BT
bHb. Fiz, LD ST ZOBITE+ 5 ISREA AT
HThd. LENK-T MBI VLT MNE, L—Y v
DVELTCONRy =V VT EEL, ZORRTH B
W74 =NV eRmTIABHBHRTHIZILETHS.

3. 2=

Fig. 312 RC213V, RC213V-S B L U*RC213V %~ —
Z & L7 MotoGP A —7 v A7) HOHRL —> v 2
v v Tdh5RCVIOOR DfE DS &2/~ d. £7z, Table
112 RC213V-S Dl EEFEILE /R F. RC213V-S iF,
RC213V O5R I/ Sy r =V v & JERFETC, FEARIK
BT AN ZZLERELRDBEER L 72, RC213V &
RIS, SEBIVEREA 5 5 72010, RS L 7=~ 2 L
XEXFAUEHEOTY Y 3 VIKER 72, F 7,
MotoGP V=¥ v~y v & U CRER & ERIN 22444

Table 1 Specifications of RC213V-S

Engine type

Liquid-cooled 4-stroke
4-valve DOHC V-4

Fuel supply system

PGM-DSFI electronic fuel

injection
Engine displacement (cm?®) 999
Frame type Diamond
Dry weight (kg) 170
Kerb weight (kg) 188
Caster angle (deg) 24.6

Dimensions (LxWxH) (mm)

2110 x 770 x 1115

Ground clearance (mm)

115

Seat height (mm) 830
Trail (mm) 105
Wheelbase (mm) 1460

AT B IR i DR RAL & SR L 2 D JAA TV 5.
(2, BOE I E N 2 B

EHIT, BOMBEEMRT 57280
HAAETAIHMHICLD B abh T3,
B2 MHEREE T 5720DEH
3

A VT v ARELC

, MEETEREL T 57200, LB R/NROTRE

“C“‘Ji‘:%ﬁ’\@ifﬁé‘
EINAELZHEHTH .

(1) —fsiyzs A V5 F v AL

—a—~FyrsArsa4nzT) oAU

5, A

Bl o7z, L2 RC213V 26 EH L

¥ % 8 & Al &
LT, BRI LFY LA VARBLLELS,

WL

7o F, bV AI v a vV ALV AR AT Y

Ry aFhE Ry s I yFRICEHL 72,

13 RCV1000R &[H LTS 5.

(2) AW TOELT

N

//'/
Py STREET
/’ = For riders seeking fan riding

Fig. 3 Positioning of each model
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T —bHRLK, F—=VEE%E, RC213V ORAMK
RALAN v RELSATT LT L <BINIL 7.
(3) AETOETREOFHMEATERT 272012, 24T
TV—=FT4 27, %y NEEDREENY TR
MAEBEFTL LM, F Vv F AT - F -V 2T 4,
YILE—4, 4 P24V FREEBIMNL .

31.h5-0>%

RC213V-SD# 5=V V27, (GO M) aa— L& %
EolF VD FAI T —DAOFELE Lz M) aa—)
13 1982 4£D HRC (B &tk v &+ v — > v ) AL I 2
S5NOI—RL—t+HT7-ThH, »2{EMN% Honda 7 7
2 h) =Y VDAT—ThD. HRIBFZ»T S AM
DBENEEA, FIFFHICES LGSR E, AidE—
R—AR—VEFTETRTCOBERERBML TS, £
72, HRDOKEEAWE D #5 REABEOF v L vV D 2
YUy b EEGEEOEEOHE L THORDEF—T %7
o ¥ by L OMIEIZELL 7.

32. Xy 5=

mnmvm%&iﬂv7—9ya kW, EE
BAEED 57291 @FLtvzm$¢méﬁ_&of
n%.it,ﬁmh%ﬁfmwé$%%mkﬁétm,$
4 =R —= Rk Z—I3—ZAFE =Y<L V2 LT
ROICRET 24T, HHEL» SHHO» 2 EEHD
AL L TIRELE LTS, X561, Blx v o %
HE OO ICHE T2 2 & T, sBkd e Lo RHE
PEE— 2 v Ok &, BB OEEEOZ(LIZfE S SHaOoM
BOENEOR/NMEAER > T\ 5. [AkkIZ RC213V-S T
1, BRGSO MR EIEIZE 5 £ T, RC213V D%
RIS or =D v, HRGEILAREL. 7220, —i%
ABETOETEEEL T, RC213VIZx LT Ny 7 DK
BULRAT KR EOBHERABIML TS, ZhbsDEH
REMCBEL TS, BREOTE N ERHICHEST S Z &
T, SEREL L TOEMEE— XV L ONEN L, KD
FEBVEGE & 3R L 7.

XBIT, —F oy M EOI T — X Fa— ZEFENHEE
L7zZAR=yF vy b THTL 2. —MAEETHIC
LM L ATk S AN L, o MM ERE TS Z LT,
HAREMEE — 2 ¥ FIZRC213V EHEDOL N LA,
RC213V OHFIZ & D EDW SR Tt T + — ) v
ZEHBSAZ L ATREE L2,

33. 7L—LKF—

RC213V TR 7V — &K T — &K $ 2 5hmD—m—
RIS LT, BEERT D EDEEFNEL 7214, Tungsten
Inert Gas(TIG)BHEA B Z k> TCnab. Zhizkb, %<
DOIRBEE T AT LM 5 & @O IEE LR FEWE # ik L T

W5, S, RC213V-S Tk, RC213V THM L =ik &
Bk A e R D B L 22,

& 512, RC213V-S O HIA % MK $ 2 K EB DI
RC213V EFRRIZF % Y AEHOH D H LA b 23T
37 L TRHREIZEL LT a, AR R 2
bD7zHEY TF V) ZEEAL, BHEDAF—LELR
b ERREBHE ML TERTTHRD LT 5,

34. 27T —

RC213V DA A ¥ 77 — 41, HIKEMEE— 2 PO
kA HE & LBl 2 v o OIBIRER LB 572012, 7
yﬁ—fv—xﬁ4f%ﬁﬁbfu5 Z LT, B
MEPERE 25389 5 72912, A Uit & BERITED Y5 v 2
%m@mbfné.%mﬁéﬂmi,7»\M&7vxm
U7 =T IMER~YY =V ML LIz Y
FE=2R 270 2RF =1 56K0, Sl L -8 HIZ&k 3
TIGVEHIZTENET 5. Zhoick D, IfErkae e Bl
AW, X T\ 5. RC213V-S Tid, Z? RC213V DR
E LA TRER RO MR L 72

4. >

41, TV BB EEKRET

RC213V O v ¥ Vi, S8R H I RE % H 5 728 D
< 2O EERE T V8 MUICEUE L 723G 55 T
5. RC213V-S DTy YV IZFDHAT Y £ 7 | % 1[HE
BRROBEL, DKL S 2 BEICRA - 2R 4
PETHRARD ANAELA S S, RC213V D7 L — A1 & 5#
WHEARS A X EFELTWS. FL90° VA4 K[y Y
v &S 5 R VEFRSOOF ¥ ¥ v iZxtL, 10 kg
O bE, 7T v oile i EEEE T 51.5 mm, =Y
VIRT 40 mm DI V287 MEBER ST B, Fig. 412

mmsm RC213V-S
mmmm \/FR800

Fig. 4 Comparison of engine sizes
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RC213V-S & VFR800F & DLV ¥ V4 A XA RT.

RC213V-S DTV Y VMl % Fig. 512, =TV ¥ ViEHIX
% Fig. 6 123 ¢. £72, Table 2 12Ty Y VK amd. A
FilZ RC213V-S DTy Y v LTERFEI V37 ML —
Ry 2 X ¥ T F v ZABREEC O & W BE & 3 B RN A B
i & OIS HET Y 5.

42. 95> 08—

Yy ETay s —KRD Y Sy o — ZDHEHIY
2o T, ABETICEIEL -7 ) —F ML EBT 5 72
WIS, A4 T =1 F 2R HEST S 7-0D+5
EREEROT) —FRE VAV IBIZREL. 20T
) —VEIIERAE T ) Y ABREEOBETH 5720,
2T v — ZDFGMOBLEEITIZHPERIE A EE L TV
IWMEEE AR L. ) v T ay 23, @it iAo

Fig. 5 External view of engine

Fig. 6 Transparent view of engine

Table 2  Specifications of engine

Engine type Io_iquid cooled 4-stro.ke
90° V transverse 4 cylinder
Engine displacement  (cm?®) 999
Bore x Stroke (mm) 81.0 x 48.5
Combustion chamber Shape Pentroof
Compression ratio 13.0
Valve train DOHC 4 val\{e
cam gear train

Valve Dia. (mm) Intake 325x4

x Number /Cyl. | Exhaust 28.5 x 4
Max. power (kW/rpm) 117/11000
Max. torque (Nm/rpm) 102/10750
Clutch type Dry multi-plate type
Transmission 6 speed constant mesh

RIBD28, Y)Y ERTEDDIZEHVHIEI OS2
O—ZXFFyF Rl ZOHFRTREY+—2 -V x
7y PERIEHOBH T EEET 2720 DRAIZED, T v
FHEIZHR D, ZOEE/ULT v F ORI
TOHEREL S, ZD=8, Fig. 71TRT &S I2mHIAkD
WSS 5 8k 2 LSMIM T TRETT L I8 T 5
THEEAL, T v FHOMPEK T AL L7z, £72, £ 2
bV & O FEIHEPURR, mEE A2 Eozbizy ) v
A NEEIZIE Ni-SiC #HA® > Z & L 7-.

25 V=21, Fig. 812"t &I, KvEvrna
2O A B E LT, 2002 £ MotoGP L =¥ V&'~
VY RC2Q1IVICTHHE NI F IS4 v FREE L

Fig. 8 Structure of closed crank chamber
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TW53,. 75V 0EEFIAFYTEL, Iy va VEE
FANE YL LMETHE Y. 2X4HIzoE DD
O—2EHTBEAHNRY D VIR TR, T OB L
728, KRV T =212 = FNL 745372 (Fig. 9). Z
cko, 753 Vv OEBNEDRIKE 7 7 ¥ 7 E» 5 DORh#E
7 A A VPR A FTRE & 72 - 7=

Fig. 10 (242 HH 2 O [Fl— Pk & o i il i 51 4
Sifd (L4) =V v v EDE AR T, 12000 rpm (28T
RC213V-SIZ L4 TV Y VIZHLT25% D7) v avn
ZEBABE S N TW5., BHY 7 vy BREER BT 57
LEY LA VEERINIHGLTVWBEEELSNS.

4.3. 118 - E#RER

0Ty w7 MITIE, JEITIRIE AN EZEE T 2 S
WEMARHA L2, THETOAY Y 2 T4 FEER b
VOTHERTBZD, ho a4 MXZEOSHEINT
hmbhEYy—FLhirs s 5y 2 A TRy b
SERE L ZHIZEDA Ty  0ODEGAIZHAR
T, a2y FEFELSTHIENTE, YY)y ay Mg
XEELTBZENAREE B, Ay a4 M2,

Reed valve

Fig. 9 External view of oil pump assembly

e RC213V-S
-25%

L4 engine

Friction loss (kW)

2000 4000 6000 8000 10000 12000
Engine speed (rpm)

Fig. 10  Effect of friction reduction

BIADAE —x 2Ll T 4 b (b : 18.1 g/em’®) ZIEA
LT, ZhickbAay bLOYV =7V T4 & 52
voa VHEBRISR®D 5 B Y BT — 2 v F OffEfRE 2
Voso MbEDWIN. &K 57z, Fig. 1112252 v v 7 b
DI B E R

3T 4 ray FIZIRF 2 VA4 Ti-64A M &K
U7z, Fig. 121289 & 5 IC iR & 42 C Ui
BE5N XL L, BBHEEICKORIEZL 2. fEko
VFR7TS0RHOF 2 v a&#ax s 74 v 7oy FITHL,
6.8% DIERALEER L7, 722 b VI3 EniE 24
T 5 EMEE T L I A8 A2618-T6 Z4RfH L 7=, Fig. 13 1Z/R

‘ Heavy metal

Fig. 11 Crank shaft

section AA

Fig. 12 Connecting rod with X-shaped cross-section

L side pin boss R side pin boss

Bridge shape

Fig. 13 Piston cross-section
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T, FAGOEYYRZET) v VBIRTHOHELSZET
LIS (= (R TR O

4.4. 7 LEFEIHELE

7 SRR 2, SRR T O L TRE S 4 2 v 2
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X %R,

iR ) Y HIZAEF 10RO X Y TR SIS 7 4%
LA Vi, 2nd ¥V, 3rd £V, 4th F vl ki Fig. 15
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PR A AT S, TE LY M) v Yy 7 FORNEICIE
2774y RNUS R, SRS SN RO TH LT Y
AT A. 2k, =Rk M) vy T EE
LXFBEIET, Ny 7Ty Y i8N TREE 5. /Ny
2Ty Y il % T4 FV Uy FEROMNITEZ &
TIFLY MYy sy 7 FOEELFAOMEE 43 2k
5. 6T, THFU v LALLM ERONTALZ EI2ED,
IHEEY b Yy x T bEHLAEYOMGHOMNE % b
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75y v BN REL Tk 5 72 F 77, IEEL SV T BHEA

Timing gear;f‘ ®)z)S

5

s )

Fig. 14 Gear-driven camshaft

Stud bolt

Spline nut

Fixing nut

Fig. 15 Backlash adjustment mechanism
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Oil passage of journals

Fig. 17  Piston oil jet
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2Ty FERHL . BEEMITE, IR FE: 3
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When accelerating

Clutch center B

Clutch center A
Pressure

Assist cam

Slipper cam

Pressure plate

47 WMRFR

S UAANy FEBLUOZ0y PLARTFT —ORKAE— b
NI, ey =V MBS hTns, ZhiZkD
K= MEIRKEE OR_LEAE S h, IRAZEREOREHK
bz, 20y PLRTFT =L ) v ENy FORBEIR,
FDEAZA TDA a2 L =&Y, Hiy — I
HOARBETAHA V2L —25HW3Z LT, RC213V
ERIFEOWTERETHIENTEZ, 72, EHIZIEA
Ty MLRTF—-2ROMiREHNE LTI NN—vo v M E
BEBRHLZ WAwL Yy Yoy Y vafEl, Zay b
AL ERERIRRMNR 2 B 255 729, 1XfMd 70
QDA VY2 A EHRE L. 2HDA VO 2 AD—
DU, 28y PILINILT FFROWR NIV 7 AHEICEFE T X
HMEIZ, 89— 77 730 EmICEE L £

Pressure plate

Clutch center B \\
Clutch center A " 4
N
AN 2 e
) ' A Main spring

Pressure plate

Main spring

Clutch center A

— ==
= -l Clutch center B
iLTJ \m r’f Sub spring

Fig. 18  Structure of assist-slipper clutch

When decelerating

=

Clutch center B

Clutch center A
Subspring

I ‘ Torque from rear wheel

Fig. 19 Operational diagram of assist-slipper clutch
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When starting While running

Sprin Plunger

Plunger extends with
Plunger locks centrifugal force, releasing
clutch center

clutch center lock

Fig. 20 Slipper cancellation mechanism for push-start
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Fig. 21  Configuration of intake system Fig. 22 Configuration of exhaust system
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Fig. 23  Electronic control system

— 129 —



Honda R&D Technical Review

Vol.28 No.1 (April 2016)
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Table 3 Default values of riding mode

Riding mode Engin(ep;oower TorquzeTc):ontroI Engi?gBt))rake
Mode 1 1 2 3
Mode 2 2 2 3
Mode 3 2 5 3
Mode 4 2 8 2
Mode 5 3 8 1

Selectable 1.3 0-9 1-4
range 0: off

ETED, Ttk EXERIA T4 VIV FaL—
Ta R IA ZDIEIAZL U BT AT REE L7z,
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Fig. 241287 — 2 L 27 2 O IFEA X — Y &R T
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=R A EBIL T B Fig. 25 1257 —LNJLZE D
APS IZX4 % THV PR 279

Engine power (KW)

Engine speed (l’pm)
% P level 1

P level 2 P level 3

Fig. 24 Change of engine output characteristic by power selector

THV angle (deg.)

Ae,
Ce/o Yot
"

(d@wp OS/’/.On
P level 1

P level 2
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Fig. 25 Relationship between APS output and THV angle in each P level
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New In-Line 4-Cylinder Gasoline Direct Injection Turbocharged Downsizing Engine

CLIE ST LIS SO T

Koji NAKANO Yusuke WADA

W ok ET B £

Mitsutaka JONO Shigeru NARIHIRO
= =] ABSTRACT

ED LB ESROTTH T A H A ST - by -V
Hifhi#t T % % EARTH DREAMS TECHNOLOGY M —8
& LT 2MHDOHES 4 %6 VTEC TURBO = v ¥V
%B¥ L7-. VTEC TURBO x ¥ ¥ v i3 db@ o Hh &
LT, @AY ITLE= b ERAEPROWHTDOH L2 v T
M IZHCE & M7z Valve timing control (Dual-VTC), ¥ J)LF
RA—H A FEEA VY28, BEHY A AN — 7T
IF 2T -4 EIREL —RF v =V v EH, @4V T
JLIRINC & 2 BRBERART I B 25\ 4t & ks & 5
T B R ERARICHI E T I ENnTEL 15 L
T YU VIERAMIIE 2.0 LARRK LY YV EH—O
110 kW ZHERE L 2235, (R b L 7 28K 30% 1Al L
2. TLC A v VR LAHIZI =NV by T
25 A& b JCO8 E— FIRE 17 km/L &R 17 4EHEN
7 2 HEHE 75% (KUK & B L 7=,

20 LTy, it hAE—vyHIYyY U ELT,
kT 228 kW, ek PV 400 Nm # R L, ATV Y
VRS 22 HE, RRIWRE € — FIZB0T CO, 170 g/
km & Euro6b Z3EK L 7-.

Two new models of in-line four-cylinder VTEC
turbo engine have been developed as part of the cluster
of new-generation power train technologies known as
EARTH DREAMS TECHNOLOGY, which achieves a
high-level balance between driving performance and
fuel consumption. Both VTEC engines use high-tumble
ports, valve timing control (dual VTC) of both intake
and exhaust camshafts, multi-hole direct side injectors,
and high-response turbochargers with attached electric
waste gate actuator. With these technologies in
common, the new engines successfully yield maximum
thermal efficiency and power through cooperative
control and turbocharging conditions based on
combustion technology that uses high-tumble flow. The
1.5 L engine puts out the same 110 kW of maximum
power as the 2.0 L naturally aspirated engine while
increasing low- and medium-speed torque by a
maximum of 30%. A vehicle with this engine installed
achieved fuel consumption of 17 km/L in JCO8 mode,
which puts it at the top of the minivan class, and
a 75% reduction relative to the level required by
Japanese 2005 regulations for exhaust emissions. As a
high-powered sport engine, the 2.0 L model achieves
maximum output of 228 kW and maximum torque of
400 Nm. A vehicle with this engine installed achieved
CO, emissions of 170 g/km in European fuel economy
mode and Euro 6b compliance.

1. EANDE

AEK, BRI A 13 U s &3 5 JeElEIE 2020 4F4 5 2025 4F,
HEREENT 2015 1S 7RI O H A A % U 72, ¢
IZRRIN OEM % Dz, 2 ORREHLH] & v s s 4 7 % Wi 7
FTEHEHMMELTE I VA DY T2 —KT VD V&R,
KIE, hETEMLTWA. Honda &) LRE v

* Ui R&D £ > & —

https://doi.org/10.69239/hondatechnicalreview.2016 28 1 16

MR ST — b L — Vi TdH 5 EARTH DREAMS
TECHNOLOGY ¥ —xD—E& LT VTEC TURBO @
NY)I—Y g Va7 a—NLEMTEZEET LI —
ZL72. VTEC TURBO VY VizkD ML o & X+
SRS (NA) TV D v K D/NEWPERE TS HSIZIB U 7z
BB E R TR I ENTE, TPy T Yoy avD
I K D IRBE UG5 5 Z L3 AlREE s o 7z
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B TGRSR B AR T Y v v L fLE DT 5T
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Fig. 2 Improved fuel efficiency by downsizing turbo
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Table 1 Engine specifications
. 15L 20L

Engine type Developed BASE Developed BASE
Cylinder configuration In-line 4-cylinder | In-line 4-cylinder | In-line 4-cylinder | In-line 4-cylinder
Bore x Stroke (mm) 73 x89.4 73 x89.4 86 x 85.9 86 x 86
Displacement (cm?) 1496 1496 1996 1998
Aspiration Turbocharged Natural Turbocharged Natural
Turbin/Compressor diameter (mm) 37/46 no 47/58
Crank journal diameter (mm) 46 46 55 55
Compression ratio 10.6 115 9.8 11.0
Valve train DOHC DOHCI-VTEC DOHC DOHC VTEC

In-Ex VTC InVTC In-Ex VTC In-Ex VTC

Number of valves 4 per cylinder 4 per cylinder 4 per cylinder 4 per cylinder
Valve diameter (mm
Intake/exhaust (mm) 28/23 29/25 35/29 35/30
Engine oil OW-20 0W-20 OW-20 5W-30
Fuel injection type DI DI DI Pl
Fuel RON91 RON91 RON95 RON95
Maximum Power (kW/rpm) 130/5500 97/6600 228/6500 148/7800
Maximum Torque (Nm/rpm) 230/1600-5000 155/4600 400/2500-4000 193/5600
Maximum thermal efficiency (%) 38.0 34.8 36.6 *

BRI ARE L. Table 1 I22 Yy ¥ v FHFTLARNT.

15 LIEVFa5HYY v ThHDEHSTEMmIE 10.6 &
L, IREGHHE 38% &) EWEEMEAE & 1600 rpm 20 5
WA MLZ 203 Nm #REL, diffcofiyvBETEoRW
e 2B L2, 20 L1, ANy T2 520 v 2
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Fr— Vv BFRHL, RIRZRAEGHE 36.6% O 75
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50%, kL2 100% O b AFBIL 7.
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Fig. 3 Comparison of performance curve
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Fig. 5 In-cylinder flow pattern (1500 rpm motoring)
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Fig. 6 In-cylinder flow pattern (1500 rpm motoring)

Table 2 Turbocharger specifications

15L 20L
Turbocharger supplier Mitsubishi Mitsubishi
Turbine Scrawl Mono Mono
Wheel
Diameter/Vane $37/11 G471
Permissible 245000 rpm 195000 rpm
speed
Housing material ..ASK ..ASK
(austenitic cast steel)|(austenitic cast steel)
Compressor Wheel
Diameter/Vane $46/6+6 $58/6+6
Permissible 241000 rpm 191000 rpm
speed
Waste gate Actuator Electronic Electronic
Valve diameter $28 ¢35

Compressor

Fig. 7 Turbocharger assembly
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S660 HEER~YZ 17V T XIyar
6-Speed Manual Transmission for Honda S660
oo R BT Mo xR (FTI NI G N
Masaaki IWASAKI Takuya HOSOKAWA Dohta YAMAMOTO
= = ABSTRACT

B2y —4—-F =TV 2KR—-Y S660 D 6#H~
ZaTNAbEI VA Y g vV EFRBFRL 2.

AV P E6HY AT TV AI vy a vl
No, ?kxbb»71MNmifﬂmﬂ%aLﬁ

T T Y O VO EE» T 2010 1 # 2 6 5%
a2 vAE LT, 6FITEH \«WHT@H%I?ﬁ’i’l—JV)%)
U=V v HITEREL -,

AR—=V =& LTORMREE/EETEEE 5 2 — b
Zba—=rFEEL, VT MF 2V OEEREOREE N
MaRUELT2 212Xk AL =D OREKRDDH B> 7
MO T =) VT EEBL

7, 3AMI VY VEED Y SV Y v T b DR
ERTIHEEE S — N s Ty v aF Y BLUTY Y
Ya vy ¥y DI K DKL 7.

A six-speed manual transmission has been newly
developed for use in the new model S660 two-seater
open-top sports car.

The new transmission was developed as a compact
six-speed manual that nevertheless can support up to
104 Nm of maximum input torque.

In order to take advantage of the engine
characteristics, the gear ratios for the first five speeds
were configured with close ratios. The sixth gear was
configured with a cruise ratio to enhance the quietness
of the cabin when cruising at high speeds.

The shift was configured with a short stroke to
enable the quick handling of a sports car, and the load
displacement characteristics during gear shift operation
were optimized. This produced a smooth, moderate
gear change feeling when shifting gears.

The noise caused by rotational speed fluctuation of
the crankshaft, which is characteristic of three-cylinder
engines, was reduced through the adoption of a no-
backlash gear and friction washer.
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Table 1  Specifications of developed 6MT
- 6-speed 5-speed
Transmission type Manual Manual
Torque capacity [Nm] 104 59
Dimension overall
length [mm] 340 319
Input-

Shaft axis CnglLJjnter 65 60
distance Counter
[mm] Final 112 110
Oil amount [L] 1.4 1.3

FYrLvAVEBA VYT by T MIRHLTAY U4
X 7 MR DOPAT 20 EE L, VY- 2 X TI3gH
RUw > EHEE L Uz (EFER Loz, #BE Lk
WA RERH L. £, 3&KMT Y Y Y ORERE Y
BAPRTA720, 1,28DA YV 2EYIZ ) =Ny Y
Ty va¥y (NBFY)AEHHL .

[REN7Zz2 Yy DV — 20HIZHA 6MT 2N 5 728

Clutch

—

&

Input shaft

Counter shaft

Transmission case
Counter 2nd gear

Counter 1st gear \j\

Fig. 1 Cross-section view of developed 6MT

Final driven gear

Qil reservoir

Clutch case

Input shaft
Counter shaft

Oil separator plate
Final driven gear
Transmission case (section)  Oil reservoir

Fig. 2 Perspective view of developed 6MT
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7, 77A TN T I YORE LFICKD AT Y
B v T P FICAANE/OT, hovad v 7 b EXFY
DFE LFICEDEEBREF YOl EsBZ RS> LS1CL
oo ZHUC K DR A SMT 23 LT 0.1 L o#ghnizi
ADIENTE, BEMEAEK LT I L B KMICHE L
TR AR L 72,

FYLvF R 1E,rS A ITAL I ETHT L
Ty Y yOE ML IR E AT RE A3 E & L
7= B, 23uEL » FY' =2 ® 7700 v/min T 75 km/h %
TETIHREEL, 74 VT 4 v r7u— FOFEHKTH 5
30 km/h 75 60 km/h & H#/3—T&E 3 K512 L7 634k
100 km/h EfTHREO T Y O v AR & ¥4k FIT RS 6MT
LFIZED 3200 r/min & L CTEBHKHTFOFRM 2 5 5
B & U7z, Fig. 3 1TETHRERX 2 74

8000 8000
7000 47000
6000 | O 16000

I ] <
£ 5000 f Aso00 €

3 L - °

5 [0}

2 4000 f {4000 &

(o))

£ 0 L B ] 2

€ 3000 | 13000 £

N 5
2000 - : 42000
1000 | 6th 1000
0 L L n 1 n n 1 L 1 n 0
0 20 40 60 80 100 120 140 160
Vehicle speed [km/h]
Fig. 3 Driving force curve
==t o
4. @RELE a7 ME
4.1. 5Bt

104 Nm D& ML 23S AT RE 24 R, Mt AM: 2 iR L
ARSI Y8y MZT 72012, Sl il
BB mMLoIbT 5I2iE, XT7T) IR EY

— 141 —



Honda R&D Technical Review

Vol.28 No.1 (April 2016)

EVAXT 9T TEh, BEOBANMBHIZZ S 0D
Hind b, ZOOMBEZELTIHIBT 256, 1 v
VAR AR T ESAN 5 R v N
DEN D B, R & B EEBEINA IS 5 220102,
M, AP GREZRT ) YIS A X, ¥ a—F A b
U— 7 TOMY) Ly 7 MiEEZEKT S a4 %
S U e 2 5 e U 7z,

42. 327 Mt

6 AL U 2228 & B 5 #ME 2 R4 2 72123t 5 v 2
Iy v aveERENZZMENRD S, FXHEE RoELS
572023 AT T4 AV M AEBELERIERT VA B TR
W, Yy a4 R —T A bu— s EEmELEY. &5
IZ3EN 5 6HFYAE/NEY 2 —MIZTBEZLETEYDIH
BOWEEMRL AH O HEE 5 mfEiFEL 72 £72, NB XY
DHEEFELT 522 & TNBEYIEA 1, 238 TAbET
0.8 mmJEfE L7z, ZHUCKDE MLoxhise 6 dfba i 2
W25 B SMTIZH L TAEEE 21 mm OBEHNZHIZ 72,

5.7 Fz>PT74-V27

S660 DB HL X 2R 2 72012, BEPRE, iR,
AL =D 3SHH ARV TV F 2V P T4 =)V F
OB EB I K o72.

5.1. BR{REL

BT 2 v DBMEERET50ICAR-Y - L
TORPAEfEETREE TS a— b2 b —23kEL L
2. V7 b A bu— 23 EICIRGEL 72 BEAT X0 &4
<, S2000 X NSX IZPUid4 % 37 mm & L7z, L7 I A
FE—=2FY 7 P AN =2 EDINT VAL, AVIST b
BNy r =YYy EHELT22mm & L7z (Fig. 4).

Ya— b YT MR U—=SIES VT M F o v DR
O ERINZ G L T, 28cg7ra—-vyvon
FAW, 3 H—FR Vv raF A FEuEM L TR
KA X > 72,

’TT ___________ r=-=—=-=-=-==7°7°7 7
= ! ! 1 83 5
3 s 3]
T : .
E[ rTTTTTTT %'%
2 1 CR-Z FIT RS 2 4 6 R
9 | . <« ><><>
7 BEAT ! Select stroke
= NSX @®-CIVIE-TYPER -------- ro----
@ ®5660 | |
£ @ | ®52000 | |
<= I I |
w | 1 I
1 . . ‘
(< Short) Select stroke [mm] (Long —)

Fig. 4 Shift and select stroke

Uy a4 OBEIIIE IR A &R R ) T
bBHYT bEY VEEORBIMTEE W, flée LT 2y
vouaF A FORBEIZONTHMAT 5. Fig. 5133805
2N T VA VFTBEDY TP A T =LY T b
Fx v VBMERO R EORGRE XL ZKTH 5.

5.2. HiE R

VI M2V VBEROMEREE N T 2 Iy v g v
WEDY 7 VT LT 4TV, VTN T =0T 4TV
b, YyruaFAFERT) IO 3B RET B A
X bdE 3 (Fig. 6).

AR & D ff BT FFIE & A IO i BN RF 1 % Fig. 7
IRT. V7 M F v VEEOMEY — 2 (Fig. 7 A &)
BELIFIRE &> TOBEAR, MEONS E2B3D, T
DOPERNTES LHIEREZH{ SRV, HF6MT T
BEDOOMEREEROMEY -2 2 5bESI LT
(Fig. 7 BEp) 0k lBIRE L, WMEIFRFL LS B2 55
P L7z, Zhizkh, BRTHEROD SV 7 bF v
T4 =) VS REBLT.

5.3. X Lh— X
AL =AY TV F2ryVT 4= T EEL-D, R
Wb oD i % A G e A AT E R A RIS 5 o &[RRI,

? ______ rT-——--7° T--T°7 AT T T T T 1m T T T T mTTT= |
> | | | : : |
gl o emr
= | NSX | |CR-Z | |
= s20000® | ¢ 1 |
2 'CIVIC TYPER| | i
Q | . 1 1
£ .. @ _FTRS
@ | S660 | : : :
z | | | | |
k=2 | 1 I I 1
- | | | | |
;L/ 1 1 1 1 J

(< Short) Shift stroke [mm] (Long —)

Fig. 5 Shift performance chart (Shift down from 3rd
to 2nd)

Shift arm detent

Shift fork detent

Shift fork shaft comp

Synchronizer spring

Fig. 6 Gear shift mechanism

— 142 —



S660 H6E~Y =12 T7IhF>XI vy g

WO VAZFNEABTIHEEAB I -7 A FhI&E
EY T F VUV BEORETA VEYEY Y 3 VIS
WviAE NS &5 AfEEEREIBEL Tha, ZoAEh
IZOWTEMEHEY -2 2485 Z LT (Fig. 7 C )
J& W A F U A FEBLL 7.

72, AL—=—A KT NF YV T4 =) Y ITDERKIC
WB2BRADDREZMAZ ZERHSH. 2BAD & IXFRM
REOBEIRRAC O RINZE D XY F 7L 2) —TO5irh
CESTHRETHITYTY KU BBRTHS P 2 W
(Fig. 8). M 6MT Tiz> v 7 a4 2 ) — T/MEERD
Bk P kOy v s ar A F 2 - TR D AR L
T2BA D FBA A & K L 72,

\ ‘— Total

Shift arm detent

y = = Shift fork detent

\ = = == Synchronizer spring | |

NA

AN
F: ~ .
TN~

Shift knob stroke [mm]

)

)

3 I\
S
v

/\(
i/
|

o

Shift knob load [N]

(< Neutral) (In gear —)

Fig. 7 Characteristics of shift load

Synchronizing
— P

Double bump effort

Cancel area  In gear
< —

Shift operating load [N]

= \\ithout countermeasures
- \[\/ith countermeasures

Time [sec]

Fig. 8 Gear shifting time chart

6. 3KEI > > NV DU

—MRICEA 3R fE T v Y iR, RPERE O] 4 K fE
IOV 1A H D DEANELRE L, REE LY
HEINKEL 55, MATS660 I8BT Y v OFHIC
X DREEEA & O A K EL T 720, (KEERE OB
BE LV ZBEHNREL &Y, FHFKEOHRBR L Y ¥ v
0By VNEEEAEML T3, ZOME, + T
VA Iy Y a YNEE XN B OSBRI B A, i
6MT CIENB XY, 7V a3 vy iy 2RHTAZL
T, 74 FILIKE KOETRO NV 2 I L 7=

6.1.NB ¥

T A FLIGOREEEN- X2 H5F (H7HT7EHI A5
H)XEE LT, E5MT ARk Ao v &Y v 7 I EojtEs)
FYThAAU a1, 2HFVICNBF VHEGEZ PR L 72,
NBEYEWENYy Ty vkl $ILIZL-T, [
AL 2EVYORIT B FOREEZWNAZEDTH 5.
BESMT FREIZ A7) v 22k NB £V AHTFEEY O
RS2 Z TNy Ty v 2 BTG L
L7z, ZhIZ&D, 2759 FDA4F—¥ v 208 R
Mmxe32Lu5H750MH%EHBZ %57

62.7U7a Ty

PRIE N L O BEARKN T T v 23y Y g YANEEREX
haMEZEE, 17y Py v 7 ML T3y v
yuatgioy v ouang ON7)IciiEE s, LT,
TDOATy PNTNHNTEY vy raF A5 v 7 enfiEL
Uy IV y Ikl L 2ERITE (YUy 7)) 2R
45 FRCHEMmREN B KO, EEGE A & O Mg
e N KX 50, )S7—7 5V MEE) & HIZHEER
NEEINS, BEMT TEA VT y by vy 7 MIRHE &
hay vl 3din s 5o 3FicH LT, Bifl
6MT IZEYEHMIINC k0 > v o A 1 s 2, S5
AEME N/ Z LK DERE L LML 7=,

TOV v I EEWEITB7-012, Yryratr4 ) vy
ENT ORI A R >72T7 V2 v a v Ty vy &R
ML, EOREWEZEHEINZ 5 Z LT, HRNOERSRK
BB L 7.

TV oY a v Ty yidFig. 9IZmT &I, NTDORN
AR 223 LS 2R EF S DO AL w S Hid 3
12KOAMME, YvrarAHFyvyro2ay FEOHE
FHE 2 HI4 2 6 ROSMIT A 6 2 27 L — b &
KoTW5,

Synchronizer hub

Friction washer

Synchronizer ring

Outside projection

Inner spring

Fig. 9 Structure and function of washer

— 143 —



Honda R&D Technical Review

Vol.28 No.1 (April 2016)

TNV oY a v Ty Yy OIEH%E Fig. 10 1239, BRI b
L7 ZEFHUNONETHE T, 7V 2 v 3 v T 9P vid
vvouaF4H) vy IELICEDNTD ATy b
ERSHAIANIE O SR TRE LT B BRBE L 2 288 3 4
T5E, AV Ty by 7 bONEEEHEKEL LDNT
EvvrarAyYryrnzay PNTEREERZ . 7
DERZN AR EFFONMTABNT EDTY 22 3V Th
NI EREXRT, MINICED vy rar45) vk
21y bR & OfEZE A [k L ORE A KR L T3

TV g Y MAZEIZDOW TR 5
TRRE AT 72, v BRI, v oadrA Y vy
TR B 2RICF Y AT, 7V 233V Ty
¥y QWD Z O 53 3@ TR 78 < 23 A &
5. 207, FYKRES, 7 v F v T4 =)V
FHFLZZOVLEWMEZ2 RROIEEL T3,

F 7z, FERMEE, MRS & 2 PHTCEE il o FERE A
P TANEDEDNE 720, MAHLEZEELZL 20
fEIZREL T3,

IV a v Ty Yy DRE Fig. 11IRT. 777
W 2MEYIZTT A FLAEE2 S WOT TV P V[
5000 r/min ECHBRL 72 ZD IV AI vy g vir—
ZRHEBL TS, AV Ty by T N EDOY Y o o
T (325 6 H) ISR LZEa 2L 20
LA CIRIA ORI IS B W TS IR A B 5 2 & H

Synchronizer ring

Synchronizer hub

Fig. 10  Operating principle of friction washer

Friction washer

}10dB Original (Without friction washer)
@ | Mo |
S.
©
>
o
c
i)
© | [
g \ A
= \With friction washer
0 1000 2000 3000 4000 5000
Frequency [Hz]
Fig. 11 Vibration level of transmission case

TE M 6MT T3 3L 6 X YT o2y 3
Ty vy A LMRETH 572 NV HEEAE TS 2 &N
T&E7-.

7.%&ED

B 6MT DI FEDEh Th 5.

(1) 5k PL 258 104 Nm IZRHE U 228 & B T e
VN b5 6MT &K L 7=

(2) 6 bick Ly ARBEIZLDIA VT4 v u—
FTOED & @R o Gkt 4 s U 7=,

(3)vYa— b2 =2 BXOY T M Fx Vv VEMERKD
MEREOREIZK D, B2 DOHIEEO & 5 2
L=V T VF VYT 4 =) VT EERL.

(4)NBEY, 7V 23 3 v 79 dvOFRMAIZLD 3% [E
IVV VDNV &KL 7=

SE XM

(1) ML, Bk, Sk, @80T, Al Fh
B~v=27h b7 Y23y 3 YO, Honda R&D
Technical Review, Vol.24, No.2, p.53-60

(2) MEHf A, BATH, B sen, A, kg bk
BRIV PRV T LTV AIy Y ay
DFA¥E, Honda R&D Technical Review, Vol.18, No.1,
p.28-33

(3) ALEZ%F], MBS, PG, —aH— G755
S2000 H6 V=27 7V X3y a YOl
HONDA R&D Technical Review, Vol.11, No.1, p.39-44

(4) R &S, Biie D) —, BB S2000 1260 %
AR—=T4F 2P 74—, HONDA R&D
Technical Review, Vol.11, No.2, p.73-78

mE Enl

%h oA «%A

i ok W T E R 1T} NN AN

— 144 —



https://doi.org/10.69239/hondatechnicalreview.2016 28 1 18

AT

TULYT 1 VAT EFERUVULEBEVRYFU LA >
Ny T UREDHTE & HB T

Accurate Capacity Estimation and Forecast of Li-ion Battery for BEV Using Telematics
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7 = ABSTRACT

2012 4E-2 5KRETY — 2H7FE LT3 FIT EV & Hijl
DNy TFNVTF—=ZEZA L) —IZWNET S0, 7L
74 2 A A 0Ny FY P L —HE YT 4 VAT A
AR L. K 2T 01, VF U L4 XNy T ) Offi
WHERBHEBEZINRT 2 2L 2 FHMIZ LTV S, UL
L7z Ny 7 ) BRI 5 — % % Honda ¥ —/¥ LA
BHL, 7Ny T VEROER T — 22 5BEOENT —
ADAREHBTZ 7T XL EME WHTAZ LT,
Hidfi Electric Control Unit &0 & Mg S BFEAN T2 Z
EMRHREIZ I 572, ZORE, 7Ny T VERIKTA 3% LU
PUIZE > TWBZ &% 97% D FIT EV Tl 272, %
72, FIT EV /3y 7V Offiv i3, ARIK MEEFIRO
WAESERE MW E MR TE 72 MA T, 2 —HFDffin
HEFERERTHE T VICEH T2 2212k, SHEGEE
T, BEE T 5% UPNIINE 5 Z & & FHlL 7.

A battery traceability system that uses telematics
technology was developed in order to acquire timely
battery data from all FIT EVs that have been leased
in the United States since 2012. The main purpose of
this system is to track lithium-ion battery usage and
capacity.

It has become possible to estimate battery capacity
with greater accuracy than on-board Electronic Control
Units (ECU) by loading the time-series battery data
collected from all the vehicles onto Honda servers,
and applying an algorithm created to isolate the data
of high accuracy from the totality of battery capacity
estimation data. As a result, it was confirmed that
battery capacity degradation remains within 3% in
97% of the FIT EV. It was also confirmed that FIT
EV battery usage has a low frequency of remaining in
the accelerated capacity degradation zone. In addition,
it has been forecast by applying this data to the
capacity forecast model for user patterns of usage that
capacity degradation will be within 5% over the next
several years.
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REFREE S ORI EEZ 52 5. ZD72%, BEV O TH
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SEETH 5.

2012 4, FIT EV ® Y — 2R58 & KETHIE L 2. K
)= 2T, £ 3EMOY — 2R ARG, i AR
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) — AWM AR TE 32T 2 PETH 2. V— 2R
HIM A2 LR % 7-91212, 20 LIB MR, LIB @
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IR LIB Ofd4t: 224 2 BB - 7=

— 145 —



Honda R&D Technical Review

Vol.28 No.1 (April 2016)

HEXk, N4 7V » FH (Hybrid Electric Vehicle: HEV)
T, i S N/z LIB Offin o MEREIRE % G2 Wi
(Honda Diagnostic System: HDS) % 3l U CUHE L T & 7=.

ZOFHETE, Hilte Y TEHMIL 27— 4
L il Electric Control Unit(ECU) THE L7- LIB &&=
TN ECUICERENS. I /-7 — 213, Honda
74— 7S TIRE NI & B Hl R REF O ERIC HDS
ICE DN S, WEEN 727 — 213 Honda  —/ 3 \3%&
fg &, o, WWHI N TE %,

Larl, UV — Z2MMERZ 1§ 2% ETHDSI2L %
T — 4 #WET B I 3 ROBED b - 7o, il iR
SIS T — A WEDOBE BIRE NS 720, #4 4 — Tl
FEM 22 7 — 25307, WEHACE v, HEV O HiR ECU 13,
FICHERHEZAN T LIBEREZHEL TWd. 20770,
BEV 1A O it nTRERREE N D2 B)E &\ &2 G-l 5 D1
DEEREHEEHEEZA L C0En, E61, IFkoRs
TR, O KR T — 2 FHR & iy & 51
L7-@AM 2B mER THEI R BETH S, LrL, H
HECUICEHFREINAEHZR—2L a2 MKW T TIZ E
AOMNILAHETH >72. ThoOFEEMIL, BERK
ANOEHMELS 7= 4 2NET 2 Fike LT, Honda 23REIC
P ZRBHALTNDTLV~YT 4 7 Z5fli# AT 2 Z &
2L 7.

2. EEORS WV

RIS 4 k5 2 7291213, #7-% BEV HLIB
F—2 DWW, ER, oy 27030 8EEZ, T
3EEFE LRSS WE L.

(1) 2HE O LIB Offinv i e BRENE 244 40 —12,
2 —PFIEMETHEE S NE, o8, wHTE 52 L.
(2)LIBHRA* ECU B L WREERfEETE 3

zek.
(3) il % DHEFMOMF NG IZIE T 7z, LIB FiEORERIHERS T
MHATXBZ L.

3. LBF—%EH7AO—

T B LOTHEEICFIT EV 25 E X5 LIB B
DB T — 2RI KIZK D, WhksF— 2 50T
BIGE, BEHERERR T -2 EHR L EVWEE T — &
W, &GS 5 &, BIIL 200 R 4R R <K
HoNE KBIENEEINE 22T, T2 EY
AT LOREIZH -0, BEEHEICERL, LIBBEHED
T = & EWEHBEINCE, 50, T 57200 LIB 7 -4
Wi 7 v — (Fig. 1) OREEEA HIE L 7-.

$1,000 8O FIT EVALDF— R &1 —HRF 4 —
TSRS INET 5720, KETTTIZH - 2B L

TVWBFLYT A2 AV AT VEFHHLE Ny 7 b
L—HE)F 4 VAT LERFL.

7= 2L, -V OEEES BT, KEDOAFIT
EV OERAF— 2% 44 ) —I12fUET 3. £k &
UOREHhOdM, LIB 047 — 213, fiffplfE 1=y b
(Telematics Control Unit: TCU) & féar[alfiig %58 U ¢,
BRAISA F ) F— 2 LTRIBI NS, RETF— 213,
Honda =/ NIZ&Ef &SN b, EfT — 2 #BKTF A b
F—RIZEWRL, 1EFZE, 1B ILEDTF—2 1y b
ICERIT S, ZhUS kD, AHmE O A RN
THIENTES. BHLEZT—20hh» 5, LIB D5k
JER R, BTN, AEMER TS T -2 %
WEWD, 2o 525N T27-0DEF L AEHT 5. 4
&, 7227 VIEMT 2R T, ET L ERE
UK &2 B Cn <. 77, IR AR O @ WA B EE
EREWB T E Y — il cHfid 5 2 & ¢, ECU XD K
EOFRWEROHE LR THOEBEAHEL 2. &k,
HRMEBTHIZH 75T, FIT EV OBFR LT L TH
EL7- LIBAEMB PHIES L P 2R 5.

Data summary
and extraction

Modeling and

Data collection
model enhancement

Honda Precise estimation of
server LIB capacity
Extracted data

(( % s Understanding
e | - LIB usage
_' -\ R Raw data Degradation forecast by

w.- LIB capacity forecast
¥ model

Telematics system —J

Battery traceability system —)
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Fig. 11  Estimated FIT EV capacity
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Vehicle-Grid Integration (CXTIo U =B/l ¥ X 7 L DFEF

Development of Vehicle System Supporting Vehicle-Grid Integration

S at* v e W i e
Hakaru SADANO Yutaka MARUYAMA Satoru SHINZAKI
ERE N /S s T il ¥ i
Hiroyuki KANAZAWA Jun KUDO Takeshi FUIINO

= = ABSTRACT

HEHNE 2 —Y X274 v POWILAEHMWIZ, B
MEHELTAKRET S Z L CRENFERORENELZ
BN, TOMliE LTZ—HFRE2T 4 v P &35 2 ENT

7T oA ERHEN & B EL . REET LD 7 O —
NTF54 04T )y FEX— 25, gL
SATRE 2 HEADW A AC-DC I vy —4 2=y b, &
O TSI R & Hinli & OB CRTTIRAE A e 72 4L
WEL=y bEBIRL 2. F2AEH@EAE -2 & LTS
EHIEFERE A R BIM L 2RIy 70 r—v 3 v aEE
L7, AW CORET 7 2 7N THEMES TN
% Vehicle-Grid Integration DIzl F2ER eV2G Project
LTRSS RIS IS L, ML =il 5
AEE 2 — MO E 'L & 6 Z %5 - 72, FEEEFBRD R 2
5, HEB XUWHALET1 HH 720 18 Kift] Vehicle-Grid
Integration NS HEZL 2 — DA, 34MT 3,000 F
LY EORARG SN B HML #1572,

With the aim of achieving a balance between
contribution to society and benefit to users, Honda
has fabricated a plug-in electric vehicle that can
help to stabilize electric power supply and demand
by performing charge-discharge in collaboration
with the power grid and obtaining a user benefit as
compensation for that collaboration. The Accord Plug-
In for the U.S. market was used as the base vehicle. It
was equipped with an on-board bi-directional AC-DC
converter unit that is capable of interconnection with
the power grid and a digital communication unit that
is capable of bi-directional communication between
charge-discharge facilities and the vehicle. It was
also equipped with a control application that has new
power supply control functionality added to a base of
charge control. This vehicle was used to participate in
the frequency regulation market by means of the eV2G
Project, a demonstration of Vehicle-Grid Integration
technology conducted in the state of Delaware in
the United States. The developed technology was
demonstrated and the value to users was quantified.
The results of the demonstration indicated that users
able to participate in Vehicle-Grid Integration at
home and at work for 18 hours per day can expect
to receive an income of 3,000 dollars or more over a
three-year period.

F 9 F AT I S HERIRE LA DO & LT, 2007
IR & 187 2 [E LI EAZRML 72 COP3 Tid CO, MUk
ZHIE U 72 A TP S0 sz (b P 1k 508) 234
fEE Iz ZOLHETIE, WEINRAT A (Greenhouse Gas:
GHG) HEH HIlpdk i o> B FE & ARk 238%E & h, &1E 2 GHG B
IR e THLD LA TV 5.

g7z, KEHY 7L =7 M TEINAKEERF
* Ui R&D v ¥ 4 —

* %k AMERICAN HONDA MOTOR CO., INC.

(California Air Resources Board: CARB) D78 % ZEV
BIZXko>T, IMNTIRGEE NS 7574 VBHEH (Plug-
in Electric Vehicle: PEV)IZ¥3 2R L Th 5. M
NS HERRAZ (California Public Utilities Commission:
CPUC) Ot 12 & % & 2022 1515 T 350 HAD PEV
BERL, BENB3y 7 )30 GW IZoiES .

— M 2 BR AT EIIHEC T A 7 24 2D 96%
PEHEIREL R Tn5. ZOR#HBO PEV O/Yy 7Y
PRI E U CEIMIcER L, vy 77 & LTH
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H32Z e TRIRBNORENMICHIKTE2LEAb6h
5H, PEV/Sy 7 ) OFHIZFEERL XL TL2ELS N
T3, EEHAME L ZETORGEZ L T Ty
B, BUED 2 — i HBREE N CHH ST 2 0 I
i, BHOKRD Sy 7 ) R0ERLREA AT 5 IR
BERMATY TN TN 5.

PEV LB Rk & i3 58813 Vehicle-Grid
Integration (VGI) &Ii-Eh, PEV 2ME#%9 %/ 7V &5
BCERE U A6 TH 5. VGLIZFAERET 3L
XD REREE U GHG HEHHIRIC & Bl T& 5721
THL, ZOHME LT PEV 22— 3N AEH 6N
BAREMEA B 5. CPUC 1Z VGI OFEAAL & 412Ky A
TED NS 72H D A A RE L T B Y,

LA LAaDS, VGI OFALIZH 72> Tk, VGIFIHIC
335y 7T VA MEREDIL T, EIIFNRE OB KM
B X OREVOMESR, BB U TORKBER & VGI O
VEEDOFEE ) T LTI s k0 B 2hs
OFEITABE A — D 7FFTEL, RELFHET S 2T —
2R ZEDOWHAPEETH O, VGI FEBUZ AT TTER
B L UPEELWH L C, FBUZANT 22 HHLAE D I2HU D)
DL B Y.

ARETE, TR AL —OEA L VGI FHIZM
R TH B KEHY) 7+ L= TINCFEIRE B %, VGI
IS U 7z i) & 2 7 AR 78 & RGERS RIS DWW TR R B,

2. KEDENWME|H5

AN T F =TI TIE 2006 F1C Global Warming
Solutions Act of 2006 # ikt L, IMAA» S X3
GHG % 2050 % TIZ 1990 F-LT 80% Hlvk 3 5 H AL A 5%
L7z [BREOBERIZIA 22000 A & U TN B T
HBHH) T FN=TITHIF—-FKBS (California Energy
Commission: CEC) iZ Renewable Portfolio Standard (RPS)
12k 5T, 2020 FICHNTHRE S 2 A THRET 1L
XA 33% FTEODL I L EPEL -

LU GHG ZHE U 22 W KEBDERE R R EICRE
SNBHAETET 1 LE — 13, REELRBETHRIFE K
fRIZEGEND 720, WEREMHGDONT Y 22 REZ RS
TENRGTIREL, R—2u— FEJHE L TUIR[ET
bbb, 7, BIHOTKE NS v 2N 3 L BIRFEED
EERRWEIEHEE OO A% EOBEITWMEADIK T % #

X, XLHIK T LSAIc 3RS EBIZ DN 580
MNdhBb.
INBF L, BIHOFERNT Vv ARENND 201

Independent System Operator (ISO) & PRI % B 7 R iE

SHARE LT, BHMOT/ YT v 22 HERENRT S
ELYIIHETMAL I > T3, ISO BENFREOT
WA S &, BRESMAORBERRLEIE SIS T % FH

Table 1 Examples of wholesale power markets

Frequency regulation market

Ancillary service market Primary reserve force market

Secondary reserve force market

Day-ahead electric power market

Energy market

Real time market

Transmission rights market

Capacity market

RUTEDONGHEL BI85 k&, BNFTG TV 2

DREACIZHED TN 5.

21. BHOMZRE & LL &

AN T AN TMOEIHGIIRESLL, X
B, BEOISO k> THlEE I TS

[SOFENFREVENHE DT, mE3FEROE % H
LT 25, BEOBEEEIE N Z & IOE %
TR X R, MEET A OEMETH TH . BEE
AR5 & & 612, THICRRBEHEIESEICmMA 572
bt~ﬁ%%hﬁ%tiih5§%%ﬁhwmwbh;&
b s, —HEIE TS TIEBEETE 5D W R fif
IBAFAEWBE CIEI NS,

ZOBEBNEGNITHECER 2 EA & & THIE 4 5 N2k
(770f—aMﬁﬁu/r%ﬁm%%06t77u7—
A MNEFLORER 2 S 2 EA L K> TS, TV 5 —4
FVEALARS 2 XA & U TR 5 L RIEIZ ISO DfRIC
CHER TV & 17 ﬁiéﬁﬁﬁibé.ﬁﬁéﬁi;he
MR 75 % & LI1I21SO M RAABIEL AR S, &
N T V ADMFE R 28D

FHL W VGIMEEOHiISGE LT, mEEcEt IoE
HEBLUANIEEZ PEV Yy 7Y ORE2 G242 &
NT&E 5, Table 1178 U 2z BULE HI#TH 2 3R L
7z, JRABUSERIENZ, IS0 2 6 OfFA 10 53 LI TR
L, TOBABTLIZEHR SN REFT IS/ - THE
ha AT 208R”H 5. —F, HAKRIZAH T Sh
BZEIOWHZIERELTED, /¥y 71 SOC DZEH /)
SNz, Ny T VI RIFTHEEL NS WEEZS
h5.

Fig. 1 IZARMIRICED > 7227 — 2 FL &2 O %R
. VGLIFBLE, B E RIS CEHAR D2 T — 2
RN L ZOEREIEZOF I, HEERE VG XIS H
ICEERA7-EDTH S, ISO IXEBHMWEOFE/NT v A
B C TGz L 28 HOFETRRE 77 r— 2123 L
TEIhW, 77057 — 213 VGI ML 12 FAGHIEE 5
EXRETS. HZTESER I > TR EE IR ELE
195, ZHRICKDRBHEOBH AL SN, Hilj2—+
X2 OxHiie UTNAZSBEMATSH 5.

Wk, i
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Power companies

Aggregator

Reward 7 ™
VGl vehicles

PN

Command signal

Command 1
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o \Q J
Electric Electric bill ( ~
transmission
companies Power Customers
consumption
\. y,
‘ Flow of command ‘ Flow of power ‘ Flow of reward

Fig. 1 Structure of VGI

3. AEDORS WV

VGIIZHRIG L7z PEV ALz —4E, 72 7 —
A% UCHIE DG TSRS T 2 Z &L TINAERS Z
ENTES. —Jf, VGLIZHEWD/ /Ny 7V 2HHT 2 Z &
25, VGIFIHIZ & 2/8y 7 1) OHALEEOHYRE, Hiifl
WIET & VGI Oliz.o 72 O Rk ERIE O, s

MBS RS A IR O a8 2 N EOMERR, SRR EER

X3 2 I8N & RIEPEDOMER 2} > 2 7 LM LR &
5.

IS OFEHIS L 2HfE N — N 7 & REL,
AR 5 U & & FEFEFBRE ] & VD TRGET 5.

4. Bl AT LERK

41. YRAFLACET R

PERD PEV IZE M 6 RET 2HBEDATH 5 DI
TL VGIIZHIE L= PEV TIRE M E HEHili/ Sy 7 1 [

BHEHLANT 5720 ORT5 A8 ZEB6E, B0
&LAh_M¥&ﬁﬁh$%77U#—ﬁt%bﬂ@?é
72D ORFIEGHERE, HE L EHTINS &+ 55
RENDRIZ B,

AW TIE VGI OFEBUIBEL, X—2 &L %% PEV A
Fio T 2R L ERE, RimMEZ R4S Z &< VGI #hE
EEMNT2Z L4V 127 MTED 72, D HRER >
z%A«@%E%%mmtLfvzfA%mjéﬁétb

2, KU IANZ 12548 5 ] B8 Ze A RE & X7 Al (S EE D A
%%t_%ﬁ?é_a,$ﬁkhf@ﬁﬁ%ﬁ&6:t&
< VGI T 5 M A fififiti # e kLT & 260 S 2 7 4 DO
HEHBLZ.

4.2. X7 LERK

VGI 2Fi§ 20 H & 7Y v FOBXN, WEN
B O—Fl%E Fig. 2 1Y, —ik(FEE6lE L=5GaA,
I & BN I3 X AT ML & Electric Vehicle Power
System(EVPS) &IMFEh 3 78 & E A+ HIHd 5 2=
FRSTAET B, EVP S I3E I OIRXK & B FHPA 72 ¢ Tl
B, TV = A4 VA — Z/b@%éﬂ@bfﬁi
595 TCP/IP DFKERIEES % SAE J2931°125E 3%
SNz EVPS & HiijEE OWER TdH 5 HPGP (Home
Plug Green PHY) 5D PLC f§5IC& M4 2 HRES A b
BHHD. EVPS IZ# &z VGI oEifix, EVPS &
SAE J1772'% 3 % v 2 THi & h, 7o) 7 — 2 L Ojifg
CBINRZEBIRI VAT LER STV,

HjIZH AR N — FY 7 I30EKRD PEV ¥ 27 4 %
N—= 2142, SBIZHl 7= HA MRS 2 7 4 & RIS L TR
L7z (Flg. 3). BALEREZS ARV T a1 21
FEY AT LA L7 BHAHR =y M, MO
ACENEZ DCEINIEMRL CTHE Yy 7 VICHKET 5 H
#AH AT 23— & 2= b (On-board charger: OBC)
IZfRA ¢, DCEN % ACEINTENIEIRT 2 HHE & vk
DA T 8 =4 2=y b EERL, BEZTT
< FHEAETO VGI Hfi & nlfglc L7z, £ /-H#Hilj& EVPS

| Distribution |__|

‘.. d|rect|onal

charger

Home area

| network | |

Fig. 2 VGI connection system
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DOFOMREIZIX, SAE J2931 IZER SN KEET —4 %
B DR AN EE N TE 5 HPGP A0 PLC JifE %
AL, SO PLC 2=y b &2%#E L 7. PLC @335
HBHIBOESTHSa Y ha—s34 vy b+ (Control Pilot
Line: CPL) ICH&E SN 5 720, HHOBE 2 L& L.

4.3. VGI &l

4.31. /8y 7 Sl

TR AR RO BRI\ T, k02 < Offf
il 2 A9 2 12 I3 BE IO A2 &< L, 2@
11T VGL #Efi§ 5680 H 5. LaLZiULRIFIZHE
B OARE, $50WE SOC DEFENAET, Ny F U0
LA IEET 2 EKTH B, VGLIZEF O PEV O/3y
F ) RT3 TH B, 21— FOETERIZIEZ DD
VGI THRONEZNAT 4 v b ERKILTEZ LNy T Y
g Rk E £ 5.

AfFRIZBNTIE VGI D & — 4 b SOC D2 B
LTI 3MAEZRL .

(1) VGLIZkhfHens %7 4 v b ORAL
(2) 2—HFERD EV E1TFEEEO R
(3)VGLIZ & B/Vy 7 ) OFALEDHIH]

—HREIIZ) Fo LA F o3y T U ER, B SOC IREE
THALPEHE X N B A H 5. VG g B ikGE &
DE SOCHBETTS0HEOHIMIAENEZELLN
%7, SOC 80% Y b7 EWiAAEAET VGIIck 5 ME %
WelF pIRREAME T B L, BEREICL DNy T ) IRER
ARBED B M Eh3Z2E0H 0, HILEOHN
NEEENE. 22 TVGI DRI/ Yy 7 1) HEAD
WAy 7)) FHOE & HHRFORY I v —v g v
EMA LNy TRy I 2L —va itk PHIL

N Proximity detection
Vehicle \ CPL Charge
inlet ) ECU
AC power DC power
OBC }
Traction
I battery
CAN
(a) Previous system
Proximity detection
Charge
Vehicle |- on CPL . CPL_| ECU
inlet PLC unit CAN _|i™""vai i
| application |
L__software )
AC power Bi-directritonal DC power
convgt er Traction
u?' battery
CAN

(b) VGI system

Fig. 3 Comparison of charging system

Table 2 Battery deterioration simulation with VGI

operation
VGl use case Simulation condition
Area LA, California
SOC 90%
Peak power +4 kW
Effective power 2.4 kW
— 8:00 p.m. - 6:00 a.m.
Operating time 10 hr/day (36500 hr)
Simulation period 10 yrs, 100,000 miles

Table 3 Result of battery deterioration ratio with VGI

working
Battery Capacity retention
pack . With V2G Deterioration ratio
capacity |  WHhOUtV2G | (iyseq for 10 yrs)
20 kWh 78% 75.9% -2.1%

7= (Table 2, Table 3). ¥ I 2L —3 3 VX, VGIHliD
l—ﬁﬁﬁ%ﬁﬁwﬂm%wﬁbtém?&h,ﬁ@%@

B0 ETHE DO AN A, FRIBROG Z dl T 5 T
HtVGI@ WA T — 2 & KM L 7=, 2 DFER, VGI
FRICEREE X B3y 7 ) ORI RS 5 45 b e LS —
H 10 B¢ VGI 232hi§ % e $ 5 &, B4 )i s
15CHEDHERH D, 20 kWh DYy 7V 2K 5
PEV T3 10 fE[ T 2% DK N2 HEE X h 7z,

4.3.2. FEREHIE

FeREHIENI AR U 7228y 7 0 il & EBL$ 5 72912,
Ny T ) DIRREITIS U 7= HliH 2 T % 2 X 5 HEFEL /-

JEBEISE RIS~ O S &= Hiy & U7z VGI TiE 7 &
V7 — A BNEITMCEGE E TV B EREOHMIIIRN LT
FMBOERE I TENIY tu—LadBZ %5,

ISRz &0, BUEHEH & T 5 R B0 2l
@ﬁ%m,E%%%&W%ﬁﬁ”v?U%ﬁofﬁétb
B E R S, AR ARE T & IRGE X Tu
5. —F VGIIddEm#E#HK I Ny 7 ) 2R+ 5 20
CEDAL I ST T (R oYy Al = A RNy A L [ -
TN Tzl LTEHEDORERERLAFEDOMIERE L L
TNy T ) DER S D VIHKIRIC 5 0, O LR ISR
TELXBINHEMILICREDZZENEEINS.

D& KIRETR T 70 7 — 2 RFEEN AR T
7,Hﬁ&ﬁxﬁﬁﬁﬁibﬁn ZZTCHEAHHDY
Iy MVENEAT ) S - AICRETRZIEICKD, Ny
7 M% I U7 RMEEREEZETE LA L L
7z, 22k 7oy — 2Tl 4 DHE§OE DR
B BCERES AR LEYIC AT 5 2 EAEEE & D,
I8Ny T ) DFALREEED B WA REEE T X /.

F MR SOC Lo 72385 & b, BEiliO A TE»
TERW (TN T =45 DFERICHETE 20) BHAEIC
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(3 HL D AN & A IE X B RERIRREIC L 72,

INSHIEHDINMD 7= I BEINZ 5 & 7 7)) 7 —
2 RIORER LBENE % Fig. 4 1217

N—2ZHMOMVEREZHS T L %< VGI 2 FEfid 57289
12, 7Yy 7Y SOC D FRERET 5 Z & T, IRlKiRatAET
PRt AR T Al E Lz, 6122 —FICk B 8EL A
v —ROERF BN AR & 5 % K91, AEWEEN A 5
FEHE F TOREM 2 W RHEE U T VG I LR & E
L, ZORIIAED A% FENT HHlHH0E L7z (Fig. 5).

4.4. VGl MEEFHENARI L /N—421 =y b

4.4.1. EFRIERK

VGI WIBHEAR ST v — 222 biZiE, OBC
DOHRETH 2D ACEN % DCEINCZE R L CTHEK
Ny T ) ERET SRS A, vy 7V O DCEN
% ACTENANER U TEIIE§ 2 MEEN MBI 5 5.
INB oD A FE4 5 121%, OBCIZMA T
D AC-DC av/N—a2=y b ZBNERKT 2 Fik&, AC
& DC ORI SIZ5 a3 AT e 25 [\ % > WU 3 v
IN—A 2=y b EBRT S FESE L NS, KK T,
JUlZE B ORI & ETIRENOHEEAW A 5720, 2=
PO A XEEBOMIME T 2 O LR EF/NRIZT S

s N

C_harge and y SOC command
discharge capacity
Target SOC
1SO Aggregator | |Actual SOC Vehicle User

Charging power limit
Discharge power limit
Status of vehicle

Charge and
discharge demand

Calculation of charge and
discharge power demand

Calculation of V2G target
SOC

Vehicle calculates most
suitable SOC.

Charging power

demand

Discharging power

(2) Aggregator determines demand
charging and discharging
control value

(1) Determination of
ti t
operation reques Electricity limit level
transmission
Vehicle calculates battery
limit value of charging and
\_ discharging.

(.

Fig. 4 Communication between aggregator and

Table 4 Design target of bi-directional converter

ltem Design target Note

Volume =10L Equal to or less than 2013 model

Charge | = 90.6% (240 VAC) |Equal to or more than 2013 model

Efficiency More than power

i >
Discharge | = 87% conditioner for facilities

TEDTEBIMNAa Y N—2 2=y b R ERERL 7=
MAE Y IN—2 2=y M, OBC &HiE$ % Bl
L SR UE (Power Factor Correction: PFC) [BIp&Es %,
AC-DC Z A AT 5 Z L is k> Tl X 7,
KIjma yox— s 2=y | OFEHHEHE % Table 4 127K
. RO HRIIIERFFLL L& U TTemERE % fiff
RUZZ, B2 =y b3 4 DIZHEELEEOZR— 22 —F 4
VT 4 NOFEERGE U AR, DERERAR 10 L 2 HiE
& U TR I EE L 7z,

HIFAIT VN — & ORIEHER & 5 RIEUE L 22805 = v
N—a DT Ty kK% Fig. 6 1289, AC-DC IV~

Uni-directional OBC

AC - DC-DC DC Traction
®__ fiter [7e PFC Meonverter[] fiter battery
Traction
motor o—y
Ig ]
= |% %
Y
Bi-directional converter
@__ AC | | AC-DC | | DC-DC [ | DC Traction
filter converter converter filter battery
Traction
motor

Fig. 6 Comparison between uni-directional and

vehicle bi-directional converters
Without timer setting (user intention) With timer setting (user intention)
soc i int 1 -
Charge restraint Timer setting time
Full charge J\-,"
VG| Low limit pe===sssssesassssssssnnanasansnsnnnnnnads § ..................................... * ...............
Discharge restraint ﬁ | Minimum guarantee mileage
Low limit : : v
Discharge restraint

Drive Charge VGI

Drive VGl Charge

Fig. 5 VGI control for customer
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Table 5 Standards related to VGI

charge VGl

WASeanal =772 | | ouerauin) NEC 702
power quali
OBC

— SAE J2894
W |EC 61851 leak intercept I NEC 705
grid parallel off I

grid follow I
Grld. . grid protection I |IEEE 1547
connection
anti islanding
operation
automatic
recovery

IN— B EIEE AR AR (AC-DC Z4) & J R ERE L
A CEXBHE# Y 7V DO DCEBHE=BHIWO ACENH
NZEWRT DR A & D, B A kT 5 2 &
12V, DC-DC a2 v 83— &30 2 %M O3 7 V) & &
A F — FEGHRIEEE 2 & FBR 2 4 F R TIZEHE L TAT
1276 ) & 254 T % B ik kR & L 7=,

4.4.2. R

OBC 38 Idh 6 OB S)IZEDHADRE T H - 72728,
il Z AR AR TR RN OMEE B KO3 27 4 %0
Ve eI B HE TH S SAE standard B KO
IEC standard “%Mét"% ZETRIBLTER. LarL,
ROHIE T V73— 2 OGA T REREREII A TE I L
ThvE #51%&4%/\2‘9%#}0 Ens, BIMOEEEH
O U CREA LT 3 BRRICRE S 2 R eME L,
IR AT EE )0 S i N 2 O % ) VB MERR B9 %
FRICHERL L 223851 2 B 2 5 BN 5. WERLS LB
Jk& % Table 5 12789

AR R HIEA IR TH S Z L h 5 IEEE 1547
IZHERLL 723%5t & L 7=

443 RHEEHREICHT B HEHBOONZ ME

SRS O MBI RE L, REAM, BWEICLDE

L5232 EnMoN TS, Z 2 TRIEOBIFGNE %2 B
NCE =2 L7RSR, BB % S 5 B OB I
BT 5 Z L hbh o7 (Fig. 7). 2D &S &% i

Distortion

Voltage

Spike-like noise

Fig. 7 Example of grid power quality

DOBEERE A 2= FMEEICRIAT 25613, HETakc
o uanNZ MEER I RERD B, F 2T, Bigst
DOEFEEN L=y M5 A 2884 v— 1 &l oo i
P HRGEL, BEBIEOBREREDIR &, REFIEDRF
A LIc kA B o 7.

5. EiEX

KRHFZE TRESE U 2= B o 1S 2 b PERRGE & fififiti o)
LA, KEF S Y 27 KN T LT VG FZaEHE
5% eV2G Project &ML 7z (Fig. 8). T DFEGEFEERIL 7 £
Y A KD ISO TH 5 PIM Interconnection & HBEE4LT
#» 5 NRG Energy, VGI 727 ) X =4 THHT7ILT K
FOAVI) =TT LATHEEINTHWS, 2070y b
Tl PJM Interconnection A& 4 5 R BUL S HlfE
TO VGLEAMHDOFREFEH 2B 25> TW\Wb,

FLEEHE TEEE 1547 (ZHEHL U 72 SRf0H 5 o 8 725 HEifK
I A AC-DC a2 v/ s—22=y ()12 kW) &,
FIYXTRFN MG XN RE L HlE O T Y 2L
WE2=y b (VSL 2=y ) 2HEKL 7=, RKEEF LD
TA=F- T34 N4 7))y FEX—=2Hlj& L7,
VSL 2= v M3l R7z PLC # CAN IZfRE L2288 D
T, FBEIC CPLICEHEBX®TWA, 7267 7)) r—
Vg VIZREAMRORERE AN -2 & Lan s, ]
THREHE Jo & O IR DR A RE, 7 = — Lt — T HhE
EHAUEMU 7.

MEEIE 2013 4 11 A2 5 2014 & 11 A D 12 » HE9hE
L, VGIfil#ER SOC A4 & DY AT L a1k i
R, AYN— L=y MIERE U2 RAERICEE T 5 Kk
EEDO TG EORGE, BL VP2 —H 2T 4 v FOEEL
BB Zko7.

FLAEEERTIZ ) o FEEeERE, TR AR, S A M
BT — 2 %87 7, FMAEBOIHEL L7 2 — 0
B 7 — 2 O & 5 Z 0 VGT JFERERh oo tishw &M
Al 2 —HNEH T 4oy FOERGHI A B T &5 7.

51. RREHNREICKH T 2HEOO/NZ MEFELR
SR O B & RIRIZBIAI U 72 K52R, Bk iz KX
< M2 EOBBFBIE S AHET 5 2 L bh o 7z, Hik
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Table 6 SOC control responsiveness

Item Expectation Experimental
data
+4.1%
SOC band +10%
-3.5%
+0.55 kW
Average output +0.5 kW
-0.46 kKW
+1.9 kW
Peak output +2.0 kW
-1.5 kW
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Fig. 10 Transient response performance of VGI
system

Table 7 Incentive obtained through VGI
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Nonlinear Finite Element Method Solver for Design of Automotive Cable Layout

BB Wt
Takuya SHUDO
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va vV = LINTHO 2 BB A RERE Y Ly & 7z
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ABSTRACT

A new nonlinear finite element method solver has
been developed for use in a simulation tool for the
design of automotive cable layouts. The solver uses
a hybrid method combining static implicit and static
explicit methods. The use of this method has made
it possible to complete calculations for models for
which calculations did not converge on a solution
using conventional iterative methods. A method of
modeling the stiffness of the clamp-end of a cable
was also developed in order to increase the accuracy
of analyses. The formulation of modeling templates
for different types of clamp has made it possible for
designers to conduct accurate cable layout designs in
short periods using simple operations. The developed
hybrid method and library are in use as cable analysis
tools in Honda research and development centers in
Japan and overseas.

1. FANDE

HBHIZIE 7L —Fh— 2, b=k —2Z, S—F V5
TAVYERLZS O — 7 VEMMEH ST 5. Fig. 112
TVL—FF— 200 %R, K — 2T O R %
FES KO KREAIMTFRAC 2T ALOREINS.
HEHEOY Z2XY Y g VI EFIZZ ba—2 L, »Oinfi
NhEIhd. ZOLS BRATIET L —F 45— 239 HE
BOALY ANV Y g VOBEIEA LK Sl & Hich
Cha2is. ZOXICr — 7RIS OB) & (12
BHELEEEI§ 2 0T, B E THE LsnkS5icr A
T NTERUNENRD B,

BAFEWIHERRS D L 4 7 & P RET T, B O E R
HIRDPZE DL B RENEL, TOEFINBELTTr =7 LD
LATY FEHEDRUKRETT 2 0ERH 5. £ 2 TR

% Ufs R&D £ > & —

Fig. 1 Brake hose
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Fig. 2 In-house tool for cable layout design
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Table 1 Comparison of three solver algorithms
Elapsed time Increments
Static implicit No convergence | No convergence
Static explicit 38 min 47283
Hybrid 6 min 487

Table 2 Comparison of solver speed

Elapsed time Increments
Static implicit 13 sec 124
Hybrid 15 sec 132
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Introduction of Heat Exchanger Production Technique for Stirling Engine
Using Additive Manufacturing
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A prototype case with thin internal fins was
created in the development of a Stirling engine with
performance that exceeds that of conventional compact
Stirling engines. Radial grooves are cut into the
pistons located inside the case in order to avoid these
fins, and high accuracy is called for to help prevent
contact between the pistons and fins during operation.

Since conventional manufacturing processes
are unable to satisfy these specifications, precise
manufacturing was realized for the first time through
additive manufacturing, that is to say, the use of a 3D
printer for metal materials. However, there are also
many locations where the needed specifications cannot
be satisfied simply by existing additive manufacturing
technology, so various manufacturing process know-
how was needed.

Selection of the blade used to laminate the powder,
use of reinforcing rings that are removed after
molding, machining of small holes to remove powder
remaining inside the structure before heat treatment,
and other techniques were obtained as know-how. In
addition, it was found that given sufficiently short
length, molding can be performed even with a plate
thickness of 0.5 mm.
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ERDB72DIZY ) v A NERISERIO SR T 4 v & Fi->
T —2%WMELE r—2AREICRE SRS E 2 b ik
ZDT 4 vV ERT D ZDICHAIROMNERY S Tk
D, 74 VORI LoD linrh ol & i< 72

IEWEIREERER I NS, & oI E Iz T
* Ui R&D £ v & —

* kAU NIT F— 4Ty D=F YV VIV AT LR

BRALT 2 72012, (FEIA 2237 &K 2 mimfll, (Kam M
DR 3 5 £ OmHIRRE R & —IR1L & 7= ZHK e
EAIRETH 5. w2 R 5 72 & TR s 2/ ViU
129 % 72912, BEEIRERIE 3 ) HIGL O B AV ML M &
NI=WATZIRTH 5. Th o &7z ¢ & 5 45U TRt
KiZizuL, EFEMBOLDOT T4 T4 TY=ZaT 7
Fx )7 (LT, AM) Wb 3D 7Y ¥ 4 &{fli>THI
HTEUTZZ2EDTH 5.

RN RERE 12 K 2 3D B OHA OHEAIZH AL L v,
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ARSI BN T2 DREAE D BUL TR 5 o7z 2R
EXTDFEMBICLPBIRITEZMALZ LN TR TH S

(1)-(3)

L N3O BLEO R A 72 1T 3D il T L E
NAEWEIRTRIEMERESH O NS KRG 21772, L
M UERICEIEL CAB EM{FDT T4 T4 73227 7
O F ¥ ) VI EDEEOHEAMMITIZER S N B LRk A 7
BOWEE 2L, 20040 ETa v 2 Lo ) o
N 5 7.

ZD 7y OflE L&, BUlliiEZ & 2 IR E DK
TAE 72D T A FHPITRER LIE X D2 L& M) 1% 5
FTIERET 2 Z &, BRI T % CTHRrET 2 9K —
MERICTRZE S $Z & CRhOEEAEC S EARNWS
ERENETONDS. ZNOMITHEROKIZHE & h -8k
Lo ooy AR KA TN 5.

2. A=Y TIT T ABNEImES — X

2.1, BEDEY

A2 =)7Ly o pMENEh, HIE2ED
F839 =¥ 2 b v (PP, Fig. 1) EAEE) 4 2 % Sl & R
HIZRHICBEEE574 27 L -4 b ¥ (DP, Fig.
2) Il FICEGE S, RAEHZE A R TIEEEE) 2 3 5.
B DP RN AR A A ZRER T I & Mz 2 h
ThEZ bV aEFE->TWA, PP, DP & 812K 7{%7 58
mm, A M2—=27(F23 mm Th 5.

Fig. 1 Power piston

Fig. 2 Displacer piston

WHDAZ =Y VLYY v TSNS E D%E %
T 272007 4 YAV ) ¥V FHNZOAEE ST
ZO1IZxf L, BEEANEICIEE) 7 2 & OB ORZ & T 5
720Icy ) AN FIRD 7 4 Y36 T 5
ZEARHETS. F—ZANGICREI NI E A P T
DT 4 V&G B 7-DITBSROMNERT o TED,
7 4 v EDREIZ RN Lo DR il & B < 7201
BWEIREE RN 3.

= ABRIEIMINTHR G 7 4 v A a oY L 2@l o
7 w3 — Z (Fig. 3) &{KRE O a7 r — 2 (Fig. 4) D 2
TR EhS. 7y = Z2ORHNZIZ SR T 4 v
WA TR EI R OIES) 7 A % IIEAT 5 72 8 DB 23
PlICHE X, a7 — Z22BEC gtk 7 4+ v ich
TREHOLER)H 2 &2 W HT 5 720 OB KL O
SMANZ IR HIAR 23T KEY v 7 v b (Fig. 5) »SHJERIC
flE S h, ZheBeT KM hSHEdEAr — AT

Fig. 3 Upper case

Fig. 4 Lower case

Low temperature
heat exchanger

0.3 <

t0.5

Fig. 5 Water jacket and heat exchanger of lower case
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BB, FVEREEMERE L h b B gy 2/ NUIC T 57289
12, B HRERIE 3 ) B OO BRI A ML SRR & 2
REFD.

IS ziii7e TEAEF Rk G <, SO0
TTATATI=ZaT70Fx V7 0Wb®53D 7)) v
BEffioTHIHTHETELEDTHS.

2.2 BXR¥EE

BREADOZOISEES 2T T A MERGIEFE T 1
mm OFERTH O, MLMR 0.2 mm ZH LTI ChlEd
5. 728K T 4 YORAIZ05mm THY, 2 b I
Yo7 4 v %&kT 5720 OREHAEIZIE 0.9 mm - 1.2
mm, HEOFREIEES 0.2 mm - 0.35 mm TH 5. L7=d >
THfEr — Z2OBEMER 7 4~ OIS B X OERIZH L
THERLVREENER SN 3.

3. AMEE

3.1. AM EE

ANZIZ EOSINT M270 #fiH L 7=, EEDOHIL %
Table 112§, FMIMEASEH KM L 2. FWED
SMELR KOO 2~ b o — FEEOHH 4 Fig. 6 128
¥ VY a2 EENO/NEERICE, BIEEPIET
% 7= ICANENE A 2 (S33R) 2 L e 5B T 5.

Fig. 6 Additive manufacturing device

(a) Preparation for recoating
of material powder

(b) Recoating of material powder

Table 1 Molding conditions
Device name EOSINT 270
Powder materials Co-Cr-Mo
Powder grain size [um] 30 -40
Laser output [W] 200

Spot diameter [mm] 0.1 (minimum)

Scan speed [mm/s] 800 (maximum)

Laminating thickness [um] 40

Blade Carbon brush

Building size [mm] 250X250X215

32. AfEET

REEFLE T oS r—2ka7r—2&2FhEFh2
oy b, AEt4 Ly b ERBHCESEL 22,  2NE O
DO MBRIEHOUD LT X ¥ — 2 & [HIZ &~
L7z, & 65 Ui < hz L& %R CREE BRI
140 KB TdH - 7=, Fig. 7 I2EBETF L E2RT.

NI T L — FEMRERBHIZ &0, Bk E 2D
JE SIS EH Z 2T AN S G0 72%I1C, L — 3 Tl
BEEML, 40 pm TO T2 5 RA LT T ZE DD
BULIZKDEE ST S, BEOMKT % Fig. 8 II/RT.

Test piece for
material verification

Base plate
S45C (t36)

Fig. 7 Molding model

(c) Laser irradiation

Fig. 8 Molding process
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4. #HE

B X — I & GO AREMOBYEIZY 72 5 T, HifflA
BWERTH2Z 25 3MIcbDRFRREZTS 2 &
TEHIRLTEKME RS ZENTE .

410 ER 7 « SRR > T h—KR BT

FRIERT D EERE 2 & HEPINRE 0.5 mm ORGHIR T 4~ D
TEXSRE N L PRI N 2 2 CHEETOEE 2L T
57087 v TEIH-> THRITETHRET 2Hm) v 7%
72 (Fig. 9).

ERITER 7 4+ VI3EET 5 Z & 25 < Fo5r 2 KIS AV
R & 72— 7 THABESIRIETR 77 DFREED 7' L — F VAL
THADT 4 Y OERPNTL £ 572 (Fig. 10). Th
BHROEEEADLTEEODS20ICEEERCE T I vy
HOTL - FTORREBEBMUST BRS8N THOL 2280
EHEEENS. ZZTHWDHOBIESIEDL I A —F vl
T IV EMGWEZEZ AR (Fig. 11).

»

Reinforcing ring

Fig. 9 Reinforcing ring

Fig. 11

JEPERR ClE I — R VBT 5 U A B LR EIEA
B—FoREPEC, MAEEOKTAEEENDS. Lr
L7 4 YOk EENIRCR LT, BT ORMED
BT Eebhrolz, ThEHB T 2MEREICEVTE
MR T & 7=

42. A7 =T —ZA@ENE 7 1« @Rl > T

B =R VTS OMANZ LRI T 4 VIR & Hh
72, Wiz a 7 — 2SR ORI 7 4 v BRI 2 0
54 MFEE L 72 (Fig. 12).

ZIZTRHRELTT w57 —Z2DBHIRT 4 v OEA
EIRIBRIS, BTMITIC K 2BREA£4T5 2 & #RiRISHIND
ffigkY) v T 4 vOBMNREES T THERMELZE
ZA, fis) vV OBRERIZORDBNENZ b5
(Fig. 13).

Fig. 13

Reinforcing ring before machining (left) and
after machining (right)

Conventional metal and ceramic blades and carbon blade
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[T &5 %r—2RMNEOHETE T 4 v Th->Th,
T 287 = AR GHIR T 4 IZEEIN D & O IZHREES
KZ 2em PO 55 Z & ke h -7z (Fig. 14).

4.3. A RBREFL

a7 — 2 EOMRES 7 4 v TIBSSHRER D 5 A0kt
KO-l v 7 % T 755, EBIZEK - 72 R 2 B
MBLOBFE T % - T L EFWBREDRATRE L & - 7= (Fig.
15). ZAUIFZ OBEMLBEET 1050C F TS & LiF 221
ISR AR Z L2 B2 65,

ZOEH iRy v e A RELTEMTZIEED
127 5 72 OWIBIR T, BRI O/ & WA S O 545121,
BT D BAGUPE R | JEECE AT & O PRPEY AR BE G 23 78 4 3
5720, MROBREEZHIICEATEL ZEPHETH S
&b -7 (Fig. 16).

Fig. 15 Congealed powder remaining after machining
work to remove reinforcing ring

Direction of
accumulation

Opening for
powder removal

Sedimentation
of powder

Addition of
annulus ring

|

Base plate

Fig. 16  Section of lower case

WL LTI, sk v IS RBRED D DN E
BT, BVILERTIPIR 2 PEBR U 7=, BBt 1 I CHLD B
< BfEFr DY — MR ERT 2 x% % L7 (Fig. 17 -
Fig. 19).

removal hole

Fig. 177 Powder removal hole-1

modification

Fig. 18 Powder removal hole-2

45-degree incline 1

Fig. 19 Powder removal hole-3
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Fig. 20

4.4. RXREDEANREGE ZERHIBEET 25HE

AR & JE NGB DS % 2 R A AT 3 P IXOHLA 1
mm P E T ORBI X -, 2 EWGEIZ X A ETEA R
KeEZENS.

RZDHFRAE S S/ DTIR%EH 55 CORIT TiE
Kl it Lid a2 R ETE—EDEXITEDITEZ
ENEETH S (Fig. 20).

45 O & et ETINT

T N = ZSMUOBSIR T 4 VIIRET L A E T Y
I L ZhZESI LT ZOBKABETH, L
IR T 45 18 K D/ WA & RO PISEI IR 047 26 11
WOMAERIFIRTH % 720, MFEIC & 2SR TEE &
W L 72720 Tdh 5. SERRE S T & 0FH 5 %
ZE3HETH B (Fig. 21).

T EFm T comismy v 7ok (2D — TNR) TR
PHIRET b T4 L, miELIMHERTE Lok
&, WA K AWHEM LIZAE L7,

07— 2123, 2 P VFE LSOO L D LA
DA & 2T L 72 (Fig. 22).

Fig. 21  Upper case

Lower case

Fig. 22

\[Constricted shape

Modification of boss shape

5.1. X#8E I L 2 KRR FEDIESR

MATEE XA BT 225 kV ORKR S EprEl~ 4
207+ —HZ X -CT SMX-225CT-SV3 % i 7=, [
AR AT AR D5 0 3 Wi 2 BEGEHIT U 72, M
& WA % i & Fig. 23, Fig. 24 1284

i) v ZEBINLE 22T B Z & TERTOMEH TR
DERE I N T D Z & X iy Cliis < % 72 (Fig. 25,
Fig. 26).

Fig. 23 Shimazu Micro-focus X-ray CT System
(SMX-225CT-SV3)

Il
L

CASE,UPPE"

el |

|
L)
— 4

i

Fig. 24 X-ray measurement sections a - r
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5.2. STERE

F—20NBEEEZ N EOWME L) T 5 X EHE
Y5202, BREOEEL X OCMEERERI NS,
SEIER OBMIN AR EE A 7 4 VAN MESE (Fig.
27) 12DV T, IO BIEHIZ 3WItEHINZ X v, #&%EF

[

Lower case sections (radial fins)

CASE,UPPER 3D Image

No processing area

Finish machining area

Fig. 27 Area where finish machining cannot be
performed

Table 2 Density of test pieces

Test piece V{c:)l;r;r}e M[ass Densi';y
gl [g/em?]
1 8.10 67.75 8.36
2 8.25 69.00 8.36
3 8.37 69.70 8.33
Average - - 8.35

WEDFNEHDF ) 7L —3 3 V44T -7-. Fig. 28
IR &5, B2 RINTRE L 2L D FEET
B&Z02 mm/hE<EEINE. 2 E0EFE 52N
RKTO017 mm THHZehs, BIGHAEZZET S &
2k, BEAEAZE02 mmIZIND B I EARARETH B R
WL 7.

ARSI EYE N & % 58.4 mm & Y & Rk L 7=k
EHOMEETBZ LIk, BELAENIIND B Z &H
T&E7.

5.3. EMFMRE

=RV TS v ETLV-FIZHLEZZER DD, £
MHCRIES N T & AR L 7.

5.3.1. ZE D&

TV A NVICEE A O 7 AR R AR (ER) RIS K D
B — 4% (8.3 g/em) T LCHIHL XL TH B Z & Wi
AT %7z (Table 2).

5.3.2. BEfE DI&EE

O &z VR R A B R A I5E U 2. BRI
e 0.2 mm, 120° 44 Y EY FHMED & D& HifH
L, 150 kgf ZMIE L 7=.

fhjarget range (0 - +0.2)

Fig. 28 Examination for dimension calibration
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Fig. 29 123k O FHAKE R 273, P A% X/
Y dif, RikEITEIA Z e 55, R — & (35-45HRC) I
U AT RO A3 R EANS & 5 28, FRIZIE
RERE 20 L~ & L 7=,

5.3.3. XFIEHIRIC L DRI RE

Zg B K OES (10 mm - 20 mm) DR CAH S A H
R 72 5 2 b 5 7.

50
¢ Z axis (Upper)
45 ¢ Z axis (Lower)
A X/Y axis-1
» 40 1< X/Y axis-2
3 P X X/Y axis-3
5 35 0} @ X/Y axis-4
3 4
T 30
!
2
° A y
20
0 1 2 3 4

No. of test piece

Fig. 29 Comparison of test piece hardness (HRC)

6. EHFEE LD

6.1. FlFIEM
RiEEIEETH 5 AM TEBRIROM 2 T4 6 18
FTORMA LT T, 2079 EA5856 THA3HAK
R, R — b EMRENZEERT F A2 6 LFL, BE
RIZKRETIVLEN DD, -2 5DMAETTH-T
&, 45° KD/ WEHE THA LT Z N TE RN EN
WD B,
ICARRIRIZE K55, M ARERICHO 58
A, 1 mm B FOEBIZIEESKE AN TW RN E
FHNTWD, FEEIZARRO K 5 MRS % R R
IZHOXR S EFICER AT &, HMATBICEEEL 58
BB,

6.2. BET LD/ TNy

BMEEBL TV —FED—KV 77 VEIIEET L L
T, WU 2 A LT IR i 5 2 & % Pi
kT35,

BREA 0.5 mm &<, iR RV T 4 VEHICB VT,
WERICRET M) v 7 &5 2 itk > TEEE
CHICEETES. HE2 0.5 mm Tdh-> TP, By
T4 VEBOES IR K 2 cm ITT T NIXES
TR, FRRISKEY ¥ 7y PANT 4 Y ERIEA 0.3 mm
EWHIZARETH D 2035, BRI VREE /NS W

JIEMES RSB TE S,

FHIREE A DB & O LUNKIZPH C 2235 08 T & 2555

i3, NERDRIAR & BVLEERTIC kR 5§ % 720 D/ R T
THBLLENRD 5.

HRIBRE R 2T 5 VDX S KRS A RHET 5
LA, RADA VT REZDO2PUDIRHNTEL BERA
JEDZEALE DL §5 2 ENEHILICEDNTH 5.

T3 — ZAMAIDO ISR 7 4 VDX SI1I2E S LT
JEE N A TRE & (L, BIOBIETHIC & 280 (15l 2
ERE TV 25 Loa oS0 HT 5 2L T
»H5.

PN T AR TR T 1, FERGH: OB B SR 28
TR XN B EFTIZOWTIE, & 55 UDEUGHEIZ & 5~k
ZALEAUEL, Fv )T —32 a3 VETI ZERMBET
»H5.

7. e

AT AM Fiffi &2 F T, SO ETEHEE &80 T x
ka2 4 =0 v Ly Y v OB NEr — X
EIRET BI04 720, HERD 2 o I A T4 s Tk
BRETHDEIENbh o,

BOEWEE L LCZ 7L — FOMUANIT HERS §7200
H—=RVTILOFHBENTH O, BRI L TRE
FTHHR—- MERICTREZES T Z & TREGETOES
BT RN &R, BEENIRER K 2 58 2 THUD B
72D DROMBEENETF S5 5.

IN6DH LN Ny ERGERE»RAT LI L
T, DOEETREGICHPE T2 Z LN TEROVEER
Jg 75 & TR OBE TEMLIBROEFOBERHETH %
ZERIFGETE .

SE Xk

(1) Frepriemst, 27 1 B S o #im, RIEHM,
Vol.48, No.7, p.1-5, (2007)

(2) W e s R 7 T4 T4 T~v=aT 77
F ) v (AM)” Z O E Wi, FEH, Vol.54,
No.2, p.47-53, (2013)

(3) AH AT : A By pE S Fo 1) 5 S R S A O 1f
FH, HABMZ2 2015 4FEHFRKE, No.15-1, (2015)

m=E =l

A 2
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Stir-casting Process and Mechanical Properties of Forged Mg-Zn-Y Alloys for Piston

x ok "
Yuichi [ENAGA
= = ABSTRACT

FEEAL2RKD 5N 5 WREBIHE 2 b Y A OJEH IR
0, KIROBEBEME~ 7 % v o A A5 - #aE o
Wik I Z 75 > 7z, RGN % 85 72 MgeeZn,Y,
(at.%) A&l Zr 2WMIL, KiSoi & it L7z, &7z, A4
vy My — 2 AKE R X RS B B a Tk
EHOS Z LT, WiresisR b &2 Piib U, B¢ 335
mm, =& 850 mm DT ARA > Ty N OB L %
X > 72, WIZEEE 100 mm OB A 10 THRAIH
YA b BRI IRIC 8% U, S80S i % o0 BRI R A
U7z, WA 5 573 K ORI E T, sl 7 LI =w ad
SEMA DG, BITREEMSD I LN TE . Bk
523 K T?D 0.2% fif )11, €2 b VIZefibh 2 S 7
LI = A5G4 A4032-T6 MDD 2 f5 & % 5 209 MPa %
R L7z, BEFEIEEORNITREO BRIV E L,
TILIZYLABEDRT70% EWRETH 72 PLEDZ &
5, Mg-Zn-Y R#ECEASITHIE, “ g J O
Y2y oz k2 HMERP MR Lo, EFIC
BYEMBE LTl Tx 5.

Research has been conducted on a high-strength,
heat-resistant extruded and forged magnesium alloy
able to be formed into large-diameter ingots, with
a view towards application in pistons for internal
combustion engines, parts in which weight savings
are sought. The addition of Zr to an Mg,Zn,Y, (at.%)
alloy with a long-period stacking ordered structure
phase refined the crystal grains. In addition, the use
of a new casting method in which the ingot case is
rotated and the molten metal is agitated helped to
prevent segregation and the coarsening of the crystal
grains, in order to make it possible to form large
ingots (diameter: 335 mm; height: 850 mm) for
extrusion displaying fine and uniform microstructures.
Following formation of extruded pieces of 100 mm
in diameter at an extrusion ratio of 10, dummy piston
shapes were forged, and the mechanical properties of
the material were measured before and after forging.
From room temperature to 573 K, the developed alloy
displayed tensile and fatigue strength in excess of
commercial aluminum alloys. The alloy displayed a
0.2% yield strength of 209 MPa at 523 K following
forging, approximately twice that of the high-strength
aluminum alloy A4032-T6 that is used as a piston
material. The addition of a high specific gravity
element had minimal effect on the alloy’s density,
and reduced its weight to approximately 70% that
of aluminum alloys. Given the above, the developed
Mg-Zn-Y forged alloy can be considered to be an
extremely promising material in terms of realizing
fuel efficiency and performance increases through
the achievement of weight reductions in automobile,
motorcycle and power product pistons.

1. %5

VI3 ARSI EREEMR Y, REERESRT
bBHTenoaEE, “imFl KOFHEROARES,
EEMEANOEMBHF ST\ b. 20T BRI
JEREE (long-period stacking ordered structure: LPSO) fH
695 Mg-Zn-Y RAEE, MM CAERGEL, MO R
tHFE2FB TS5 T LT, TORERFEN RS HEOFL
*PUHR&D £ ¥ 4 —

M ET3zZenmonTng Y @ UhrLhrns, ¥
Z b T A B & RO R 551 5 BT 2 B h
KRS, T a85ET 2720 DKREI 4 v Ty b DSk
OWEE 572, KA v Ty b Tl O B
RN Y I WS AT IFEEE L, R O R AL R0 B [ R AT
EEU, WEEEMPTEEWEZDTH S, ZTORE, /N
HERER 20 5 FREL L TikBR 2 B Z 75 - 725 IR R0 57 5
BisHL, FoaEMmMEESE2 N TELRL 5.
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EX b EAMgZnY RIFBEESLICH T 2 BHHEFE CEMIEE

ZF ZCARMIZE CIRMMEAT L I = 254582 5 50 X
oG HME~ 7" 2 > o A5EDOMBEEHME LT, KA
vy b OGS E S TE, Mtk & OHE SR A i
DA

2. AREAEDMEFE

Mg-Zn-Y REEI T MM SE, BN L2 Ed Z & Chit#
TLIZYLAEEBADMERMNEE2BH2 L8 TES.
$53E BMEE O LA PaR i i 2, o TR L,
I, fESRIL, Y 28y Rk 2 ORI TH 2 P
W T, EHLD 7D IS BRI & KB L ThL L6k
WKL T H 5 LPSO M & it s ik, AEEAL
T57280, HROTFETITIHEE § 28, L2552
EMTELV, 2T, §i, MM LO#EED =201
P T TENZThOME 2D 7=

AN FELAR LR D S B, KRR & RO ¥’
fLICEHH U CEEIc 3o 2B % 5 2 7 - 72, AR
L~ 2> 2084, #7020 2%, oS
ISR, BRIE I IS A E G A E N C ) KRR T
R TR AR O & LT & b Zr 250
T3 2 & TRESROMANLZX 572 X614 vy b
-2 hNEX R, F— ANORGEEET 5 2 & TR
ONEHE % [X] > 7z, & 7z, B SEUEE 5 AR EER L, 4
YTy bRDASRAREEEES & 2 D, F ZISEE L 22 SR
/Y T E i AR IEI L T £ &l S S MW B i = A T M A
% F CTHUEED S OFEE A IIHIT 5 Z & A TE, BEENRE
SEEE T CEEM NS Z 0 KRR TR T 9 B 20, BRI
MO KIEEIRA AR T % 5.

K, BROMHA ¥ Ty b 20 L OOk, &0
THHINT. U T, ABARA SO IEAN 2 bRV % R
L, BBEO~ 72>y 6f8%, TLI=ZY 258 L HKRE
Bl

IRPRICE Z b VEBIZRICS0E LRl 2 6 2 2 > 72§
TR AV BOE K bE, BIRFFIEIC 2 BB AR L, Bk
PENTRER I TTELT L 3 = A A4S0 T 5 B % 132
L7-.

3. RBR7E

AREE TIEHRM E LT MggeZn,Y, A8 HB LV
Mggs s Z1,Y 21, B4 % W 72, AL i R o R
fili% Table 11I/RY. AMRSFEIE Fig. 1184 -V 7 —
T EFRL ZERERIFNTE Z k572 Ar H AR
F i R A RS S TR EL Y R A OISR L, TR
335 mm, & & 1200 mm OEEA ¥ Ty +Fr—ZITEEE
%200 kg WG T B ERIICA >3y b — 2 Z AR
L7z, SHRSIEG ORI 2 <, SIRICHERT % 5 404

Table 1 Chemical composition of Mg-alloys used in
this study (at. %)
Zn Y Zr Mg
MgeeZn,Y, 1.96 2.10 - Bal.
M5 6ZNY2Zro.» 1.93 1.85 0.27 Bal.

ZARETILCYEL 72, MEE 30 rpm, KRR 35 T
BT £ T Ik o 7. ERICHERO WA YTy
MEFREL. 4 YTy MIRERE 305 mmicE - v
%, 623 K THEAE 100 mm IZHIHIMIT L 7=, &ZRICH TS
ExEZTA4 AL, 1000 ton #HET L AT THMULE 598-
783 K12 30 73 fHt%, ¥ 2 b UBIBUBIRIZESE L 2. &
A v 3y b OFHliE Z OMENTH 2 FHER S 77 X Rk
Z3Mr (Inductively-coupled plasma emission spectrometry:
ICPES), Jt& B (Optical microscope:OM) % fivy, {L
FROT Tl K USEEMBIR 2 B 2 a5 2. $dk KU
T O BANIIRIAR X BRI (X-ray diffraction: XRD),
I AL X —E0 X #2530 (Energy dispersive X-ray
spectrometry: EDS) Clal® U, ffkidEATE 7 Iames
(Scanning electron microscope: SEM) %2 CHERE L 7=.

PR PR 5 R, 5 RIEMEE bk KO ) —
TERBRIC TR U 7z, 515, PATERE 3 mm, FERT
MEEEAEE 15 mm ORUNRERF 2R & - 72, 51RaER L, &
M 5 X 10" /s, iRBRIRIE 298-573 K D&METH Z AW,
WESTERERIE, ST R = -1, IE%0% 20-40 Hz, ##0 X LK
ek 107 813 & OVRBRIEE 473 K OZM T 3 mm,
TR FEREE 8 mm OUNRER TR E AW Tl 255 7.
271) — 7RI AT 3.65 mm, FErRIEERE 28 mm D
INRERF IR A2 RV, 573 K, 50 MPall Tl Z 4 - 7z, #h
{REEI3JIS R 16111Ck BV =7 T v ¥ 2k, Bk
FREUE JIS R 1618 12 & 2 88 prik, Y v 73813 J1S
Z 2280 \Z K B E L, WIS Z 8807 Ik BT L F
AT AP TEHL, BEFHRE & PR U 7z

CP Stirring

Vacuum chamber
D
Crucible
Ar
€
€
o Ingot case
o
a
Turntable
-3
-] Motor
Rotation

Fig. 1 Method of ingot casting in vacuum melting
furnace using turntable
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4. REERCER

4.1, 8BS >0y FOEMN

411 L= 2

FREHRDA VT P OILFERST % S Hr U 7265, Ml
BOBNERETHE LA Ty P T, 4 VT y MK
25O E 270 mm ML EORE T Zn & Y 23R L, 2.00
at. % OHEMEORFRIR 2.25 at. % #H A2 Tz, fliflift
HETHRIMU 72 Zr 1358 & 140 mm f7EIZ3(L L, 0.60 at.
% HHEA Tz, Zn, Y IZSAHORERITETH D, 1~
Ty N ORFKEEEBISELL 28 DEHEZ NS, ZridE
Al CHEVARR MK LLEA 6.52 L & 728, KIFRS 1 E
TEiERE I Lz DeEL6N5. —7, HPFHEL %
LDEREAMDIME &, BEMKD 10% LINOFFAR
NERBIFTh - 7.

4.1.2. SEEHER

Mg Zn,Y, 51 LU Mggs sZn, Y, Zro, 584 ¥ Ty b
FOD S X RO SO Z AL A A oE & &
® Fig. 2 158, IO W ERETHIE L 72 Fig. 2(a) O
MgoZn,Y, &4 ¥ T v b TiEE & 530 mm WE Ll EOGH

MggsZn,Y >

270 mm 400 mm 530 mm 660 mm

140 mm

10 mm

Fig. 2 Optical microscope images at various
distances from base of ingot:
(a) Conventional casting; (b) Stir-casting;
(c) Conventional casting with Zr; and (d)
Stir-casting with Zr

BCHRERRE 2 mm DL EOMH KB AN, —JF, #i
FR#RE U 72 Fig. 2(b) D MgeZn,Y, A4 v Iy b TIEE
SHMEDHIKTEEHRZIE -ThHdILrnbnrs.
ZHUTHRIE O 20 WHERE TGRSR HIRE A & LE &% 7213
FUDERBIZI 2V 5 < D L BT 5 728, R EER R 23
KT % A3, HEFPEEE TIBERE D Frllf 23 B ER I R 7
5 FCRIET 5728, FEEEOEEEBERNITEIFR TR T L,
R & by 2 33 5 Z & 278§, [mRRIC, fERETEE
i L7z Fig. 2(c) d MggssZn,Y,Zrg, B4 ¥ Ty F T,
SFEIAE O & 10 mm A& T RS SR O ML 23 A 5
N3 H, EEICOS TR L Tw3. —J, #EEe;
¥ U 7= Fig. 2(d) O MgessZn,Y,Zro, B84 ¥ Ty F T,
E O & Ik T REARRIER 0.1 mm ISHL &, A
DYE SRS S T 5. o sk akIC b,
ZLL WML 2T B Z &2 5, BIREHE AR DI
HEANDFLGERENEEZELIONS.

DEoZenrs, 4Ty FORELIZK23ETH >
7= RS ERDL A L &AL AR DR AT ISR U, YEIoHWE
D7 S RAPRE R AT 5 2 & T, Zr iREiR %2 &
O fGaR I L & MR OB IG5 2 &N TE -

4.2, #RHM DB

4.21. 3 7 OfE%

MgossZn,Y,Zrg, &84 » Ty MHETH% D XRD
e Iy uflfii5E % Fig. 3, Fig. 4 IZand. A&40%
a-Mg, Mg,ZnY (LPSO) #l# L O Mg, Zn, Y, M2 6 %5 1),

Y Ascast

0

S VvV a-Mg
£ v & Mg,YZn
% v ¢ MgyZn,Y,
c

2

=

20 40 60 80
20 (degrees)
Y Atter extrusion

o

=

=}

S

s

3

2

2

k=

80

20 (degrees)

Fig. 3 XRD patterns of MggssZn,Y,Zr,, alloy before
and after extrusion
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EX b Mg-Zn-Y RIBEEE(ICH T 2 BHHFEFE CHEWMAMEE

AT THRIREIZZD S v, LA LAaD S KHOF
REIZH e 5. LPSO MHIZHH AT TId Fig. 4(a) I3 &9
IZEDRIZOA LT 503, il 8213 Fig. 4(c) ISR § &5
IS A RNCHE L T 3. — 7, MgsZn,Y, FHE Ay il
1213 Fig. 4(b) @ & 5 1THIK 2o H AR, & 75328, Y
#I2 Fig. 4(d) © &S 1297 3 7 a v Ol kR LRk
LTS,

4.2.2. HEHAEE

Fig. 5 2B 9 mm DFEERE T — & (small test piece) &
G, MgeeZn,Y, B4, MgessZn,Y,Zrg, B&IZKT 5 0.2%
it 13 (o0,) DA 6 573 K % TORBRULE RGN %7
¥ A & U TR E Y 2 3 v 484 WES4-T6,
RZ5-T5 5 XU 7L 3 =% &84 A4032-T6 D 0.2% fif 11

- MplEn,Y

N MgiZngY,

Before extrusion After extrusion

Fig. 4 Microstructures before ((a) and (b)) and
after ((c) and (d)) extrusion; (a) and (c)
shown at low magnification and (b) and (d)
at high magnification

500
—@— MggssZn,Y 271, extruded
—O— MggeZn, Y, extruded
—— A4032-T6
. 400 \ —— WE54-T6
o -7 " RZ5-T5
E —&— MggsZn,Y, extruded (small test piece)
§ 300
£
<)
&
s 200
[2]
kel
2
>-
100
0 1 1 1 1 1 1

273 323 373 423 473 523 573 623
Testing temperature, T/ K

Fig. 5 Yield strength of Mg-Zn-Y alloys compared to
A4032, WE54 and RZ5 alloys

ERT. ARBASEBEHNE~ 72 v Y 2580 R
AHATOBIFThL, A4032-T6 DFEMEA &L T
W5, 523 K Ti2 208 MPa Ll k& A4032-T6 O 2 5,
573 K TIiE 3f5EV 0.2% i 1A FH LT\ 5 Z LidfegEd
NETHDH. 72, 473 KMLETKELBEKTL TS
A4032-T6 125 L, 523 K £TMg-Zn-Y RA & TIE A
R T 23R8 & sy, Mg-Zn-Y SRAa s ok 23
Wiz DIFEE®E AR L, 573 K TF QMg 3wifs L ¢
W3, ZIZT, ZOWEBRR A MHT 5728 298 K & 573
K D MgossZn, Y, Z vy, Ar&IZ 361 D ETEREDEW % Fig.
1289, Fig. 6(a) &AW 1 v 7 & F Dbl ¢
& 503, Fig. 6(b) IZRHITRT & 5 Lhbabbiftt & &35 5%
KEuAA FEBRT 2 AR EERT 7. 473 K £
TRT 4 VT EGOHR AL TWbZ &6, 523-
573 K O CTHHEIEENZH O R ABHEICIED & 5 55,
RENRENE DN ERET 2 LS 5.

WIZ 473 KIZEF B MgessZn,Y,Zrg, B4 OFE 37 g H

k% A4032-T6 & Jbi#E L, Fig. 7 129, Kho&ENZ 107
M %482 T ABEWORE 27T, T4bb, A4032-T6
—YLAREEE

D& D BT IR & WIREIZ /N & e 7L 3

Fig. 6 Fractured surfaces of specimen MggssZn,Y,Zr,,
alloys at (a) 298 K and (b) 573 K after

extrusion
180
O
<& A4032-T6
160 |
(o2 @ Mggs5Zn,Y 2210,
o 140 | o
<o
2 120} ° S
g &
g 100 | L
E %o«gﬁv
g. 80 |-
©
@ 60 |
o
@D 40 f
20 L R=-1,10-90 Hz, at 473 K
0 ' : '
104 108 108 107 10°

Number of failure cycles, N/ Cycles

Fig. 7 S-N curves of A4032-T6 and stir-casting
MggssZn,Y,Zr,, alloys after extrusion
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W Mggs sZn, Y, Zrg, DI HERTRT & 5 & 100 MPa
PR AR . Z At A4032-T6 @ 107 [HiZ k1) % 85
MPa %% % & & 412, MFHGICHE L X5 10° [T
BEOERBENEOLNS &IN5,

BEOSEM T Oy TCiEA ALY 2y bR EDHH
FRECE Z F VIHESOWREK T 2 X > T35, ZOmAl
ICBRRANH D, 573 K U N Dt EPES B LB AV
2 b Y OBEAIZH 72> TR RE IS A 7 ) — TilE
O e pEE 5% %2 T, Fig. 812573 K, 50 MPa
B TOEMR2 ) — TREE R T, Mggs sZn, Y, 71, B4i3
A4032-T6 I L, BRMDODH B2 ) — TS 42HT 5.
ZHhERAREEHTH % LPSO LA ki R4
DEMHIL, MEXRICEDBEEELT 22 & T, @il
WD) — TR T 5 Ll X h T 1Y,

ZD X ST, MgossZn,Y,Zres A EITFEM Y 4 X DRI
HHMIZEBEWTE A4032 12K S5 EmEHE 7L I =
Y AEEOERNEAEA 5 2 E WM TE 2.

4.3. $BEM DR

4.3.1. EERE & S R bE

Fig. 912 MgessZn,Y,Zro, 8% ¥ A b VBT 8
LU, JeeimaNE L 225 (Fig. 9(b) 1+ 773 K TD
27w 7TR) %, Table 2 IZ#GERIE & #GE R BOBIRZ R
T.613 KT TIZZ 797 ERTBTAEMNIEL, 623-
748 K THEERMGD 5 VAT 5. & 512 EmD
773 K TiZo 7 v 2 Bl 5. KRR KR K 33w E)
Ao EREREZEZ 5028, BRI TOr 5 v 73k
FIZHi->THECTWBE Z En b, MILREEZ XD RFRIZH
U 72K AR L RAE L2 D e st h 5.

4.3.2. 5|3RE S

Fig. 9(a) I ¥ 2 b v BERZ IR $BGE % O MEWRS & 513k
RERF BRI i (R Z#), Fig. 1012 (a) 298 K, (b) 523 K

100
90 =i A4032-T6
80 —@— MgossZnyYoZro 2
:\c? 70
© 60
£
g 50
7]
T 40
<
(@) 30
20
10
573 K, 50 MPa
0 A i 1

0 20 40 60 80 100 120

Time, t/ hour

Fig. 8 Creep properties of A4032-T6 and stir-casting
Mggs sZN,Y .21, alloys after extrusion

Table 2 Relationship between forging temperature
and forging defects

Forging temperature Forging defect

(K) Crack Unfilled
598 existence | existence
613 existence | existence
623 none none
648 none none
673 none none
698 none none
723 none none
748 none none
773 existence none

FUREIZ BT BEIRAE (0p: BIER X, o9y 0.2% i 11 %6
KO §HT) /89, 523 K Diif )11 209 MPa & Fig. 5
D A4032-T6 M F D 2 fiE WV E WA /R, Fig. 50
MgossZn,Y,Z 1o, A O3z LT, #EI2 kD
20 % VK N R 6N 5. 75 7 ORISR O S R
FRHEE 2R RIS LR L ICXBIZK T T 5. Z
DRI DNT, I 7 oS LD BT 5.
4.3.3. T 7O

Fig. 11 128 RT SRS 12 B 1 B 8GR O K 2D
=S 1L T '3 iy (1= Ol ol N5 [ QI (51 s A I
BHEL TS, (a) D648 K Tl U AF-7~2 E T
B OHMFIZED ABIZR XN 523, (b) D 698 K TIZKHIES

Fig. 9 Forged pistons after penetrant inspection:
(a) Location for cutting of tensile specimen;
(b) Cracked piston after forging at 773 K
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TRENTW S & il A i E R LIZC® 5. (c)
O 748 K TIZFHHD o-Mg I 4R T RS SR Tl 72 X,
TR O KRR E L TWB Z Enbr b, XIZ, N
SO ARG G TR T XD A § XD RIZHAEKIEGEH
THEU 3720, FfGEOERIZ & 0 51RO
BENBZET02%IMIOITHRT 5 &ML, ok
B OORE & S OB R & FX Fig. 12 128 L 7=, i
S O EE W A XRD TRHT L, 7S ORI O
Y — J BRI A RO ¥ — 27 38% Tl > 7= % 100 £ LT
WU 72, S8 TR RS A 1 AS B IS pE VS I BT B IR
L, Fig. 10(a) @ 0.2% i/ OAK M & 5E3 5.

PLED X5z, #oEKREGE PSSO A3 200 623 K D
EVRETHEE T2 28T, AMOR2EET LI = 204
DRI 2145 & % % 209 MPa (at 523 K) Ofif 11 & 35K T & 7=.

4.3.4. Mtk Z D1t

AN AR & U T B2 Mggs sZn, Y, Zrg, £ D FA

400 80
(a) Testing temp. 298 K
& 300 1 60
= <
- 2
5 -
[=)) c
c 200 | 4 40 ©
o ©
= —0— O3 o))
© 5
@ —O— 002 i
S 100 | 0 |10
A k-, -A--—""" -4
O T T T T 0 . .
598 623 648 673 698 723 Fig. 11 Microstructure of forged MggssZn,Y,Zr,,
alloys: (a) 648 K, (b) 698 K and (c) 748 K
Forging temperature, T/ K
400 80
(b) Testing temp. 523 K —o— o3 100
—O— Op2 )
s 300 |- ~+- 35 |1 g0 3
< o g
© e . Py L o ©
= “© 2 50 %
-— > - —
2 200 |- O\o———o\o {405 2 &
(g © 2
B 2 kS Basal plane
S =)
2 100 A . 420 g
-~ 20 -
Aeo_____ & 0
0 T T T T 0 0 1 | 1
598 623 648 673 698 723 623 673 723 773
Forging temperature, T/K Forging temperature, T/ K
Fig. 10 Tensile properties after forging: (a) 298 K and Fig. 12 Relationship of degree of texture and
(b) 523 K testing temperature after forging

— 179 —



Honda R&D Technical Review

Vol.28 No.1 (April 2016)

Table 3 Characteristics of stir-casting Mggs sZn,Y,Zr,»
alloy compared to commercial aluminum and
magnesium alloys

Thermal Coefficient
conductivity of thermal | Young's .
Alloy (W/(m-K)) expansion | modulus l()ker;;l?)/
at208-573K | (GPa) |9
at473 K | at 298 K (1/K)
Mgsos.8ZnoYoZroo | 89.8 72.4 25.4x10°® 46.9 1920
A4032-T6 141 21.5x10® 73 2690
ACBA-T6 (JIS) 128 125 21.4x10° 78 2720
AZ91D - 51 27.2x10° 45 1830
WE54-T6 - 52 24.6x10° 44 1850

SRR EMEIZ DWW THE L 7. Fig. 1312503 K, 100h
BONBETF A A4032-T6 & HHL L 72, A4032-T6 O 33
2534 X10°% LN, 525 13 X 10°% LIERIT/hX
BEBETSH 5. A4032-T6 D & 5 A (L o HLkk I
U, MO Mg,ZnY (LPSO) % & U Mg;Zn, Y, fHiZ
NS & B ARRIERSA L o hhwREi e nwi 5.

WAZ Mgos sZn, Yo Z 1o, DB DFER M % Table 3 128§, kb
k& LT, B 7L 3 = 4464 (A4032, AC8A), FGH
<73 Y A64 (AZ91, WES4) OFERE AT, Hl2 1Y
2 b v EDE B RGO G & B 2 22w A
PREDTI CTRRE & 25 2 B, B~ 129 208
EHIRLTRELWEINTE D, K RIS E
SN/ BWEREB XYV Y F BB 2w A8
GLRHLNLTHY, BHTILI =Y 288K D{KWE
PETH BH, EIH~YZ 2> A8&8RBRISNE L,
TLAIZTALAHEED T0% HETHOHBHESFOL Vv
MO ELPIHFTE 5.

F 72, Mg-Zn-Y RBEASIZL D EZ v Ol 523 K
TOHMAKIEITRERTIE, A4032HE 2 b iz LY 1.5 1%
(107 1) O A b A fifE R ¢ & 72

50
= After 100h at 503 K | B Cross-sectional
f;\ direction
% 40 Longitudinal
E direction
B
T 30
©
>
©
5
2 20
C
(0]
£
©
S 10
[0
T
o

0 1

A4032-T6 Mdos 6ZN5Y2Zro

Fig. 13 High-temperature dimensional stability of
A4032-T6 and stir-casting MggssZn,Y,Zr, ,»
alloys after extrusion

5. &8

IR R INE Y 2 % v o APGEA ST X B a0
HALZ A, BERERLRE & B8 L 72 Mg-Zn-Y REE DM
EEERFEIC DOV THA LA, DT Z &AL 72,
(A vTy by —2%RERXYE, ¥ — 2ANOED %A

BT 2872 B E2ME L2 ZORPEEC
K0, BAEROMEEZX S & & & ISR EEEZE Fic
%% F THAEED L OFEE AR5 Z & T, EE
#e Z B mAT R A s R R L A2 Bk U, B 335 mm,
& 850 mm OFFHIAEA ¥ Ty b O EAL
el L7=.

(2) FREOMMEE A > Ty b ST L7 Mg-
Zn-Y ZMHA SR, #5573 K ORI
TRHAME~ 27 3 v 258138 B AA, IWET L
I LS ERABEIE, WY, 2 ) - TR AR
L7 bz B L T, JEE 7L I =Y 28480
70% EKILETH 72, 7=, FEDO—-DOTH 3 Ez:
HE I~ 7 2 v o858 EKEL LR, @ T
LI ABREIEDITBET ENTE .

(3) B KB & RS SO ER AR A U 7 623 K OfIKW
W CHET 5 Z 2T, 523 K OERKEIZEWTY
Z b VIS ENS A4032 FET L I =T A/ED
¥ 2f5k % 209 MPa DIt 11 &%) 1.5 £ O 97 g
BRI TE /2.

b &5 IS o RILEE 2 28, KAE64ERE
Z O BAF 25 @il A S, TR0 7 R O 8 A7 1%k & ok
Lzt e+ 52T, WEHESD 30% 2% 28R
LR e R O>ALBEAEE LT T 5.
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Prediction of Fracture of Cylinder Block Main Bearing by Fretting Fatigue and Development of
Verification Method

P B S & o K e B Ak K”
Yoshimichi ISHIHARA  Takeru HAMAKAWA Kenji SATOH
o g S iy e A f "
Takeyuki YAMASAKI Chao SHI Hisashi HASHIMOTO
PHRH # ®” L I
Hiroaki HANEDA Shinichi TAKAHASHI

E & ABSTRACT

VY YRETay IRBICET R AL YRT )V TDT
Lo T 4 Y OEHRE RIS B, FlTE & BREE T
DFE%E L 7.

TVU T4 YIPEIREL, TV T4 v EEDRN
LA OMENEBIE L Bk B720, 7Ly T 4 v 7L
DOWEITRRIE R & MR 2 W THR L, FEET o v
TOFEEIRIN KT 2 G EAE 2 AHEIC U7z, & 72 HRE
h% T DIRIEIS )1 & A3 X0 il Tk &y <, 92
HERBR ORI T L o 7 1 v 29O Tl & EE &
U7z FERETOMM 3RO ®EEHlIC o0 TR, BURGARS
EHOTOTAEEMIT T RO EICERT L FEEEET
28T, FHTY D Y TOMGEGHE Tk & iy < 2 7=.

A method of prediction of the occurrence of
fretting fatigue fracture of the main bearing in the
cylinder block development process and a method of
verification of the results of predictions have been
developed.

Because fretting fatigue strength differs from
material fatigue strength when fretting does not occur,
a fatigue limit diagram when fretting occurs was
obtained using material test pieces, and criteria for
the evaluation of stress generated in an actual engine
were determined. A method of measurement of stress
amplitude and relative slip using a unit test apparatus
was developed, making it possible to predict fretting
fatigue fracture before the stage of tests using actual
engines. The development of a method of conversion
of strain values determined using the unit test
apparatus into figures for relative slip made it possible
to formulate a method of evaluation of relative slip in
an actual engine.

1. EANVE

MR S F 5, HEHEROEFEDIRIL
IZBWT, BB LO-0Ic Ty Y VR OEELEER A
HES>TETNWS, TV UVEEOY) v aTay 7Ot
BILTHRELT, 75V 0V v 7 b aHT R 44 vRT
VY SEORT Y VIR vy TOMHELAZET SN
2V L LARSHMYRTY V7 Fy y TOREIL, 7
& — i & T 2 ERERSAITEAMES, "7 v FR ey
TOEDLEHIINETROBEC TV v T 4 ¥V ZIEITIC
kBHANRET B L nh B P
# Ui R&D £ ¥ & —

T LT 4 Y OEESTER L, FEERILEOIE & B
RO LB AT L, Fﬁ%“@%i,ﬁ@ﬁ
HZBZHEFLLTHSGNTWEY, vy vaTay o0k
JEFHIZ B WTHBEL Y O VAW AL YRT ) VIS
bRMEDIEITME B I 5D, T v T 4 V2K DE
FHELSES A ORIEIGIE 7V v 7 4 V7 &by
PORHE F7 iR LIRWME A RS 2 &b 5. T D721
HOTHUBNESTIE L FHEL Y U v TOMARERIZ L S
MERABELE ESTEBD, V) vy &ET7ay 7DORBEIZEWN
TEL DI AERL LTV 5.

TV T 4V TEIHEORBERA =X Lh 5 Fault
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Tree Analysis (FTA) THR %545 &, FHEREE LTR
IS R D D 2 KER 2l X s
AFAFETIX, Z D 2 KERNZX 2 M8 57 58 OfifEse
EBIRWT Uy T 4 V7 RAERE OIS 4 e L
FREL Y YV TOMGET AWML S 5. F72, HARGAR
HEHWZRBRTRE SR UERL Y OV TOMRBATERS
TOTVHEIT LD #5255,

2. RO SV

ABAFEIZ, YV v Ty s KRB AE T Ly
T4 Y IPEITHARICN T 2 Tl TR AL S B T L B R
bWt L7 7, EFE VO VEHWETI Ly T4 VY
PETTHARI RS T B MGEETF RIS DN TR S ¢ 5.

INEAEFERTHIEICED, YY) vaTay ZHIFEIC
BUI27Vy7 4 v IHEIZ K PR TEOHEX 5.

3. MHEER

31. ZBORS W ERBRAE

Ty T4 VYRR, H A2 HeHE (JSME)
7Vuf4yfﬁ%ﬁ%ﬁ&t%ofimbt.¢ﬁﬁ
3, BBEFIZ T RD & A ARSI U BRI 77 &
@ﬁ%%%aﬁé &, RIS &R R RO 2k
BRI B EHEA I T2 2 AR bn e Lk,
BTk % Fig. 11287, skl (ADC12) (o f&filf
(FC250) I LHF 52T, 7V 7 4 v 7 ikEA HBL
XH . B OETE L AL P RERSIC k05U, vy s
ROBRERAEEOOTAWA BEF L7z, 72, B &8
il DX RO B, 2hEhICER—Z Y » T r =
AREET 5 27 — AW, BRI 5 Bk L.
HABWKS SR T L o 7 1 VBT r ) v 7
7=V TOMT D EHlEHGIS S, KRB TER
L7=TFETH 5. R IZERELA H 2 MCTEHE LR
MAEMTLUTERL 2. #ilide ) v 2 7ay 7 Oz
KOUIML, LU TR L 72, iRBRF IR, Bl IR
% Fig. 217, TN 422 ¥ 5729, HEilk
D% ZH 2 10, 15, 30 mm(Fig. 2 XD L) & L7=
b D& Uk L 7=, iERSE % Table 11289, 97k

Fretting fatlgue test piece

Loading direction 4

e

il
Contact 3
pressure

Fig. 1 Fretting fatigue test method

Table 1 Test conditions

Test machine SERVO PULSER

Test temperature, atmosphere 150°C, air

Test speed 15 Hz

Contact pressure 50, 100, 150 MPa

Max 107

Number of cycles

150°C OEMRENIC T, BRHE 15 Hz O 51557 TH i
U, BRMED R LEGE 107 | & L7z, SIS o hz
RIS ) & 9% 97 75 dn D BIER (S-N ihig) 2> 5, Hxd3~xb &
Wb B R A S U 2z, SRR IEAEI U 2z i TR T
&L, ZOMEDB L K % GFl L 7.

3.2 ABiER

Fig. 3 1ZHIN-4 D EIZH$ 2 107 I TOiEd7 g O Hl
AR AR, M0 & &g R ISR R A &
D, AT XD & 15 pm THEF7HERE A 25% 1K T3 5.

|.f‘
2 w
X 35 20
¥ L o les=sl
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Fig. 6 Method of calculation of slip

Fig. 7 Test equipment with clip gauge
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Table 2 Test conditions

Force amplitude 15 kN
Frequency 100 Hz
Phase difference 90 deg

Bolt axial force Base: 11% reduction

Stiffness Base: Width 5% reduction
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Fig. 8 Relationship between strain gauge and clip
gauge
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Fig. 12 Results of material inspection after cylinder
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Table 3 Test conditions

Test 1 Test2
Engine type 1.5L Engine | Same as left
Qil temp 80°C Same as left
Water temp 80°C Same as left
Engine speed 6800 r/min Same as left
Endurance test time 100 hr 26 hr
Bolt axial force Base 11% reduction
Force amplitude on Base 56% increase
crankshaft
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Fig. 13 Results of stress and relative slip
measurements
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Fig. 14 Results of material inspection after actual
engine test
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