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Styling Design of 2020 H’ness CB350

DAY ) JE!
Yasushi TATEISHI

£

AV FDOE—2H4 7 LHHTIE, 2013 FE2 5 350
cc 77 ADHMIE -2 L 2 LD AR EE > Tz, Bl
HHFEEB I BV, 4—7 v ba—¥ & LT, HAEDFT
ERMOAND, LY FOBICBUR A E L ED 2. %
S5NARXY NABEIL, [FV 0534 F 4 v IRY Y 3 V]
EFR—U—FLLE FHELA VAV ETPELT[EST
WARADE AL LR ZAZ L], [HRIET S EL V&)
bBHZL], [T &2 AT VN]&BTE Thok
D, WALFHLZIAFELoPDFLB, AV Fa—
PFITWELTE 65 flifie, HAML VY FERCSESE
A E&INTV AEHET2H ness CB350 D244 ) V75
YA VETKT DI ENTE .

ABSTRACT

In the Indian motorcycle market, the popularity
of 350 cc class mid-sized motorcycles has been
increasing since around 2013. A field survey was
conducted, and the target users were determined to be
young people who are sensitive to changing trends and
who adopt global trends. Based on their comments, we
decided to use King Riding Position as the keyword.
The design was to be based on the concepts of “the
rider should look imposing,” “world-class modernity,”
and “massive & shaped.” Based on the above, we
were able to complete the styling design of the H’ness
CB350 in the following manner: it balances the bike
firmly supporting the rider confidently straddling it,
which is an important value to the Indian customers,
and the modernity of the vehicle that evokes global
trends.

- A

AV FEDE=—2Y A4 ZHYIE 100 cc — 125 cec D/h
BEMETANEL DTS, FZALMiE T2 —¥
DODHEHGHENFEFIZYy FLTWBEZ ENAKDEH
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Fig. 1 Changes in sales volume of 350 cc class models
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Fig. 2 The Hness CB350

2. 1> Py —F

21. 24—y h1—%

THA VO EED B 7-HBIICHE, B5%0 T 2
DETFTNIZREL L —F LB LA VA 2282 k-7-
(Fig. 3). ZDHER, 2D 7 ADEFNIZRDL L —FDE
A%, KEL B IZh»NB 2 Enbhrot.

T, AFV 2T 5V FORELT 350 cc EFLIZH
Ao T332 —HT, 2075V FIClifiz & T Tw 5
728, TOMO TS5 v FIZIERE RS o572 ZD—
07, RO b LY FELICHEI& R 2 4 TO#H L —
VR BRIAFVZRT IV FADIEDDIBRE Ah o
7z, B4 DOWRIKFETFH T L TH - 7=

BEOEAERK DI THIUL, "WALOEMEFEAT
ZIANTESL AL EHML, 2=y b2 —FELLTE
b7,

22. 2=y bA—-HIZ L BBE1F 350 cc EFIVICH T
23X bk
DINC, FricEEERbN 23 X v P &2HEET 5.

Fig. 3 Scene of user interview
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CERIZIE, REMHETREME 2 RE, DBV S
REEDTA T4 VT ERELE, LYy =& LTO
FH&
- 300 km DO HRD 2 5, B AT Cov v s
V=)V ZET, V=Y VYIHELTOME
(2) RIZASTWB
C AR AR S REBVTRNG, FUTAT 4V
7RV a3V (Fig. 4)
WK DEFLTEFIZIAZZALA) VY
- RELD SR VYYY
- vy F 3 TERIRD & % M
T a—INRYY, TV AEE, HLTHEEH
% IR SR
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L, BfizdoeiLigzko7, e L7440
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2.3. 1 —YlEEDFEE

A=y b - FAOB XARFEIZK D, 15 DFED
M % 4 > 7=,

PO IFILBI e E 2 b, SNSHEDA V4 — 2y
FTHA ML Y FEEBELTWS. 20 LT, ZHP» 51K
HDOLY v =Y =) VI ETHALE—ZHF AL EL
T, BEAF 350 cc ET L EREINL Tz, 4 v N Tlikoe
Eh w3, thosE TS Y FOE— &9 4 2L IZ#IkE
b5, FEENZ AT 72— ARD ISR b S /=& 5 7 W
4V E, EHIZHNTWENWETARL N, TDO LD &
KHICERR TS ZIFDE— 2 H A 2 VE, WOHOET
LELTRERE N, 15 OEEIZIZZ <Shbhnetnl L
THo7-.

72, [FV 34T 4 v R Y3V E, a AT
DN TIHIZH Y > T\ =F =7 — FTh 54, ZHIUTHIC

Fig. 4 King Riding Position
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iz E— 294 NSRRI GE B 5722 T E—
ALTWB KA.

24 HFV Y —FEE®

WEfE 350 cec 7 7 A0 —HHAE LD, HADEWTR b
LY NELICHBUER 4 4 TOHNZ—HE L =7y 1 —
FLLTED:. AL LEFVIFIAT A VIRV Y g
VRN, ERMLARUNICT S, 20k 554 45K
BREDFEAEDE—AH A ZNIE, T4 FERBRIZH >
TR AELEZZDOTEITNELELBVWEHEZL. AV
O3 —FHfE E, RNV R il & SkoTicmi L, B
bd 2794 VICHDErZ L L L7,

3. FHA LT -2

31. F¥q1>a> w7 b

By ¥ —FTHZa XV P RF—T - F b 5H
EICIS, THA VYAV T M &2 [FoTHBANREL LR
252 &), [MAICHHAT2ELVENHBT L &%
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TR FVIIATH VIR Y 3V ]MUAES 2%
ANV ZITA, ZA24 )V IRTF 4T 4 —LORBIZE
AVERRERD ANDZ L LT
(D[FVTI54AFT4 v IR Y a V]EHRIRL -2 24

) VoS
CREEDBHY, AL LEIA T E LoD KA
%, AKFIHFHO HifA

C AL LRET ST XICAET S, B 12— L5k
DhHE

C CAED TERBERUBE XD Y — b (Hik T
ST S — b — b))

74 YBRESDSIFICH A B, mE A HK
M

CHI LA LRAS, MOICKELENY F T
4 b

(2) BXF VX ERBTS, 0T 474 -
CBROE-Z A L TEREL > TS, RiIFD
HODALA ) VT INT VR
S ENFROISN—Y ETH VTR S RGBS —
WL EDT 4+ 7 4 — LR

3.2. X7y FERH

FTEMALS T7A T 72T 5720, L2 DT HA
FEBIZED 2T v FEMER UimAEER:. -k 5
[FV T IAFT 4 VIRV 3V | EDINT Y X ERGET
57280, FVIIGAT 4 VIRV avENZE ST A —

v b A—=YOFHEEZ v FIZER TR (Fig. 5).

THAvave T bR, Lz —ya x|, $-
7= FaiiABEL, TNEDRMICHED AT v FITHK
DIAATO Sz, BEMICRE ST AT v FiE, v VT
NLTHELSAVK AL T 1L %5572 (Fig. 6). &
)2 — LR, KE I B EDMRD -8, LK TORGA~
EAERD 72

3.3. M {H&ET

RRORATEZ T v FHEICUCENRINT vV 2% 1%
BIhH. FTEEDOLNZEAL VY M, NV L, ¥ —
b, 279 TERBEL[F VI3 4A T4 VIRV 3 V] E
RL 7=

WIZ T LA b T 5 D70, SIARIZ & B & kEn /R
AWDIL ZATEL =0, Eh7TaR—Y 3 VOFEX
TdH -7z (Fig. 7).

Y= MRBEM) Y —F 25 ARG A S TRET
EHRRILLTOVZED, SERICTEHEZDR) 2 — L7
KL, M7 2 -2z v ri/hE < B A7 (Fig.
8). Vo IRILIATAVIRY Y 3 VHAREL TS
720, BfZ 72— a2 vy o2 K& $HZLIETER

Fig. 5 Photo of target user in King Riding Position
overlaid on design sketch

Fig. 6 Final sketch
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W, ZZT, AV oy — BT B I 4 VDM AP
L, VDR MLTA4 VRERSREZ LT, 2V 00K
E<RABXH12L7 (Fig.9).
IS=IHADR) 2 — BTV EHVBIZLL Lk
Wk, BN-VDKREX, AbEMAMEEEL, NT
VABPHNTE L Z AT VAL 3T 7=

Fig. 7 First clay model

Fuel tank looks shorter due to longer seat

Fig. 8 Impression of double seat and fuel tank

Line angle between fuel tank and seat

Length of bottom line

Fig. 9 Appearance adjustment by changing inclination
of fuel tank rear end

4. FBwr 1> U4 —F

B TOFHA Y OMfERER 2k D 720, 7L 4 %l
ICEEMRA, BREIIC OISO [ % i U 72 2 RA
DEY 2T v TEAEK L (Fig. 10). TOEY 2T v T %
vy, T —F2H\{OTEZI oW, 2—F7y P 1—

FORICZERT 5 I Ltk 57,

4. By V7 v TETNLVERVWTOYH—F

A=y b2 —HFREBIIWE XX hEMEDLI-¥%
HE, Ty o7 9 TEREDODT 4 Ay a vkl
% 7= (Fig. 11).

ZOMER, SRR L 72T A Y iEE< D a2 =4y b
I—HFIIRTFANONEEDTIEENZ RS 2L
%7,

PTFZ2—¥»o0FEHa A &,

SRR B E 100 ce K HBVDIHIE—ZH A4 2 LD X

HIZRAS
I YUV
T ITAF 9 I TTETCNDS LD BHIRT, #hzHITH

A%

- WEfFD 350 cc ETLEEMBPIL TV B KSIZHZ S
< TR O LED el A vz~ F I 4 b (Fig. 12) 1%
EXVIZHRAS

42. 2—HF A2 FOHHR
T L2y 27y TEEHS, VU —FT2—H%

PO HEI NI DONT, IEL L PR 5 720D

EELQN AR o7z,

(1)100 cc 7 7 ZD/NIE— 2 S A I NVICHZ BT Y
PE 2 —
FTHRHELTEALNDZDEE A YOMETH S.
DHEEERES72KELI9A VFFRA—LTHo72
N, AAXYPHBEHLTHA VT, KDMIKRAZS
PR E LB ST, 70y XA YOS FETOH A
X7y THBREEEZ 7=,

(2) /N RABT VYYDV
IV VYA ZHEKEH A TH >0, RILEDT
L—L&R) 2= I =R/ RIcmofEEh, HEN
TV O URHMNZ B KoTW, 7V —4L A
7Y MEKBICRESTZET, 7L —20DIEES
Wz, AEoMBEROANEEZ EF 208 5 %
EEZ 7.

(3) 7’9 2F 9 2 TTECNS &I BHIR
HRERPRAEL TOWBEMNTE, Ty 27 v 7T
FMET T 2AF v 2 8THD. LrL, GRAKTT
FAF y ZIZHZ T, BIAPITH > TEEBRIZH
ZCLEHIMBEMLRH D EEL 2 TLANMTRAED
HERUEPAD K D BRI LGB % E, - Th %
ZEDRBUINDEL KD,

(4) BEGED 350 cc EFLDEMPIZR % B
BEA79 350 cc ET N ERI—ERDOL Y YV, HL I
ATV IRy g VERRTL, BITHATLE
HDREDE. LA LENS, XA ) VI TFHA



2020 H'ness CB350 DX &A1) > JFH 1 >

Fig. 11

Survey state using mock up model

VAKIZZOEFLLE S TIZOR/REHAERTE TV
BT ENKREARERE Bbhz, BWgICRE - Tiss
T HMEN A F — L 2K THERRL 7=,

5. 7H 1 L OBIBE

I—=HFAXY DG E, WHFEKRA Y FHBEERICE
K, THEA VW@ ZAT v F 2R DETLEND 5 & Hr
L. THYAvave 7l e LTHITFZ[STWE AN
HebRzsZe], [MRIEHTZELSVEIBDHBZ
EJNTMA, [y v T &V 4TIV, THFALUD
HEEAMMT 5272007 - FE2EBMLE 2—=7y 21—
FiE, [FV 94T 4 V7R a v ]JIiZTEDBER,
HEDEFNMIZIEBEML EVWALZBETHS. 4V Fv—
T b OREBL, HHIERT3 A O ) 74 B REL
THZENRID X LB EHE LT

51. 7O0KRK—> 3>
27y FOHBREEHBL, XD THEE L7201
VI NDOEXTHhHT. BEX VI EEHTA-0DDHIED

Fig. 12 LED headlight

BHODAZA YV IINT VA EFEBETE7-9I121F, BikT
ML L7250 — by — FTRETES. Silhh 5 0EY
TlEdH o770, —EMOLTILY — VIZEZBLZ LT, A
DHENDZENANR—- A5 Z 5 I LB EREREMT5 2
Ll ZhickhTar—yva vid kT8 Vi)l
[Nz IaI A - 72,

52. 7a—IIL&>7Y

Ta—INAVIDTHFA I, 4V F2—=¥ iR
Va— L& ES KRBT EI2PPHETH /2. 72 —T)
BUYDFE—LFAINTHFA VOETHD, TOETIL
DXV YF N FAIZOBT o WETEL V EHEE
&, R 2 —LEBCBIRAAORD L EZEMAE LT
AVERTZEICLEZ ERSRTALEZEEDKR) 12—
LREZ TR, A FOHIRIZARY 2 — a2 &L s
BTEARG LA 22T, AV IBITTRILTA VR
BDUERBZF YT EIAVIZTHIET, 2V VRIS
AV F2—¥RFOR) 2 —sE&pm#Hsh, [vy v 7
&V ATRIEBREZA VDT VT4 HBE VI LK
7= (Fig. 13, 14).
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53. #Ee e R\ L - KFEADXT v Z 7451 >

YA FHAN—DIEIE, YV TINIZTL —LIZEbE T
WETELDZ. 2V 0DF T 28574V EEETEK
FEHFADOF v 77454 V&KL, WO T 2 1) —F»
SDOEKDTENEA A —VFTHI LI ZhIZKD,
28y PLAN—= TV VDY) ANy DT 4V,
IF =2 S T, T FTAD I SHEREN LRI & WK

Rich volume expression part

Modern and hard surface expression part

Fig. 13 Fuel tank shape with two different
expressions

Fig. 14 Character line of fuel tank

L7z (Fig. 15). Zhic kD, REKD 5 KV ILGHEE %08
T LnTE.

INGIZKD, il T AV 20y FREHKRL K
(Fig. 16). M ZEIIZ§ 572012, 7LV — A THIE
LTNT VY 2&RETES) LRE2EGL, ARF -4
ANkt k22 L TEBTX.

5.4. 7L A EFIVC & BrfHast

V= bEELSLERICKD, kO TR - 3 ViE
NG VAR ST, BR L2 VAR [F V75454
VORDYV avIDTA T ERLE Lz, NT Y ZAOHR
72284 7k o7 (Fig. 17). Hih 6 H 5 L/EE —

Fig. 17 Finished clay model
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AP AL INICRAZBEAA Y P ENFETEY P 213,
AAXERS LAZEICEDWELE L & LZHIRE 5>
. REEROSDEWD T+ L LAETAZEL > DL
i, VAFIZZ A58 v Fa—T, ¥Ry b4 7, )
YH ARV Y g VOMAEE, 54 ZORER EEZFMNT S
Z & e5gk L 7= (Fig. 18).

Fig. 18 Stable form and angular harmony between
frame and rider

6. BHTH1 T4« T—I

61.T>>

IYVVDTHEA VL, FDA I AL EREIZ, Vv
TINZERKBIT 5 K120 72, FRZRTT DN S ¥ 335
WBZOXTV O VORETE D 5720, A THEMATEI L
T, BiROKRE IRIZEFG 2. /-, HHrz oy
DORBFITH S 74 ViF, 1RTOBIREE LS
EEROVILIT Y N EBEZL 2 X527 4 VIREOHI D I
THIGAMA B Z & T, BEX VTR £ L X &2
EMTEZ, TNEFRITED YOV 208 O E)ELE
#Fib, ZOETLORBNAEL % - 7= (Fig. 19).

62 . A—21=y K

A=A =y bDTFHFA VI, T4 FOHTSEK
W47 4 v REEABEL, RDROGHEKTE LD
72, RIS FNDFART X ERIEL DD, f YV r—4
IS MIEREL, F— AV A X EMA . 72, £
Ay EERBTAIHEELRM EMEDT, vy XL —2
ERRBIL, BhEEBOBREEMNMA 72> v T TH
R E Lz, 7TFUZ A — N X — 42 TIE, B0k
AL Y RIS T O A VRN DT T b L v X %A
Hbt, RNRORIITHRA 5315 2 & TR HOH
X235 L 7= (Fig. 20).

6.3. K1 —J
D KA — Ui, DMLY FIZi- 72, e 2

F—2 &ML LEEL VETFHFA VOTLIZA S
2 MNARH L 2R=—2 B3 YZRORAIREL, L
HRMPXEERX BIOZR - ARKIZ &L B 50X &l
VB TSR, BKESA X E LoD E DK
4 —=LF¥A4 v &k -7z (Fig. 21).

Cylinder head fins applied
with shaving finish

Air cooled fins with
individual shapes

Fig. 21

Exterior design of 14-spoke die-cast
aluminum wheel
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6.4. ¥— b

Vo META T4 ORISR EEZ A Sl AR, 1
IS EEMN 2 RS T3R50 2 ) Az kb, M0 H
BIRE L7z fiFD 2 ) bk, 7a—Tha v 7R
A FAN=DRY 2 — ABEBFHT LI LIZEDEHN T
(Fig. 22).

65 7Ja—IILHE>Y

2y FBRETIEbo T a—TL R Y IDTFHA
VAERFRBE AL, SR THR A T R 2 v 2%
HOFYIZEIAVEREVHE)OREREL, K
Va—LEEBHELENRLREMiE -2y v T &Y 2
4 T N]E2KBT S Z &N TE 7 (Fig. 23).

Fig. 23 Fuel tank

7. h3-V>7

HT7=0 IR, BROBEE S ICBHNICRE S5 E
BEEBRTHS. 94408, HEel 5K/ A S K912,
BRETHO GRS, TEX VX EEUBHIRIZL . AT
THIZWE, 28 V& =B DLX 44T &, ZAv— |
Tt v 2T A% T S5 DLX Pro 44 7 03b 5.
Fig. 22 Seat and peripheral parts BHhT—F4VF vy T % Fig. 24 ITNT.

DLX type

Precious Red Metallic Matte Marshal Green Metallic Pearl Night Black

DLX Pro type

Pearl Night Black Matte Steel Black Metallic Athletic Blue Metallic
Spear Silver Metallic Matte Massive Gray Metallic Virtuous White

Fig. 24  Full color lineup of the H'ness CB350 (2021 model)
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71.DLX 214 T FEEE e b4 -V hT7— &M

ZOETADLEDICHBE N, A A=V HT—DX—
2L v F (Precious Red Metallic) 1%, HYD &k 5 gt
IS S D &, BEDOWNEGTA L) v 7 3E, &
JRDEA AT 2L Lz 72, EBETHET Ty
12, BHIED 55— LT L — 2 L, A E R L
GHRE L RALZZX =277 —OHRT, FiZra—
NP L Y REE#HLZEERO~Yy ) -, KD
AT S 2 — &R b - 7.

72.DLX Pro 241 7. LR GEHIR % 05572 =%
R ERA

2 b= VBB, AT S FEES LT, A VP
DEFETA VY TEMERBTEMTH > 72, HEORWT
Ty EVAN—DHAEETIE, XKIRODBB 24 TL, &
0= 5L LY FOPERR> y MEEF & A TEFREL,
BIANLZ—F O ERSE 572, £z, BENIZE -2 7
TGk 52TV y TOHRT, 21— FOREPFL %80
FTZEEHMC, ME—HIOEEDTL—E KT 4 PO
BEEBREL. ORI L ERIEE M 727
T =k

73. FRBLUHNDHT—, =T UTIN, T4Zy>a

IUDVIr—2ZDKMHEEEDR I, ET Ty oL, V)
VEBEDRE S5 EEGOORME LT T v 2 EED TS
ZLET, 7790 TH—ENENE G TIREEZRHFL 7=
MATL ) VAN y FOZEFT 4 VAROHID T, =
CUNN=DI =LA yFOT Y M BREICKD, &
JE & & Bar 722 7= (Fig. 25).

7, Wik 7 a7 5ER, FTLAMTEaN7

Shaving finish

Matte black painting

Gloss black painting

Chrome plated cover

Fig. 25 Harmony of various surface treatments

IS LOWEREZZE#H Lz ity o -2ty F &L 72
(Fig. 26). KM T 5 v 2 L, 7a—24 Xy FEOER
RTELHoh, EHETEMRED 2 EAD Lk o7

8. ¥&®

EREBL -EHLTW20, 2—-FroietiLz
[FV T IAT4 VIRV a3 V][ EVWIF—T—FThHo
2. 20T = FIIAY L7258 b 28R L, 54 F&20
ML LD SIFICRES NS D, EHICT74 4L N
MZKFEHB I FTAT A VI LT L A5 EME L5
ROTHA v Lis o7z FREYIIC L — 475 & B % [#]
F7OREEERBR TCH 2. Zhoickd, £ Fa—
FIWELTE 5 HflifE e, AN L Y FARLEE2E
A E%INT VA X2 H ness CB350 D2 & A4 ) V75
YA VETKTHIENTE.

SHMATLED LS BRMAZRE IO EHELAIZL
RS, oA ENMIIAMIEb THELVER ST
Wb,

7 Pressed steel plate form -
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ABSTRACT

In India since the mid-2010s, middle and large size
motorcycles are becoming popular and being enjoyed
as a hobby, causing the market of such motorcycles
to grow. This development is targeted at such a
motorcycle that fills a wide variety of needs from
daily use to long tours. In this newly developed model
H’ness CB350, the chassis is designed for an upright
riding position and a moderate steering response as
well as ensuring stability and easy handling. The
engine thumps to characterize strength. Another
modern convenience is the connectivity that allows
stress-free use of smartphone.
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Fig. 1 Motorcycle sales trends (Market research data

by Honda Motor)
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HLOWTHBERER I N TE 72,
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BRAFET L OEHN 5 S O TS, LEN LB TS -
7. 22T, Za—/,3)L Honda DAEN T4 TV T4
T4 &, A ARRDIEL X &FHi> 72 H ness CB350 DR
& B L 72 (Fig. 3).

Decline in unit sales
due to COVID-19
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Fig. 2 Sales of over 161 cc motorcycle in India
(Market research data by Honda Motor)

Fig. 3 The H’ness CB350
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Table 1 Reason to buy middle class cruiser model
2015 2016 2017
Comfortable for
Top Appearance Appearance long ride
2nd | Model reputation | Maker reputation Appearance

3rd | Maker reputation Exhaust sound Riding comfort

Comfortable for

4th Riding comfort long ride

Riding posture

5th Exhaust sound

Riding comfort Displacement cc

N7 vOWKIZED, SNS OERA® L CTHAF2EY
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UL, BE— 23 A 2 VIR BlEIC 2 L x T
Wiz FEET AR, S THEROREN LIRS LS 2 13
WEE AR ETH 5720, T—EHF A ZLTIFL Y=Y V7
LEENB LS ICEHSTE/T L. SNS TRIET B1HH
28, V=) VI TORBEBIO RS LI k- TE .
Table 1 122 )L —FEF L OEAFIHOHR 47T, B
PHEEIZ 30 B PEMEOBEE T2 LA 5T BZ Ehb
25, F72, Fig. 5 1§ HRRE FOL O & ICB$ 5 S
BT, HEBICL Yy~ 32— Aa A T
W5, Ihb &, RIBEBEIOL O v — TR L2 -3
WAzO053ZLMbrs. IhokD, Mk 3B TET
HolE— AT A VOB ETNSE EE L.
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100 ccclass 125 cc class Over 150 cc
motorcycle

Scooter

motorcycle motorcycle

u Over 41 years

= 35-40 years

m 30-34 years
25-29 years

m 20-24 years

= Under 19 years

Fig. 4 Age analysis of people who bought new
two-wheeler and living places of over
150 cc class motorcycle users (Market
research data by Honda R&D India)
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Usage of 350 cc class motorcycle

Practical

» Fun ride with friends on streets
- Going out with friends to
hang out in city
+ Going out for leisure ride in
group to outskirts of city

+ Going out for long ride outside city
- Going to music club events

- Commuting to office,
college or workplace

+ Going out to buy household
related items

» Visiting relatives

Fig. 5 Survey of usage applications for people riding
motorcycles with displacement of 350 cc
(Market research data by Honda R&D India)
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HIHADRC - il 2 o H 2 —yro=—-x
ZHBLTRL, [HE» 5% % T— The Honda Basic
Roadster|Za vt F & L7 ThEFEBHTE-HDNY
ODF -t VTV AL, B AERELTICED .
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WHOH 20 > EuEle 54 s EHROEAL L L
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Table 2  Specifications of H’ness CB350

H’ness CB350
Displacement (cm?®) 348.36
Bore x Stroke (mm) 70 x 90.5
Maximum power (kW/rpm) 15.5/5500
Maximum torque (Nm/rpm) 30.0/3000
Curb weight (kg) 181.1
Fuel consumption (km/L) 40.0 (WMTC)
Overall length (mm) 2163
Overall width (mm) 800
Overall height (mm) 1107
Wheel base (mm) 1440
Maximum steering angle (deg) 43
Fuel tank capacity (L) 15
Ground clearance (mm) 176

(3) BN Z X = 2R PMIREE 22 & L WEITT T 8 oo
R, BLLHIETELZ L
il & 5 R U 72D 8] Uk & (R T o EIT B
LWL U 550

(4) EtEERC 52 L
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T YA T L 0%
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Leisure use
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Gravel road
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Himalayas

Fig. 6 Daily and leisure environments
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Fig. 7 Comparison of riding positions
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CB350 Urethane thickness

‘60 mm | ‘60 mm. Front and rear direction

) L L

|
L Flat seat area
- »

Minimum cushion thickness of
60 mm or more in flat seat area

0
| Flat seat area
’g 70
é //‘MGC
] G,
8 50 b
g rG/?Q/ /?/.Q/
S 401 &
ES
s Cushion 30‘
= thickness 20 \
] -
=3 reduction H.P
o 10 .
(Sitting position center)
0
-120  -90 -60 -30 0 30 60 90 120
—e— CB350

Front and rear direction from H.P. (mm)

Fig. 8 Comparison of urethane thickness from center
of sitting position
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Fig. 9 Sense of unity between rider and vehicle
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Fig. 11 Frame body analysis result
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Fig. 10  Flexible areas in frame body
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Fig. 12 Each part structure to make deformation
uniform
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Fig. 13 Relationship between wheel weight bias and
center of gravity height
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Fig. 14 Relationship between wheel base and
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Engine vibration 2
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—_

No vibration

Test conditions
1. Feel the sound and vibration

Test vehicle: Single cylinder engine motorcycle

Test mode: Accelerate to speeds of 0-80 km/h
2. Feel only vibration

Test vehicle: Single cylinder engine motorcycle

Test mode: Accelerate to speeds of 0-80 km/h with earplugs
3. Feel only sound

Test vehicle: EV scooter

Test mode: Accelerate to speeds of 0-80 km/h

+ Play the exhaust sound with earphones

Be able to feel
pulse feeling,
but not enough

Fig. 15 Combination of exhaust sound and engine
vibration for pulse feeling
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Detail of function
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Can search destination by voice
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Cancel navigation
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Receive call
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Can register 5 favorite contacts

Read received SMS, WhatsApp, LINE,
Facebook Messenger and reply by voice

Can input message by voice
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i
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Fig. 22 Basic function list
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Development of Honda Techmatic System for 2020 Model Year FIT
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ABSTRACT

The Honda Techmatic System, a hand-
operated driving assistance device that supports the
independence of users with physical disabilities, has
been developed as an official Honda product for the
2020 model year FIT.

Starting with the 2020 model, a Qi wireless
charger for smartphones has been installed in the area
where the existing Techmatic control lever is installed.
By providing Qi functionality in a Techmatic system
vehicle, Honda aimed to reduce the amount of effort
required by drivers. Honda was able to continue use
of the 2016 model year FIT control lever mechanism
by moving it further forward in the vehicle. This
compensated for the loss of horizontal space due
to the Qi charger and for the installation point loss
directly below the control position. In this way, Honda
made the control lever mechanism more compact
without impacting usability.
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The newly developed EU3200i inverter generator
of the 3-kVA class provides portability together with
the ability to operate a variety of household appliances
with leisure applications. The generator adds three
key technologies to the 2-kVA class EU2200i to
yield higher power output and enhanced usability
while limiting increases in size and mass. The first
was to mount a dedicated engine and alternator for
compactness and high power output, increasing the
specific power. The second was the initial adoption
of a battery-less fuel injection system in the power
product field, realizing simple startup capability while
reducing fuel consumption. Finally, the new resin
monocoque structure achieves noise levels on a par
with previous products while limiting increases in
mass. The power-weight ratio has been enhanced 15%
over the preceding EU2200i, and with volume of 79 L
and mass of 26.8 kg, the generator delivers the highest
level of compactness and lightest level of weight in
the 3-kVA class.
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Table 1 Comparison of specifications
Model name EU2200i EU3200i
Max power [VA] 2200 3200
Rated power [VA] 1800 2600
Mass [kg] 21.2 26.8
Output to mass ratio
[VA/Kg] 104 119
Width [mm] 290 306
Enclosure volume [L] 63 79
Remote monitoring Bluetooth Bluetooth
Fuel supply system Carburetor | Fuel injection
Run time (1/4 rated) [h] 8.1 8.6
Run time (rated) [h] 3.2 3.3
Noise level (rated)
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Table 2 Comparison of engine specifications

Model name EU2200i EU3200i

Engine name GXR120 GX130

Engine type Air-cooled 4 stroke OHC
Displacement [cm?] 121 130
Bore x Stroke [mm] 60 x 43 56 x 53
Compression ratio 8.5 10.0
Stroke/Bore ratio 0.72 0.95
Engine mass [kg] 5.6 5.0
Throttle bore diameter [mm] 15 18
Outer diameter of cooling fan [mm] 171.5
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Fig. 5 Comparison of engine power
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Table 3 Comparison of alternator specifications
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Table 4 Comparison of recoil specifications

Model name EU2200i | EU3200i
Recoil reel diameter [mm] 100 65
Number of recoil rope turns 2.6 3.9
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Development of 2 kW Class Electric Power Unit eGX

o ok ! PE N I
Fumiyoshi KANBARA Shunsuke SAWASAKI
TN S 7ok EOR

Yoshihiko YAMAGISHI  Naoki MATSUNAGA

2 B

INRIRESR D 5 v 2R T L — 3 Vo3 &g & RFRE
FERMB NI S UC, IRV EEICEER I T B
ALy oy GX v =R L, B#AREERD 2 kW
U7 A¥BL Iy Y g Y (REVGHE HC/NOx 5 & O
FBRIRHAZ CO, Pl ) BEH ST —2=9 I eGX %
FEU 7z, e GX AT, MO BRSO M RS % AT,
AL vSL = MRIAFEE L AT - RENTIE
NHOT YO v EDHIEEBEL, RIRY 4 2R /E M
AOHIIEHE D (HF TR e 1 Bt & R - 72 WAk
PNEETH ST — 213, 150 m/s” L EOMHEN: Z253E%k-§ %
00— &Yy 7 FEFEHRGER 2 T — & OFFRES A RE LD
DIV T 4 v IERR S FEHE L 7. X S ICHEBI T
A SN BN, TEERRME & ER T 5 72D IFHE— 4
r—2&LoO0 WERZ7Y, NE77 v =HFH$T52 L
TEMHI 1.6 kW A G C X 2 mAE & R L 7.

ABSTRACT

The general-purpose GX series engines are
installed in a broad range of work machines, serving
as power sources for small construction machinery
such as tamping rammers and plate compactors. Now,
Honda has developed the eGX, a 2-kW-class zero-
emission (zero emissions of HC/NOx air pollutants
and CO, greenhouse gas) electric power unit that can
replace these engines. The eGX comes in integrated
types and separated types, configured for differing
work machine mounting conditions and usage
environments. Of these, the integrated type was made
for replaceability with engines of the same power
band. The body size, the shape of the output shaft
connected to the work machine, and other aspects
are designed for replaceability with the GX engines.
Since durability is important for the motor, vibration
resistance of 150 m/s’ or more was attained through
the rotor shaft support structure and stator connecting
structure. Fretting abrasion countermeasures were
also implemented. In addition, a sealed motor case
was used to provide the water and dust protection
required on construction sites, and cooling sufficient
for continuous operation at the rated output of 1.6 kW
was attained with the use of inside and outside fans.
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Fig. 1 External view of eGX
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Table 1 Specifications of eGX, GX120, and GX100
Model name eGX GX120 GX100
Type Integrated type Separated type Integrated type Separated type
Category Permanent magnet DC motor Sinﬁﬁgﬁrgﬁ;i%HV Sinﬁlset:xrgi;ig-’c
Cooling system Forced air cooling Forced air cooling Forced air cooling
Shaft layout Horizontal Horizontal Horizontal
Continuous rated power (KW/rpm) 1.6 /3600 2.1 /3600 1.7 /3600
Maximum power (KW/rpm) 1.8 /3600 2.6 /3600 2.1/3600
Maximum torque (N-m/rpm) 5.6 /3600 (3 s rating) 7.3 /2500 5.7 1 3600
Set speed (rpm) 3600 3000, 3300, 3600 1400 - 3900 1850 - 4100
Noise level (Ly,(dB)) 78 81 100 100
Overall mass (kg) 25.0 22.2 15.5 11.1
Battery mass (kg) 6.4 - -
Operation temperature range (°C) -1510 40 -15to0 40 -15t0 40

& L7,

-2, BhE(e—2 -y T M) ONEET YV Y
E R E R o R 2728, [~k & L7z, Fig. 4(a)
12 eGX, (b) 12 GX120 OHIYD fHF frEDO~EE R

Fig. 512 eGX D—KBISY —2=» P DREEE/RNT.
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CRGE L7220 v o VSRR IR 2 v o RS
HY4¥5%. PDU W, RAREMZ %729, €— 2 ORIl
BUiE U7z, FHBLE, H4T0, BERR, K7 &5 & NS & & IRE
F 570, BN — &30 7= HEMEICE L T, Yy
FUEPDU RNy 7Y LR EDE D 5 RER X
NTNB720, E—XICLPEHEO AL VT L —L%RT,
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Fig. 4 Fitting dimension comparison of eGX
integrated type and GX120
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Fig. 5 Structure of eGX integrated type
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Fig. 6 Structure of eGX motor
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Fig. 7 Bearing layout
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Fig. 8 Rotor displacement
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Table 2 Temperature rising test result at rated point

after 50 min
40°C conversion
. ; With inside
Measurement place No fan (°C) ]\!gr':h(o%gts'de and outside
fans (°C)
Motor internal atmosphere
near sensor N 74 67
Internal sensor 96 78 69
Electrical winding
(Rear side) 150 130 96
Electrical winding
(Front side) 141 122 91
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Development of Anti-vibration Type Brush Cutter for European Commercial Market
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ABSTRACT

Honda’s first anti-vibration type brush cutter
UMK450E XEET was developed for the European
commercial hand-held market. This development
established vibration reduction technology by focusing
on the shape of the mount rubbers equipped to
the anti-vibration frame and the driveshaft bearing
placement. The mount rubber shape was newly
designed to simultaneously satisfy demands for
vibration reduction, swing stiffness during brush
cutting work, and actual machine own-weight
support. A new bearing placement design method
was established that uses the driveshaft as a dynamic
damper. This bearing placement design suppresses
handle vibration variation due to the static unbalance
amounts of the cutting head and the engine flywheel.
The newly designed mount rubber and bearing
placement realized a low vibration brush cutter that
satisfies the user demands in the European commercial
market.
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Fig. 15 Mount rubber of UMK450E XEET
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Development of General Purpose Drive Module and Drive Platform
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ABSTRACT

A general purpose drive module that consolidates
the functions needed for driving, such as drive,
steering, and impact absorption, and a drive platform
equipped with a cooperative control function that
governs the driving functions and is easily connectable
to an autonomous drive function were developed. This
paper describes the configuration of the drive module,
the system configuration of a drive platform consisting
of four drive modules, and the steerability achieved
by cooperative control. An autonomous delivery robot
based on this drive platform was developed with
Rakuten Group, Inc. and the effectiveness of the drive
platform was confirmed in driving demonstration
tests conducted on the University of Tsukuba campus
with the support of the New Energy and Industrial
Technology Development Organization. Use of this
general purpose drive module and cooperative control
technology enables the efficient creation of various
forms of electric mobility.
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Fig. 1 General purpose drive module

Fig. 2 Drive platform
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Fig. 5 Control outline diagram

(b) Spindle with

- (a) Steering axis
fixing flange

(c) Frame

(d) Fender

(e) Tire
(f) Drive motor

(9) Motor driver

Table 1 Specifications of drive module
Drive motor rated output 150 W
Steering motor maximum torque 38 N'm
Tire (Diameter x Width) 280 x 80 mm
Suspension Bottom link
Wheel stroke 50 mm

Power off brake

Parking brake
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Fig. 6 Design of general purpose drive module
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(i) Drive
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Table 2 Specifications of drive platform

Length x Width x Height 1180 x 620 x 530 mm
Rated output 600 W

Maximum speed 6 km/h

Minimum turning radius 700 mm

Step height which 90 mm

can be climbed over
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module rotation

Fig. 8 Areas of module rotation
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Fig. 9 Layout of drive platform
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Section AA

Fig. 7 Cross section of steering axis
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Fig. 13 Simulation result of pitch angle during braking
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Table 3 Specifications of drive function

Rated output 150 W
Maximum continuous speed 182 rpm
Interface CAN

Control method

Rotation speed control

Table 4 Specifications of steering function

Steering angle +180°
Steering speed 90°/s
Interface PPM/CAN

REEFHE LD — 3 2B EREE O hZES v 7 P EEL
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Fig. 19 Turning on spot on narrow road (Minimum
turning radius: approximately 700 mm)
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High Loading Si Anode with 3D Collector and Inorganic Binder

Moo R H 4 M W oa ot =7
Toshimitsu TANAKA Kiyoshi TANAAMI Yuji ISOGAI
(1S5S &° U IR N
Takashi MUKAI Yuta IKEUCHI

=2 = ABSTRACT

VFY LA F Y TREMOE T 1L X LA IS
NL, SWITHEBR KRR N V2 — D Si AN O
FAMGES & Skt U 7=, GRBRIEHEIZ & 7= /N2 L TORA %
Fefiti, W OB TEmIT LT L F — B OB CE
VR D B Z & EHERL 7.

6.0 mg/cm’ FEED HAT T RHIZH W TEM L 228 (5
J 0.05 g/cm®) %V, BN A v & — OB REMERL 72
EZAH, BN, VA -HLUR TR -V VT2 91
JNVHE THEBHEFEN 25% U FTETRTFLTLE S —
T, BN A v & =P TIE, 50 4 Z L OB O
EHEFFEN 78% Th 72, WIZE T XN F —FELD -

BTV 2 5BV, B8 (B 0.17 g/cm’,
0.59 g/cm®) ZFVEREDY 4 2 ILikBr & FEfL 72 & 2 A,
0.17 g/em® TR T L 2 E BEMITEDEETH - 72
—77, 0.59 g/cm® b TR EMEFFRA 46% £ T F L 7=
AR T4 B MR OO T I LG D A IR, AR O AR A O BRI
PPIHIT E T —0, AAlkE & EREERERIZS 79 2
BDEEL, TDZ T 78N 0.59 g/em® DT HRELNT
ERERRL 72,

The application of three-dimensional collector and
inorganic binder for silicon anodes was investigated
with a view to raising the energy density of lithium-
ion secondary batteries to a high level. In connection
with testing, simulations with compact cells were
conducted and confirmed the advantage over
conventional electrodes in terms of energy density.

The effectiveness of inorganic binder was confirmed
using electrodes (density 0.05 g/cm?®) fabricated with
a loading mass of about 6.0 mg/cm?® It was found
that the capacity retention of items without inorganic
binder diminished to 25% or less up to the second
cycle of the aging process, but the capacity retention
of items that included inorganic binder was 78% at
50 cycles. Next, electrode pressing was carried out in
order to raise the energy density to a high level. The
electrodes obtained in this way (density 0.17 g/cm® and
0.59 g/cm®) were used to perform the same kind of
cycle testing, with the result that while the 0.17 g/cm®
item had the same capacity retention as the unpressed
item, the capacity retention of the 0.59 g/cm® item
diminished to 46%. The results from cross-sectional
observation of the electrode after testing showed that
while the expansion and shrinking of the electrode had
been successfully suppressed as anticipated, there were
cracks between the interfaces of the composite layer
and the collector foil, and the amount of that cracking
was confirmed to be greater in the 0.59 g/cm?® item.
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FEfi T RE AL 2 EBLD 72 H R & 2 7B R L2~ D
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U7-BEYH L A V) v B Ui RERE A 0 &0y S 3R
WAz T3 D0 CoBREEMIRT 2 FRO DL
LTCLIBOET T —FENH 5. 3T —EEIC
&, WA S 72 0 OB 2L ¥ —%E (Wh/L) £721&
HWATERE Y720 OEE T 3L E — 8T (Wh/ke) BGEET 3
2, HZHEE IO 3L F — B & ik 5 B kA
THESRMIZ ALY —HEE2HN5.

BHOKE T XL F -BE X, FlAXTidoXTES
3.

T 3L - (Wh/L) =FHEErEE (V)
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2D HEMELL, HAHES 72 0 ISHET 20 0'H
HERTHMNITE (mg/cm®) EJEA (um) IZ3f#CTE 5.
BbBEI AT —HELEERT 5 720121, KD
BHEOESBETRALE BEEEEZL, ROEMROSEEZL (0F
B O H AL, ERRIEEO W) ZHETH 5.

IhE T, oG (BUF, 3D HEEK) %5
AL, #fR (LA, 3D %M OAGAHNzE5ZL7T, ¢
ADIFNFE—FEELK10% M LETESZ &, KOHN
AW X 2 5 A OMETH 5 NEENE AR ¥ 1 2 L Fy
PEDOETIC BT MEBEMIII LENTH S Z a%%
L, IR D@ T 1L — BN DA R % B 5 21
Tx7=-%0 Z@ 3D BRI L, %ﬁ%ﬁ%gé
422 THAELIANT—EEDH EXHFTE 5.

22T, KIMREAERAMmE L TR EhTtnwsy ) a

v (BIF, Si) @ 3D #EIk~ O HMET & FEhi L 7.

ShlEMEEE UCEHAT 25 Sild, 7 OHGmE R
J¥ 5 4200 mAh/g, %ﬂ YR E LT3 3600 mAh/g P &
THERENTH D ', —i%i 7% LIB OERmISEMN ST
ué%%@3mnmm@cm«aﬁwlﬂ%ﬂﬁmgfﬁ
3. —J T, FEWEIZFRERIC KT 4 15D R
ERZTZENS, 4 7L EERD I EITHEIRIGHE % &
DS Z L THEBHELS SIEWE A ELAOHMBIEEL,
WA 7 NNAERRRD TR &0 S BB 5 7.

2. EREXETEE

Fig. 1 XU 2 12 HHF R 3.0 mg/cem® @O Si FffD T —
v IO ATV TP (SEM) 12 X % Wi g 2
NT. TV VBT, WEORIRICEK D, RS X
225 pm 25 45 pm & L8 fFIZIFAR L T\ 3 Z & 23Rl
TE 3. HIZ, BRAOMEIHERTE, B
ENTVWBZEHbh b, F07=0, Si REMOY A )L
HRERD 72 DICIFHMN A KL T2 HS. 25 L7
IR U, KM GEWE, N v & —, HEHH, B

W) DB, BAREE, FRESRMEOTGELED 5 Tn
%00 U Lasas, RRELT100 %4 2Bl ko
YA I IMMEPTHERTETNBEDIE 3.0 mg/em* LN TH D,
— R 2 EERER AR LR ST T d B Y,

Z2TCHN, HWEIC S #EA L, 3D HBEKRE 4
BIER N4 v & (LIT, WA v &) #fllatibe b 2 L
T, L ELTHAAZ ALY —HELAPRTEDS Si &
2 OWTHG L 72, Fig. 3124 X512, 3D HEKDH
HIREEIZ K B~ A4 2702 — PS4 ZORERE L, #
Hosq va—lcks5fElnyrsady v iERIZEkSF
A= bLH A ZOEERFEEMASGDES Z L TSiRT
], M OBl O I8 2 P, B2 m L& 2720 e
Th %A 7 EDmE EERAT.

Active
material
a8 layer

Collector

Fig. 1 Cross-section SEM image of Si electrode
before aging (magnification: x500)

& Active
material
¥ layer

Collector

Fig. 2 Cross-section SEM image of Si electrode
after aging (magnification: x500)

-)(n : 3D structured collector
@ : Si active material

_ ) : Inorganic binder

Fig. 3 Image of 3D anode with Si applied
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Table 1 Electrode calculation conditions
oncoogs |30 cletode | 2051
Cathode active material LiNi, sMn,;Co,,0,
Cathode active material content 94 wt%
Cathode collector foil Al 15 um Aluminum Celmet
Cathode 3D-structured collector porosity - 97%
Anode active material Graphite Silicon
Anode active material content 96.5 wt% 91%
Anode 3D-structured collector porosity - | 97%
Element ratio 83 vol%
Anode collector foil Cu 8 pm | Nickel Celmet
Separator 15 um
Negative/Positive ratio 1.05
Cell volume 360 mL

F72, 29 L=t oMAEHLEIZINA, *ﬁﬁ@fgéé
WhST A—2Th 5. Fl A FCEE BRI, BN
B EROER AR EL LN TE L7728, @%Wm
K BBBAOTAEMZ S Z L THA 2 A EXE 3
TN TEL T, BHOTFLELEWEREIFIETS L
ORI XL F —HEM KD T 5. ARETTIE, ST A
LE—FELE I, 7L 22k 3EEELRE A AD
HCHEEL 7=

21. IR ILVX-BEDEH

YILH A X% 360 mL &A5E L Table 1 DRV SEMHIZT
EHEOEBHAML 28 (LUT, fEEMR), —kookdE
HEBEREMHEL 28 (DUT, 3D %), RO = koHE
BRI STRIEWE A B L 228/ (LU, 3D-Si %)
1IZOWTC, AT EE2AH X280 L OEET 3L

I ARE L 72, AR % Fig. 4 IR,

*ﬁaﬁﬁmﬁ%%%% mFtE LT, 3D BmORFEMERE
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Fig. 4 Relationship between electrode type and cell

energy density

SEMR TR, TITNA VX — ORTEIC K ARSI TS
X0 EDOHALEHINZ T T HA 90 mg/em” FEEE A3 TR
RTHo-7ZLaBEADE, YILORREI L X -5
XK T 581 Wh/L Th B DIizxiL, 3D BT 3D 4
BIKIZK D~ 7 g SRS KD HA LRSS 5 2
&T“ch@{ﬁélfr\}bﬂ?~%?f§£i%jtf“ 641 Wh/L & CIfl
k45, Z2hig, a%d)%ﬁh%t z , W 75 R D B
FEE A & h, ARl %‘Lu:m%af’ﬁWJazw VxS
DR FH 2 8 ﬁlJuaJaéhf:%J%, RFE T XL — A
Mm42ZLERLTNS.

ZHUTInA, SiuEPrE &M U7z 3D-Si Iz DWW,
TR H 90 mg/cm2 TOIIZITNT, KEE (0.3 g/cm’)
T 629 Wh/L, (0.5 g/cm’) T732 Wh/L &%k 5.
F 7z, fl:*ﬂ’ﬁﬁﬁ 150 mg/cm T, KEE (0.3 g/cm®) 2
695 Wh/L, &% (0.5 g/cm’) 73 817 Wh/L &7 5. LI kD
FRED, B LACROEEMICKH L, KT 145010
R 3L X — BB O LA AEEIZ 5 5.

3. EBRAE

3.1. EILERH

31.1. ERTEEEER

FERERIEAER LERASHEDO L 2y b%@ﬁ%
72 ERICIETAI = 20 Ay b, Si REMIZ=
FOLDEIL Ay b EMFHL . EE, LIB BRI I3HES
AW E N2, SilHE ORI NOMRE U TH
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Fig. 5 Lithium-ion battery electrode manufacturing
processes
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Table 2  Silicon electrode

Reference Si—Oig\?_%/cm3 Si—Oi;’?-S)/cma Si—O{:;&?_?g);)/cma
Active material Silicon
Active material content 90 wt%
Electrode loading 6.0 mg/cm? 5.5 mg/cm? | 5.3 mg/cm?
Electrode density 0.05 g/cm?® 0.17 g/lcm® | 0.59 g/cm®
Inorganic binder Not applied Applied

Collector Nickel Celmet

%, EFEEAIE LT AB, RUSRMER B (VGCF) %
#i# Al LT PVDF 2 L, #fkttid, Si/AB/VGCF/
PVDF = 91/4.2/0.8/4 wt% & L 7=. Z O#KIC T IFEMFERE
FMEIZ T, Table 212§ HAH &R OEEE OB S 1 v
& — AT O FEMR % 157

HonEmIcHL, BEOXM W ESEIZZ T L -k
12T N4 v & — i (K,0-3S10,) & H 4T & 1.0 mg/em?

2% % &5 8- i e E721% 120C(7)( JE I ThNEVILE
BT kD T & THEOHEE 5

_m%@:ﬂbn~w7vz(U—wﬁﬁﬁmnéiw,
Table 2 1278 57 2 % O EMG % 1572

31.4. &/ISL—4%

JEX 15 m A TFL VMBI AFR L 7-.

3.1.5. BEERK

Wi, =F Ly —FKFx—1t (EC), VAF LI —F
3 —bF (DMC), ZF LA FILH—FK 35— (EMC) DIRA
@ﬂtt H# % EC/DMC/EMC = 30/40/30 wt% & L 7=.

RAEBIZSZFHEONR 7 vib) VY F 9 4 (LiPF) %
1.2 BILIRIE CIFIR <X CTEME & L7z,

3.1.6. LA

], Sh3EfAE L TIZCR2032 a4 ¥ L (i L 7=.

2. BED A

3.2.1. EEWEFIEME

A OEYVE & EE RO EMINRE & i3 25 HY T,
suAE sy g VvRY Yy T ETIFEL, Carl Zeiss
#L8 UL TRASS RUEAE 1SS & F VW THlER L 72,

3.22. TR F—0EE X &9

IR b OWRYIE, SEIA, A V& — O o EE % R
FTH5HMNT, bboWmicxl, HAETHL# T 1L ¥ —
%ﬁﬁﬂx#ﬁﬁ*ﬁ (EDX) # it~ v ¥ v s (C, F, K,

Ni) &6 2% 57, FILRD, CIREBIA O

ﬁ' FfsaE Al KIZmE N1 v & —, SildmlweE, Nilk
HEEAROFEEZNThEL TN 5.

3.3. wILVEHE A E

YL % 45C OMEIEMIZHRE L, 4.2205 2.5 V OHH
IZTENZTN 0.1 CDEBRMAREY A 7 Lillk & FhE L
7o, BBIRIERERENE 1 IR & UCERINL 72, RERER Tk

I VML LT01 COEBRLKEAS5HA L
EheL 7205, & 50 %4 2 IILFEfE L 7.

4. BREER

Fig. 6 75 81244 Z LiRERRETD Si 3 = WIrE M,
Si-0.05 g/cm’, Si-0.17 g/cm’, Si-0.59 g/cm®(LLF, Si-1
Si-2, Si-3) D&MW SEM #5584, Fig. 92°5 1112 EDX

Active
material

Collector ¥

Fig. 6 Cross-section SEM image of Si-1 before test
(magnification: x50)

Fig. 7 Cross-section SEM image of Si-2 before test

(magnification: x50)

Q

Fig. 8 Cross-section SEM image of Si-3 before test
(magnification: x50)
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J5, Zepriis (Xhrty) 28 L T30 L, Si- 1123
L7V 2&EERL, BEEZNFh 017 g/em®, 0.59 g/cm’
IZHIE L7229 Y L TH B Si-2, Si-3 1220\, HED
Bz ORSERE RO K = 22BN, Si-3 Tl
WS CHW T 22 XD FAEL T AENWT & 2R L 72,
F7z, KEMO EDXMRED, WFhoy 7y Si
1B TRENBIEWE OIS, BEIH (C1B), v v

K — 50 um

Fig. 11 Cross-section EDX images of Si-3

& — (F{%:PVDF, KGN 1 > &4 =) B FEL T 5
ZEEMERLZ. LA LAEDNS, Si-3 TIIEMANTKIE
I3 b I A PBFAEL, EBRAETIC B W THE N v
K =BT R TR RN LHRBEE N,

Fig. 1212, reference & Si-1 DT =Y V7 (594 &
INIZB T 5 RBERMFE /R T. reference TldT—Y v
7294 7 VHORRTHIEREIZ L 25% £ TH &
FrEMK T LT3 DI L, Si-1 TE78% Th 7. Z
DRERE D, ZXKTTHEBEREEHT 2 RIZHOTE BB
AV E—=12k 3 I 0BG REPIRN TS 5 Z L %10
L7z,

Fig. 13 IZ#E DR 5 K8k (Si-1, Si-2, Si-3) DH A
2T A MR OBER R %, Fig. 14 1294 7 LB L RBE
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~o- Si-1: Inorganic binder
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Fig. 12 Charge capacity in aging process of
reference item and Si-1

2500
-o- Before cycle test
) After cycle test
<
£ 2000
=
S Si-2
& 500l S
g 1500
L
= .
2 Si-3
£ 1000
«
5}
]
IS
_g 500
IS
<
0
0 0.2 0.4 0.6 0.8

Electrode density (g/cm?)

Fig. 183 Discharge capacity of each electrode before
and after cycle test
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MEE R OBIGR A T, MIMOREAR R Si-1, Si-2, Si-3
DONEIZ, 1794, 1975, 2055 mAh/g TH 7. ZOREIA
i, SR k0B, WE, £Ehkoay ey
MESWEINZEDOEEZ TS, — T, 5044 7L
oo KEREL, FXRONEIZ 1409, 1530, 954 mAh/g
Thotz. 72, RREMFLRE LT, 2hTh 78, 77,
46% TH D, Y4 7 MEOE RUTIRRE L & O S HEA T
BB EARENT. B OZEA Si B OIRIGHE
IS ARG S U THREL -2 &, RUER N v & —
OFEMUERERTH B LEEZ TS, D EORERED, &
FIOLARTITE H 2236 50 %A 2 LIS T 78% OFE =
MEFER P BK T E 5 Z &, RUREREIL IS MR
FERELIAKIET 25 Z LAVRE N

Fig. 15 %5 17 1294 2 L akBizICHU) 1 U 7= & FE D
A5 (F54:50 £%) Wi SEM 1%:%, Fig. 18 ° 5 20 1275
A (F54:2000 £5) Wi SEM {44789,

K5 SEM %&b, SO E5IZ Si-1, 2, 3 DJEIC
1057, 487, 200 um T& > 7=. Fig. 6 »* 5 8 OWia SEM
Xy 4 7 LB OBEER, ZHEFh 1295, 405,
170 ym TH A Z L a2HE 25 L, 4 2 ILakbRpith COE
WA IR T Si-2 O 1.2 (5FEETH 1, 5 MO E M
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Fig. 14 Capacity retention of Si-1, Si-2, and Si-3

EADWSAZE N R FERTH 5 &5 Z L DR TE 7=
—), S5 SEM %X D, Si-1 0N 2 TIdHEE

SR OTEMIE A AR (Fig. 18, 19 ki) 12, Si-3 TI13dE

B R OB A A (Fig. 20 Hie) 12l 2 WSE s

Fig. 15 Cross-section SEM image of Si-1 after test
(magnification: x50)

Fig. 16  Cross-section SEM image of Si-2 after test
(magnification: x50)

Fig. 17 Cross-section SEM image of Si-3 after test
(magnification: x50)
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Fig. 18 Cross-section SEM image of Si-1 after test
(magnification: x2000)

MEW COMP  5.PkY 18pm WD11mm

Fig. 19 Cross-section SEM image of Si-2 after test
(magnification: x2000)

<2, 00A 10pm WO Lmm

Fig. 20 Cross-section SEM image of Si-3 after test
(magnification: x2000)
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Investigation of CO, and Steam Co-electrolysis Conditions
for Synthesizing Carbon Recycled Methane

T B & 9 /IRE T
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JEORE A 2 K % HfERR L 72,

ABSTRACT

An investigation of methane synthesis by co-
electrolysis using renewable energy was conducted.
The aim was to achieve highly efficient energy
conversion in carbon recycling. Specifically, the
investigation focused on the reaction conditions that
apply when carbon dioxide and high-temperature
steam are used to obtain syngas, which is a mixture
of carbon monoxide and hydrogen made by co-
electrolysis. First, the co-electrolysis performance of
the electrolyte supported cell and of the fuel electrode
supported cell were compared in order to determine
the characteristics of a solid oxide electrolysis cell that
are suited to syngas production. It was found from the
results of that comparison that both the electrolysis
current density and the syngas conversion rate are
higher with the fuel electrode supported cell. Next, the
relationship between the electrolysis current density
and the source gas throughput quantity, which is a
design parameter for the solid oxide electrolysis cell
reactor, was obtained using a fuel electrode supported
cell. Confirmation was also obtained of the source gas
composition needed to match the syngas composition
to the theoretical molar ratio for producing methane
gas, which is an operation criterion for such reactors.

1. #5
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TR S T3 Y. #ili # ZJR DK 90% 12 CH, TH
DT, 7)) = A8V EMAFORRT AR H X734
TIAVNEAL THik RN TE 5.

7 2T, AT Fig. 11284 &5 &, @hEa i —
RV US4 20 CH A EHIEL 2. CO, & EilAKZES
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1
Jcity gas pipeline

City gas holder:

Iron works:  CO,
H,0

______________________________
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Fig. 1 Co-electrolysis methanation system via syngas
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Fig. 2 Comparison of methane synthesis processes
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Fig. 3 Structure and material flow in SOEC
co-electrolysis reactor
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AH: Enthalpy [kJ]

AG: Gibbs energy [kJ]

T: Operating temperature [K]
A4S Entropy [kJ/K]
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Fig. 4 Potential energy diagram in syngas synthesis
and methanation
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CO, tra: CO, throughput quantity per minute per unit active
area [t - CO,/ min/ m’]
S ac: Active area of cell [m?/ Cell]
No cr: Cell stacking number per SOEC reactor [Cells /
Reactor]

—J7 T, CO, AL EDMD 728012, SOEC ) 77 &\
AN BERAT 2w 2L 35 &, AT ZANOZE R
MEFT2ZE0855 Y. Zhid, BFERA 22 SOEC Y 7
7 B DOMPIRE T # 2 T AT Eh B ERZ/ITTLE S 7=
WEWEIND., ZD7=8, 1L oSk & R E
ET S92, BREEREE ST 2 LR, &
J AT AZEHRE A & JFORE T AR R A R 5 2 L EE
Th5.

2.4. £EHHAH SOEC ) 7 7 2 D EErRE

SOEC ) 7 7 212Xk 24 24k Tid, A (1) & (2)
IZRL 72 COy & Hy0 OEMKIG &NEFT LT, & (3) DK
Py 7 PRI B, 2D, SOEC ) 727 2~NAH
L 72FoRH A 2D HyO 20 B Hy ~NDZEH & CO, 75 CO
NOZERIZZTN T NERBICES RV RS D 5. RO
AAF =2 a V)T I EATCHAKELZ KD DD
FENLIIEH, / CO:3THB. ZD78, SOEC ) 72 4
OHIIH AN ZHIZ—3T 5 X512, LD SOEC ) 7~
BNATTBERH 20D H,O / CO, EIL LD FHIE R AN
v 7 b RICOERAF AR T 2 Z L NEEE 5 5.

3. DR S

SOEC V) 72 & &= CO, & H,0 DIHEMRIZ L 54
WA A ERAERHT A2 X4 3 —2 3 VIZBWT, A4 % —
Va VYV AT LAONEEEDSZDHIZ, SOEC YT AD
REHTRSE & HEIRTREE & 2 B LU F OB A MG L 72,
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(1) B A A LRI L 7= SOEC O & K OHUE

(2) TR B ERENE, BT 2 PR, BT A2
DGR

(3) CH, AHEER T 7% 2 AW A 2RO 723 OOR 4
Z H,0 / CO, BILLL, Rt OfEsE

4. SOEC &HEBREE

4.1, BRRH ZERKICHE L 7= SOEC DETE

SOEC D#HAREE I Fig. 51D, MR (Fuel
electrode layer), B EE (Electrolyte layer), [i&ZHfE
(Oxygen electrode layer) DK% < ZJ@h 5K 5.

BURCIEHEMAICHHRG S 72 SOEC BFHEL &
WZ Eh b, BERBICYRRREH O 1)L (Solid oxide
fuel cell: SOFC) # SOEC & U CHsf L 7z, BBk IS,
e REAGT AL 25 =y r L (Ni) & O (R84 H
OBt T I v 2 (YSZ, GDC) DL fUBEM AR %
BAELZEDICAD. T2 Tide 2ZTHD, FRH 2D
CO, & H,0 2 HEMISIZ K DETT L TEKH X &AL
5. BIRER (ScSZ, YSZ)id, Bk TAER L7z 07 %
B LD IERMOBRBEAFEEH) S5 fFT, KR L BR
WO D A 2758 % W4 53 THERES R TV 5, i
Fhkgix, 54 v (La), 2 by F v 4 (Sr) ZRALZ
O RE L e (REAHT 3 LIUEMERM LT I v 2
(LSM, GDC, LSC)iZ%& 3. T Z TidMkHE 5 F8) L T
-0 EBILLTO, & e #4KT 5.

Fig. 512/ L 7= 2 F5HD SOEC DR 4 Hig§ 3 &,
BB X H ARG 2 L (Electrolyte supported cell: ESC)
T, BRERESEL, BB E A E L 5> Th
D, WM S iR S £ L (Fuel electrode supported cell:
FSC) Tid, BMEREAE S, OB E A 5 REE 1 % >
TWw3. FSC OHMWERERE 7280 0” OB
GNENWEEFEZLENEM, SOEC & LTHAT 5KRIZ,
ESC L FSCOESLLDOMENAMMIIR ST AN
728, RUFZETIE, AN ESC & FSC DILESERE A 5 2
Ko7z,

Type ESC FSC

Oxygen electrode

Oxygen electrode LSM/ layer 12 pm LsC
layer 50 pm LSM-GDC | Anti-reaction
Cross- ebe
) Electrolyte ScSZ layer 3 um Ysz
sectional (jayer 150 pm Electrolyte .
view  |Fuel electrode NiO-GDC /| layer 3 um No-vsz

layer 50 pm NiO-YSZ | Fuel electrode
layer 400 um

Fuel electrode face  Oxygen electrode face | Fuel electrode face Oxygen electrode face

e
Plan Activelareal F i Activelareal
view 4 cm X 4.cm)| 4icmpxidiem)

External size 50 mm x 50 mm External size 50 mm x 50 mm

Fig. 5 Layer structure and materials in SOEC

4.2. £ERHAERH SOEC U7 7 4

AWFZECHEFH L 7= SOEC V) 7 7 & Ok % Fig. 6 12T

SOEC T3 7§ 25 Y, AW Tid, Bikd
MHE, SO SOEC DI, fRgIZ & 2 Hk e A &
ERRGITT 5720 AR A EIRL 7.

SHEH A 2 50 mm £, B A X 40 mm D SOEC %
WA 5 BB (Au Bl 100 A v ¥ 2 FEIX 0.7 mm) THEA,
EHIZZOMIDRIENE T LI FHAL V2 —ax s 4T
BETAREEL Lz A v 2 —a 227 Z2130E 2 mm, FEX
0.4 mm DM HIZIRDELSE H 2 ks % 10 AR L7z, %
DYRFEHIE L, BORHR &l Tt s 5% K512 L7z,

4.3. KEREE

HBMABEEOME % Fig. 712R7. FHRE k3
CO, &, #ifE 99.99% DH ARy NI DG L. CO, i
vZ7ua—av bta—3I (MFC) TG E 42 %L 2214
12, 90°C DL RICnE L 224k N7 5 ~5@ L CIIRE L 7z,
H,0 / CO, DENIAINT 5 DFEHBHRETHIEL, SOEC
VT 2 2 OBREHR T A TREATANER AT 2 & LTATIL
72. SOEC V) 7 7 & OFEFM A 2 Wk A ONIE, Rtz
TAITVHZ(Ar)IZ 0, % 5% Vol THRMULZ=ZF+ ) 77
2 #MIG L= SOEC ) 727 2D H A AL, Wi & 3

_ Fuel electrode gas
o

Gas outlet chamber

Au wire (+)

Inter connector

Au wire (=)

+«~  Glass seal coating
Oxygen electrode gas

Fig. 6 SOEC reactor test rig structure

Electric furnace:

Dew point
SOEC reactor: sensor

Gas channel

Fuel el
Oxygen conductor
ode

Bipolar
power supply

Pre-
Ar MFC _éD_) Gas channel

0, —=>[MFC U

Temperature sensor

GC: Gas chromatography
Drain FM: Film flow meter

Fig. 7 Co-electrolysis test apparatus
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27y 2 ERKERBKICL TR 2 a5 7.

BRERIE, A VTV V2V b4 F—FBEF GHA
BT TEMRSHE PBZ20-20) % 396 51E i X & CHIN
L7, WEBKIBHRO SOEC ) 727 2017 21&, &
KR R st (RS s = 27 » 248 SF-U
Series VP-3U, VP-4U) TR = AT L, BiE#kiIC
vAruafArav 257 4 (Agilent #1821 990 Micro
GOMZEEA U CTHIR I & 35 27 5 72. Hy, O,, N, CH,,
CO DH A5MHE, F+ )7 HRIZ Ar A X, 73N 7 412
Molecular Sieve 5A % FWCTEMZEE AR HEF (Thermal
Conductivity Detector: TCD) TEHHIL 7z. %72, CO, %
ML, Fv )T H RN T4 (He) X, 58S T L1012
Pora PLOT Q # T TCD TaHAIL 7=.

5. HEBREH
AKWfFEiE, 5.1. fHin 5 5.3. HIONETHEE L 7=.

5.1.SOEC %1 7M&EE

BEAT A EBIZHE L 72 SOEC 4 4 T &BET 572012,
ATER T 2 BT 5 REMRSIZ X 5 I AR A &
DEGTREINDHHA AZHMELE ESC & FSC TR
L7z, ikBigff % Table 1 1789

SOEC V727 4~NAJIT5FERH 20D H,0 / CO, EL
Wik, CHZEROBGHELLEH—D 3 L& L7z, 1EH)
WL, BRE O OF FEMKHZ &g LT 800C & L 7.
SOEC V727 212 AJ1§ 2R ZWieid, S
1.0 A/cm® TOJFERF 2R 10% 125%E L ¢ 1.12 NLM
L7 ZOXUETCELEBESY —FE=a— b FI)LE
JED 1.3 V / Cell 1253, #EHFd 2 X 5 1R 4
L7z, IRIZZZH 5B 2mBEEIRAIZHS L, —F
= a— b ILBIETOEMEREE & BN ZZEER
K& 5B 5 M EHREL 7.

5.2. BREREES M

BRI R R, SOEC ) 7 2 & OkEHREH %
1352 #HME LT gl % Table 2 127”7,

SOEC VT2 4~NANTAERH 20D H,0 / CO, EL
g, CH, AR OBERE L& Al — 0 3% L7z, fE#)
WX, LILOEGEE &L T 850TC & L, BT
3H—F=a2— b I LBEED 1.3V / Cell IZFEL 7.

5.3. ¥ #H X H,0 / CO, EIVLE4FMEETM

JEREA 2D H,0 7/ CO, |V ERHAERHENL, SOEC ) 7
2 4 DRSS AES S Z L 2 HW & Lz ikBRskfF%
Table 3 IZ/R"7.

TEEREE I, KMES 7 b RGO R % 23 5 7=
12700, 800, 850C & L7z. ZZTCTEHILFBLIEY—F

Table 1 Evaluation conditions for selection of SOEC
type
Parameters Values Units
Steam/CO, molar ratio 3 N.A.
Operating temperature 800 °C
Source gas flow rate 0.16-1.12 NLM*
Operating pressure No pressurization N.A.
Cell voltage 1.3 \Y

*NLM: Normal liters per minute

Table 2 Evaluation conditions for characteristics of
electrolysis current density

Parameters Values Units
H,O/CO, molar ratio 3 N.A.
Operating temperature 850 °C
Source gas flow rate 0.16-0.56 NLM
Operating pressure No pressurization N.A.
Cell voltage 1.3 \Y
Current density 1.3-2.2 Alcm?

Table 3 Evaluation conditions for characteristics of
source gas H,O0/CO, molar ratio

Parameters Values Units

H,O/CO, molar ratio 0.1-5 N.A.
Operating temperature 700, 800, 850 °C

Source gas flow rate 0.16 NLM

Operating pressure No pressurization N.A.
Cell voltage 1.3 \Y

Table 4 Indices for evaluating co-electrolysis

performance

Definition
Current per unit active area
Molar nhumber of production H,
/ Molar number of input H,O
Molar number of production CO
/ Molar number of input CO,
Molar number of production H,
and CO
/ Molar number of input H,O +
CO,

Reaction electrons of production
gas / Supplied electrons
Combustion heat value of
production gas (HHV)

/ Supplied electricity

Evaluation index
Current density

H, conversion rate

CO conversion rate

Syngas conversion rate

Faraday efficiency

Conversion energy
efficiency

Za—FINEBED 13V / Cell IZFHEL 7-.

HLAMRVERE DRI A 724615 % Table 4" 1Z/R .
AR, AR 72 0 ORMERETH

0, BIREENE T E RS 2 (CO, & H,0 DIREW) O
MEENRKEL KB,

HEMIZ X B H, 223 (H, conversion rate) i3, SOEC
)72 I AN BER A Zd @ H0 A 6 Hy NOZE iR
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L, [FRRIC, CO 2583 (CO conversion rate) 1%, CO,
M5 CONDEWMEL KT, 72, B A AL (Syngas
conversion rate) |3 H, 2 & CO BEDEFIZLD,
JEREA 2 2 & B ANDEERRERT. T b OEHRFE
NEWHBY 778 LTEERENLS.

7 7 7 —%h# (Faraday efficiency) i3, AL 728
EYZDDOERHT ALK EL? G L 2 KSE FEE &
L, EEEK SN CH, § RIDEFEICED 72, 2t 1
JLF —%h# (Conversion energy efficiency) &, TEMIZIEA
LB hE» BRI N4 20 (HHV) AND T 3L
F AR AR ATROLER G TIE, X (5) 1R
TEZ AN F — G RISIZHEDLN S 7O FAE IR/ L TH
KA ZDIAINF =N EMDZZEEH5.

6. fER-EE

6.1. SOEC %1 7D:EE

ESC & FSC O MLEilERe % bk U 72455 % Fig. 8 ITR
3. ZHUE SOEC V) 7 7 ZADJERH 2 A NIRRT 5
FEIFERIEE &K AT ZEWBOBREZ R L T b,

JER 7 2 AN R A2 < $5 &, SOEC OREEIZE
Do $TEMBIRBETHML, WA ZZERFIET
U7z, ARRERAE R CIRFR 7 25 1.12 NLM &ffickn
CHEMEBREEIRAL K57 FSCTIZ1.4 A/em® T
HD,ESC®0.2 A/em® 12K LT 7 {E5DOUEER A HaA
N5, ESCIZx LT FSC OMPLE AL 2 - 72D, Fig. 5
ORI R 3@ 0 BRFEREOIE E A ESC @ 150 pum {2
HLUT, FSC TiZ 3 um &<, FETO 0™ OBEHKI
WhNEWHeELZION5.

— 5, JFORH A Z AJIHR 0.16 NLM TAB A A 2 i
BiRKkE 57 ZOE&METH ESC & FSC OEBMERE
J¥ % Table 5 1287,

2.0 100
@ Q== Current density (FSC)

@=Q== Current density (ESC)

— == A == Syngas conversion rate (FSC) 1.4 Alcm? g
c:E) 1.5 || === Syngas conversion rate (ESC) = - e 7% @
> Good S S Y
< ﬁ‘ D= c
z VO g
@ e
§10 B % 50 g
g L 3
£ “a 3
3 05 h o 25 2

- - e (/>)‘

-

— "
Qﬂ:g: VI 0.2 A/cmZ’
0.0 — 0

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Input source gas flow rate (Steam/CO, = 3) [NLM]

Fig. 8 Comparison of co-electrolysis performance
ESC vs FSC at 800°C

Table 5 Comparison of co-electrolysis performance
ESC vs FSC at 0.16 NLM

Parameters ESC FSC Units
Syngas conversion rate 10 63 %
Current density 0.2 1.0 Alcm?

B A AZEWEIZESC D 10% 123 LTFSC T
63% & 6f5L %m0, ZOLRNTLEMEREEIZIESC D
0.2 A/em® 12 L C FSC TIX 1.0 A/em’® & 5 5D MLPE &
Kot ZOEEDIEEIZONTIL, BB RE DR X 2
ESC @ 50 pm I2xF L T FSC TS HAMRE A M 5 720
400 pm & 8fEEL R SN TED, ZON RN L <
BBHZ LD, BRICERIGHEEX N2 EL60 5.

P EofERE D, A7 24K L7z SOEC D& 4
FLUTFSC AEIR L 7= 72, UBROBIRY 2 ER S
DOkEHE FSC THEfi L 7-.

6.2. ERFE R E AT

JEORE AT 2 D AT % 0.16 NLM A 6 1% 4 128X v
7-BEDE MR EE & Hy, CO, CH, DABEZ% Fig. 9
R, FORH T AR A BN X w5 &, TERTEIREE
MUTH, COAKELHMY 24, Gl csiftL <
WL W2 X0 572 72, CH AR & fHE»IC
Bt Xz 2, @SR cEREORD AR Sz,

WIZ, Fig. 9 ORBFEHR» 6, BRBRBEEIINT 54
B AR & G5 L -85 % Fig. 10 1R T

TEIRFBFEE DN RN 5 & A H AT 5 T
EDBh otz ZHIESOEC ) 74 2 THAELL 2 hish >
T RRIBDIEE A Z R EHF T -0 eFEL6M 5. i
BEA 2 WG IZ, WG RIZIE U 22 MEk, g0 x5 ou
X —NEEKZ K220 AT LR EK &S, 207
W, SOEC V) 7 7 2 DFEGHI AR H A B RE L BT 5 Z
LIl b.

3.0 300
=0O= Current density c
. == H, production 2 kel
E 25 =#= CO production 2.2 Alem? 1250 ‘g
§ 20 ==~ CH, production 200 S
> |Good EE
2 15 o 150 3
S - TZ
£ 1.0 - 100 O
o w S
5 e mm ==t S
0.5 - R : 50 .
© ey *10 times notation £
0.0 - - P 4+—10
0.1 0.2 0.3 0.4 0.5 0.6

Input source gas flow rate (Steam/CO, = 3) [NLM]

Fig. 9 Current density and produced gases at
various input source gas flows at 850°C
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PlEXb, SOECY) 77 # 0GR E 5 5, FRIH 2
WUBR L & B A B RE ORI A RS 5 Z e BT E -,
JEURE A 2 UEHR A BN X & 51213, RIGERN 2 % 38
59 & D IO FOR T 2 G & 2+ 5 SOEC U 7
7 A MEEFORET N BETH 5.

6.3. EHIH XD H,0 / CO, IV L4 4ET

CH, AKXOBERTILILH, / CO:3 & &3 AKA AHIK
ICHIEN B &S5, SOEC Y 77 A~NAIIT B R 2
® H,0 / CO, ENLAEZL X ¥ 785K % Fig. 11 187

HHH Z2DENLE H, / CO:3 &5 5720121, 1EBRE
EMREL & BI1EE ANEER 2D H,0 / CO, TILILE H,0
BENZT 2B D D T N o7z ZHUTHEMRKIS
ENEAT LT, (3SR U585 6 AANDKMY 7 b
RISHRZ 37 LimEhsd. BEN EA21FE, L8
e AR L 72 Hy & RRISERNAT 2D CO, 725 H,0 & CO
EERTAREMEE XN EZ26NS. Wi 2%
CH, BROHERTILILE T 5 720D ANIERH 20D H,0 /

100

82%
80 |Good S
-y
60 -.“‘
S 40%

40 ~A

20

Syngas conversion rate [%)]

0
10 12 14 16 18 20 22 24

Current density [A/lcm?]

Fig. 10 Syngas conversion rate at various current
densities at 850°C

wCm 700°C
5| | =Om= 800°C o
« {1+ 850°C ’

*Target

Theoretical
molar ratio

H,/CO molar ratio in output syngas
w

0 1 2 3 4 5 6
H,O/CO, molar ratio in input source gas

Fig. 11 H,/CO output molar ratio vs H,0/CO, input

molar ratio at various temperatures

CO, EMAIZ, 700C TiZ 3.0, 800°C TiZ 3.3, 850C T
1342 &£k 57-.

ZDBORIBESRETDT 75 F R LEHWT 3L
¥ —%h# % Fig. 12 12”7

BMETDT 777 —5HIE90% 25 92% L@
fRMEREZ N L 7o, &7, AT 3L X -2 102% » 5
103% L&D, 100% #HA 5 Z LW 0h o7z, ThiZEK
H2ADEEBBERISTH D, RIS EIER S L 728
MATSOECIZMAZZBZ A LT —EFHTE 72T
»H5.

WIZ, BIREITH T B I KEMEREE % Fig. 131
AT R 2L R A R T B I KRR T,
800C Tl & ik 55 Z &N - 7=,

ARG, BIREIZB T 2 A H 2 W#E % Fig. 14 1R
T BT AZE RS & R AR R R T O MR R LR C A
ZRL, 22T 800C TR m< K5 T L0 mh o7

800°C THM A AZHMEN T00C LD & EL B-72D
W, HE RS X D OF ORSEMEKIA F A0, BREREE
AHINU TR A ARSI L 2720 &2 6N 5.

120
o 103% 103% 102%
i Good C
23 0|0 o : *
55 - el
>0 80 92% 91% 90%
O =
89
28 60
D O
>5
85 4
c P
& 2 20 <@ Faraday efficiency
8 =9~ Conversion energy efficiency
0
Temperature 700°C 800°C 850°C
H,O/CO, 3.0 3.3 4.2

Fig. 12 Faraday efficiency and conversion energy
efficiency at various temperatures
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Fig. 13 Current density at various temperatures
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—7, 850°C THEKH ALEHEN A LA-DiE, X (3)D
AL 7 b RGIZ & D H,O DA REASBINIL T, Kok 2
D H,0 MWEFE LD, BREOK T 25| X I LZEE X
bh5.

100
Good

90
% A
70 5 i S

60

Syngas conversion rate [%)]
\
\
V4

50
650 700 750 800 850 900

Operating temperature [°C]

Fig. 14 Syngas conversion rate at various temperatures
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Developing Method Using CFD to Design Hydrogen lIsolation Structure with
Waterproof and Dustproof Filters

e NI | HOH OE 4t
Kazuya SASAMOTO Keisuke SUDA
= =] ABSTRACT

BB Y 27 208 & 5/ - g icmi T, b
AL T 4 L & (AR BERGE %, JRORIEAT & F O T a%
T a7-0Ic BT 4 LA RMEE IS T 5 k%
RU7. T4NLRABROT ZOETERE#HE L, wmfk
fRATIZ X 2MENFOHBGERIC K-> T, 74 L 2Rk
fiEi % [Al5E U 7=

[l U 720 MM, B2 % 4 A Fl - i - R SR O iR
T T E MR Z 5 Z & ZHfERd U 72,

B, WRAKIENTE T L OB Y EREED 72012, B L 72
7 4 2R & DT, B TR O FEER R & TSR
IZH60F 54 2R 2 U, BKim D H 2R HisEs
WTERIFIZTPIITE S Z & 2L 7-.

T OFER, 7 4 v 2 AR b BEREE O VAR RN &2 Flb
T, KD REeE»P D/ BRI E R T 27200
AT A L 2.

With a view to still greater compactness and
lighter weight in fuel cell systems, a method using
computational fluid dynamics was developed to
obtain the filter properties necessary to design a
hydrogen isolation structure with waterproof and
dustproof filters. The filter properties were identified
by measuring gas pressure and concentration on both
sides of the filter and then using computational fluid
dynamics to simulate the measurements to reproduce
their content.

The identified properties were confirmed to be
versatile and applicable for other initial conditions of
gas type, flow, and concentration.

The design method was also validated by
comparing the gas concentrations obtained from
measurement by a simple testing apparatus to the
results of computational fluid dynamics using identified
properties. It was confirmed that satisfactory prediction
was possible even under conditions of extremely low
gas flow.

As a result, a design method using computational
fluid dynamics was developed to realize a safer,
more compact, and lighter-weight hydrogen isolation
structure with filters.
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Table 1 Measurement and CFD conditions for filter
characteristics identification
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Table 2 Measurement and CFD conditions for

validation
Gas A
Temper-
No. He Ny He+N, He | GasB| ature
[cm3/min] | [cm3/min] | [cm3/min] conc?;t]ranon [°C]
‘o
1 4.6 0.4 5
2 9.2 0.8 10 8 Ny
3 18.4 1.6 20
He 0, He+0O, He )
[cm3/min] | [cm3min] | [cm3/min] conc?;t]ratmn
(o]
4 4.8 0.2 5 25
5 9.4 0.4 10 4
6 19.2 0.8 20
O,
7 4.6 0.2 5
8 9.2 0.4 10 8
9 18.4 0.8 20
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B-pillar Load Transfer Mechanism in Side Collision
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BHE /SR TE 52 & &2FGEL 7.

Based on side collision testing that the Insurance
Institute for Highway Safety in the United States
has been conducting, a technology was created that
can reduce the amount of B-pillar deformation and
also generate a high load. In a side collision, it is
necessary for the greater part of the load received
from the barrier to be supported by the bending of
the B-pillar. This was addressed by creating a new
load path in the B-pillar. The new load path is able
to support the lateral load input from the barrier as
an axial load in a downward direction in the vehicle
body. This increases the load from the initial time of
collision and reduces bending deformation. A load
transfer mechanism in the B-pillar cross-section was
added for the axial load and this was realized by a
load path to the side sill. The structure of the load
transfer mechanism was decided through theoretical
calculation and simulation. A prototype was fabricated
with a load transfer mechanism in a mass-produced
B-pillar. Drop tests with the prototype proved that the
load generated on the B-pillar was doubled so that the
amount of deformation could be reduced to one-fifth.
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Table 3 Parameters used for investigation of impact
point and S/Part thickness

Parameters Former New
0 60 deg
CcL 20 mm
AylAz 0.33 0.49

0.5mm, 1.0 mm, 1.5 mm,
S/Part thickness t 2.0 mm, 2.5 mm, 3.0 mm,
3.5 mm, 4.0 mm

0.5 mm, 1.0 mm, 1.5 mm,
2.0 mm, 2.5 mm
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Fig. 17 Overview of load transfer mechanism
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Table 4 Drop test conditions

Test 01 Test 02 Test 03
Barrier New IIHS MDB
Energy 24 kJ
0 60 deg
CL 20 mm
S/Part material - STKM13C | STKM13C
S/Part thickness - 0.6 mm 1.4 mm
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Fig. 19 Comparison of Force-Stroke curve with
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Human Motion Estimation Using Only Inertial Sensors

H oA B O
Haruo AOKI

2 B

B 3 % 7 AOFEE)HEE X, REFEFOFHINC I
WT I —MARORENERT 57280, Hilgxt v+ %H
WTZhAEMIET 2 T2 5 378, MO 2 5RE T T
BHEMTHEY, 2 2 T v &b T 3 —fAD
PEAMILET AFEERGI L. 250 ) vy o003 -
MFRPERICE— & & 2EEA G R & L, ) v 7 [
DA —MOELEKT 5 LI MIET 2 FEEZE L. B
FEEN L, MY Y e Y A D 2 HEE T
BEHFE—V a VI vy T F v THEE L ZBEIADIED
root mean square 2’ 8.4 deg THHDIIRL, EMEL Y
DHDATI,IZ 89 deg &V, AIFOMETHL I L %
NU 7z, &7z, RIEMOBTEEEHNCZ BT, 2 —MD
P EtRERE ARSI A 5 Z L Z1fERd L 72,

ABSTRACT

When human motion is estimated using inertial
sensors, measurement over long periods of time
results in the accumulation of errors in yaw angle
direction. There is a method of compensating for this
using magnetometers, but this method is not effective
in environments where the magnetism is unstable.
A method of compensating for errors in yaw angle
direction without using magnetometers was therefore
investigated. A method was devised in which the
measurement object is defined as motion in which
every link of the body has the same yaw angle when
averaged over time. Compensation is then applied by
reducing the differences in yaw angle between the
links. When estimating walking motion, the difference
in joint angle estimated by the method using inertial
sensors and magnetometers and that estimated by
optical motion capture has a root mean square of
8.4 deg, while the corresponding figure with the
present method using only inertial sensors is 8.9 deg.
This indicates equal levels of accuracy. It was also
confirmed that the integral calculation error in yaw
angle when measuring walking motion over a long
period of time was equally reduced.
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Table 1 RMS differences between IMU and optical
motion capture
RMS differences [deg]
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(1)
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Flexion
. Abduction/
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External/ 5.7 4.4
Internal
Exten§|on/ 37 48
Flexion
Abduction/
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External/ 8.4 5.7
Internal
Planta_rfle)flon/ 47 58
Dorsiflexion
Abduction/
Ankle Adduction 7.2 5.3
External/ 5.7 8.9
Internal
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