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Styling Design of the CRF1000L Africa Twin
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ABSTRACT

The CRFI1000L Africa Twin was developed as
a new large dual sport motorcycle. After a 12-year
absence, this model was developed as a successor to
the Africa Twin series originating from the XRV650
Africa Twin, which made its debut in 1988 and
became famous. The concept in designing this model
was to make it immediately identifiable as an Africa
Twin and to convey the trends in latest racing machine
technologies. Based on this concept, the styling design
embodies functional beauty throughout the vehicle,
not only in the overall appearance, but also the details
including the fairing, fuel tank, headlights and meters,
to highlight the distinct personality of the Africa Twin.
Additionally, the revival of the Africa Twin brand is
placed at the core of the concept for colors, and each
of the color variations provided—Tricolor, CRF450
Rally color and Standard colors—have distinct
personalities to strike a balance in carrying on its
heritage, demonstrating advancement and responding to
customer needs. Through this styling design and color
scheme, we have achieved the desired design goal of
fusing the classic Africa Twin styling with the styling
of racing machines backed by the latest technologies.
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Z D%, &5k KPERENL, EEl EAR, KL &
EEuTA YTy TEEMY S, Honda &, FEHIH, #+
vua— FYREAEM L7z, XL1000V Varadero (Fig. 4) %
VFR1200X (Fig. 5) V) U — 2 L7z, —F, ZOKHPEXEIL
MR, 2003 4F-12 Africa Twin I34EPEAFL T L 7=

Fig. 1 The CRF1000L Africa Twin

Fig. 2 The XRV650, the first generation Africa Twin
launched in 1988

Fig. 3 The NXR750, 1987 Paris Dakar Rally model

BT, KEREY 7 92T LRSS ERHAL, &5
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FoT&ET.

10 ELL EoH #8705, BUEOTTIGIZA T Africa
Twin OEWE & MEF§ 2124720, FF3MBBEED»,
MERDENTNBDD, IZDNWTHERL . Z DL
IRL, FENGTHE A Y, 7502, 4407, 4 F
D ATHGHEEB IR0, ARTIETLORARE 55
EZZHFIZONWTHRE #ERT. ZORR, New Africa Twin
i, [EZICTiTT 5K 7a - FE—-2 %4 LT
BFHEE S B E VI REERIS W5 72,

%z 2T, AIETF — 413, New Africa Twin DD
VY7 b %&[Go anywhere —HEDIAI 2 —T 4 V5
INKBEDRMEEWHTE S, KET PRV F ¥ —FT
ML Z20avye 7 MizsEbLwy, BRoa il
ZA84 N Y TTHA Y OEBPARAREERE 857z
AFTIE, ZORAZAV VI TFHFAL DAY X T PEZD
FBFEIZ OV TS,

¥, ATl CRF1000L Africa Twin 2 KEFIL
L < iZ New Africa Twin &I, XRV650 Africa Twin
1FHR, XRV750 Africa Twin 23R E 1 TIERZ &
LT5.

Fig. 4 The XLV1000 Varadero, launched in 2000

Fig. 5 The VFR1200X, launched in 2010
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Fig. 6 The CRF450Rally
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Fig. 9 Design sketches of face part of the vehicle
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1y 7z7U>% ZxT7Y) AL, 7ay b A=
NV T HETELFEFUDED . Zhick-T, v 20H#
R & B EBEBEDMELR 720 T <, (g4 ik % il L
e XOHR) RAEZHOHIRIZENT S, HEIRE DS 5k
EMFHIN TS, X =NV T ERBET 2729
12iE, 7Y b 22 ) =V O/MER, YD 5728 DIZk

Fig. 10 Rendered image of the final design of the
new Africa Twin
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THRHEOZ L4 ) VI FHA I, RELS AT TED
DEEND S, —DIFHEEREERDA X =V RO BH/3T7 ¥
ARTHR =Yz, K 2 LOWKTEHS. 65— Fig. 11 Proportional scheme of the previous model of
Bl % DIS—Y FHA VIZEITBT 4 T 4 — LR EEROE the Africa Twin
HWThd. 2O _DOEZENPANIN—-FEFAXTHZL
T, BEROTHA VBT B,

1. &M X =2

FF KA A= VIZONTBERS, AN A T —F
INA 2, SRR TH > T3, Ehiz eIz k-
TEMT A A=V EHSTWE, 22T, v2DHih L
WO T+ L v, i CRF450Rally 213U
¥, Honda®E b7 a 2L —HICHWH RS TEEZHD A
N7 7, A7 —-FEFLELTCARE, a2
Pa—=sH 2Ry g vk, EHEEEEREL 2RO T

OR—Y g & LTl LT B Africa Twin &D 7' Fig. 12 V-shape proportional scheme applied to the
H—o 3 Y OMVE, Fig. 11, Fig. 12 1587 new Africa Twin

BRORY) 2 =L LTE, 94 FICRLEE5 2 5
—HT, EZI TR DL NE L X kx X 45, B
HF—LAVNOSEIEAHM AW L THREL . fHilZ
By —MERE, 72574 754 FOEE 1T 5V
RThrours, FoayA L4527, BoaEtte i
7= H D id & wi U 72 (Fig. 13).

EHIZ, 727 ) v riE, SEIEHHBEDS 4 FHHE
HICHNhZ LIBT3 87 P EEEBLENG D,
EFRRWIRE L, EfT el 3 EREEHN TS RB L0
I, BREAEG 25 REx & LT

32. 74714
WIZ, T4 T4 = NIZDWTBRS., T4 7 4 — LD
HTE, EZOBFOTHA VIZONTEEEELEIIEL 5
I b ok — . H. )
hé;ﬁb&%’ AR E T —v e L RiEHIELL Fig. 13 Streamlined seat shape that helps smooth
TR, actions of a rider
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% (Fig. 14). X512, TOWETT 27 Y 7 HOALEN
KEL KD, 74 FOBBRFCHEELBXIET. 2O
AENHIT 272012, 22V =V TFTHIZZTEZ b &S
. TRIZKY, Bn 244 ) v ERBLOD, PuE
TR AR 5 2 & 3T E 7= (Fig. 15).

2) Za—ITna>ry FERETF LTI, HIKSF A X
ICRLT, BHEEDEREALEOL VIR, 2 TELE
PRBEEATATREE WD FHA v EDA4 x =V LT
e, Thbb, FIHEOH MR 554257 -T2 )L a Yy
271X, Africa Twin DEEETAT VT4 T4 D—DOTdh
%. New Africa Twin OFFIZHBWTIE, EEEEETHERE
AT, #hz &Moo RRERD oI b
B, 2V IFIRICIE, SA XX EZHFELENAY L4 X
MPRDEN T KEFLTE, TV LA Ty b
V-Twin 7 66| Twin &7 572728, 4V 7 FHFNDE
RIEADBWBEE K57, Z2T, ¥4 Fa—Tidkx<
RExhnod, 2 aka2 v BIREEBRTZ . ZhIC
EoT, 7a—IAN BV IDOFHA VIZEBWTY, fkn
50 Africa Twin D7 A F VT4 T4 £5F0DOD, BEh-
HEEPERED FEBIZ 315 Z LN TE =,

(8) Ny KTk ANy FI4 ME, g0 7o
VIRADETFYEA VTS ETCEELAERDO -DOTHS.

Fig. 15 Air streams around the fairing and the rider

Africa Twin D%, EARIHRONM 2 T~y FF74 b
2, BE LTOHERER ST T L, AEF
LTHRHAUZ#EALED Ny F 4 b ORE E, BOGE %
HIEETEHE R, ZOHBEE /NS ko7, ZD2Y,
HE LTORERAENRTLE 72, 22T, AEL-H
ELTDHHEEAEBRD LD, VI3 F vy —F4 bETF
FHICBE L, MEOEmMBEBFAL 2. ZhiZk->T, Frik
iTH5 LED #KHLD>D2%, New Africa Twin & LT
OffETH B~y F 54 MKk B HOFEKE 7 E— )¢
5 Z Lk &FEBT X7 (Fig. 16).

(4) x—% Africa Twin (&, V) —®# & L COIMA%
Fit, ®EANIZ5) -5 2% 2 I RMELIcER
ST 28BiREE»E LINT T4 vk 63, %
D70, DT ) =L =S Eh B A —2DF ¥4
YERBEHALZ bbb, [Hle BT ARICEE, L,
RO DE L (Fig. 17). ZHic kb, EHIZAEh3
7282 & B O HER X, G4 L2 2 BRI
DR TE, 7 v — FETIZE T 2 IRHER S i) &

Fig. 16 Headlights and signature accent lights that
emphasize the impression of round edge
lines

Fig. 17  Vertically long-sized display unit with
information display stack
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Nb. 7z, KETFTL T, @HO _mHTHEE IS
LOLSC, L DEWMERRNTIRLER DD, ThHIC
iZ, Dual Clutch Transmission (DCT), Selectable Torque
Control, Antilock Brake System 7 & OIRW A /NI EHA
bHd. LhoT, £ OHRE, RILPELNERIZHED

T, ETHCOP DR TS ERRTILENH D, TD7=
O, HEICHERABE S RE Lo SIEICEE L 2. 5
12, BROUIRA ZA4 v F& FICICREL, 7)) v 795
FAMTZ oM, S EFIEHEMOMREZTTREL LT
5. 20X =2FH¥AL kD, ) - T 5
D& LHEGRRL G AE 4 F125- 25 0D, Africa
Twin 23> T 2T WA VIRFEERK L 72,

PRS2 T7 4 7 4 = LEHGOTFHA VI2kD, b
WL TW e EREEORB A2 TE, Africa Twin
ELTCOMABEE -85 2 ENTE

4. HhF—ULIFHL

41. A7 —-)>7a> &7 b

E—APAINDHT =)7L, TOETLOI Y
YT ERFIRADZENTE S, EELERTH 5.

Africa Twin EREENBKETNVIZENT, 57—V V
AV T ERET DR, ME-FICKBIT I REH
BEEEL T,

FT,HMLVETALTHD L) ZEAFNEICHL, Z

NETIZBVESESHLOEABION 7 -) v 712X 5
FeREITHSZEEFA LA LS, SHOX -7y
P =2 TE, IHEFTALET 5 & KNI RDHETC
KoNBESEEDFEERE V. 2, 224 ) VT
2ROy Mo 77, Africa Twin 77 ¥ FOfkK
EVOMEEHETHS. L -TC, 77—V 7Ilhk
WTEARET AN Africa Twin ELTDTA T VT 4T 4
EHERFL, £72, 2N FETIZ Africa Twin £V BTN
FE2 LI TET77 Y FEeRTiknZ, kORoET
LNThHBILERBIREZLELL ZOXS BER,
5, [Africa Twin 79 Y FOREL WS Z 2475 -
YAV T MPOBRRICHEASZ L L L.

42. QDA TETZ T4 97714

EN) TV g VIlHETI T TOTHA VT
WM Africa Twin 2’52, 79 v v 2 % I\U—ﬁa)ck')ii
BN dH BERERL, THRALX v v 2 &KL AT,
V=T TCZy VDT A VT BT LT, BRI
BTFAAMERLCEEIL 0T84 I E-, HK
Mimic kE<vIT8 4 TE2ANSLZEICK-T, £4F
3y 7 TJI58 Africa Twin 5 L X #&KIH L 72 (Fig. 18).

72, HIKICANBZ AT =TT 49 oDIA VL, <
ZDHEHFICE > TH L o722 44 ) V7 &AL,

IR 2R 5 5 7.
T, #5=)y 7O ) -2 3T kIC
12DV R 3,

, TOFH

43. 7= TD=D2DF—~ EFE

(1) hUyao—Jb  Africa Twin ThdZ L& —%FK
IZIERC X575 =0 7 Eid e, I BuvITRL,
RATHFAFTOEAR, K, F, HO, PV I3a—-1LT
H o7z,

FYaa—)uiX, 1986 ENE8), &=L 5 ) =T
4B LI=T—2 2L —H% NXR750 DL 7Y #EFLT
& B Africa Twin, XRV650 BNFE & 5Tz h 55—
v TH B (Fig. 2). BRINTIE, Africa Twin=1+Y) Ja—
NENIA X =D, KK BELEOMIZEREL T 3.
ZFOES RO L, KEFLOI VYT | &5k ilith
ICHIRD 5 Z %260, 2O M) Ta—)L%& Africa
Twin 77 v FOHEORH & UTHE L7 (Fig. 19).

Fig. 18 Logotype designs of the first generation

Africa Twin and the new Africa Twin

Fig. 19 The new Africa Twin in Tricolor color scheme
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RO XRV650 Y au—JLiE, §RTYY 9 FH T —
IZkoTHREN T, KEFLO MY aa—LTIE,
1000 cc 7 7 A 7% 6 TIEOEMIE, FEEREERET 57729
12, A VIZEANTEIS— LR AR v 7 7T — kiR
L7z (Fig. 20). &7z, MV ag— L {LEkEHD/ -y @ %
RETHZET, UMK Africa TwinDa vt 7 s Zdi L,
ORI EHMNTH 5 Z L 2R 3HEE L7

ST—=LFDY 4

cT— L FOINY FILIN—

HWF 7L H— R

AN Y AT v

HWNAY Py A b

Iholg, EZr6RAZEZIZY, New Africa Twin @
P)IT—LThD Lk E57200EELLT, 75
4V A A=VDFFRIZKELFG LTS,

(2) CRF450Rally #5—  Honda iZ 1989 FFDEHK
AR, B S, A A -5 ) —IZkiFBET 7o b
=W AKT L72A, 2013 4R KD 24 FERDIZH S — L
) —~NERLZZ mFDOT FRNVF v —TFLORUT
HBEVI A RNT DI, BEOX A —LF ) —~
S L T\W5 T —2 AL —%, CRF450Rally (Fig. 6) D7
7= YRR A,

KHs—0rvriE, 79U —L—4DEHOENE I
FBHTB3ZLALZTEICENTT YA Y E s, BEOL —
FEFAIPE U 2K —F 1 IR 427285729,
FTNRCEY Yy FHF—Ta—54 *— bt L7 (Fig. 21).
FRHEAEEEKICHD T ) VI THWERET 27289
12, 7a v b Ao oliESHNWTA V&, ¥ — b A
F & TR XH7 (Fig. 22). L2 L, o510y — MR
W2V v =T B4 Y ERiT Y, ¥ — b REOADERS
R, BERNMESRE Y — P OEDLEEI R ET, T4 VP
FThaZeh<MEINSELIIZTRT B HE, Hiflix

N=FRLAREN 572 LaL, BnRfihaE R T30
12, ZOEWTA VERIPTZENTE LD 72720,
OFANAEA RO W 2. ZORE, 20574 v OME
EWHPTIEICRINL, SV —L—H L L TOEWE, #H
KRR TERBITE .

B) RH LA —RKHS5—  BAE, WMNAEFLIZ, KB
DXV /F7va— FETNNGPIEFNHER L T D7
W, 2 LMtz —) v 7/ E L. LIS
BAREZZDODOHT =)V TDEI, HEDA A=Vl
5EbNE, IRBEWLT A 7 2 & 4 LOFEH %D BERIK
LCHRaBEL, 22V X4 — KA 5 —CTdh5. Wt kRm
Y/ F T FEFNERAL LRI ETEY XAV
R, N DYZTTY ) VS EBLEOAKAD LI —FEE
BMLTCTHFA Vv EB IR KADEBMIZLAIDHLWL
SIBEDORKER, HHORMFOHTO SRR, 72
IREDTEHOHRNEAIZ G HRICET ZL T A v Thd T &
EEELC, ¥y r BEHARE - FEHROGH TR
L7z (Fig. 23, Fig. 24). Zhiz&k - T, AL+ 70—
FETRWEEL, KADY T 5 & LTOH LWl iR
L 7.

Fig. 21 The new Africa Twin in CRF Rally color

scheme

Fig. 20 Contrast in brightness by metallic colors
applied to the painted areas and the
stripes

Fig. 22 The white stripe stretches on to the seat side
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Fig. 23 Standard color option: Digital silver metallic

Fig. 24 Standard color option: Matte ballistic black
metallic
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ZOFER, ATFNLRBELOBERICTZHIZNES 2
Africa Twin TH D IRFTDET L Th 5 | LiBD TV 275K
ZLEMTE 20154 12 ADRERMB L D, HA, BRI,
KETEZDOBFSFLDFHEETHED, Africa Twin
DIEFEE WS, YPIOHMEERTEZLEE TS, K Bz =l
ETFNE, BNETIEM, KA BFSIZIIEINSE
TFTLELTHE->TUELWEHS> TV,
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Development of CRF1000L Africa Twin
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Shinya KOYAMA Kenichiro NAKAMURA  Kazuhiko ONO

Ci3 = ABSTRACT

A/ FTa—-F 24 TOgHHEORT, TRV
Fy—AFR=VLEWVIITT)VDODXENIT A
XRV750 Africa Twin DIZfEEMA L 235, # L OB
IZ5 b LW 2D AA 72 CRF1000L Africa Twin
AR L. M E T 2b o R~ 208
K0, BIET N EIXITEFEO RS A 2 R0 Hilj H i & R
L7z, TV P 213998 em’ BAI 2 Kf& L, A4 L2 v 0
WD N 743 v TREEL EDORHICKD, it hita
VST bEAZy PEEBILE ZhBICKD, AT u—
FETHEREA YT — FOY =) v 7 MEEZ B IRIC TRl
MERDLIENTES F2, AT -FETFTLELTY]
@ Dual Clutch Transmission &4 7 &7 — FETIZHEWTE
T OERINMEE AL 7.

The CRFI1000L Africa Twin was developed with
technologies for a new era while inheriting the
tradition of the XRV750 Africa Twin, which pioneered
the adventure sports category. Extensive weight
reduction and mass centralization allows the size
and weight of the CRFIO00L Africa Twin to closely
match its predecessor. An engine with parallel twin
cylinders and displacement of 998 cm® was employed.
In addition, a dry sump system was applied in which
the oil tank is integrated within the crankcase. These
features contributed to enabling a powerful and
compact power unit. The dynamic performances in
off-road riding and the performances sought as an on-
road touring motorcycle are fulfilled at the highest
levels. Furthermore, a dual clutch transmission was
applied for the first time to an off-road motorcycle,
and has proven its effectiveness in off-road riding as
well.
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KA v/ 70— FEFLE LTXL600V TRANSALP
HR5e L7z, 1988 H42i3/8) &£ H — )L 5 Y —T 1986 -7
5 3 E S (B AR LETF ey -2 AL —
# NXR750 D5ffix 7 4 — K73y 2 L7= XRV650 Africa

* THER&D LYV 4 —
* %% Honda R&D Southeast Asia Co., Ltd.
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Twin ##% A L. ZD%, 1990 FICHE# AL,
XRV750 Africa Twin & LTT7 FRXVF vy —ZKR—=V &
WO a7 L OREEFENTZ. 2000 FICI3EEE
PHEEY — ) v A OIS E Hi & LCRHIFE L 72 XL1000V
Varadero Z A L7z, —7, BRIND X — 5 LB D
VT 7EAOEE D E S, PEkEE Lk S EE g E
DOMIBETDZ L LIS, A 7EADETILOENME ETE
TABEIAL, 4, IRGEREY 272K L Tz,
ZD &k 5=~ 5, Honda 1E, XRV750 Africa Twin
DAVET b ERELE2S, BKRS 3 BREMERER K
HREFTLE L TH DLW & FR L 72 KA /4
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71— FEF) CRF1000L Africa Twin(Fig. 1) ##r7z1
YL, 70— Ui EAT 52 L & L.

ARiTIE, CRF1000L Africa Twin OSEKE DSy 7 —
Ty, BRFED 998 em’ B 25H TV, AT 0 —
F 4T %% L 7z Dual Clutch Transmission (DCT) O il
VAT L EOF & T 5.

¥, AR TIE CRF1000L Africa Twin ZARE T,
XRV750 Africa Twin ZHfET I EMFERZ & & T 5.

Fig. 1 The CRF1000L Africa Twin

2. AEOHRS WV

BT — &1, 1980 FfXIC Honda 224K % Fil) Tua 7z
ISYL =T ) =1k PO L, Z D YIEH 7=
HHGORIMIZHRR U 72 Africa Twin OIEHEEWE& L 2223
5%, o Africa Twin ZFAFETAZ & #HIGL 7=,
Africa Twin EFRT 5D THIUL, 4 7T — FOEMRMEN
BNZ EIFBEAFRMETHD, MATAH T = FIZn< T
DEHET A &L A v u— FTOBENIERE L T
PREIZETTEDIENBREE LT, LT, 20
AR OETERESRIT TN T VA SE B L EARE
TILORFEDR L WE L.

a2Vt 7 MiE[Go anywhere— H¥DIA I 2 —F 4 v
MOIAREED KM EEWHTE S, KIET7 PRV F v —F
FI& L7z,

3. Bk

B1. Ny =V JeFa x>

KEFLTIE, HEFKOT 80 L 5l 2 K& v
VVEHRHL ZhckD, VRIZ YD Y TIIBREMO
V) VA PELE S NS BKEQOREIZ, Huvovy TR
Engine Control Unit (ECU) 7 & D&EIELM AHE L, ¥ 2
Db EX 5 72 (Fig. 2). 72, BiEF MK L TS

DHEARSA T LENREE, ARV g VDA ta—2
70 b 220 mm 25 230 mm 2N, Y YIiE 214 mm A5
220 mm ISR L7=. 7=, 24 Y44 X3, Bifmdaits
NLERUL 214 V7, BEGIZ174 v F2 5184 v F L
5ZE7C, K EES 220 mm 205 250 mm (S X
T3 (Fig. 3).

277NV ZRIZBEL T, BIET ISR LT T 44
DEPBRENENL LA TOHF ARV Y 3 VEFKHALENS
L, Ny FA T D7V —2BREZT 7)) —F IR
D2 LIS & 5T, VY FILERAES & 40° 20 5 43° 128
mxesZenTE Zhickd, KAV /A 70—-F
EFLDOHTIVIZENT by TN &k B iyNaliE
%26 m ZHERL 72, ZOMER, hoETOHDIRL &
MELEAT7a—-NETY -V AT TEL, HEHLV-D
KEOHETOWRDMUIZESET, & EAHVy -V T
Poaegundifke 5 7.

32. I UIEHLAT T b

ARETFTILTHHFEL ZEY 2 KT Y Vi, WiiET L
2 LT, VY Y ORiREOEMLAFEETE, Tay
FEAXYEYVYZAL VT —LERy FORIEA 8 mm %

Air cleaner box

ABS modulator

Center of gravity
of vehicle body

Fig. 2 Layout of key components

2130

\

A /

_ £\

€ | Axle stroke

g 220\ mm V/

A\ -—-Q\
\ Cushion stroke

\ 230 mm

250 mm

A\ 4 f i f
1,575mm  / [113 mm
T
Rear tire size Front tire size
150/70R-18MC 70H 90/90-21MC 54H

Fig. 3 Dimension and key parameters
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i/ (Fig. 4). ZHhickb, 7av b 44 YOI HfE
WML, ZEtrm b4 2 &R, 24 Y0¥
FTAZNKOEHEICIA B ZENTE S, ZOME, AR
EAMEH A ETTEIENE A Ta— FETILICLE S
RO —DTh B 70y b 44 Y OEEA I F &
T3,

7, HH2AMIY Y VIR, VRID Y o v L i 3
EREMD ) ¥ Z W=D, T4 Z ORI FHKIE
D2 b ulfEE k5. 2Tk DA 7 — FEFICHE
LT OT4THRIAT A VI EDY 3 Vv ENREE T 5
RIZIR 2R L 72 (Fig. 5).

EH1T, ¥ — M EEEEUEIRTE (870 mm) 25 20 mm i
5T ENTRERT Vv A MEREE T 52 LT, 4T
LETHERE D M A BT 5 & 5 Ak &£ 50
FlfPE A1 F X ¥ 7= (Fig. 6).

33. JL—LKF—
7T L —4i5EE, Honda DA 70— FETILTIRMRENIC

m== CRF1000L
s XRV750

Pivot

Fig. 4 Comparison of front axle positions

Fig. 5 Rider movements

&N, &=L 7Y —2HET L TH % CRF450 Rally
RHETFLTEHRMALZEIZ T2 L— FLEE L
(Fig. 7). 2212, 27 kA 70— FEFRNA 724 TD
R 2 v T AT, AR L 72 % £ TOWRNIZHE
HOETHE DS F & & BTG TRE &5 & Wil
EHEGRL 72, RIS, Sih7zA 70— FIRE T 44 Y %
BREXE, TV YUY TRAEL 2R A RIICEE I Y S
LR X BEHRL TS, 2078, Fig. 8128 Tk
EEAMEMIEIRD 2 4 Vo34 TEMERHA L. $£7-, =
VOVEGRFIDOIY Y YNy ATH I XS I L
T3 (Fig.9). ZhHlckD, muEs 7L — LK T — DRl
PS5 v 2 EFBIL 72 72, BRI BB WS ) e
BEE &, BROMEEGE % S 5 DI B E LR E
M. EE 5728, 7L —LFMICIE, SN AHRRAL 7.

Standard position 870 mm Low position 850 mm

Fig. 6 Seat height adjuster

Fig. 7 Frame body (MT model)

s XRV750 mmm CRF1000L

30 mm 32.7 mm

A

40 mm

FGO mm

Fig. 8 Comparisons of frame pipe cross section
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3.4. BHEE

AKETIVL, OBz EX2 50057 0 ¢
)=, LT, by TRy AEN=ZTr—252&E LR
(Fig. 10). ¥, /S=7 7 — Z & HT 3 72012139k D
IN=T7 = ZHUHF 2 7 — 2 HEic BRI RS L Th <
WERH B, L L, KEFLTIE VFRI200X & [FREDH
AT —AREDOR=T F v v F VAT LEHHAL .
U, mEEMIERRD N )Y F Y T EY VS
Vw7, =T Fy v F VAT LE—KREE L2 LT
BB AT 2 Z e N T X, £, MEEH T A
WHMADDF AT ilEE L2 & CRE(LEHERTSZ
ENTE 7 (Fig. 11).

3.5. v DAk

351. 7> b RANC I

Jay b ARY Y g ViZER FEREORIE & /EE)
PEolf b, St E RS 572 g 45 RIS 7 + — 27 #4FH L
o, TOANFBAZERZE) =T 4 v 5770 AR $5T &
THEAERED & AR UMD D I IRAEIEME T — 4 v MK
IZHG LI, AR FDFVTILT 4y T

Fig. 10  Accessories integrated in motorcycle styling

L—FFp VSEEMTSBIRE L.

72, HEOHFED » 6 & v F oET+RIkcHY -
Vot Tu— FEFEE XTI AMOBEIEE S H
5728, IRhEWwt v 74 Y ZIZE 308N H 5. ZD
TeOATY VT ) a — NFEEREICI A, O L fE AN
B OWES TR A7, TLT Y v 28 TR AT
M L7z (Fig. 12(a)).

352. VYo vyiar

A 70— FEFIZBNTE, 74 ZI3Hi%ANOIKERS)
RV TAVIRAZ YT 4 VKBTI T4 T %554
TAVT#BZhY. TOLEOEDEWAEHERLAZS AT
2 LEHEERIBIRE§ 5 Z ENERI NS, FAEHIZ, v —
)y EICENT A a2 [ 57291218 L O
B2 v o RRATER T 2 BEND 72 Zh 5 Zilivd
5728, VY2 vy g yO LB ALE A RTE T VISR
LT33mm FHICHEIL, ZRUIL>TTELZAN-2IC
R 2 v 7 O%IRERE TS 2L TI34 74 Y OHBE
EHEFEETICRE 2 v o BREMRRL 72, U EZ T

Fig. 11 Pannier system
Preload Rebound
adjustor  *pF adjustor Compression

*DF adjustor

Preload : ;\_\.-

adjustor

ooy

Rebound - S TE
*DF adjustor (-) / g

(b) Rear cushion

Compression ’7

*DF adjustor \

(a) Front fork

*DF: Damping force

Fig. 12 Front fork and rear cushion
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TR BT R ESE VY72 202 ba—2
VY09 v avoeReRBETELEIIT0) v ok
BRGNS LFEBRL 7=

F72, 7RV N ARV Y 3 v ERR, X F I a0
BTAT/HIET B 72027 77 ) a— R
A, O/ HEAOWETTBEE A 72, TLT P v A
A ITNKAFRAL 72, FRCHAEE DR\ T ) v 77T
0 — N R T BRI R I & 4 Y LR
&L, BAEOZ(ITN LT, DREI B TE S
HAk & L7z (Fig. 12(b)).

353. X1 T T — LA

AA VT —=LF, TOTATHEIAT A VIR Y 3
VEBTEWESIZT B0, v 7 5 LT AHEMAD 2
AV 77— L HENINGE VA BER D - 72, &
7z, AR ) 2 fIPE RS A mE S5 Z L 3 MHETH
5. 2D, KO L WIED Rl % h= R < Fhi
TEDTNI =T LAPEENHEIRICLDENET L2
& L7 (Fig. 13).

354. 7L —%

TL—F L AT LRI+ 2V TFLAETTEROLTH
BT H T LA M, fiET IR LRSI E KL
e, FFICA 7 u— FETFTOMMAE 7L -3 1
T — LIS RIS T2 720ME Dy 74 VB T 50,
ZHAEM U7z Fig. 14 1IZRit&E 7 L —F ¥ 2 7 2 D4 Bl
Y. iR L —FIE, 4310 D7 —F 4 VITF 4

ATl

(b) Rear brake

(a) Front brake

Fig. 14 Front and rear brake
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3.5.5. %% ABS OFF #EES LU RBRBH I L —Flhh b
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F 7w — FEFRICHT®E 7 L —FOM0g1) 28 0%
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ELZEDTHS. #BiliD ABS 24 72§52 &12kD,
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RZLNafEEnb. ZOWE, 4 vV — 212k D K
DABSHATIRETHBZEAERNLIA XA VT +
A=V aVEEIDBEDE L.

DCT #lZksW\WTid, TV Y v KDz dilonZs(t
Mo, ETPICTA FAFE TV - E2A, BTy
OIRREIZE B Z L ATTE > TPRIL, Mo 2 7 v F1
FimEhs s 79 FMEEZBRISNES$F5ZETO Ty
FaEUML, TV OV A= (=Y 2 b)) ENEL TV,
Zhick, 948 EF~v=a27LbT7 23y g VE
IZHBEIETVANESHENEDDY T v F LS—H1E
IZREED T ik a7 BB ENTES.

4. T2V CHBE CEREIM

4. I T DHENEME B MEEE

Fig. 15 28— v ¥ v D4l %, Table 1 IZHTET LD
VYV LR R EEEITCERT.

%72, KEFILEEIE T LD MR % Fig. 16 (2
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Fig. 15 External view of engine (DCT type)
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Table 1 Comparison of specifications of engine
Model name CRF1000L | XRV750
Africa Twin Africa Twin
Displacement (cm?) 998 742
Bore x stroke (mm) 92.0 x 75.1 81.0x72.0
Compression ratio 10.0 9.1
Maximum power (kW/rpm) 70/7,500 45/7,500
Maximum torque (Nm/rpm) 98/6,000 64/6,500

DOFER, PEREKIZPE S B cod L e foaed &
O AREL, (KE» 5 @SR E T, St 3 Y
Mg Dt VL 2EA R A D v k5T
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D, TV VNSO TWBE I YD YA A ILOHER &
KRELZELTS. 20720, Y2y VYT HADET L
TiE, A4SV EBELL, KD{ROE»S Y Y v
ANERYTIZES>TENEF2 LS ICEE SN TS,
Zhicky, miEOZE IS I, e LTt
ANEBERXRTEZENAREE LS. L2LEDXS, A4 L
INVERLS T3 L, TEORKH EEaK< 55 Z
EERBERL, &7 v — FEFROEREEHTSZ L L
55, —J, P74y THROLE, A4V E2RMOTE
RAVIEFRETHZEIZKD, BRELTHANLKY T T
AANEERTDIENHEELRD. 2L, £A Ly
sEIYYDVERNIERE TS, BRE, 357 MEEHE
HTHERE 5B,

DD, Ay oV, 2525 —=2AMNIZA A L4

s _
= IS
=] pd
9 ~
()
3 =
o
|_
== CRF1000L
mm X[ V750

Engine speed (rpm)

Fig. 16  Engine performance

Vo ENELE T4V THR (Fig. 17) #85RA Lz K&
HEDE—DRMIE, 773 v 05 —ZABXOH A LS &
R THER I NDAAANE Y 2TV VINERICHH A 7= &
ZAZHB. £, FEOFRHBELT, 20X AL VY
ANFANEMIETB720DK Y T a2V 7 NHIZEE L -
AT OIS,

B—ORBIZ LD, KEFNLIIREMIZAA L Y o %
RETE, POFA NN VOEE % 35.7 mm EWHKXIZ
WETDHIENAREL K572, ZOMER, KEFILIZY T
2 by T AL DA F i 250 mm A ERR L 72

SOOI ORIk D, A LEKIE, AU B
KBV 2 KPP ORETHRETSHZENHEELD,
VY VvAEERORE, a3 MUZHES L TW 3.

422 77y FENRBEBET A —2K>T

Pk, vk — 2RV TOFREFEELT, 7007 —
2RIV DV HN—OHV I E LT A R L, Sl
SR b THAET 2 FUEBNIAS R E N T&E 2. ZOFE
T3, ZOMEmRAL bR YD VRIS HEFETSE Z 8IS
X, zvovan—-nz224) yARESTIRE R
LYK E K S>TW F72, U =8 KRV TEHI T 9 F T

fﬂh\

Oil pump

~

structure inside
crank case

5 e
i

i

Built-in oil tank C, N

Screen oil filter

| Engine feed pump || DCT feed oil line |

| Engine feed oil line k

QOil filter
—
= |
Engine oil ro
- (]

Qil filter Scavenge || Scavenge
screen oil line pump

QOil pump
strainer

X-X SECTIONAL VIEW

Fig. 17 Construction of dry sump system having oil
tank integrated in crankcase
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IN—IZERET B 556, DCT OMITHIBNZ B8 2 734 25
BT 2535 BLE T S MEAVET B.

FITC, KTy vDY+— 2K TR, 759 FEA
Bl RS (Fig. 18) 28R L 7=, Z ORGSR UL, v —
ARV TORGHT R Z 2 5 v FERIIHRL, ¥ xr—2&
Ry T Ty VONP SR THiKET 52 A12H
5. ZRICXD, o — RV T ATV VICHRET S
WOERBLORL &, TV VMRS HRT 2 Z &
MTE F72, Ur =K TRETV )V EDT 5 —4
Uy oy MImHIKERS 2O DF -2 8, TV VA
POPRT A I AR o7z X BT, TV YU VA
M 50T, DCT OMIERIET N4 2%, vt — 4
Ry TEERENSEIE T S Z &N TE, DCT EF LD
B, 387 MUIZERL 7.

423.270° MBI Z> 7 v T hE2E1RINT Y

HIET M, TOVR25KFHET Y YV HFD, GEKT
OFNRFT X b 57 v 3 VIERE, 2L ZRIZOWTEW
FHE ATz, KTy VIE, FOEREMKL L2 5,
Xo bR Yy ME, v 2DEPEEBT S 72
W, HH 2 %6 270° ik 5 v o v 7 b ARHL -

A 2%y icksnT, 2710° ik 2 v 7 v %
7 MIARER-BEEEE D, VD Y D 3w L 2R
ARAETHZ MO TS Y, —F, 270° [ty 7
vovy 7 MR, 2KEMHAOE 2 b v EEEENIC X 5T

Water purﬁp outline
(Inside of clutch chamber)

Fig. 18 Construction of water pump stored in clutch
housing

2RI AT BT EIZWMEETH %4, 1 kIR %45
HIZEETErn 16k 201 KB 53 T
LLT, 2AKDNT VAV T MZK2MHOINT VAT =
A NENT 3 FERESENTEZ L L, 2OTHIE,
NG VAT A beaxrr T4 vray FOT k4T
5702, TV VOHIBENPRS 55 L0 HELH -
7ol FTT,KIVVVIE, ZODNT YA 24 T
1 RIREZFT BT Z LA FREZ, MBEO 26 1 kN T v
S P AR L7 (Fig. 19). 2hoicky, k&, av
2327 MEEARIREI L O & BEE L 7=,

(b) Biaxial primary balancer (CRF1000L Africa Twin)

Fig. 19 Parallel twin cylinder using 270 deg phased
crank shaft and biaxial primary balancer

5. #>/#70— KEFIVEHDCT DHIE &
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Fig. 2012 DCT 7 7 v FOMER 2" $. KEF L TIE
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AKEFNLDDCT TIE, NC700/750 ) —ZXizx L, W
FERERG A L 10 mm DLEAM A S -0z & LR (K
WL 7.

DCT @+ 7 b HEH§IZ, Manual Transmission (MT) O
BhENR—Z2IZ, V7 P A Y FAANDAS A, BT
fEd B 7 EREALDE, VES Y 3 VX YHEEHL -
VPO LE—RIZEHLEZEDTH 3.

AETFLTIE, v 2O%EP{E & CREKi F5 250 mm
EERTE7-0, AX—F2F—%, Ny T VR I A, ¥
ThFo VDAY FLIZHEN-MEIZDCT ¥ 7 b
FxVUE—45EELE (Fig. 21).

5.2. DCT #lf1> X 7 L

DCT i MT Oy A AR EFRRIZC, 4LV 2 %
IVVYVMLIGEENNETHS. X512, 94 X12&5
27Ty FEEB KUY 7 b X FOUERA AN 2 A b
BElZ, BB AW 25 25 ¥ 3y 2 DAhnngik
DHRETH D, Zho ORI, 4 v 7 MED S 58K
NEMEEL LRS54 #0820y PILEREE 7L — 2 H(E
IZHEHRTE BT, A 70— FaETTsL /A 70—
FEFMICESTRELET NV TF =V LEd. KTETL

1st, 3rd, 5th gears/
Clutch for 2nd, 4th Starting clutch

and 6th gears

Input from the crank
Outer main shaft

Inner main shaft

Countershaft

(Transmission gear section) Primary driven gear

Fig. 20 DCT system

Fig. 21

Location of DCT shift motor

TIEZDAY v FERABIZWAT 22012, DINICd~N3
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28y ML ESERIZE U ZIRED & Bl 72 B o B
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Ehb (Fig. 22). ZOfER, 94 4020y FIILEfEIZ K
B F VI HAOBAT Y PO —LRF—LATF4 FE&
Wo et 7u— FEFOBEOIEFIZED vy F LREN
PERED Rt X M 5.

Automatic Transmission (AT) & — FHOZHZ 7Y 2 — )L
&, EK A Iy 7 b7y THEEES E LY, DY
F Ay VHEAE XTIy T4 VAICETEINSEZ L
T, A 7u—NEFICED 2y FLZEDET S (Fig. 23).
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Throttle
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angle (Fully closed) / Time
Clutch ﬁ(
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W
J
Engine
speed
Rear ,’
wheel »”’
speed r_ U4

— G-switch ON
= == G-switch OFF

Fig. 22  Clutch capability control with G-switch
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SE-FOMBEIFEABZLANL2IIMA, RRELDHD
AR = VRETREMREL DI V.Z X572V X)L 1, B&
Vg AR —F 4 BREE L7 LU 3AEHBNRINT %
% (Fig. 24). IR XN/~ S E— FOLRLFEIRA 7=
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Throttle opening angle
Throttle opening angle

Vehicle speed

Vehlcle speed

==== 1st —» 2nd (G switch OFF)
==== 2nd — 3rd (G switch OFF)
=== 3rd — 4th (G switch OFF)
==== 4th — 5th (G switch OFF)
==== 5th — 6th (G switch OFF)
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3rd — 4th (G switch ON)
—— 4th — 5th (G switch ON)
—— 5th — 6th (G switch ON)

==== 2nd — 1st (G switch OFF)
==== 3rd — 2nd (G switch OFF)
===~ 4th — 3rd (G switch OFF)
==== 5th — 4th (G switch OFF)
==== 6th — 5th (G switch OFF)
2nd — 1st (G switch ON)
= 3rd — 2nd (G switch ON)
~ 4th — 3rd (G switch ON)
—— 5th — 4th (G switch ON)
—— 6th — 5th (G switch ON)

(a) Basic shift up schedule (b) Basic shift down schedule

Fig. 23  Shift schedule in AT mode with G-switch on
or off

Levell

v Comfortable
(a) Concept of AT mode setting

—— D (3rd - 4th)
S1 (3rd — 4th)
—— 52 (3rd — 4th)
—— S3(3rd - 4th)
-=== D (4th - 3rd)
S1 (4th — 3rd)
- === S2 (4th > 3rd)
-=== S3 (4th - 3rd)

-
-
-

Throttle opening angle (deg)

il

Vehicle speed (km/h)

(b) Example of shift schedule difference

Fig. 24 AT modes with three levels in S mode

5.2.3. BEIRHETE

WO ML V6O ATEHRE LT, =V P Vol
B, 29y FULRE, B3 FYRYOT a3y, TLr—F2
A9 FEPSEMOBRIRMEMTE L T3, ZHIZED
E, AT E— FCRERINMIBC TCERA T Y 2 — L %
WIEALLTWa, TOREHM AT L -z 2T
LI ETHTHNE, FODY TV E YV EREIKED T
LTIV O YTV =FRNICEDbDN S K525 5. %
t,”hﬁ&ﬂ%éht“Ai FAEDAL y bILT —

IR CCTROIZBIRADER A r ¥ 2 —VIZEHS S Z
&:“C“ﬂi&)@‘\“(’*yy 3 VAR K, B IGETICHE
SERE I ERR X B (Fig. 25).
524.Honda L7 &7 bV bO—Jb
VFR1200X % VFR800X 7% & THW 5 T5 Honda
v a7 aviia—=L (BT ay -
ERETFIVIZBENTEHRMA L2 (Fig. 26). 74 FiE Lo
AV Pa= ALy FEBEL, IFARIZHDLETIBED
IYYVVIMALZAY Pa—LONAELSWAERT S Z
ENTES. ATFLTIEEY ) V&I T 2RSS %
DEZE U C— RIS b3 2 OB SRl 42 T2 & L 72
VFR800X #4 7D MLz a2y bu— L AEKEL TS,
KB 2 < REMBRER D T ¥ U 212 TR G

Gear is shifted down earlier
than usual to secure
gear than usual to secure appropriate engine brake

sufficient traction control

Shift schedule is altered to
allow selection of a lower

Judgment when climbing a hill Judgment when descending a hill

Estimate the slope angle based on vehicle speed,
engine speed, throttle opening and gear position, etc.

b

Fig. 25 Image diagram of gear-shifting control at

uphill and downbhill

Front wheel
speed sensor
A\

Rear wheel
speed sensor

Fig. 26 Honda selectable torque control
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OE LAY T nBEe, TV Y v MLy OEEIEH
Bmu, &E L7 PLIRIRIEH 2S5 s v 22y Tl
JOLAEMETFLTCLES. 22T, brraybua—)
FEBIHIC 51 2 RRHESHI T L 5 1h & T&E 2 720 A
BliEd 2 Z LT, PV IRIkIERE & RIF %50 SL 2 & & fifi R
LTWb, &/, 94 XI12K227 T 9 FHRIEOTTAD LN
DCTHALTIED ATy PLABTIRIEL 72D ) vk
4 =LA VIZRHBY 5728, HiliE kg 5 & fEBnT
el LT 5 (Fig. 27).

m—— \\ith torque control

= = = \\ithout torque control

Throttle
opening
angle (Fully closed)
Time
Engine
speed | (Idling)
Time
'\\ Rear wheel speed
L\
Vehicle
\.
speed o~ ———
-
(0 km/h) s
Time
Front wheel speed /
Fig. 27 Honda selectable torque control operation at

start

6. MHER R

6.1. M5 R

Fig. 28 IZIRXCROMEEART. T7 2 ) —F i, SEHH
ISy =V VT BN Uk D BRI OSSN & LB
5728, EH& 7 b+ 2T L2y MRk E L, Ny RS
A THBETAA VTV =L 5 ER3Er — MG K
U7 =72V —F»520y PLEF—FTOIRY
T4 Y IFa—TIE270° it T 7 v o DWKHIRE N D i
WD, 25MEAFE (#1: 110 mm, #2: 160 mm) &
L7 F7-47u— FEFICBELEVWRE 72X, B
MEFEBTE720, Ny F T4 MEH LIRS % Bl
L, J6BE 1,200 cm®> DY ZH AL 2 v b & EAICHE
[ERCIRAY (13 - Rl Ol

WRE 2 VNT 5y THEEDTFINA 2 RT3 L1
K AEEMAM T S720, WKL b &R G 25.2 D/E
KEHEWAOFOREE 22 & THREEMRLZ. X5
ICHEM D E FIA403E) 7 4 2K &85 728012, X
THIZIHET T ¢25.2 26 ¢50.6 IZHKT BT =542 b
ERRHT 5 Z L TRKIRI AR L 7. £/, 42 VAR

% 286 mm &9 % Z & THRKILIGIC X 2GR 2 FIH L
TihhzmEdsREs Lk,

6.2. HFS %R

RKETFLODAV T P ERITH2PAEO L LT,
1,000 cc 7 7 ADAF LML VA VI VO VETLL L
WHUhOR X OM. 2 HIELHBE B Z k-7, HIET
BEOHINZ I, MEADEFERE 7L 2L WS FERHREE
ARV 2R BEUS RO R & 2 B IZ D 7254
WAL L2280 TH 5. EHEKIT & O KRR OFH
JEICAHBE A 38 <, 7L ZRIE T Y ¥ v OISR F & UV
JEB RIS O FEI B A NIRRT H 2 Z L hibhr > T
5(3).

PFH LUz~ 7 8RR, 1RO 3E) &4 — VREED
DIZx L, 2 FHOWEIESE 2 5 4R U 2 HEHAE 4800
L728DThHb. Thbbd, 2HEHOEEE LN E D%
SCHETHDB2ETF— N34 7L, 3FHOEER LN %
OESETHBIETF IS TDODF — IS, TE
HI2ME L - T3 (Fig. 29).

—EUTOHFRICHKEX GBS 50T, ek

#2 connecting tube: 160 mm

Tri-chamber air cleaner

Intake duct

3rd Chamber
1st Chamber

Fig. 29  Structure of muffler



CRF1000L Africa Twin DF%

D3R &4 — REOBE, EREEIEA XD IMEL T
<, 7L ZREGERIE I A 2 fdmE 55, LaL, KETALT
3 REEREE ORI K 0 GRIEBIROEEA RO Z L0 T
X, L ZAREEAICH L, TV Y VIBREEIRRIC X BRI
MA, WA K500 % ERE$T 52 LATE .

Fig. 30122F L 3FED T — L34 T2k 2 FIEHlE
WRAERT.

ZhaR2E, 28T — L34 TH 25 kHz DL EOEE
WBIRT3ET -4 TOHFEE LRl > Tnwb Z &2bh
»5.

3FET =S4 TOPEM R ECR I, /RT3
A—VEEDEDEEZ LN, 2T =34 TDIUL A
JEEERIA EANORR B R CHN 5.

—7J5, 3% F —I)Ls34 713100 Hz mitk OMEE 1% O
HEAE L, BEERGEEN EICFS L TWE. FhEFho
BROBEICED, 2ARSFERBEIOCHIREEEE LD
O, B E DN Y 2 E L B2 THIETHER G G
BB L 7.

PERFERR I3 2 Bt DEDIFIE Fig. 31 D& B D
Thb.

80
78
76 -
74 -
72 A
70 A
68 -
66
64
62
60

m Second chamber

m Third chamber

Sound pressure (dB)

Frequency (Hz)

Fig. 30 Measurement results of exhaust sound
pressure

&

CRF1000L

VFR1200X Varadeig

- —

Fig. 31  Evaluation results of exhaust sound

7. A=38LVXA1 v F

71 xA—%

A= B3 LEANEBROBE D 2 S HEED E W T
V=D A =44 A=V EPEEL, OO0 HENELF
FETFICEEL, 7 v/ 23— O8] ) CERITHERE % WS
i BEIRE L7 (Fig. 32). fERk 4 — 4 IZFE L T/
A=AV b,y b ALy FEFEIBOE LD, HNVF
LD ANORE L LT, S T4 v &FEBL 7%,
A4 Vo =40 & WESEE & O D &, AR
OB ARBEEL, 292y b a4 X —DUF B0 %E
fiti L 7=

ETTICR S HBENRD SIS 2 — F 4 — 2R
RV Y VAEERII AR O oo EERICENE L
7 FEEICYLFA v T A=Y a3 VT4 AV A &R
EL, BReonzMom e 2lies R RRTE
%X512L7 (Fig.33). DCT DE— F&/R, ¥V EY Y 3
YV, GAA v FOEL Y MR MLy bu—LL R
LDOERY, WL ZHELE T2 LT, AR HH#y
fEbBERE LT,

Upper LCD
Speedometer
Tachometer
Fuel meter

L-side indicator
L-turn signal
Engine
Oil
High beam
Torque control

R-side indicator
R-turn signal  Parking
Rear ABS off Fuel reserve
ABS

Lower LCD
(Multi information display)

Fig. 32 Gage panel

Clock

Gear position

S-D mode
G switch

Torque control P

Trip time/ o 4 &
; 35555
Air temp. gauge

Coolant A

temp. gauge . =aad

Amount of remaining fuel/
Available driving distance/
Current fuel mileage/
Average fuel mileage/
Average speed/
Subtraction trip

Odometer/Trip meter

Fig. 33 Multi information display
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72. N> RKILZA v F

FEINY FLZ4 o FiE, P ay ba—L2A v F
RA—ZE L7 boky P ALy FEFRICREL, E1T
e ioBERELR/NRICLTSY) v I s 4T Z &
L IMETE S KO EEA L 7= (Fig. 34(a)).

24 v FOBREEICEL TE, H0o#8E7 4 v b
& o) 9 0 BERKBIZBONS KHI0T 57280, B1F
T2 b, FETAMAEABL R 2B I8 -7, &
7, MAEHE O E NI AV h ALy L, BEEOR X &
BRELT, Ny P4 77X FTHICEE L 2. & 5102
DCTHIDY 7 b 24 v FiX, ¥ 7 b7 v FMlEAZELIET
BIZx A5 &9 ICHMICHEL (Fig. 34(b)), ¥ 7 b &Y
VHNZEIRETHE I A A B KD ICHIICRE L 2. Zhbic
FOPE AT 4 =) VI ERBL T3,

HHZE, T VOV ANy T/ AR = BHE A v FR
DCTHD AT/MTYIBA 24 v F, NF—=FZA v F%
FliE U 7= (Fig. 34(c)). ANy Fvz4 o 53, B0
ATETXRTDAAL v FPEETEDEEE L.

(a) Left handle switch (b) Sift up switch for DCT

on the back side of the left handle

(c) Right handle switch

Fig. 34 Handle switch

8. HheWE

CRF1000L ®BA%IE, HiEF L Th 3 XRV750 Africa
Twin DIEMAEREL 256 4, RIROEFLIZSEH
LWl 2 U0 A S Z & T, ITF&538K L 7.

(1) A 7v— FOEBELMKL ToORIETE G A
v u — R TOYGE T RS O T
(2)Honda #lO4 70— FEFLHDCT ##HHkL, 7

EATTE 2 DOFENEE FHE
Plhizcky, 2L OBFRIZ] 28U Africa Twin TH
5L DEE RS,
ROWIRO/S—FFE LT, &/, EEIEAHEDY -
VTRAL B\ Z & 220,

SE X

(1) /hFRuhZE, MRORIEW], KAEBEN], =IHEOE, K5
E:NC700 ¥ — X DR¥E, Honda R&D Technical
Review, Vol. 24, No. 2, p. 23-31

(2) ¥rerd 7=, %5 5847688 & (2015)

(3) Tanaka, K., Sugita, H., Saito, H., Sekita, M.: Design
Method of Motorcycle Exhaust Sound Fitting to
Vehicle Concept Regardless of Engine Configurations,
SAE Technical Paper 2014-32-0121, doi:
10.4271/2014-32-0121, (2014)
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PIONEER 1000 Sehk B 1l

Development of the PIONEER 1000

FOH K BT Al (il U T

Akio HANDA Takeshi KAMIYAMA Kosuke KURODA

M W pEa )& BT [T VR = S A

Hiroshi YOKOTA Naoki SAKAMOTO Shinya NISHIYAMA

B S (G e RE &

Takeyuki KARIYASU Koji SATO Masaki YAMAZAKI
Ci3 = ABSTRACT

JEK D Recreational off-highway Side by Side vehicle
(SXS) HiIF I, PIONEER ¥V — XD 7 5w 5y 5 F
&7 % PIONEER 1000 A35H% & h7z. SXS i Tl Ak
Kot & 285 999 em® Parallel twin #T =Y ¥ V12, SXS Hilh
THIDF 27N T 9FbIFVAI Y a vEBEHL, 7
Ty b Tr—LEHLHLZ3IAREDESARDD244 T
BT A L. ZhoDEF LR, K2 OHio
FHIZK Y, SOPLHME E Bz Mhe & B, A% &
bEHF-oTw5b. Lo )T -y 3 VREFAEETE RIS
Wi L T\ 5% Honda v L5 #53Y —PIONEER ¥V —
2T, KOEOENIERETI2ETLTH S

The PIONEER 1000 was developed to serve as
a flagship model for the PIONEER series in the
North American market for Side by Side vehicles,
also known as recreational off-highway vehicles.
Three-passenger and five-passenger types are made
available, both applying a new 999 cm’ parallel-twin
engine, the largest in the Side by Side market, and
for the first time in the Side by Side market a dual
clutch transmission. These are built with a common
platform and have excellent versatility, function and
durability deriving from the numerous technologies
applied. It is a model that presents an enhanced
appeal within Honda’s multi-category PIONEER series
that is popularly used for various purposes such as
recreational activities and practical work.

1. FADE

Honda O 71— FNF —HLOMEWRIL, 1970 FD R
WO 2 4 770 =i All-Terrain Cycle (ATC)US90
NOUEE D, EGEEED O All-Terrain Vehicle (ATV)IZ
LU=, ATV ZBHE G JLKISICHE TN TS, —TJ
v— MIEED 4 4 TOMEG N — (FL) &, 1977 4 F1.250
(ODYSSEY 250) »* 545 % 1 FL350R (ODYSSEY 350R),
FL400R (PILOT 400R) &¥Efb L, 1990 - & Tlkse s h
7z. ATC, ATV, FLIZVWFhE 1 AR THS. — i,
Recreational off highway Side by Side vehicle (SXS) i,
ATV ORE ) LEWME 2R L, L OREER T/
TAYIRDM—LETER LY SHNTH 5. 72, M
HWEEGIOREN & L7122 & TR & £ OFEREE
TEIEHTZ 5 (Fig. 1). ZMD7-8® SXS 53 2003 -t

* fi R&D v & —

https://doi.org/10.69239/hondatechnicalreview.2016 28 2 3

PEEEEL, 2016 FOBEE R EEHIT T5. SXS
W2 AFO25 6 ARDOHEG2ZH D, TV Y VHXE
13150 c¢m® 225 1000 cm® & TOWEEHEREA % kL & £
AEN T3, Honda ® SXS & BIG RED 700 2 54 %
», PIONEER ¢ ) — x'& L C PIONEER 700, PIONEER
500 1Z#%i %, 845 PIONEER 1000 N & %555 C
W5,

— MR % ABCRE SXS OHEMIZ AR L, KEH
SLHE LR bR, PIONEER 1000 TR ¥
¥ — b EBATIIITE % Honda JIHDIIIC L D, TV
N bR ERBE Y eI Y Y VI Dual
Clutch Transmission (DCT) #flAAAR, TV 7 A ba—2
PAXRV Y 3 VERFELAAYORMICKD, 25 2% —
F4 228 ehz. 2212 PIONEER 1000 %
119 % (Fig. 2, Fig. 3, Table 1).
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Table 1 Model variation and features

Features 3P STD | 3P EPS | 5P EPS | 5P DLX
27 inch bias tire O O O
27 inch radial tire
Aluminum wheel
Electric power steering
Tilt steering
Color panel
Camouflage color
Manual shift mode
Self-leveling suspension
LED head light

O|O

O|0|0|0|0

O|O

O|0|0|0|0|0|0|0|0

2. AEDODR SV

PIONEER 1000 &, k<fij%, X<#ESRSXSELT
[King of Works Hard, Plays Hard] % 2>+ 7° b IZRG5L
ZHAELU 2. SXSH#IZIE, 4 AH» 5 6 AR DRIk
Bl — FOEBADY, bL—ILFATF 4 v ITHEDL Y
I—YaVELZARTHELYLS. LrLeRS, %Rily —
MZMATHBEDAR—ZAZMRT 5 &, K4 —ALX—2
PHECHFEEER KR E L BB, 20720, BERWIE R
ETRIY R 2 & OMEERFOEE LA A b Z
EWRDH B, 22T, Honda MED S o — 2 v 7 1l & B H
L, ZABEHRIZE22b6TF, 2 A0 LFAFOHN L
VREA D 57 F72, YALFHT TV —DT T Ty
TETINE UTHRBD B 280877, ArE, Fe0 O, ##il
P, ARIRE), RIS [ HOMEEMEA A 2R s -7
51T, SAFEOHOY Yy PR E 5 AED Y
YU =N —EF0T, T —LEF — QAR %
FTARCHBIZT S Z L CEEROMLEEZRD, BE X
HWEA LR WMIifgD SXS #4242 2 £ 36 57,

Fig. 1 Usage example of a Side by Side

3. I T, EREIR

7597y FEFLELTCOIVE T ML, HiE

ELTIZED .

- EEAN- ZORER L, R AW & E 5, (K
O, BEAOA VIS NV ETI YV Y.

- YALFHTT) —SXSOVBFETFEERELEEIND
e ARMEFHE OB %, KT T ORKREIER, Kk
FZGEIZE, H Y v Y CBIRTRE A RGEAE) )T (Fig. 4).

© 2T ANy T UL ONEMERE & R

- AT OFIEPEE 4 V2 N EETT 4 — ) V7 &l T
% 25 AR O R
INGFEHTZ-0I2, vy voikE s SXS &K

L5999 em’ & U, IERUZAKN, OHC, 4/%L 7, #4512

Kfsie Lz bV AI v a v TEIIVRAI YT

Fig. 3 The PIONEER 1000-5 DLX Y DCT & L7 EEZAXy &% Table 2 12T
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Table 2 Engine specifications

Engine type Liquid-cooled 4-stroke
Cylinder arrangement Parallel
Number of cylinder 2

Crank angle 270 degree
Bore/Stroke 92 mm/75.2 mm
Displacement 999 cm?®
Comepression ratio 10.0:1

Maximum power (Counter shaft)

50 kW/6000 r/min

Valve train Unicam/4 valve
Lubrication Dry-sump
Balancer Single-shaft Primary-balancer

Transmission

6-speed DCT transmission
+ subtransmission

B31.I>T Ny =2y

311, T2 EHEHAR, B, #icE

v ZD%Em, BEMAOBHALD, TPV ET VR
Sy v avid—EESEE L Ty UBERAEE, Hl
DRtk EER OB 2 S HEEHRt e L, T2 Y v OERK
HI, T2 Y VPRIV F ¥ PR LS X 2 58INL
7= (Fig. 5).

IV VO-EERHY - MIZED 28, Yy v
Ny FBEOWRRARNY — FOBFICHET S Z &1
X0, HIEL 4 2HithEEAS % ER L T 5 (Fig. 6).

7
PIONEER 1000

(L range)

PIONEER 1000
(H range)

)
\_—
\

Driving force

Target running resistance

Viechle speed

Fig. 4 Driving force diagram

L

I

Engine

Fig. 5 Engine placement (plain view)

312, IV CRBMBRAINE L IRXRKNTAH T
s

SXSHADELBREN, M3 -2 EFHIIB TS
VY VHIEDREOMERE, T v ARENASZ L
A XE 572012, £< O SXSITE K T4 4 v I
NI TS, KTy Y v, X6 ICEMmEEEN
AB7=I2, TV UVNREMNAALE oA TA Y
THEE AR L 7z (Fig. 7).

IOV IEOF ANV EREERIZTAZET, T
VY VAR 525 mm, IS LYY VK E TORR
WA 116 mm IZPIZ B2 ERTEA. Zhickh, HED
AICHE b & B A X — ZFEROMG . &, IKEOIZH ST
LT ENTE(Fig. 8). £72, TV DV BEDHIN—A
WZAANR Y AR LT Y Y VIZHE B2, Zhizk
D, RO A& v 7 L X A NFERREIZZD, B
B O L ~ 2 OHEHIZE L /2.

313. 2=ZALNILT LA

IV VORE, o vy Mbe, BITERE A
XHB720I, BIFHREICIZ = 20T b LA R
AHIRL 72 (Fig. 9). ZHiz kb, —i%i%& DOHC FRIC
L, $800 g iR LB LYY v FANy FO/MIER
gL Ay, FEAR— DR EAKEMIFGT B L
MWTET.

Fig. 6 Engine placement (cross-section)

Scavenging
passage

Qil tank

Fig. 7 Dry sump system
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314. b2y

AT OFIEY L hHEO R &, AKETOMGET 2 828§
5728, DCT ¥ 27 A %A L7 Fig. 101ZR3§ &5 (S,
DCT ¥ 27 413, Z#iHD NC700 ¥ V) — 2 Vo JeAmE
AER=2L L7 B2 579 FDT 4 A2 T L — O
E3NSARICHR T LT, Lo )T - 3 VIEETRE
FfEETRBREI NS 2 5 9 FREEMML TS, 7 b
TV ARy v e VIFEIEERE EO DCT O FificidiE
ENTW5,

Unit: mm

Fig. 8 Cross-section of the engine

Inner main shaft

Parking dog Reverse drive gear

High range

Low range

IDHT IRy Y a i, BEETHOFEY (H
LY Y) EEREEAOXY (L L YY) B KU%IBHY
Y (Reverse LY V) AWK L TWS. £/, ¥ 7 5V X
IV aYNICRS—F USRS ENELTWS. Zh
& Honda OFHHFIZHVWE N T B EEZFHHL T 5.
Fig. 11 1SR4 &5, S—F V7 P72 LV Yy YHDI Y
Vg v FZONMERICEE S 5 Z & T, Saoe i L 72

3.2. DCT D&

SXS H & UTH = IZBAFE L 2z > W T HiN4 5.
3.2.1. 77 v FORERE

ECUIZIZ, 75 v Fllfis, ~ 5 v FHlIE, B#E, 29y

Fig. 9 Unicam valve train system

Quter main shaft

Primary drive gear

No.1 Clutch

Primary driven gear

h
Counter shaft No.2 Clutch

Reverse idle gear

Fig. 10  Transmission layout
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FULHE R L & E LA BHRAES NS, BEDRILR BT
12 U7z, @ISR E R RE %, ECU 318 6 - 15HH
SVTAEALZERTS. ZRICEkD 2 5y FlIEED
VIO LEBEIETAL—AEREZEBL TS, K
IZARE T T, BRERRERIOFEVET2 5, MRIGH
3 (3 km/h LR IZHWT Y T v F DMk D =2 Dl il
ko h 3.

ZZT, DCTHHOHME Y Y&y Y VIZENIL 7.
Zhicky, vv v v raReeE s k2 3f5icm L,
WK TO 27 5 v F O =2 il OiflEEREO R L4 X -
7z (Fig. 12).

322 . EfTHD T T v FHIf

28y VARG 2B & E %O @ REIE, —
MRz b 7 v 23y ¥og vk, BRI ORI & D BXE) )
WY 72D T & THRBENGERENEC 5. ZhERE
Mg 272027 v FHEEBERF (300 ms FEE) IZTT 5
HilgEn A BN L 7z,

F72, SXS TRERIGETROLY D v TV —F 4 H

Parking dog

Low range dog

Low range dog

Fig. 11

Parking dog

Pulse input signal

Motorcycle H H

LI

[T AR
>

SXS J |

Waveform

Launch
Throttle open

I o i‘ﬂﬂﬁ
S =

)]

SXS -

Vehicle speed (km/h)
w

Motorcycle
1 1 1 1 ~

Time (ms)

o

o

Fig. 12 DCT speed sensor

PWTHhd. Z2O-0WMERLIBHEOHEFE T 7 v F 54

MXEBMBENDD, LrLENEZDLI BREET S

E, BEHERMOTL —FF V72X B 24 Y00y 2035

ELzExi2id, 77y FUENICLSZ VYV 2 b —

ADBRETBEZENDHB. 72, FEAEEDTRD R TV

PRI A ETTHICN—F TV —F v eI 8, 24T

DAYy PIZXBIY VYA —=LEFERLR T,
INEDT YV VA b= LHERENIET 272012, dil

Ly Y vniEKRAERWEZY Ty FHEIBICINA T, 84D

BALREEH LT A YOOy 22 TFPHTETLTY) X4

ZEMUZ, ZRICKDBIREEZ VB RS RA 2 Z LM T

E, 44X 0 9 2T HRUTEHER2IZY T o F & U

THIENAREE T o7z,
7z, SXS HMfEDLIN A M2k b2 7 v FHIED

IREMIKT S, 77 v FOUIRNENDOERE 5. 207

B, MR O IEE A B IENL, 27y FUINDERIC

HWIBEL T3,

323. FT&EEA I 27 HIfH
AT E—FTE, V2 )T -3 3 YREHEETOHRN

RTXAEEBJBLIEZERIA IV ERELZ. 6122

R—=VFETERELAZVER S £AFIC SPORT £ M€ —

FEHE IR TS,
$72, TSV AI v a VAL LYDILYIDELS

Nz &, IES v &2 BmIcHHAT 2288 a4 IV

ZRE L, HEG|HEOMREFEEIZT O TE IR TR

& L7,
a4 I vrofEay .y 2k UTIExh3

&9 & ZHEH DCT Ot / w/ v %, SXS e L CHH

L7,

S a—=F ) UHEERIE: - ) YR ORE LY T b
7y T EBL.

- WOEEERE Y T b A VI R R E W E Y T
by v ERE SHEICES Y, TV TV —F
BIRAEBREES.

- BE)v o 7O AR ET RO A EE LTy T
M4 IV T EREIZT S,
¥ 7z, 4 7 u— FHERAE ORIREES [Efr, BRIGEDT

F—LZF4 FEFIZBWTIE, ATV O TRX420 » 5
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XIZZ DD, KIcRFEE N2 PIONEER 500 /5 FLy
7 MREEIZ )y o BB 5 Z & T, BB iR
AR L 72, K72, IRROAKD D BEREE T COMIA & AR X
NBDOT, 7S FILy 7 ZIFIRPLAKIT TS BUE L 72058 &
L7z, 2k, RMZRE U722 e 2 280 Tn 5.
AT E—F& MT £— FOUEZIE Fig. 14123R¢ 2
Ay FEFEHALE. ZORLEAA v FT, ATE-FTO
SPORT T— FUIEz2 3 T% 5. £72, AT T— Pt
T, 7SFLY 7 2MEIZL S MT St AT — FOBEIRAA]
BETHD. MTITAE—F2 51, 20y bLBHEREST
WEE EOBHRAE S LIS L-ABEREEEIC LD, WYk
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5oz,

332. YT r523 vy g R

AEFIE, BICHFHWLEZF TSIV 293 VD
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Iy v g VICHEINAZAE Y FLY v 7 b RS X ¢
IN—=F V7 YN—=2Z, Za—FF)L, HLVYY LUV VY
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AKEFALTIE, X56I2Fig. 16 IR T &5, ¥ 7 b
Tx—oMEIZ AT v EHWET X -V 3 VRS
a5 2812k, ¥ 7 v —EfEOE e 2 L
LT3,

Paddle shifter
for down shift

Paddle shifter
for up shift

Fig. 13  Shift paddles

AT/MT switch

? ATIMT

SPORT

Fig. 14  AT/MT switch

3.3.3. ERENE— KD V) B 2 148

PRI E OIS TICdbE - 480 O — | %,
AHZHNRDE—-F LY LS —2ET AL T
BIRTX 3 (Fig. 17). 4 @D DE— FiE, 2WD, 4WD
4WD DIFF LOCK, X 512 Turf % 5. Turf & 3RO
F T 7 LYYy RS X A, BERI S NS R 0O 0] i 2E A
BB LT, ZAERKEEABED EVKIIZEKILZE—
FCTh3. £/, BLDET—FTOHHET 77V vl

Fig. 15 Shift lever

Lost motion  gpift grum

spring A
— _—T’-*'.\_-/E%

Lost motion
spring A

Lost motion spring B

—\ =1 Rear shift fork
Shifter Shifter

Fig. 16  Lost motion structure

Improper Use of OM.Highway Vehicles Can 1

3'\'&9- nlu‘»..-l:
W

Fig. 17 Drive mode select lever
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DOYEBIREE A Fig. 18 1278 Fig. 19, Fig. 20 IZ/R4 & 5
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Drive mode indicator

f Front

Front Rear

Turf O @)

H

2WD O [ ]

4WD O Y :i:

AWD LOCK
DIFF [ ) o :I:
LOCK

LOCK

O : Differential @ : Differential lock

Fig. 18 Drive mode
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<L é—--;’l—;— Select lever
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4. #=F
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SREOWKER/NRICHEY, o IcditkeEiiE WA 72
a8y N AR ERBT 2012, TR 20 T4
HLU 7.
C IV VYO ISR & B
S BIND A 2T )y TV — MEEDIR
- FRBEORTH 3 AT Y — DR
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ZBNEEVEEEEHERL, 2D 53Xy FLRILD
R/NEEEEE (4.2 m) THUE LMD BROVSERRH & LT HB

Fig. 20 4WD mode
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{t ¢ % 7= (Fig. 21, Fig. 22).

411. I 6L T7 ) —FEHMAE

IV v, I E & A R ME L, oA
mETFAZ LT, ElgrhRoOpidly — P FISEDAEE
THEERLUZZ, V) v a~y Ry — M AICRE L,

()

PIONEER 1990.5

Inimum turning radius: 4.2

6-seater
= Model o
Minimum typp; Fother companieg

Ng radius: 5.7

Fig. 21  Turning radius

6-seater model of other companies Pioneer 1000-5

N
-
Q@ @ \O

Wheel base: 2036 mm
Minimum turning radius: 4.2 m

Wheel base: 2870 mm
Minimum turning radius: 5.7 m

Fig. 22 Comparison of wheel base

ZOLEEHIZI 7o) —F ERE L. ZhickD, Hiljo
SRAWABDZENTE . £/, RIKISEWM F& (3 A
Fe &4 7:327 mm, 5 AFD & A 7:314 mm) &KELE
FEL, HfOREER EX R 510Ky — b
LK IERNHE FEBT 5 Z LT &7 (Fig. 23).
412. 914y 97Uy To—h
ZAREHBEGICEOT, HEEAPES 5 L0
A RIT 2720, DY — M Ny 2 AR LTI D
BWD, 2492 T7) 9Ty —bERIY - MERAL
7- (Fig. 24). 2D 4 w271 v 7 — 1E, PIONEER
700 TRIFE XN, AM95 /S— & ¥ & 4 LD AWEIEARE
PAZICHEINTOS, BiE3ANEEGEHLET, A5 A
DFHETREL Lz, ¥ — b2y 2 BRI, 1200
mm X 1 915 mm (FE#k 2 < — 2 shJe T OHERE ) OffE
ANR=Z2 bk Db. BN FIL L LA &Y T TE
BHRER X T3 (Fig. 25). ks — b DU & &
Bl THAZfibTICHBIZB IR L 5.
24927097y = bOERMAIZKD, B ZAR—- 21T,
FFEZIZI T 1000 1b (454 kg) £ TORFRIZKIGT X
5. 7, 24y 2T )y Ty — A RIbhbL o)
I—Y g VIl 55 ARERIZE, 70 FFOHITICH

Air cleaner

Low center of gravity

‘ Low seat

:

Low seat/Low bed

High ground clearance

Fig. 23 Location of engine and air cleaner

5P mode

3P mode

Fig. 24  QuickFlip® seats
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RERE Ty P L3 ARDRYF v — b ERIEL -

ML, PRI X AW BEOR XD 18 mm L iF 7.
T/, by TERA VM EAS mmETHFICEREL, X512,
V= b Ny T EABEENE T, YL A W RO 2 5
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ey ML, THICKD, FENLFEFEZEBZERL T0D
(Fig. 26).

72, PREOFRBHIZ, Y+ — 27 20 —%HELZW
NI EATDONY FAR—ILF &, ¥— FERHOEEIZH
BLz EHIINVF Y= ENSF—IL POy —
MEREZRE L, BIRET R EARELRRNTERAE &R
HTEakoicL.

4.2, FFR IR

RG2S B Hd (30 mph) 12X 5 £ TR
TE Al AHMBL 72, BAARNIZIE, 30 mph A TD 2
N—ZHBIZBWT, HigFOH It E %, 77 A by 7
D835 dBLATELTHZ L A#HIEEL L7,

TV VOWKINE, fEROREIZ L CREDE T,
L@ eT7ay b7 — FIZEEL, WU H &KL
= KA MIZiE, VR =2 & 2RET AT
IR AR L 72 (Fig. 27). 7=, REEL ICHE S h
LIVVY, BXUCZT ) —F Ky 7 2DRBEE KR
T 5728, Fig. 28 ICEGXIE TR RE IR &4 % B
L7z, ¥612, 20— ZEfRHE, DCTOE®RL 4 IV 7
Bz ko v o v EKS RS, VY VGBS A
REMHIL 72, Thoodfliiicky, 759797l
TORRMEAEER L, SFEOH L B E{F20M 4 FH T =
7z. PIONEER 700 & Otk % Fig. 29 (2739

4.3, {EAREh 4T

TR A KT 2 7201213, =¥ 9 v A TR
ReRET S, TV Y N ISR EE RS, HE
274 P Y7 REOIRSE) &K T 51213, kD Honda
ATV, SXS Tl &N TE A=Y F I3 —kD &, K
IZIXRERE T 5088 H % (Fig. 30). 22T, VY

Resonator

Air intake

Intake duct

Fig. 27

Intake duct layout

Fig. 26 Bench type front seat
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VEREDF%TH % Honda O/NUEMHEF~Y ¥ F F/3—
BN =20, BREROREE B 2K -7 TORE,
Fig. 3113 K12, 74 FV V7 &2 FD A THAAN
DIV D v ARE) & KIR T &, Pt 20 e LR & FLHL L 72

4.4 WRFR
SXS &, AR T VAT - FTHIh3Z &
NEWN, KEFLOILY D VDU 5 Y 7z, FL—

(b) Rear side

Fig. 28 Noise absorbent location

90 I | = PIONEER 1000
Target speed I RREXXE PIONEER 700
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> o
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Fig. 29 Cabin noise target and measurement result

YRT Y VIO, KD Honda SXS Tfibh T3
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Z-direction
Mounting rubber stlffne_ss
hape comparison
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Fig. 30 Dynamic spring characteristics and shape
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Fig. 31 Vibration mitigation effect
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EVVINTREEFETHIH XL I ENTE,

4.6. EER
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Wby T T AOMBEEELEEL N6, HEENZ, 4
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ICMABZENTE. FIANBHBENWEEE B728

Spherical joint

Fig. 32

Fig. 33 Spherical joint system

12, LED O®REIZ A ERZ%D 5000 K & L7z, F£72,
TEOZA V2 P AL F—Y 3 v 24 70O LED B
o, —DOINERPERENIEIEE L. 2hizkD,
ILTHRRED B KD WSZESZA84 ) v Ay T O
“B UNSTOPPABLE"OEBUZEH 5 LT 5% (Fig. 34,
Fig. 35).

462. XINFT7>7a3>T1XTLA
KEFNEZ, SLF T 7V 0y a VT 4 AT LA &R
LT3 (Fig. 36).

Fig. 35 Bulb head lights
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Fig. 36  Multi-function display
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- DCTOEMRE—F: "DODATE—F (AT LV
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1Zxb U CHR T 230% KAME L 2287 « 27 1L A

EEHLE £, T4 274 %32y PRy RITE

BT22L T, A7u— AR ELAZKRET LIZEND

TY, HAMESHERI TS, Zhitk->T, FIAN

NEDFIA ey IcfEhTE a0y FEEBILE

(Fig. 37).

47  YANRC 5>

27 ZAbyTVUNILDFIAL =LA u—-—o8LED,
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254 mm (10 inch) ZfEfR U, SR 72 F&10 T & BN 7z Em
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EFILD5 AFD DLX EFNIZIE, ZF SACHS #o+ L
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Habhd2ZeRndb. HERE VY s vy a vy 2T )Y
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ZE¢5 2 THEEMBTILEND - 7.
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(Fig. 38).

Fig. 37  Cockpit
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Fig. 38 Self-leveling suspension
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Fig. 40 Front brake
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Fig. 44 Styling design using a digital model
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Development of High-output, Portable External Power Output System for Use with Next-generation
Environment Vehicles

Wy ok I AR~ G v A T
Koichi TSUNO Takayuki KOMATSU Miho FUNAKI
iE ik HIPE SR I TS T PN I A
Masanori SHIN Hiroyuki KANAZAWA Kenji OGUSHI

= =] ABSTRACT

WA BB H 2 5B 2 H S &0 S Jrfilifd % $2063 3,
MG ER EE90i (Power Exporter 9000) 2R L 7z, &
A EBIHX, Power Exporter 9000 (2 & 0 M E AL C
BEREMHTZ 5729, ELEPFE L QEHTE 5.

Power Exporter 900013, =¥ ¥ ¥ REBKO/NUEEE
fLigthiols iz & b CLARITY FUEL CELL O + 7 v 2
IHEERATREE L7z, IS, TV Y U REROA VN — 2
iize & NS HEWRSE AT 2% 2 & ¢, BHBERASO S
u:'ﬁ'ngf“tci L7zBROW N2> 9 kVA OEH & ER L

it, BEHBEHLRES 27 4454 K54 V2L
DCRIZEET 2 Z &2k, IR S 3tk SR
E@f%ﬁn%ﬁ’)(}h\ﬁﬁﬁﬁ$&@$§¥Eﬁ?ﬁ‘|$’5:¥ﬁbf:.
CLARITY FUEL CELL & LEi#H 4 K4 VIZUERLL 7=
WAL 45 2 LT, SHEtaER A O E S8 7=
NnHOFEMMIZ LD, BRKE ’Xfﬂ‘éligﬁﬁﬂﬂﬁﬁ/\%
Z, XU Honda O HAE§F AR ZOKID T L & 5
RO L #2157

The external power output device EE90i (the
Power Exporter 9000) that provides new value with
the capability for obtaining electric power from next-
generation vehicles was developed. Through use of the
Power Exporter 9000, next-generation vehicles will be
able to utilize electrical output at the location where it
is needed, allowing the use of those vehicles as mobile
power sources that can provide electrical output.

The Power Exporter 9000 has realized a form
factor that allows loading the unit into the trunk of
a CLARITY FUEL CELL by means of applying
downsizing and weight-saving technologies for engine
generators. The engine generator’s inverter technology
and heat-dissipating construction were then used to
achieve stable electric output with quality equivalent
to grid power as well as high output of 9 kVA.
Furthermore, compliance with the Guidelines of
Charge/Discharge System for Electric Vehicle V2L
DC version has enabled connectivity and compatibility
with next-generation vehicles that have external power
output function and that are not only from Honda but
also from other manufacturers. The general usability
of the CLARITY FUEL CELL for connection with
external power output devices was also heightened by
following the above guidelines in the design. These
technologies were found to offer prospects for a method
of developing a society that builds national resilience
against natural disasters and realizing the hydrogen
society that is Honda’s aim.
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Table 1  Specifications of Power Exporter 9000 Table 2 Compare power/mass ratio with competitors
Item Specification Name Power Mass Power/Mass Portable
Rated output power 9 kVA (kVA) (kg) ratio (VA/kg) or not
Output voltage 100 V/200 V Honda 9 60 150 Portable
Dimension (L/W/H) 755 mm x 387 mm x 438 mm PE9000 (Target) (Target)
Mass 50.8 kg Nichicon Not
Sound power level Lya 57 dB Vehicle to 3" 73 41 portable
Applicable standard V2L Guidelines for DC system Socket
Mitsubishi
MIEV power 15 11.5 130 Portable
Table 112 PE9J000 © EH# T4 /7T, PEI000 L F BOX
AESC LEAF
DR A . 1o 100V 1.5 12 125 Portable
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In order to make the fuel cell stack lighter weight
and more compact, the cell thickness and the number
of cell stacks were reduced. This achieved the world’s
highest level of volume power density at 3.1 kW/
L. The reduction in cell thickness was achieved by
the uniform distribution of water in the membrane
electrode assembly, a reduction in the gas flow channel
depth, and reduction in the membrane electrode
assembly thickness. The reduction in the number of
cell stacks was achieved by narrowing the gas flow
channel pitch so as to enhance the power output
performance per cell. Structuring the FC stack so that
the gas flow channels are oriented laterally allowed the
height of the fuel cell stack to be reduced while the
connection bar was used as a cell retention structure,
increasing the impact resistance. This enabled
mounting of the fuel cell stack under the front hood.
Making the fuel cell lighter weight and more compact
reduced its heat mass so that the time taken to reach
50% of rated capacity when the fuel cell is at a low
temperature could be shortened to one-half of the
time required by a previous fuel cell. The membrane
electrode assemblies that make up the cell were given
a resin frame around their periphery, and squaring off
their shape reduced the amount of material needed
in the electrolyte membranes and diffusion layers
while also increasing their continuous manufacturing
productivity.
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Fig. 1 Appearance of fuel cell stack
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Development of Air Supply System for CLARITY FUEL CELL
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A compact air supply system has been developed
for the CLARITY FUEL CELL fuel cell system in
order to make it possible to fit the system under the
front hood of the vehicle. The use of a motorized
turbo compressor realizing greater quietness than a
conventional Lysholm compressor made it possible
to reduce the volume of the noise-reducing auxiliary
devices by 50%.

Air bearings that do not require oil were used as
the compressor bearings based on the necessity of
supplying pure air to the fuel cell system.

To address the issue of restriction of the operating
range of the compressor as a result of turbocharging,
a mixed-flow compressor was used, and two-stage
compression was applied. This realized a wide
operating range and made it possible to increase air
supply pressure 1.7-fold compared to a conventional
compressor.

The development of a new inverter using resolver-
less control made it possible to do away with the
rotation angle sensor in the motor, contributing to
increased motor speed and increased compactness.
The use of a full-mold power module and a press-fit
connection method reduced the size of the inverter unit.
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Table 1  Specifications
One-stage Two-stage
Wheel type Centrifugal Mixed-flow
Maximum rotation speed 100 krpm 100 krpm
Maximum pressure ratio 3.5 4.2

Fig. 13 Cross-section of Lysholm compressor
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Technology for Embedding Engine Models in ECU for Model-based Development

Zi U T A PR OAT BT T H ¥ P
Shusuke AKAZAKI Tomoya KUBO Kohei CHIDA
oA wmoET W o oAt
Haruki SHIMIZU Fumitake YAMAZAKI

B = ABSTRACT
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772, % L C Hardware-in-the-Loop Simulation {2
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PRI A 55 2 & TE 2.

Consistency in the control subject model from
the top level to the lower level of the V-process used
in model-based development is an important factor
when designing internal combustion engine control.
For this reason, parameter calibration was used to
provide relevance between the 1D engine model in
the top level and the mean value engine model in the
middle level so that the deviation is within a certain
level. In addition, an environment was constructed
for embedding the mean value engine model used by
Hardware-in-the-Loop Simulation as is in an ECU.
The model is described using a formula simulator
and converted to C code. A tool was developed that
automatically converts this code into C code for
mounting in an ECU. The converted C code was
actually operated using a CPU evaluation board, and
was confirmed to operate in 10 ms or less, which is
the calculation cycle for engine device control. This
made it possible to link the models in the top and
middle levels of model-based development and also
enabled model mounting to an ECU in the lower level,
which increased the reusability of V-process engine
models.
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Establishment of NV Design Technology for Power Transfer Unit Gear Noise

[T TR A O g SN T NE I
Takuya NISHIKOIJI Kazuhiro SAITOU Yoshimi HIRANO
C3 = ABSTRACT

LI RN St g DARY S N A S/ g R R V)
NV g%, Xk <74 2 ki & fEEE L 7.

INT— b3V AT 7=y NI EINE N4 KA F
XY OUFE WD S RET 5 XV EE RIS, AIRERB
EFNEREEL 72 BRI E 5204 B FEYDOEF L
i, FYROBEREOEREO A -2 v A MIET 5720,
6 AR E Y s VEREMAGDETET LU &
72, A EA FEYOEVE T IVIZHERINE A ZEL 725
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Prediction technology for NV performance of
power transfer units installed in four-wheel-drive
vehicles was established at the drawing stage.

A finite element analysis model was created for
predicting gear noise generated by the mesh of hypoid
gears built into power transfer units. A model of
hypoid gears that are a source vibration was created
by combining hexahedral elements and shell elements
in order to compensate for the mass of the gear teeth
and the inertia around the rotating axis. The model
of the hypoid gear mesh employed a quintuple-node
model that takes tooth rigidity into consideration.
This approach achieved a peak frequency gap between
prediction and measurement within +5% and peak
level gap within +2 dB in the 400-1600 Hz frequency
range.

The predictive accuracy and time required for
calculation are sufficient to make it possible to
examine specifications in the early development stages.
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Hybrid System Heat Management that Contributes to High Performance for New NSX

woAs R P
Koichi TAKAHASHI Keisuke URUSHIHARA
= = ABSTRACT

WEINSX OH#ia Y+ 7 s THEEVIT— LAY
V2T A E WA RBT 52012, SDODE—4
EHTANA Ty VAT LERIELEZ. N4 T Y » R
VAT LD VER=—F Y NN Gt E RS W, W
Htggia ECcZh o DMy 2 X > 72, kDA T Y
P 27 205 Ui oA RE 2 K 5 72012, direct
drive motor T ¥ ¥ Vi HIAKIZ & B EFEAHAL, Twin
Motor Unit {34 4 )L 2 — 5 DB, Power Drive Unit I35
Mo vx— 420K, Intelligent Power Unit &7 2V
B Sy F VWY 27 LML 7=,

Z OAER, BREMETHIZBT AN T v NV 27 4
DRI AER L7, TU YV EZDDE—L VAT A
DMABRDEP S B/57 — b LA VY AT LI 427 kW
DEHEERL, " TV Yy RV AT LDE—-RT VR
MICKD, BTy VY ORETH B4 — KT 7 &4
L, GIbEE#EAZ gL Lz, £72, " TV v FY R
T LIZ K Btk I K O RN A HIAEC K D, FEMIERE
& M & BT TS L 7z,

A hybrid system with three motors was developed
to realize the high power train system power and
vehicle dynamic performance that are the vehicle
concepts of the new NSX. Efforts were made
to enhance the cooling performance in order to
simultaneously reduce the size and increase the
power of each hybrid system component. To achieve
high cooling performance compared to that of the
conventional hybrid system, the direct drive motor is
directly cooled by the engine cooling water, an oil
cooler has been added to the Twin Motor Unit, the
size of the dedicated radiator for the Power Drive Unit
has been increased, and the Intelligent Power Unit
uses an air conditioner cooperative battery cooling
system.

As a result, thermal feasibility of the hybrid
system during high-load driving was achieved. The
power train system, which consists of the engine
and three motor systems, achieved the high power of
427 kW. In addition, the motor assist of the hybrid
system compensated the turbo lag, which is an issue
for supercharged engines, enabling rapid response
acceleration. Furthermore, the longitudinal and
lateral driving force allocation control performed by
the hybrid system realized a good balance between
cornering performance and high-speed stability.
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Table 1  Specifications of power train system

Power train SPORT HYBRID SH-AWD

system Maximum power 427 kW

Maximum torque 646 Nm
Twin-turbocharged DOHC V6 3493 cm3
Engine 373 kW at 6500-7500 rpm

550 Nm at 2000-6000 rpm
Water-cooled motor and generator
direct directly connected to crankshaft

drive motor 35 kW at 3000 rpm

148 Nm at 500-2000 rpm
Transmission | 9DCT

Twin traction motor and generator unit
TMU 27 kW at 4000 rpm x 2

73 Nm at 0-2000 rpm x 2

FINSX ICHEIR LT BT — LA VU ZF LIZD
W, Fig. 1 & Fig. 2 12845k 4 77 1, Table 11Z#570%
AT V63SLYAVA—FRIV Y VIFEEZ I v FYy
TEL, 7TV y 7 MEKD direct drive motor 5 &
VCOETF 27N 25y F- bV Z23I vy a3V (9DCT)
&0 %A KBS 5. B AL, A R A 0O
T — & CEHEI4 5 Twin Motor Unit(TMU) Z## L T
3. BNy 7 ) BXUOBERESHAHT 5 IPUIEY —
LATTINEZS AP [/ E 2 d= BAVEEY N N = St
DE—LANOBEBNIEE IR ZI Z %5 PDU #AIE
L, Biflit Yy 2 ICFEIVE—-F V&2V A4 TR L
TW3.

BFTINSXDNA Ty FY AT LK VE—FV MZ
AN R & o EAR D O OKELEHIEL
elEE B T ko7 P o Fick o, HIEOHAH
VEBEER 2B & 7 o 7o, AR CIIFT NSX I s h
TWBENA Ty FYZ2F 20 B LM hmA L, 8
WS ZF 22N TRATT 5.

Fig. 1 Overview of layout
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Fig. 2 Power train system components
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drive motor, TMU, PDU, IPUDOF¥IVK—% > b T
R XN T3, direct drive motor i3, =TV ¥ VIZHESE
SN, R, BRE)A 35 2 25 5. TMU 13764 i 2 fIE 31
DE— 2T, AT 5. IPUREISHETL Ny 71T
ke h, EHERE, WETS. PDURR=D2DE—4 L&
IPU ORIz Bkt & 41 AC-DC £, RIfiiA2 52755,
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17(c)]). FEEIREE TMU D RgEmR A€ — % ThlE L 7z =
PF =12 K0 ST — 2 2B U, Sk O BRE) kL o
ZIZkDIa—F— 2V FEFRE XS (Fig. 17(d)).

3.2. WOT (wide open throttle) # L — < 3 >

EWERE BB R IFE Ny TVIZF v — Y S hi2E
J3C TMU & direct drive motor ZBiHj ¢, =YV &
SODOE— AU & B EIRE R NE A LAY (Fig. 17(e)).
200 km/h YA LD HHTIE, WEfR» S T — 2 2 i#ET 5
728, TMU W2 7 v FIZ&K DU EES. Fig. 18123 27
LAINZOWTORT. WOTKOHEE TV 239 ¥ g
VERE ST — LA VRO VE—F Y P ERL, VX
T & LT 427 kW OigEai 1 #3E K L 7=,

— System power

— Engine power

—TMU power

{ —direct drive motor power

Maximum TMU assist
Y (Motor cutoff)

427 [kW] (Maximum system power)

:

1
3rd 4th | 1|5t
1 1 [

System power [kW]

2nd

1

Vehicle speed [km/h]

Fig. 18 System performance at WOT

4. SREET CBMRIYE

4.1. BICEINREREDER

Fig. 1912 WOT F&R DN A T F ¥ 25 A OEfEIR
REA/NT. TMU & direct drive motor I2X % & —HK F 7' fifi
T YAMBIOERET YA MIED , WOT NIEEO W
JI5H EA D 3 57% 1 E L 7= (Fig. 20). 215130 km/h
-100 km/h Jii@ds KO, ENGEMEREM FICF S LTh 3.

4.2. SheE4REDEHR

INA Ty B Y AT L2 K B A EREIE A &
D, EOBERPERE EHEBLL Tv B, 30R (RO) BER T DM
MINEEE ICx4 2 US/OS Rtk v I 2L — ¥ 3 VAR %
Fig. 21 1T, Hifhds K OLEGHRE RS HI#EIZ XD, 7
Y& ZT T PN E R T R A3 L, DR
R UThelEmEsimbL Tna,

I

Throttle
open angle

Engine
power

I
|
I
I
I 0
1 I time
I
1
I
L]
L

Battery
power

TMU
power

time

direct drive
motor power

m
_.RJ time

Response covering assist

Fig. 19 Power of power train system
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43. BEFRETICE T2 HMIIMDOER

ATy FYAFLET Y E— 3 b OGRS
IZ&D, BAMETIZBWNTE, N4 T ) v FHIJIE I
THZ L ETTRRE L 72 RO —HlE LT, Heavy
load mode FEITIZHBITANA TV v FY AT D% %
Fig. 22 {278, Hind U 7z @I B hdivkpein b & felnl i pen
Ficky, 1.8% D7y TFa 44l EEYI2L—v Y
I THERR L 72.

S
>

—— With assist
—— Without assist

____——

Vehicle
speed

y

\

time

S
rd

57% enhanced

Driving
force

5
>

time

Fig. 20 Effect of motor assist on driving force at

WOT
2.0
Increased
.o 18 limit—
5 &
ST =
59516 Without yaw-moment
395 control effect
52 g
S .g'(ﬁ 14 Reduced
g8~ Understeer
rs
o 1.2
With yaw moment
1.0 control effect

2.0 4.0 6.0 8.0 10.0
Lateral acceleration [m/s?]

Fig. 21  Effect of hybrid system on US/OS
Characteristics

Total hybrid
system effect

diféct drive motor
'gnd TMU
assist effect

vln 1.8%
Ya oment control

effect

Fast

Effect on lap time
(Simulation)

Fig. 22 Effect on lap time

5. &8

FHRINSX FHNA 7Y 9 FY ZAF 2125 WT, BLFOIE
HEZEKL, S TEVARY 25839 — v A V%R
L7
(1) Heavy load mode ZEfTHFIZH T BN A T w KV 2T

INGY S MRS 3 A
(2)3FE—42Lx VP VOMARDLEIZLD, V2T 4K
ity 427 kW A3EK L 7=,
(3)WfE v Y VDR —K T 7% direct drive motor @
TYAMIKOMSEL, WOT NidEEDy 5 EAD %
57% A L L 7=

(4)N4 TV FY ZAF 22X 3 AW C XD, bt
[BIVERE & e e M & SR OL Tl U 7z,

SE XM

(1) Toyoshima, H.: 3-motor HEV Powertrain for super
sport, Internationaler Motorenkongress 2016, p.23-30,
(2016)

(2) Fukuda, K., Mitani, M., Matsuzawa, Y., Kawata, M.,
Uetake, J.: Development of Battery System for the
New NSX, EVTeC & APE Japan, 20169074, (2016)

(3) Tamura, S., Yoshinari, T.: Development of Electric
Drive system for New Model Super Sports Hybrid
Vehicle, SAE Technical Paper, 2016-01-1685, (2016)
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Development of Antenna for Global Telematics

Bt (G BO% s A HOR F 2
Mutsumi KATAYAMA Yasuhiro KONNO Takayuki SONE
E3 =] ABSTRACT

[EFSHE] v DeE, FLIYT 47 A —E
2D a =L ERAIERISHIS T 5, M EEE S &
HENMNHERELET LT 4 2 AT Vv T+ 50K
L 7.

e EaaEH 7 v 7 i, SEOmERnEEEY
Z & B2 B fo R R & B L o R RGP A S RE L,
Ay 2A4 7V TFFEHRMLEZ ZHI2&D TR 698 MHz
25 EFR 3800 MHz % TOMBIAFHRREEFEB L 72, e
MG 7 > 571, KE GPS & 1Y 7 GLONASS (245
T3 & &1, FH0HR L G MU 2 0% 4 A3
BZLIZXDFLRT 4 VAV AT LMY AT 202
SO AERE Uz, 7V T 7 — 23 8ERARE 50% /N
R EERT B2 LT, 4 VA ML AY FISHTILNANDE
TREHE S & 7.

Based on a concept of global compatibility, a
telematics antenna unit has been developed that
integrates antenna elements for mobile communications
and for satellite positioning in order to respond to the
increasing global application of telematics services.

Taking into consideration the differences in the
frequencies used by each mobile network provider in
any specific country and the frequency range stipulated
by regulations, a bowtie antenna was employed as
the antenna for mobile communications. This made it
possible to realize an ultra-wide-band characteristic
from 698 to 3800 MHz. The antenna for satellite
positioning is compatible with both the US GPS and
Russian GLONASS systems, and the use of a built-
in signal divider and power supply selector switch
has made it possible to split satellite signals between
the telematics system and other systems. The volume
of the antenna unit has been reduced by 50% against
conventional antenna units, increasing the degree of
freedom available for fitting in the instrument panel.

1. EADE

FL~vT 427 A (Telematics) &iE, 7va 3 2=
r—3 a3 ¥ (Telecommunication) & 4 ¥ 7+~ T 4 7 %
(Informatics) 2* 5 DAL &, BEHERSLELIER D
BIaHIHRSP—E2L L TRHIGh T3,

WAETIE, il % OHMOEITRCE & ABBIZHER L E v
IF—a L TARFHEIN 2368 1HEZEDTETH
5. 57 T8 HondaDA Y4 —FE-Ju—754 75 h—
27 A VEBH LY — € 21d, 2011 EOFHA AR
KOBIEITISEN M~ v 7 L UTHIA S, d@frnlgek
B AENWHRLL 2—HPFIYZA 5 Z L THEEBRZ O AT S
ZERTERED BUEDOTF LT 4 2 A% —E 213, DT
DEIITKMNTBHZENTES.

(1) EFRMERVIR R E WA &, EfThOMfEH 2 —
ISR ERET D

* Uiz R&D & v & —
* kA stta ot

https://doi.org/10.69239/hondatechnicalreview.2016 28 2 10

(2) BEEolBWy 27 4 L, Z OER IS RS A
NOWRTBt L 5%

(3) WX EBHED /Ny 7 VIR, LEA LV FEREE,
HiPERE & HEFFE FLS 2

T b RE B RGN OB RFE O—f & L THRES
2RI AT H0F, ARYEEHERS AL ORI & B R i
BHVHEAD DD B.

BRINIZ B W T E R European Road Transport
Telematics Implementation Coordination Organization
(ERTICO) Zrpr & & 0, #E2925EFEER (HeEROL &
HeERO2 X eCall %) 12 & % Ml 2 S EUERPE THRIED 5 %,
WO LR R ) & 502 U 7= 2 0BG IS 3D & 2018 4
3 A 31 HYFEOH LW O fFj ISR A EHE N T 6 h
T\,

WRINALAE &3z e > 78 201541 H 1 HEIRRO W
LA O Hilj, 2017 £ 1 1 1 HEBEO 4 ToOH ik
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SEHM AN DR RF LB REFATH O, WMAIZHN D
BEmMEOUMN Y 27 123 a s TERENN S 2 7 4
GLONASS OfffH % MHE LT 5.

ZO&oB5TVvvT 4 2 ZAOMBROE KIZH L, HEkAY
DFVLYT 42 AT VT Fid, £ERHIKZ TR
H§ 2 S ah WS 2t ORISR 2 S b 22k &
KoTW ZDEDT LT 4 7 AN MENIZE KT h
21 ERERLHIEINTIZT VT F DY T—v 3 Vi
BHL, M Ic2—HFoa 2 bEHEEINCE D ER B &
ko> Tn =,

2. EEORS WV

INEDOHEIFIET 2720, [SEFAFIEI2Yy 2T
[ N R ST B Kb il ol 5 E ol I 1L e DR W R B L QS S T et
WHTATEET, LT 4 7 Z0OMRBRNAELKIZL 85T
VTFON) - g YEIMAIEIT 5 Z & TTEE s, H
MFLv~T 4 2 AT VT FERRET B E LT
FLYTF 4 2 ZMT VTR, BEIAT A YL 2EE
Fy b= EHHE L COEMBESRBEEH T Y TS
(TEL ANT) &, HHEON BN WA S5 72 O H 7
77 (GNSS ANT) & CHEI X h 5. BIRHIEZ Mzt
(1) TEL ANT &, BUEHANIZE L1EADDH B
Long Term Evolution (LTE) R OHAE A E 8 5 [
BB IEERTHNN—F52 L

(2) GNSS ANT i, fERFIH & T & 72K E ORI
VAT LEFTEL, e T OHENN Y 2T A28
WIG L, fEMER Y 27 252 FHT 5y 257 4 &
O, HiRE SO N IIHATTREE T3 L

(3) 4 ¥ 2 ML A Y bISIOLNNDEIRAHIE & E 5
728, N A4 X TH BT L

3. TEL ANT

3.1. KA TEL ANT DFRZE

HEJHERGOES LK, HilHoO TEL ANTX, 7V
)9 P, =Tk A VA LAY FISHILNLE EIZE
BEENTEL 7V T FRERFICZV/4ABRE A -
1/2ETE/R-NBL 172 ELFA4AF-LE, 5LV
ZNOOWAEMPEIHRHA SN TE D, BIROEF %2 ELE
Wik 2544 7 ThH5 .

HIRM D7 ¥ 7 FI213 7 OBEFEPIC K - THAREREE
2, FTEDERE 2 FEHETRE 2 R BE N O HIFI 234 C
5. LRRJEWE A T BRI TR U 72 B0 L T 1.05 22 6
R L1 FHEOHHTHW6hE Z Lk Th 3.

PR THOWS N A EW L, Third Generation
Partnership Project (3GPP) 237 % % A FEUERIR 12 HD
&, K & IO BUF Y I 23w Bk e 2t U REF

525, JEIEEAHE 1 GHz LR 06k (m—y F) &
1 GHz PO ONA 3y F)IZKkEL ZahTh D,
MEREPLHENFIC K> T AT 6T 5,

2000 FFELIFEDO EFTH % 48 3 IS FEIEOSLA, L
Kbk T2 FEIZ 824 MHz 5 894 MHz Du—/3Y K
& 171850 MHz »*5 1990 MHz D4 /3> FZF[H L
TW5, BNk & 7 ¥ 7 ik ¢l 3212 880 MHz 2 5
960 MHz ®w —/3Y FH K1 1710 MHz » 5 1880 MHz
% 7213 1920 MHz »* 5 2170 MHz D/N4 /3y F & LT
W3, INS ORI OWIRIEIL Z o E O 1.1 52
BEAZNUTIZED SN THEDT, TEL ANT I3 &4k
WCHIRRER S A R L 2 R T VT AR A28 T
HBLTEZY . a— Y FHENA N Y FAD2#ET %
BHT 2T (Fig. 1) &, u—ny FHZEFIZT =3V F
DOHEIEAWE LTNANY FERIRX T, kLT
1EFEFICTEFHEELH 5.

IO EE (30 H km/ ) % I L 7=t &
LCEH &, 72213 a— 3y FOREENE 824 MHz
TOWREIZ 364 mm TH 5. ZTHISHIRT 2 TEL ANT %
FORARXIE, 1/72WELFA F-LHTHHL 182 mm,
1/4 P RE /AN THIUT I mm &5 5.

BAMMRIEFEFICCERELTHY SR 2 3
Bowrid, o= v FFRRIZ 698 MHz N\, NA NV F
1% 1427 MHz »* 5 1510.9 MHz &, 1744.9 MHz » 5
2200 MHz &, 2500 MHz %5 3800 MHz ~N&, [E43% Z
L& 572 698 MHz OFREIE 430 mm TH D, R4 2
TEL ANT ZT7OHRARE XL, 1/72EFA4 R-LHTH
U 215 mm iZ, 1/4 ET /K- BTHiL 107 mm
12, ThEZhEXLT 3.

AR O ) K EMEE 2T, Ths KiFkodh
72 & FIf 78 M D R BHRYS C 3 A BUF 4 )5 2 5 B § 5.
Honda A7 L ¥ F 4 7 ZA % —E A & [HAD KM THfET 5
FRIZIE, Bl TE T 2 5 A S Sk 23 RETES L
TWBEREBGFIZIG T, 7 Vv 7 F T ORI A
BT LD,

Upper
case
" TEL element
/ (low band)
GNSS
element \ TEL element
(high band)
Holder —— \ Circuit board

Ground plate

\ ]

Fig. 1 Conventional antenna
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kD TEL ANTIZZ DX H 12U T, 22499 2 HEaraEaE
WESHOMZEFEONS) T -2 3 V& BINT 5. £7-22
WEHEHRA S AZ T L AL TY, 2O HHEORHE
WA BNES T2 L, ZOEICT7 VT FRTIZEEMR
RO EN4 T, TEL ANTO/N) T—3 3 VA X
SIS 5.

3.2. BCHEIE TEL ANT EF

EDEDE O HEIEERET L O TH > TE Ik
SIS LS RS MEE 5 508, I 1.1 Rk
T X 1 B HER O IRRITIX, FEREBOH O XTI L
AR AR 2B 5 2 EAS TE LW, 22 TTEL
ANT Z7o@fEiciE, HIREIR 2 TH MDA %
WHTAZLE L A VA MLAY FMISIILNTORE
HHEAZET 2L, ACHPR T Y 77O uhTERY
BAT VT FH, ZRICVIEMGE TIE 2 < — i Ok
EZOERBIRE T B ET, AFTH 5.

Ry a4 Ty TFHIEMPERE SILZL &k E I Y
7OV Z BRI L 2R L — £ AN DSBS T
3 (6)—(8)‘

TOOMETHIK S NZIEFRT v T LTHIENT
WAHRNATZANT VT T ETERELIMETH D L E
b, X2 24 OX3ICTHEEENCMEAbY
D= FEARE & 220, 2 DTS E M FH T EE 22 T8
WAL 5 Z N6 T3 (Fig. 2). £72 =¥
OFBA 2 KRR EFIRICEIE § 5 Z & T, RN
T BRI A T e 5 .

i & B ER O = AT O RS (Mo
HRih A1) & F— L & B 20, HmEEEOS 2 e
H3MRETHIAHEh T I RERKEEZEHRL T, =
FAIE DRSNS F N5 A AR RE L L.

TEL ANT % GNSS ANT &Jd]—%7 — ZIZHlASH I
T 5 UER B VGA IR FOERIBIRIC S bETr — 245t
JE & WAl FARIZIR & 2 5 5%, GNSS ANT &iflatby
BT 2GAIEES L EE £ 5.

FHTEL ANT XTORAMEICRY 447V T+ %
FHLAZEICKD, F4EHFEETCTESIN TS

Biconical
' (conical x 2)

Rotational
symmetry axis

Bowtie

Fig. 2 Bowtie antenna

[ 698 MHz A 6 3800 MHz, JEii¥lt 5.4 1234
5 Z LN TE HERT TEL ANT G IRE RS 5 4t h
3 ERERRHICIR N 203 L, B TEL ANT (324
BRI RO ZEL A 698 MHz #° 5 2700 MHz OFiH T
2 dB IRICI & 2 BIAHHEREEFEB L T 5 (Fig. 3). %
B, ZOKIFREBEEAEREEZ LR < 3572012,
698 MHz #* 5 2700 MHz DO T D ARG % £4#E 0 dB
ELTERRL TS,

EAEP L (Voltage Standing Wave Ratio: VSWR)1E, 7
VIS EERRR L DA Y — 2 Y ZABE A RTIEET
D, REME 126855 L, 7V T FOBREHFEOKTF
BEDFELRTL 55, fERE TEL ANT I3 HLRED
oMM D & CHIEDS ERBILT 5015 L, #ifl TEL
ANT i 698 MHz %5 3800 MHz % T4 T VSWR 3 %
TS EIAFHS R R A TR T B,

3 === New TEL ANT --- Conventional TEL ANT
2
m 1
= 0
£ H
I\ 78 Va4
:.‘Jl \wl'= _" \c
2 I
3 \ [N

500 1000 1500 2000 2500 3000 3500 4000
Frequency [MHz]
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Fig. 3 Frequency characteristics

4. GNSS ANT

MG TR 6 F ey —2 3 V3% (DU NAVI &
BE)IZGNSS #F[H L TE 72 KENZ X DHE X 5 4t
ERMIST > 2 7 24 (Global Positioning System: GPS) DA
FHTH2. 7vvT 42 2T ARMERHSARINT 5
728, NAVI BEETF LT 4 2 A= b (Telematics
Control Unit: TCU) & # [AIBHR§ 5541, GNSS ANT
D3 A ARSI E N A 2 &b 5.

72, Bl L7Zzay 7O GLONASS D& S1Z, H
Elo#EY 27 2B MA2 LB T 50028 5 5. KA
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GPS v v 7 GLONASS ORAEFMHEEKIZZhZEh
1575.42+1 MHz & 1601.72+4 MHz Tas D, 312 L1

IZEENDLRTIIIET 2258 30 MHz OZED(FET
%. ZD7z%, GNSS R HE M —IRMIZIREE & 5 KAE
&7 v 7 (Low Noise Amplifier: LNA) INIZH§EK & 5 #55E
WERE 7 4 v 2 OFE %, BT O JERE A 243 AT RE L 3 A
THRMEND B.

BAEEHP OMENR > 2 7 4121, BlZAITHADUER
THfT A ¥ 2 5 4 (Quasi-zenith satellite system: QZSS) 7«
EEEENSD, QZSS OJHFE#IZ GPS LHARF—Th
5728, 7V T FRTE GPS Ell—& LT&u.

NAVI % & & oA R A 8o HERRZEIS RIS L T,
GNSS ZEES IR ENKT 5 24 TEE L2 77
i e vy VEIZRHAL, GNSS #EE M ICHEE
3% LNA ORI EIC/3ELmEE S 4 — v & BT
5ZETHALE. ZhIZKD, NAVI FE S TCU &4
[RIRFERF & 22 255451213 GNSS ANT #HATREE & D,
GNSS ANT % [l —HMjI - BRI § 2 B Z HES 2 &
MNTE 7z (Fig. 4).

GNSS R T FOLNAE, TCUR NAVIRKE»SD
BIRIHRIC K DEET 5.

NAVI 3&E PG T 2 EIHEEIZ 4.5 V225 5.0 VRA
FRTHS. —J, TCU » & OFEITIE NAVI ¥ & 13 57
A0 H 5. Wil A REflE LT, #Hilinr 5 OEH
G A 72T & TCU XM % F O TRAKER 0 B4
MR 2 IR T 2 MR B O, ZOFRICEEETEE TS
52 TCIRIBEENET2FEL ML -0 TH 5.

—J5 T NAVI &R TCU 1213, LNA NOAGE R %
W2 eTT VT FEREN, Wi, s E 2 RAT
LHREN B 5. GNSS LA D 24 T DT v 7 FIZHi
Ehica=y FMHAMTIGEEISENAE L 2545, 8
ﬁ@@ﬁ&ﬂ%ttfﬂﬂ&LﬁWE%ﬁ%%@bt

I, ARt E E LSR5 2 L 7§§§%’@ AN
V. % 2T LNA BRI ORIR U0 A Wl & 3, —D
DY AT LAWFRHER S T2 551 ﬁ@M%LNA
B E LT, M)y Ol % BHE T T D & L
7= (Fig. 5).
“0) Unit #1, Unit #2 D EH 51— F IR L 7%
i3, WL 2l 5 LNA ICEFEMHGT 5. Unit #1 &
Unit #2 IZREIRFICHESHE L 72FRICIE, Unit #2 72152 LNA ©
BHE LTS, Unit #2 2> 5 OBIFISHELEST O

& —— Shield cover

GNSS ANT
element

Ferrite core

GNSS
feeder &_/
cables

Fig. 4 GNSS ANT element and circuit board

Circuit board
(LNA + divider)

MR ICHEREI NS,

Plbicky, 7rvsFrichahza=y MHARM T
WREITITEOYAE U Ty, BIFE D AL IEHRE & it
Fo A G AR BE & A & 7z,

Unit #1

i
i
|
|
|
|
J

LNA

Fig. 5 Power supply switching circuit

AL

AR L7280, TEL ANTRTORT AT VT %
W9 5 M oms i E R AmE 55, —J, GNSS
ANT ZEFIEXLNAE Sy F 7V T+ TH Y, TR
HIENZ R Tl AT 2K FRETH 5. Thb & — K
Bl 55413 TEL ANT E1 0O Loz GNSS #1
BN L PR 7203 T 7 & 5 0, Bl & s & ki
TEL ANT £TI2& 0, BT Z~1k1E GNSS ANT H T
k0, Ththexs. MHERERENET ST — 2 % i
IRk 5 &, GNSS ANT # 7O T & TEL ANT %1 &
THENBEBMRT v F 2= 2 Lig 37022 =
PMEL, A V2 MY FSHILNOBEHHE #K T &
HTLES. ZODPHEERSE % MET L 72 (Fig. 6(a)).

£¢&47V?fi,i%%ﬁ@W%%ZUVF@%E
B EIZK D, N AR O SRR S RE 2 Z & YA
Bhfné 22T, K a4 T YT FO E AR
TP EICINESRE L L, GNSS ANT Z10E &)
HBEFIR U720 E A 6 GNSS ANT KT O RAT &~k
BHHEIAKE AT, R#%ICGNSS ANT Z1oE &
Woro LA E IR U A& 72, ZHUck D GNSS ANT
KT OME %, TEL ANT KT DO L RO & 23 &
Mk &R > CHTr Z & & & % (Fig. 6(b)). —F, Av 44
7V FFOTMETIZ GNSS ANT LTt EHAAE 5 BHE
DN, Z D720 — ZRKITIFINEE IR HL Y &
52 &L r—RAEH» 6 FHICRERZMILTT
MR T2 ZDIAAFEET HHETH 5.

TRIRTFICE 20y P 2EHEERT THD, 208837
A FEBANDIZORAAEEIR A HA TS,

L EORMBIZ LD, 7 — 28 X~k &l
GNSS ANT ZTORFHEZZE L, 7 — 22N DR
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Hsh# % EiF 5 Z &N TE .

BB ORI, SR L A1, Wh
BN K Bk, EBEEIC BT 2 BE, 8% 2 b
5 EDBED S, [Wilir — 7 VORI TH 5.

[l — 7 S AR & DR O [R] il 3 TR &
NAEREHEROEERTH B0, R 2A 7V FFIE3—x
OB G &AL 5T v 7+ Thb. T
D KNPl & AP & Pefe 3 2 B0, YT v EH
WOR AL A e § Tikr e 5 7. La LRI
5.4 DIEHIRIZHIIET 55T VIR A EHEL LAY 5 & 7=
OIZHANES Tk, £72, TEL ANT Z1 00—
GNSS ANT R T ##t 2/ ML & U2 72812, GNSS
ANT MDA — 7 U HHBEARIZ IR E R S S h
BT 22T, TEL ANT JHE GNSS ANT
FNFNOREr — 72T 254 b7 235, Wl
B AT L L L

774 b a7 oK, W — 7k B2 o S
WCEk->TarNENEFD, BHERMICL > TaTiEe
aAT7EIENEE 5. RO X S I/ L 22 — ZAARRA

GNSSANT  Dead Case

element space
TEL ANT /

element

\
(upper) \\\:‘i

12 TEL ANT I 11fl& GNSS ANT H 21, & 3D 7 =
SAPATAENESTDE A= ABF I BEE 5L, 22
T, AaT7HEIMEDAR=21F, 7254 baT7EET
2BUCESNT B Z Ty — ZDHEREWHIL 72, 2 7R
BDANR=21Z, K24 7V FF Ol A r — 2 AR
HI st L TH 71y 45 Z & TR L 22 Z 0l
WA Ty MZXD2KRT 24TV T FOMRERIEANDR
3, BT OFBIBIROME & & TRIBATRE & TP T b %
(Fig. 6(c)).

PlEizcky, ftkoA v 2 b XY b3V 7 v
7 & ORI TH 50% O/NIEAER LT, 4 V2 ML
AV FISINNANOBLE HHE 217 B U7z,

NAVI %EE% L OFR B2 2 WIEA I35 d %
Wi L a2 4 7B R Thid K vwo T, #Hifly
VTN T —2 3 13 (o) GNSS ANT ZE#RA D,
(b) GNSS ANT 4rfidasfE L, (c) TEL ANT ¥ijl, 043
AL T Db,

i EiZ, GNSS ANT OF#EE, [l — 7L oA
BLUax s afmce, R nEETad % (Fig. 7, Fig. 8).

Space for
ferrite core

Ferrite
core

TEL ANT
element ///. :
(lower) i
Width Width Depth Width Depth
) 1 ) 1
(a) at first (b) fold (c) offset

Fig. 6 Configuration concept for TEL ANT and GNSS ANT elements

Upper case —— ¢

GNSS ANT I

element 2
Circuit board £
(LNA + divider) \ -

Ferrite core —_
Feeder cable —

Connector ——zd}

(a), (b) TEL ANT with GNSS ANT

Circuit board

(TEL ANT)

i TEL ANT
element (upper)

/ TEL ANT

element (lower)

Element holder

TEL ANT

Circuit board

(TEL ANT) \

Ferrite core
Feeder cable ~J

Lower case ——

(c) TEL ANT only (without GNSS ANT)
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Fig. 8 Appearance of new antennas
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Heavy Rare Earth-free Hot-deformed Magnet for Traction Motor
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ABSTRACT

A technology has been developed making it
possible to do away with the use of the heavy rare
earths dysprosium and terbium, which are added to the
magnets employed in traction motors for application in
electric vehicles and hybrid electric vehicles in order
to increase heat resistance. The research focused on
the hot-deformation method of magnet manufacture,
which offers greater potential for the realization of
heat resistance than the sintering method, the main
method of manufacturing the magnets currently in
use. The magnetic properties of the developed magnet
were boosted by reduction of the temperature for hot-
deformation and the optimization of the rate of hot-
deformation and the composition design of the magnet
material. These approaches made it possible to develop
a completely heavy rare earth-free magnet able to be
employed in mass-production vehicles.
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Development of High-Rigidity Polypropylene Material and Clear Coat
for Lightweight Bumper Fascia
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A polypropylene material and clear coat were
developed for the purpose of reducing bumper fascia
weight.

In order to reduce bumper fascia weight, a
polypropylene material was developed that would
make it possible to thin the average wall thickness of
3.0 mm down to 2.0 mm. The developed material has
high flowability to enable injection at 2.0 mm, and
steps were taken to augment its rigidity by making it a
high-rigidity material. At the same time, attention was
also paid to the reduction in impact resistance caused
by the higher rigidity, and to the fact that it would
be further reduced after coating. That reduction in
impact resistance was therefore limited by developing
not only a material but also a coating for the purpose.
Of the primer, base, and clear layers that make up the
bumper fascia coating, the origin of cracking is in the
clear layer. The main component of the clear layer is
acrylic resin, and the glass transition temperature of
this resin was raised while also adding an admixture
of resin particles with a diameter of 0.1 pm or less.
This was done to make the coating hard and brittle,
increasing the number of cracks in order to distribute
the stress.

As a result, a weight reduction of 23% or more
relative to preceding materials was achieved in the
bumper fascia of the 2016 model CIVIC.
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TODAAL TEEBEL. —O0IENINTKBERITERT
SHE & A 7T, ZODIIREE DB OB 25 I 4 b
J5720, Wit ) Y EERP T LEROKAERR T Z
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Fig. 6 Impact resistance of 3.0 mm PP material with coatings
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3. AEDOHRS W

MR B, MREREONY ST 24 VT OERL
EHRAE A AL, xR o & B 20% DL, P
A 2.0 mm & L7,

(1) vdhtt
PR AERFS 3.0 mm 205 2.0 mm (2L S
729, 2.0 mm T& PP EMAWEIT 5 & 5158 50%
EREL S A Z L A HEEE U7 WREMEDIENIZ I 2
Jb7a—L— b (MFR) & 7=,
(2) Wi
— W IR 3 IS B, FHEARE 2.0 mm
T 3.0 mm WADMIPEEER L, 20% #E{bd 272012,
HE A 1.04 g/cm’ DUT, P RE#R% 2200 MPa DL E
L L7z b, HFREROMEEI: ASTM D790 12k
CEZlko7-.
i
BROAMT PP FEMOMERAE % ik L 72, Fig. 712
AT K5I, FERMIZONT () BEL 72 PP #hE
RO PP M OEEEIZ X LTHI 80% (K 9 5.
(b) E% 3.0 mm 25 2.0 mm NERLT S Z LT
PP ZMOMEEENMET§ 5. X612, ()PP M4
LS % &, R M K DR T 5. (d)
HA, EHEL L2 PP BEMICIERB¥EEAB 25D

&, HEEL$ 2 @BMe T 5. (o) M, @Mt
&% PP RMOEEREVER T 752 HEHl L, BE%OMKIE
N 2 IR 2 728 DK T 531d 50% LA {4
5L EHEE L

4. FAFEILER

4.1. SR DEHEN B PP F=A1

PP ZMIZIZ PP iR, 2L, T40 3 KA EICH
HEINTHS, HIEOLLE & WM % <85 729, Wik
MR Th 2 AN 0 EHEL, MMEEAIKT X825 T 41K
o3 % Pk L 7z,

Bk PP FHMh D £ L 2 1388 I & B lLER M ISR L
TR Fh RN E < HEE 2R T X 7z, BIXM
FH B o FEE e L 72, — RIS ELA A EO 2L
7 CIRHMERELL (7 2 X2 b H) ASEn E ERPEa_ERD R A
W8, BT ANRY MDD 2L ERE L, fERMIZR L
M2 G REAERA L.

T LTS BT IR L R G T A & R oD 1
I L X B BEN D B 720, WEIC & B EE KT 1S
BEND. RE L BIEOBEERE F TR T 2720, T4
By DAL ZAERA I LY 30% & L7z, PP EMrho 3
By DL L % Fig. 8 128
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Fig. 7 Relationship between flexural modulus and Dupont impact resistance
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Table 1 Properties of conventional and developed PP material
Properties Conventional | Target value Developed
Moldability Melt flow rate (g/10 min) 28 >42 44
Rigidity and Flexural modulus (MPa) 1500 >2200 2280
weight reduction Specific gravity (g/cm3) 0.95 <1.04 1.04

Conventional

)

Talc

-

[4 High aspect ratio talc

Developed

)

] Rubber

O Additives and pigments

0 50

100

Raw material ratio in PP material (%)

Fig. 8 Comparison of raw material ratio
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42 [SHAEE Y ) Y iTig
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Fig. 9 Relationship between acrylic resin Tg and
Dupont impact resistance
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coating
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HIZXBHMONRI D EIZOWTIE, —EMEE A
HUZEOERRAZNE L, HEWE T TH 2 2 & 51
a7z,

BWIREIUZDONTIE, NV 87 24 ¥ T OBEEEIZ X
ZRGEAE B Z &, B L BB EOIK T w2
& EHERE L 7z,

RO L WA A D T & DR W 2N
VST A YT EHFEL, 2016 FEEF LD CIVIC 75
WHEZRMB L. 7ay b)Y 42 A5bE T 23% BR1L
TX7.
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DIFIZRE PP #Eb e 7) YEEOMATIT LD, Wl
CARIRE N A L OOV IS T 2 4 V7 ALY B
ZENTE.

(1) PP FfzonTix, PP BfR2{KRE(kd 52 LT
SHERIERE ORI A1 L X7z 72, @7 A2
D gL s EEE L, BEEE T 5 HEE & IS &
L7

(2) 7 )V Y®BEIZOWTIE, 727 U AKIEEE Teib L,
0.1 pm AT ORI FIREIE# Bl A5 5 Z & T, S &
A O HEIE AR L 2B 1 o o ik &
L7.
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Section AA’

Section AA’ of coated PP after impact test, taken using SEM
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(1) SH%FTPH, BERIA, JEUIERE, KRPSIER N 2o SHE S I
A 7oy YMRORYE, v £ No.30, p.191-
194, (2012)

(2) T FT—=F-P-&—7 Jr. fi&, BRELEY, FEARNG:
KR PP, KUY Fa LUy Ty s HifEhr
5 &b £ T, At TEME S, p.258, (1998)
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Technology for Joining of Dissimilar Material with Thermoplastic Polymeric Resin
Using Atmospheric Gas Phase Modification of Metal Surfaces

B W wlt H oW oAE P I S~
Hiroshi AKITA Shinichi KURODA Takahiko KAWAI
C= =1 ABSTRACT

SIEEB I BTV IS © Ak B A S AT 5 2
VOSFRMGELHEZ, HEH R T —LET A v LTk
T ) Fetli & REEE L 72, RRUE T T X~ AL SR LB
DB EIZE 5T 1.4X10° mol/em® &5 EOKEIE
WEAETEH T AWAE T I =y AAEET FIDEKT
X7 HoN-EMIZEM L7267 4 0 visx§ 3R
AAELTWBZ EAMRALE. MATIICBESE X7
EmPAVEBIE O RImEEE 2 7 B 7 7 @R E T
WARZ EMBIEEN, ZThoDHRIZKD, BUAEIZK
5 B A IS B W TRRFED 7V IR E RS 5 728E
Zif bR EFSORWCEAREEEE Z LN TE L.

A technology was developed for metal surface
modification treatment to be used on a car body
production line for weld-joining parts made of
thermoplastic resin with metal parts. A glass
membrane with a high hydroxyl group density of
1.4x10” mol/cm® was successfully formed on an
aluminum alloy surface by configuring the conditions
for the atmospheric pressure plasma chemical
vapor deposition process. The obtained surface was
confirmed to have wettability to melted 6-nylon. In
addition, an amorphous layer was observed to have
formed near the interface portion of the thermoplastic
resin thermally welded to it. The effect of these results
was that a high level of join strength equal to that in
existing items with roughened metal surface aiming for
an anchor effect was achieved with items of dissimilar
material joined by thermal welding.

1. EANDE

VAR, BEHICRT 5 AR B FESROE E D &
R, HikoRElE B & L 2E@AMEOIS MG
WAL ESTETHS. ZORTEe T4 uicfikehs
BoMERIEEZ < b ) v 2 ZAMBHC W 2 =R 7 7 4
INEEB B Cd % Carbon fiber reinforced thermo plastics
(CFRTP) 2% O eag s, iitEd kK O Life cycle
assessment DA STEHZHEH T B Y HIKADIEH
2B U T BREE IS K 2 R IR T O &0 m bR
A2 M5, FEMEOMASDERMENZHENS.
Z OB RFEMESIZIE CFRTP O~ b v 7 ZAMKB T o
2 BRI APERBIIE O BAE AR L, Gl ORE P 5l T
FREMRT 2 2R LU a2 OB A» b E
L,

* DU R&D v ¥ 4 —
* % FEE R

YAV O BEEAMA S AT L LT, SE&imic
¥onm 20 58 nm A4 X OMHI & FLR % JiE 0 A A TH
L3 200 % i U, [WREBISVARL L 72 B0 SBERSERE 2 S K
TR LM AEL 2, WbWwb 7 v HhFIc k- T
MIIZIEA T 2 FENEELSHERLEhThDS. 2L 2
VX INEURE R T T OO SR LS TR o o CE T MRS
He L BEASRIMD, 7 v AshRERFH L 72— KBS A
IE< WS TWS. L L Zhs DRI, 4
BRI AR T 2 720 DIEICEMEZ R LT Z
BT ¥ 22 X 2P A BB § 5. TRERER
DE ERFERNIEIC K 2RO B2 5, Th 6K
Tt 2EHBHER T —AFET A VANBAT B LB
TRV, BT O Y 2T AR BRI X 5 A SR
IR Ny FUES 2 220 DIl Th > T, 4 TDKE
75 E By B S AR 1 O LB E I O A& RTINS 5 2 &
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12130 LTy, A ICAELTR) & B RO ERT &
HLAEES 2 Z &, SEEOMHEN S < & ) APERHE &
KEL T 27070 v 232 O FRERHEFE L &
VIR T a2 & b mnwgEEEHL TlE LY —
WA A O 22860l & - S hTa 2 03, Bl 22 =Kot
ML %EETE Z & 5 1G58 & W 2 IR A 5
BWekb.

EI B H R G O BB A GG 2 BT 5 7200, B
BEUND A =24 & U THEEREA IOIRANEZ 2 6h
B, —fRH R B PEA  CR B AR Y & R o
MHCAEAES S L < IFIARG BRI NS, L eRib%E
b 2B BVE R D BUAE A I B W TR A1
K BLHRES BRI T 5.

KEME N AT X5 7201213, BRI & BT sy
B OXTTIZAKIBIER 7 3 F IO & 5 B 7 E B 4
BWTHhb. 674 0rDLI R T I FRENRIZS T8
OFERBERIZT I FEEEGDD, TLIZY 4580 &
5 75 MR AA R O AL oW TR GV R AR
LAEVWEDTH 57289, PN aRINEIZL->TIhE
Bl 5422 R EEL D,

ZDDITIE _DOBENFAET B, B OIS E
RN L 7= BT EYEBHHE O AR AN DOFEI DM EToh
3. ALEREE T & RN BL X 2 5 72 123 R E TR &
FANDFHENRESBE L 2 %78, BT EVERSHR I Z O FHIRIC
HE O 72 53 7R3 0 & TR BRI IS SR VR IR & 2 B 720, T
LT DA 55 - 55t O BFEAL B2 5 Al e TR MK
T3,

BE_OREIBRAENREBORENE[LILTHS. 6
4 uyo &k afbat a3 2 0 MBI VLT,
BHE TR B 2 m AL B & OV2 DR O FIBREG IS O
ZALIZ & > THEER BEAME DK T 2L TR T L, BAK
REDLE Az <V, ZHIIIER T 4 1 v OFERALET A
BERMT E TET 5 & WM Rbh, RAEEMRFO#E
HEZE72 6 < 2 EEE FEGR T &2 W T & 2 < 72 0 R )
BECE720Th5. Riuid@EEPIEd 2 FEe LT, &
JER AR 102 Tl 2 FEAS et PESIIE % J2 S 49 100 nm THREEL,
Z OFK I I ARV & SR $ 5 Z & T
RHTZER TR A TER U, et |2 BV U C IR At T
BOUE LA R # RS A i AL hTwa, Z
DIERE S ERBIERE D 7289 DRk 77 L — F OBIHEIE 232
Ik, ok 2 BT TN EES3 DL 3.

2. 150

FIBYHLA 7~ 7 7 4 1T CFRTP #Bi & 0 5 b1
A & RTINS TRE L 2 70 IC SIE B ORI SUE & K
R TH %A S PR L

FATHAVERIIE DI (KKK B 2 5 & B LR & F

ML, 7 ¥ A5h3C & 2 B 2 458 & RIS Q5 8 %
WEMICR2S 22 HEEE L, TRtlcfEL 7.

(1) BaFm O KBIEEHE &5 5

(2) AP 13 2 AATEMEBIEOHI T2 & %
(3) A DOREN % E S 5 7= RN IEGE g & 4K

3. ERFE

BT EVEBIEOBVAE # WREL 35 72012, BBKMTIC
I DRIBIEA A B T L & RN RS O
$HE U7z Solm e K g & BT PG & O AR
&Ko, BB U725 —DOET» 2 IFEBIIEOENM: 2 W
HUBOKERA N ERBLXE 5 Z L TEWIEARIE 15
%. & 51 Z OHEAER D & 1810 B HES) % %3 5
IR AR LT, & R o # ¥y Eiig o 5SS e
PRI 5 2 & T, ka7 /LT 7 AEOBGETIREM G
B L CHE _OFETH 250 RENE LFBTE S
EEZ 7

BBEMICAKIEIEAEA T 2 FEE LTS, HELXH
TR IEE R KR T T A~ BICEH L7z,

BEERBIZ X DR Z2D—3% 77 X~v{b L7z, 7
TR H ARG RNARPNIRE (N B Z & TRILEITLE DL
AP & EE RN T T 5 ORI s KAES T
X HBETH B P,

ZOT T X2 HAFAIT Y a4 EONERL A Y F
AL, 77 X~ DIEHTHIR LA & 723 m 0w
OB AN RIS TR v fbX B2 EI2kD,
xR FAZ AT 2 O A TR % &R iU R A
KR T 7 X2 L5 (chemical vapor deposition:
CVD)UEETH % . [l b b iEIZ K DL 72
JRT-3B KO Ox 3 )L X —HERIE, SRS A OFEMHIC
EoTHREDZEDERD. XHIZT T X H AWD Tl
TR I SRS ET L7220, & 20RO
R, B2F KEOHFLEHEL THFEELZDT5
Z L TR T 3L E —UERIZIET LT 8z
DYEE % FIFH 3 FUSHIER AR E 23 53 it OIS % 42 C 5 55 B G
Zay btu—nLU, FA—ORiSRE» 5 22 5 5 A %
BRZENAREE 5%, FERE L THEOR A B 4 5 23
JREFED 3B ENTES.

BEAFORFZEH & U C, Thde S IZRTEXAIIEIZ N FH X F
LYy aFH Y (Hexamethyldisiloxane: HMDSO) % T
T3 =y L84 (Al 2024-T3) Fiki LI KKET I X~
CVD AU T U 7= ZFEHD /7 7 ZREDPERIZ DWW TH
HLTWE P H 3 FMRA 2R (Air) &0
ZMPPLAETHR BN D, HilkA D & DA IR 1D 7%
WIHBEMOEWNH 5 ZAHETH S, ZHhIET7TLI =T a8
SO —F 4 VISHELENME AR TS, B
VIR U 2EE TR A 2SR EE R (No) % W, Rilkik %
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7T A H ARG T 250 & 77 X REWE» S P
MR mm 8 S 5 WHEFTRONS, BRI
LK 2.5 [0 AR & Gk DO # 7 2ETH 5 Y. T
NS H 7 AP DO TIBRIREE A OBEEEIZ DN TS
RN IR THED, FIE DIz OV TIZHE Y A
VRV =L RIZBIT B YL & REM LS A O T
A< L LTOIBHMEEI RT3 O,

BEAMERBIIE O BUAEIZOWTIZE A 20 & 5 kel
Ml EN TRV, UIFRIZBE O TS OO
B33 B HMDSO iR D # FOLEHZEHH L 72,

7T ARKMEEBIZIFAET 5 X FIULIENKRKE T 7 X~ WL
12X DBALSUEIC K 0 KeHE (v 7 7 — ) 12BN S
ZEMHIEhTVE 7,

FFEEEAR LICKRIET T X~ CVD T A F Lkt
DBE LA T AEEBEL, KNTIhERRIES T X<
WPLCRRALEN T 5 2 & TEEEORMAKBRIEA+H 54
T AN EOEND L HE L.

4. EB

41, IV =) LESORARNENIE

RRET 7 X< CVD B Plasmatreat GmbH #
Openair 79 A~ 25 4 (FG5001 plasma generator,
PFW10-PAD/RD1004 plasma jet nozzle, PAD1 polymer
coating controller) % i 7.

KEOWEX % Fig. 1 18T, AREEIIKRKRET 7 2~
Uy MEBEEN-Z2EL LTS, BEESEOMEIZA
SUEDFEIR A 2 258 L DD, NEH ORI =B
NZEFAMULCT — 7 REIHDZ LTS 7 AV EERE
¥2. ZDTIAvEEGAEN A EMGERRIOT 7 X
v ZNH B RAZYIRIIIRE T 5O KRKET 7 X+
Ve MNEETHSB. TDTFXv ) XNIZFig. 2D kS
BRI & D H 8= 7 2L e B &5 IZHLD T,
IhENLTT I XV ARICHIEADE 2 EHHRA S %
ZLILEDRRIET I A~ CVDAPEA B 2R H Z &N T
x5,

Atmospheric
gas flow

High
voltage

pulse
e

Plasma gas

flow
Precursor s,

———

Membrane forming
on solid surface

Fig. 1 Diagram of atmospheric pressure plasma CVD
process principle

Table 1 Atmospheric pressure plasma CVD process
conditions
Membrane | Atmospheric pressure plasma CVD .
type Gas Nozzle extension Post processing

A Nitrogen 4.5 mm
B Air - -
C Nitrogen 4.5 mm Plasma oxidation
D Air - Plasma oxidation

KRRIET I 2~ CVD QU % fii 3G iid 7L I =
7 564 (Al 5052) HEAEM & F 72, REGRENITIZEA
FICKBREFE B Z b T, Air ZFRHKA ZIZHWTE
WKL 77T X v A% WK E Y TRIIIAE L2l
VEGNE % AR 2 U TRV 72,

KIZHMDSO ZHIEREME L L7z KKRET 7 X~ CVD
WP % 35 Z 0, JEMEEIZ T 7 A HEEE IR L 72, KR
FE7 7 X~ CVD WPRIISEHR A A KU 2V LRO
HENEL D “HHEOLME T IR, XbIZZhZFhic
HUTKRET 7 X~ CRALT 2 %L AN A 728 D & 1
K L7z, 29 LT Table 11I/RTF 4D 4 5 2 )i %
B L 72,

BRI, B—DEMFORKRET 7 X~ CVD AT
WEIRPHS A 212 Ne & 7z, A TFig. 3D K H 12 H /3 —
J ANy LB KU TIROEEER N ZEBINT 5 Z & T
7T X HAFNCHTREPRA SN A EE 4.5 mm R
HcBE X B 25 L TCT LIy afeRmbicys
2 il (A) 2T L 72k & 15 72,

Plasma gas flow

<—— Plasma nozzle

<— Cover nozzle

Precursor ~ ' (Precursor flow path)

<—— Precursor injected
into plasma gas flow

4

Fig. 2 Plasma CVD nozzle (original form)

Precursor

45mm 4.5mm

Fig. 3 Plasma CVD nozzle extension
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BEOFMEE U D 72012 RS 7 212 Air #H
W, IERERE & AN A ) D F AR 2 AL A L
TRAET 7 X~ CVD W% I Z 5\, 47 2R (B)
AER L7 DLEZDOWBE T 5 2~ E k%% Plasma
voltage: 283 V, Plasma current: 13 A & L, / ZXI)L5E5H
5HM&E I £ TOMEE4 mm, AFHEO 7 2B EEE
20 mm/min CTIHJE L 7z.

EHIC I EERR (A), (B) DRIENC Air & 357X
HALEUTHEREEZT I XV H A% iR OEA & L
2R & T TR ) % B LALPE L 7=l (C), (D) %
FNZFIER L 72, IR{CAEIT 7" 5 X v ARG % Plasma
voltage: 301 V, Plasma current: 20 A & L, / X)L H
MR L TOREEE 7 mm, / ZALFEEEE 20 mm/min
THEE L 7.

4.2. 5 ZEDHEIR DR

ERE TS (SEM) 36 & O R SEMEE (AFM) %
FAWT, # 7 ZROBIROBIEE 5 LT OREH & OHE % I
Zk-o7z.

P 1 & — &3k % F O 72 57 iR il 1 & 0 iRk
A3 (Si0x) HIE DO YL R e & 5 2 %5 - 7-.
FATE 7l e LT "NaXN— 2 DB e —a %M, 5V
v L LT Bak, Y VL — 2 LORE TGS %
FH 7=,

X BHFE T (XPS) #HWTH F 2K DICHEAT
A ME Lz XEItE LTHEL T L I =Y 4% Hu,
pass energy 160 eV Tk Z & - 7=.

Advoua~v b 2574 —EERCTH I ZAPEERED
REBEE S 2 e Uz, BRI 1Ry 4 KA o
VAT R O AR & SR LA U 72 50K} % B fit &
&, FAE LA 2 & T ) KIFEICWIN X & TA + v
0w bS5 T 4 TP ORFEREENE L 72 KEBREE
FESHM A SR L 2R MRS 72 0 OB & L CEHR
L 7.

4.3. S BB IEAEIC &£ 3 BiEMIES

RKHAETI X< CVDAEELL 727 L2 = 4 /A%
CFRTP 2 BUEEBEHAO LT v 7Y = 7 g R % 18
L, RMEOMEE B I G572 7Ly 848K
B L LTE, KRET 7 XA B2 hbhhr 738
D, K (C), (D) #RMEIZTER L 726D, BiFrD 7 » A%
RAHO 72 O e E LR 2 i L 72 8 0 % v 7z,
SR ML T E LT, 674 1 > OFHAH
7L — F MY A XA R 3 WO EZ 7L I =
ABEEHLZDEEE L. —2F L —FILClEk
KU A 50 pm DFEZE 200 um ¥ v FD 7Y v FIRIC
HEDAAZE R D, WD =D BHRERILEEREE 7 L 5 ) IR
12 & BB T & 0 il 2 5 4 2 DR LR MIAUR K % B

Zho728DTH 5.

BURSEHA R, 84 v — METHURIBEEIWTER Z
o7z KIBIE 100 X 25 X 2.0 mm QMR 7L I = 4
Bl EF vy ET 4 NICky P TEBFig. 40Dk %
HESRAHWTE I k577, F v 7 4 NOKRZEM %R
Bibr & BRI 12.5 mm HRZEMEE L, 2Z2i2h —
ARY 7743 (CF) %15 wt% & L7z CFRTP 7L — F
D6FAaryXLy bELYYAEE 260C, SRS
160°C #* 5 180°C, R JJ 30 MPa CTHHIRI¢ 2 Z L1z
DTN I=ZTLEERE 6 F 4 0 VPR ERASH
727w 7Y = 7R ER T A 5

ETOREBIZ—AKHEIZDONT n=5 IERLTT v/
Yoz 7 HRE BRI L 72,

SEM 6 & U'x 3L F — Sl X #5006 (EDX) % v
THEWTTR DEIE I KO TER OIS K B DR iy
DORExB I k-7,

4.4, BABEREED 6 F 1 O Dk

o A S X #2337 (Grazing Incidence X-ray
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Fig. 4 Process of joining by metal insert polymer
injection molding method
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Table 2  Property of atmospheric pressure plasma CVD glass membrane surface

Process conditions Membrane properties
Membrane Atmospheric . Water contact | Hydroxyl group
type pressure plasma prosg:;ing (atoz/i?‘;: 7;?:& %) angle density
Gas Nozzle ©) (mol/cm?)
A Nitrogen | Extended 1.3 160 Unmeasured
B Air Normal - 0.8 80 Unmeasured
C Nitrogen | Extended | Oxidation 0.3 2.5 1.4 x10°
D Air Normal | Oxidation 0.6 43 2.6 x 107
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% Table 2 12787
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Fig. 5 SEM image of membrane A (left) and
membrane B (right) surfaces

Fig. 6 AFM image of membrane A
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Fig. 7 Positron annihilation lifetime spectroscopy of
atmospheric pressure plasma CVD glass
membrane
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Fig. 8 Molten polyamide 6 behavior on CVD glass
membrane surface
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Fig. 11 SEM image (left) and EDX spectrum (right)
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Research on Production of Cellulosic Ethanol

— Development of High-Efficiency Yeast Strain using Mutagenesis and Selection and Self-Cloning,
and Study of Entire Process —

+ | oGO %o @ zT
Yoshiki TSUCHIDA Norihiko TSUKAGOSHI
= =] ABSTRACT

INA KX ZOIEA A R L 4 5 5 N, A 4
J = NVERET T X 2D ERRLC R L s B, HEWE AT
TET TREGFERAPCR 28§ FEBE IR & WESE L 72, MEEEICI3E
ity ru—-=VvsolleEEHY, WiEOMAEN
RWHEEICEH CH B2 2R Lz ¥ T 0 -2y
F, M A TR & U T OREW O 2 W RE 2 i T DA T
Wz ThB.

INA K ZER AR L 2 BRI &0, T oOHEY
BADMMEE T 5 ) = VREBPEROWE % &7z, ZOH
FRAER—ZIZ TV ATALEE I —¥BEXOT LI — LT
v eyt —EErE LT 2 u—= v 2l L7tk
3, KD EREOI & ) — L RBEENAIBEL ko 72,

R T a v ZHETIE, IEWETH S 7 =/ — LD
AR AR 254 4~ ARG & R U, TR RALEE
S KOREEE L 2278 A2 w727 a2 2T, 1 dry-ton
DA—=YZAb=3»5 213 L DT J —LEALFEARET H
5ZEERL.

A fermentation organism capable of producing a
high fermentation yield in the presence of inhibitors,
necessary for the realization of increased efficiency
in the process of production of second-generation
bioethanol from inedible plant biomass, has been
developed. The construction of the organism involved
a combination of mutagenesis and selection and self-
cloning, and results indicated the effectiveness of this
combination in the creation of fermentation organisms.
Self-cloning is a form of genetic modification
implemented within a scope that makes it possible to
treat the organism as non-genetically-modified.

Mutagenesis and selection using biomass
hydrolysates increased both the organism’s tolerance to
inhibitors in hydrolysates and its ethanol fermentation
yield. Using the selected strain as a base, genes for the
expression of transaldolase and alcohol dehydrogenase
were enhanced by self-cloning. The developed strain
was able to produce a higher concentration of ethanol.

An examination of the entire process led to the
discovery of a biomass pre-treatment condition that
would control the production of phenols, which act as
inhibitors. A process using this pre-treatment condition
and the developed fermentation organism would be
able to produce 213 L of ethanol from 1 dry-ton of
corn stover.
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Fig. 2 Schematic diagram of bio-ethanol production
process

Table 1 Characteristics of fermentation inhibitors
Countermeasure
- Inhibition - -
Category | Description | o e Pre- | Fermentation Genetic

treatment |  condition modification

Phenols | Hydrophobic Damage to Suppre_ss - -
membrane | production

Aldehydes| Oxidative | OXidation of _ _
enzymes, etc.

Dissociation | Damage due to

depends on change in -

pH intracellular pH

Overexpression of ADH
to reduce aldehydes
Overexpression of TAL

subject to damage by
acetic acid

Fermentation
pH control

Organic
Acids
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Fig. 3 Schematic diagram of production of
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M), FEEICROI EE - 72, o &R T — L@ Y
vITNE, CS BB TOFREERInT 24 KRR E 72 KR
R ORTERE Z W ENERELL, X & 7 — LRI &k 54
TR 11 % 47 - 7. RIS BB a1 4 BRI L 7=,

JSVEERED ADH IR KB L C 8 HifdH 5 Z L 5T
W3 W KETHEILT 5 ADH OEEIZH 725 TE, Kb
MNIEFHTH BT &, 7LTFE FEETCREAHDZ &, #fi
BERDO NADHAKATHESHEE SN2 Z L 2 BEL, SV

BEd> ADHY IZHHFIPED B AR OB (A T Bl 43858 L 7-.
ADH 03Iz &k b, 7L e Fiifkn k& FERGEE DR
E&EHS 7.

TAL # XU ADH s#fbix, RO FNETIT>72. 74w
TuFUvBERATL - T, HRERIZX D KREOD ) ¥
VHESRMR AR ) UV EREREA T F Y v 52
VBT ANRFY T —X¥E D VT EEET urad ICE R
MASTVWBEZEZ LN ura3 DEEIZEE Y ) OV HE
RPED R ¥ KU TAL, ADH Ot 4 [l B 12 fH IRl £
T X<, Fig. 5 12784 DNA WrH 22 A L7z, TAL 21
EHAPOMD B RBO 70127 ) ELTILTF R F-3-1)
VBT Furt—¥oruEr— 2 5EHL, ADHIZIZ
Fou—2HFERORERBILEH>TFu -2 42
A—¥OITuT—4&f\np L7 Tut—2i3H
a Ky B 1000 bp &L, #—3I 3 —2iF#&bka ry
TUiED 400 bp & L7z, JPEEIRIZIE Zymo Research tEd
Frozen-EZ Yeast Transformation II % i\ 7=,

37.BRELUELT77O0-ZC DR

AW TIEN), fib 6 &7 V=7 RKEHE TELEE L
7oA F v 205K (RS BiR) = v, Bz 17> 72 B
2D, Fvuo—2R7 ¥ — 2K EDLREELEED
Ak, FERERIAE A O, TCA BIFE~D PG A HIR
12 & AR KO 4 s — L EFERR, PR
WEORRER KRG EDIRE D > 7= Z &H, BMEFITEZD
BRD 4 & K1 — LT S 3o 7=,

LR ERRIC, kLT u -2V ik B TAL B &
U ADH #ift 247> 72. TAL 5 KU ADH ORHENZH
ZFh2f%, 1000 EREEICHMLAEZ %, FkO XL 7
20 —=V %47 5728 Real Time PCR ikl CTHfEiZ L
72. Real Time PCR @ % v FIL##1Z, RNA fliifB L O
DNase ZL¥#IZ RNAqueous-4PCR Kit, ¢cDNA fE5!Z High
Capacity RNA-to ¢cDNA Kit ZF\), RNA &I Fast
SYBR Green Master Mix Kit % i 7=,

YT oa—Z v IRRO A ZRa — AR BIE, XY
b =2 VRS (PPP) Mg T3 225 h0,
TAL BLORI R & 7z, A2 5135812, XDH
BPPPORIMLL s 5TNDEI EAREINT.
4 lo> ADH 31t TiZ NAD™ fitf5 & 2 #4%° L XDH O#fE

;== Homologous Sequence ~ Homologous Sequence
Meyerozyma ! i :

guilliermondii e=—{PRM [ ura3 | TM =
i !

Aura3 i E (Promoter) (Terminator) i
(Uridine auxotrophy) 2 3 [TV ==
< !

TAUADH  Redrru] urag [ Ho% [ TAL [ H e | ADH [ =
overexpression

-------------

Fig. 5 Schematic diagram of DNA segment used for
self-cloning
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i &H-7 (Fig. 49 200, BFLEHHBRMD & 455
B o722 EAURE X7z, ADH OFEES 1000 {5
IZHAL TV BIZ3 DS XDH DK MLt v 2 A
Hohkhro722n»6, ShlEl L7z ADH 2392681213
NADH RN Tl o 7= L HEE X NS,

it L 7= ADH ORBED 51, FEFEONHBHZM S »
DT VNGV ANEC B Z RTINS, HEFIZEL
Toa—=y SHREBO T & ) —LER ST T LT
B2 ENGhotz. TE ) —=AMHETO X 7 =X 4138
W CANIH 7228, BIO#E D TAL % X U8 ADH 58tk T2
RO EZRL TS Z N5, SR LT 0 —=
VI TREPKRORENNS Y 2 L2 Lo RB Eh
2. DX RO T VT v 2 A, RICHTE
Fh & 47> 7z

4. HREEOMRE

4.1, B L - BBE O

LT ra—=v RO R ) =LK T 2521, ©
&) =ittt &2 FaHwe LEHERET> 72 &
FnT, B, YL 7o a—=v 7%, HHERDOZHED
FENFE % Fig. 6 1287, REARICIE 20 w/w% O3 —
VAN =N TR ALEE U 7= B & B 72 BRI AR
WA Ty LI —2%63.2 g/, Fvu—2%
34.5 g/L G728, ZOFEK» S DT & ) — L OFEGEIE
1%49.96 g/L &% 5. FERAIENE 3 HE: OvETEE % pH6.0
IZFHEE U 72 BT 96 BEETT 5 7=,

TAL 55X ADHO Y L7 7 u—=V s DATIE, PPP
P, T4 7 — LA T &2 L, EREmHEONFRIZL DR
T2 S 2 RBINEOR LA, BFEHICKD{EEXhz
DEEZEZ D, BETHIRZ & HROMARIC & 2 FREE T
fEomn LEEZHELZAME I Y T FOEL AR Ehz
EEAB.

Mutagenesis and

Self- selection
cloning

80 Wutagenesis

and selection

80%

Fermentation yield (%)

Wildtype 1289  1289TA K2863TA

Strains

Fig. 6 Increase in fermentation yield by development
of strain

42. R — LTy TREDMERE

AR TIES KL AEORBE 2G0T 2 7 — LV
TOX AL RFETEOZr =T v 7T, 14
NTEE DR —E, B 2 v 7 THOEEIZ & 3 Hik
ANDA A=V ENEEELD S S, 5 kL 7ut X Tid
1289 ¥k & [AkIC RS B CHFE L 728k 2 vy, RS BT
AT 572 2 A, XD 1 L 27 — )Lk & 1T
FORRERNLZ (Fig. 7). KREHW AL L 5 kL
EFTCDZT =T vy THURRTH 5 Z &BER S 7.

4.3. B SOEETRIED AN & REREEER L

BREC X DREE L 2 R O — R A2 VT, Fbi R
A=Y A b=ISDAT) TORFERRAET 72, SFF
PR RE TOREBRD 720, 10% LI EDOFHRE D & DI,
FREPEATRINL CHAE L 7=, Fig. 81T/ D, Bl A
@< BB ICONTRIBPCERIZK T 5. Zhidiih ol
BRSNS A Z & &, BRI, TAabbHL
FETHTH ) — Ik BFE#205Z &, MiBHEOHEIC
k5. EBRBOIZ ) —ILRED T A iE, BEEFRORE
WIZEEND T X ) — LIRS ERT.

FEWEUNER & BRI 2 2 b X ¥ =410, &kTuv 23
2 bR—ElE LD T4 V% Fig. 8IZmmL7z. 2DF4 Y
CEWEEKI A P TOLy ) - VEGENTTREIC K S 72
W, BEINED T 4 v & ORI (8%) DR % H
W, Y7 ou—= Vv SHROBEMEZIT - 7. T ORER,
RIS T ORFEEE D] FIZKII L 7=,

HERMIEADOIGE LT, ¥ 77 a—= v 7 RICE
T4 = VIR A R L 5 5 HEME, BIRE 1%
DOWEREEHNTIT > 72, ZOMRAEFET 5T 4 ) —ViRE
DR ERR SNz, Zh o OdEF» 5IE, FEREEORESIC

Strain 704 with rice straw hydrolysate

Results
[ 100 \
Growth ~
25 80 \\Glucose
> 20 PSS 5 k&1 L
2 ST e X
g 15 / = vl Ethanol
= - yiose \ _e—22
8 10 5 kL 40 - . =
S s / 20 \‘\A
0 Y A
0 100 200 0 100 200
\ Time (hours) Time (hours)
Experiment condition
Fermentation scale 1L 5 kL
Jar size 2 L vol. 5.5 kL vol.
Biomass Rice straw
Sugar conc. 12.2 w/w%
Agitation Rotor blade | Pump circulation

Fig. 7 Comparison of 1 L- and 5 kL-scale tests
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BT, BRHR RS, e nw g ) — LRE L
EedborLORETIMEMIRINL &I, &KE
LU 7250 5 TR CORBERMERER L2 XN 5 Z & AR &
ni-.

44, 2 ML R DE & HBEEMERER L

NSV ALY T =24k DNAER@EH, x2K0—24
RS R A L, RREROER P L%y o & @3 58
PRI & G A Tz, DORER, FEEE U 7= FBRF IR A TR B
LOBEIZZ P L ZBBEIRETH D Z AR XN 2 b
L A ERBIBHEIE R ED A L AR L CHkD4:
FEXSEDTH D0, LXK IHFELZDZ L 2
D—RE&%x3.

RIS A b L 2K L TREE Y, RAEMIcE 528
EREEL72T 4 7 = LICKDIER L THREDK T 585
A, EIREOT & 7 — VI REE LTS HAWH S v BBk CRife
MENTWD, ZO&S RAERYHFICKST4 ) — g
PEE TR 2 53 2, $abbiiblfice g 7 — LA pE
EREBEERHDZLICKD, BIREL Y ) - L EEFET DR
BRPAMETE I EEZONS. ZORAD D ELT,
TAL 5 XU ADH IZNA T Fig. 4 ISR YLK VEET H L
A5 —-¥ (PDC) ZifbL, =&/ —LEpEROE L%
Ho72. PDC 3 TAL 5 KO ADHBLBEDOR b L%y &
EHS>TNBIZENALRT — ARSI DRBE I N7
WThD. ZOME, PDC Osfbiiicxt L TEEL L ) —
RN ELTED (Fig. 8), =& 7 — L EEAFHEIO
—EHA R T X AR B B,

bRCx & 2 — VAEREEO B R & DF T B 2
EB A ML BB EMIRT S Z L THEDERSZ 4/ — L
AT TE L& 7 — LRERBE AT DRIk HETE,
8 = VINEOE L B LEAIREEEZ 6N 5.

Mutagenesis and selection (MS) only
B MS and self-cloning (TAL, ADH, and PDC)
@ B Additional MS after self-cloning (TAL and ADH)

100

—~ 90 \ Ling 5 S
é fConst’ 6%
ke cntpl"od .
© UCthn
= Cost .
§ 8| 1\ \__ Separation o \>
= Mutagenesis\  solids and
< direction liquids applied
@ & X\
: SRR
() NG
- 70 N 1/0%
SN
NS 4%
N
% Q//"é
O,> )
60
5 7 9 11 13

Sugar concentration (% w/v)

Fig. 8 Dependence of fermentation yield on sugar
concentration

5. RB7O0tX E2INE

51. EEMEHFREEDHTE & ATLIEEERTE

Table 1 IZ/R L = FHEWEIZ D WT, KE OB A5
H 5 REERNL 72

F & PR W T O B R A, IROBRIZ
LU 7=, BEREFHESI RS e E 2 5 B Ak, %
B A WL D2 ORETIHRML, Z OMFEEA%H#N
7z (Fig. 9). Table 1 OO 7 = / —JLJH, 7L 7k NS,
EREBETCIIAEA = X LN FA D T &0, IRIEE L
— 2 IR [ O IR D BIfR & 22 T IR D T I X T
W3, ISR S, KHEFWEIC & 2N RE
FAIND ZENTE S, HlZEHMIZE LN S 500 mg/L
DT x/ = LOFBIZLD, BWIEE AR TO
0.6 RS2 4 5. FBEIC 1000 mg/L DEEFEORBIZ LD
BAREHEEEAS 0.35 55 & 2 B 28, IS B el X B8
FHEAN R EENTOM, $/4b5 0.6X0.35 = 0.21 5T
VBT EBZ LB o7 TOMRIZLT, BELEET
BB RS AT 2 Z L2k, KO AES

Growth rate at 24 h

0.8

0.6 |

0.4

0.2 \
0

0 200 400 600 800 1000

Phenol (mg/L)

Relative growth rate
Degree of inhibition

Growth rate at 20 h
¢

0.8

0.6

0.4

o2 X\

0

0 500 1000 1500
Acetic acid (mg/L)

Relative growth rate
Degree of inhibition

Growth rate at 18 h

0.8

0.6

0.4

Relative growth rate
Degree of inhibition
@

0.2 O

0 S = =
0 2000 4000 6000 8000 10000
Furfural (mg/L)

Vertical axes indicate standardized growth rate.

(Culture OD with X mg/L inhibitor + Culture OD without inhibitor)

Typical examples of phenols, aldehydes, organic acids are shown.
Optical density (610 nm) at ca. 20 hours was measured.

Organic acid concentration was multiplied by the dissociation constant
for estimation of the concentration upper limit, in order to reflect the actual
inhibition effect.

Fig. 9 Estimation of upper limit for inhibitor concentration
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Table 2 Process conditions

Dry biomass ground to 3 mm pieces
Mix at ratio of biomass : 2.5 % w/v Dilute acid = 1:2
Maintained at 170°C for 10 minutes

Corn
stover
Pre-
treatment

Dry biomass ground to 3 mm pieces
Mix at ratio of biomass : 25 % w/v ag. ammonia = 1:0.7
Maintained at 80°C for 3 hours

Rice
straw

Substrate: 16.4 % w/w
Saccharification | Enzyme: 0.4 mg/g-BM
Maintained at 50°C for 72 hours at pH 5

Substrate: 14.0 % w/w
Fermentation | Sugar concentration: 6.2 % w/w
Maintained at 30°C, at 28 mg/L/h aeration for 67 hours at pH 6

Saccharification and fermentation changed as follows

Quasi- Saccharification: 72 — 20 hours + 4 hours cooling
SSF Fermentation: 67 — 76 hours

Process hours: 139 + cooling time — 100 hours

3R EERL 72

ZOHEEEZ, HHO - DIC R HEYEIRE ORED
BAEHNTERY, $22TOMEWELHERECE LN &
Mo, TOREIZIRAYH B, ZO72DLTE/8T A —4
ELTHD, N TXA=8T 4 9T 4 VIIZKBEEA LA
Ko7z £, MENLIEICOZ)EESKNEEL T =/ —
MAIZEELEZ 72 ) —LDO—EBEfEE Lz, —ARICiHE
SIRBIM N D A4 5 — FROGEWOEE L —EfE &
L7,

ZOHEEIEIZ & » T4 F = 2R OLFEE DN 7
Y ARRET S A[BEIZ s 5 72728, BRRTPIZEF S B p-o <L
Bl 7>/ — LD FREAED . 7 x / — LIS
WS RP B ETFREIC L AR L <, BAEREZINA S
WIS H 5728 Th 5 (Table 1).

B3E, B RS I 2L — Y 3 VICKD WAL &
(R, W%, PR IS X 2BHEME L FEOREROM
RE KD, HEWEFAEED LIRMELL T THr oM ES %
<75 &5 i % E D 72 (Table 2).

ZO XS ICHTVEER L TREE B 7=k 7 a v 2 D5
&, FREFE OB EY R ERIL 29647 U CMET % Z &1
0, H IR T T & 2O A AT HE s R T
EQss

5.2. TERIEE & BEINE

BN, A — VAT Y ZOFEHIZIE,
BILMOIZ M EY Yy BRBEEEINDE. ZDOICI3RH
M EARDENBD, &5 THEOMRIIHNTHEONEL D
FL = RF 7 m3AMRE 0. ThE TISBX7=EY
BRIE & BRI OBROML, FHIEE B 3 720 1o fi Lz
FRABPT L P — 23 Z FBPIEITE A0, BERE
BWEBONBERT Z ) — L K ER T 2L ¥ —
PEKICEDEEDOBIRTH 5.

ZDDETa v AFMEE L L ZIIEERIZ P HE
FEATBNDINT A= FZLT 4 &I, IX I
LM AYED Z 212 L7z, Fig. 8 1278 L 7= RUNER & fiirs

EEAE IR MR EEIZADETA VERS L,
ARETRT IR 2B U 23554, BEE 11% FE T
a5 X0, FRRIE 725 8% [ECRIEET - 7207
MIAZAPTA4 VIEL, b= La X iz oh3sZ &
ERY. AL TA VOERL S, KFHRE oI 2 H
WIIERAN D 5 Z LR ENTED, =4I D
—EOHRIIE AR T 2L F —RE D 2 N OHIRD 720
12, &0 SRR TORBEED A LA NBIEE 50 5.

5.3. #2 SSF 7Ot X1t

INA K TR ) = VAPET Tt 20— & LT Simultaneous
Saccharification and Fermentation (SSF) 2% 5. Z i3,
[Al—RAN TR L E = & 7 — L RBEEFIFIZITS 2 &
2&D, Ta e 2RE ORI TTREE Eh T3 8D TH
5. iz, BT o 2R%ICEE A ST AT ) DF F
JERE S D4, PEALE & JEIERE 2 f0 5 C & [N o7 Bl LA &
HIKTZEBDT, 4= v L3R FOEIRIZDOAH B,

SSF TI3HE & D S & [l —12 L TIT 5 A%, AT
THIWZ-BELRER O sl (50°C, pH 4) &, MR OE
WS (30°C, pH 6) TIEZENKE W2, ELFELCEHT
DOFALRRHIBFER TIE LW, 22T, F—54HN Tt
¥o KU & B RIICAT O UE SSF & Maf L7z, 3L 27 —
LOHEMREZER L, 20 BB OERELO%, Bk
KU pH FEAITV, RBEEEZRMNL T2 ) — LR FE %
To7-. #8 SSF Ik D, 39 Wik & i DRI A
K5 Z LS L&k -7 (Table 2).

5.4. \EINZ

INA AT E ) = LOYENE B LT 1L F — NG I3
TR T & 7 = LHBUNO T a2 212 K& KRIFL
TW3, RABNSA AT E ) — LOYWBIRK 2 EET 51
$7-0, NREL LK — | ©&BEI12 L7 RRERGED 6 2
82V BRI S K UOREEITH) 2L THE T O L 2
DEIFNF —EMHIGTE 5 LINEL T, WG %5
L7 L7z —Y 2 =itk lu—22 A3 L
T — 2T 57 w/wh G ENTWBEA, Table 2 D5
T CRERBEL 21T O BEINE A 63%, UE SSF CTHREF 1T\
FEWENE DS 86% & 50, T DOH%OAEM I K UE L4 &%
5L A< 2 1 dry-ton 25 213 L KT & 7 — )L
Rohsathie o7

6. £&O

AWFZE a8 L T, ROFEREH7-.

(1) AR LEE R 2 R—2 352 212k, JERRA
WkWE 2 3E KT 2HT 4 ) — L REER
ARG /2.

(2)tru—2kkU0ANIXv Lo —2E5HENGET
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57 w/w% D32 —>Y A =% 1 dry-ton HW\ 72385
&, Mgt L = BER OFH & & RO &0 T3,
23L D4 ) — LG5 h5.

72, ROKHR A7,

(1) FERF IR ORI, E(ATHIRZ L BREOMAE 2 HR)
ThHZEEmMLT BFIOBEROALZMIRZ 57210
T, KMOBMREEDAEREL Y by -0 %
ROWENRBIETH B 7D LRI N5,

(2) ED &5 02 & DT & 5 7 He e FEWE R M 213
HENTHEL, A7 2[R K THEERE L7270
Y ZEHAORBERANBETH D, T at 25N %RE
L7729 A CTRFR RS IV D 5.
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Research on Production of Cellulosic Ethanol
— Creation of Novel Saccharifying Enzyme —

o oK BT

Shigenobu MITSUZAWA  Maiko FUKUURA

& KT #ol it
Satoru SHINKAWA

2 F

L — 2R F a2 = LERIZE STE L
Fy 2 D—DThH DHELIERD T A+ FRBED MR
T, MR BT Z N OMKIRIC AN 72 G A % P47 L T
vy, BT LR 2 R L 72,

iR REU A T, B AR 2 G L a0 ) V)
B LIRS v 7 2 EREEL, 6122 DEMERK T TH
DR BE TN I BERYT 5 Z & itk k-
R,

EpE T 2 MEWIGHA T, =4 7 —WVEETax 2T
SN v AL RFIE UTCHIH L, Edh s b5k
ThH B FEEEFEAME LA vy A MEpET o & 2 &5
MU, ThERBETE 54 Y F LR PERFE RO R
IZHRIN L 7=,

PLEZOoRBIE, N4 F T8 —IVEREIZ BT B REL
R A KT 2R A RO LW TH 5.

ABSTRACT

The cost of saccharifying enzymes is one of
the factors hindering the practical use of cellulosic
bioethanol. In an attempt to address this issue, research
has been conducted to create a novel saccharifying
enzyme, in parallel with efforts to reduce the quantity
of the enzyme used and the cost of production of the
enzyme.

Reduction of the quantity of the enzyme used
involved the creation of an original saccharifying
enzyme mixture that did not include any unnecessary
enzymes. In addition, genetic engineering techniques
were applied in order to substitute an amino acid
sequence in the enzyme that formed the main
constituent, increasing enzyme activity.

Reduction of the cost of production of the enzyme
involved utilizing the biomass employed in the ethanol
production process as a carbon source, and employing
an onsite enzyme production process exploiting
solid-state fermentation, a high-efficiency production
method. An original enzyme-producing strain of
Aspergillus oryzae was created in order to realize this
process.

The two outcomes discussed above represent
new findings with the potential to reduce the cost of
saccharifying enzymes for bioethanol production.

1. EANVE

LA & 5k S D FRE R CO, PEHYEHIR D BB EAN D K
JGD—2E LT, WAL I H ) —=LhdH D, aff&ihsFH
TE3FTUFNAF TR = IR IR LT, JE
AEHAEMMET S L — 2R F T 5 ) —)L (BE i
) & EZAHIESHEA TV S, BELEEEIZ, v — 2%
INA XV AENBRL, REEFES T X /) —LVAEREDERNE L
THHTE S 703 — 2 &24Kd 5 KI5 % it 2 R
(& V2SO B Th 5. L v — Z I35k kS & H -
THED, MRICELROBENVETH S, HFEX -5 —
*  FERERNE v 2 —

% ok UG R&D £ v & —

https://doi.org/10.69239/hondatechnicalreview.2016 28 2 15

NEEMEHBEED TE LR, 1EEOF Y TV R4
T & — LTS3 REEERICINRT, 10 5L Lo
I A, B NP ERE U, LR DO T X b
N, ko —2RNA AT a ) = LVERLOR LSy 2
D—D2kL->TW5,

T ZTHRAE, MEOFHM LMK X F 2FEBIL S 55
{LEBER DRI % itk U T % 72

KESCTIE, FRORAS W, BEIZ OV TR S &3
12, MR L 22 A B LS 3R B & OVBEAL Y 3526 PE 1 O PERE,
T2 PIRIZOWTHEHL, FROBIETHE SN A%
BB,
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Table 1 Composition of enzyme mixture
E EG: CBH1: BGL: EX: BX:
nzyme group Endoglucanase |Cellobiohydrolase 1| Beta-glucosidase Endoxylanase Beta-xylosidase
Cleaves out .
Cuts the surface of : . Cuts hemicellulose Cuts
) ! cellobiose at Cuts cellobiose . . .
Function crystalline cellulose reducing end of into glucose into xylooligosaccharide
to create nicks cellulose chain xylooligosaccharide into xylose
Original A ; Th Th I(
organism cremonium ermoascus ermotoga
Weight
percentage 24 47 24 4 1
(%)

2. DR S\

PLREZE T 2 M3, 1 LT g 7 — L AT 57201
il %232 CHEHAM:¥/L-Z & =)L) TEHTZD
BNV FT V. T3 LRI MIIKRAD LS, BH
T¥& 3 (Fig. 1).

ZZT, AEERMIE (g/kg- /31 < ), BrligRA
Yiffi (¥/g- # VIS2H), DS + < ZADFEEEE (kg-
WL /kg- /34 A< Z), E L (kg- MY /kg- TC), F:
R E (kg- =&/ —)b /kg-HE), G: =&/ —)LDLE
(kg/L)TdH 5. R, KA FEFEBTIE1 kg f A~ 2
MWHEFESNDEI A ) —LETHY, WAL~ ANE T
I — ZANDOZEHR (FHLHR) 2 E0 7270 v 2O MIEEM L
MIPEER D b —EEIZEE D, LT, BEa2 1+ %
T 3720002 L N, FANRBSThIHHRELE
EFEHAMOR TH D, BEFET 2 MERIC I, R &4
Hifliz NF 5 2B dH 5 Z ENnnrb.

A2 CE Z O TN 5 T, ALFRIZER R &
HEXE L 7. BARRICIE, ISR A HiV & LT, SELRY
FZOMBEEE b X 200 A%, &7z, 4 B {ER
EHME LT, BERAEREEOEREE 218 X w2 BHlA %
1T 72, WELIE, T ZFNOMENE &GS % NEIZ 3
T5.

Enzyme cost

for 1 kg biomass (¥) A X B X G
DxExF

Ethanol produced
Fig. 1 Breakdown of enzyme cost

from 1 kg biomass (L)

3. {EHEEEIHEA

3.1. BRIERI v 7 XD{ER
W LR L, A OS2 70 7, ZE) R, REFHTSH
BN F 2 AWML T B -0120Wd 5. TENICIE, Z

no OWAEY & KERTE U, FHULEER % i, e LTl
M9 5. RIROWMAEDZH 30 FELLLEOREE % W 1253 W
LTk, ZThoD#EIZFig. 2 & Table 11T T &5 &
R LOOBREER DL —TIZRELFIT 5N 5.

[Fl—2 N = FIC3LHHOMRVIET 52, Zhid, A
REUCAFAET B 20k 554 &~ ZPSHIBT 5 7291213,
DUTOMREN R 2R SV EE 55056 ThH5. L
2L, TEMINA X8 ) —VEEET DA, TOK
B B34 &~ A3 —FHICRE T 5 Z & 83—k T
HB. TORE, LEERFROMEEIZHN 30 &0 & KIRFIC
DR D S, DFD, 4—F vy P EeTEHENALY
AFEIZE 5> TIDBEN R VEE AR+ H < 2 LT, #H
wAEKKT 2 Z L2 H- 720 KR TR, 7= T KIC
BRETSZETHELR T VI D ICHLEE 2L 7=fib 5
BN AV AL UTEBICHL 7.

EALRER A/ 2L T, ARAIRIKRT 2 Z &N TE
BV EERRAERGET 272012, RAGZT7LE=Y
L, —FTAAA, ¥—F b —H M5 MY 3
DT BIEERETE D 5, Fib S IZRHL U T IEEL 2§35 % BF
BRUZZIER I v 7 ZOREIZHHA 7. BEROENIZIZ,
Fig. 312 T & 512, KBRS ORI M D THr ik
L, ZD, fiib & LR TH R & 53 % IS 5 TIE
EREOBETZE L L

HUHADFER, Fig. 2 & Table 1 1Z/RT OO L —F
25 ZNEN IET O S EHZ T TRk Eh 5 Iy
7 AEAEEL, 512, MBRGOBRAILEZ 2 THib S

Hemicellulose

Cellulose

Cellobiose OO %.Xylooligp-
saccharide
BGL 9

BX
Glucose © O [ORe} Xylose

Fig. 2 Functions of components in enzyme mixture
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BB A 1T, s LA RE L 72, Fig. 412, FEEO b
LEEART. /54 < AMHLIETE & BEk A LR G Eh
TVBRROT L EZY AORFE L B L 22655, 1
255 FR L2 L 2R L 72

DIEO#ER? &, MEKAREREH < 28T, HR (K
W BT EATED LN MYIOMEEIRHAE LT &4
G & 7

32. BEOT7 I/ BEH

WIZT 4L, BRI v 2 2 BT 2 R BRI
A EXEBZZEICLE ZOTHE LTT I BERE
AR U7z BES T3 Fig. 5ImRT &5 5a—ED 3KIC
WdEaLBR)INETETCVWS, ZORYTIZE VIS
BThHO, TOWRET /)BT I /B THDH. BEREMIK
T27 3 /BT 20 FEATAEL, 2DV THRD
3 RITCHEE R B M e S h b, RIROBEEL DT
3 BREHI DA MO BN Bk X h B Z & T, MEREK
T RIETHARHENER LIZHF S T25A085 52 L
Mo TS, FifiTREEL 724 O FILBELIFES v o

AN
g Fractionation based on
difference in surface charge Further fractionation of B and C

g I ™

A B C D EF

Saccharification test I] I [ -

Repeat until each effective

- - . fraction contains a single enzyme
= A: ineffective B, C: effective

Activity

Fig. 3 Scheme of enzyme selection

w

]

—_
1

Weight specific activity
(arb. unit)

o

Culture Synthetic
supernatant mixture

Fig. 4 Specific activity of novel enzyme mixture

Fig. 5 Molecular structure of CBH1 and cellulose
chain

2D S5 BERMKI 47% & FH G TH S CBHLIZHHL
(Table 1), 2Bk % 17> 7-. Fig. 512 CBH1 Oy TH&ETH
5. CBH1 &7 2 VBN 550D AaM 72K ~ThD,
s b Y AL &S BAERE S # D, Z OZEFES O
R EIMmER K E LBAEE RO T I A ERAEAL
L, 2hs EIEARAZIERT 5 Z & TRl a — 2 gin
ZOZEWICROEERN, UMrEhb. 73/ BEHRD TR
BGADOBIZ19D 550 THD, 2 CET AT B &
WBHRERTRETH . 22T, wu— 5L f§ 52
RO 7 I /B30 FETE2I LV E2—KET ) VI
THEL, 87 I/ BETIhITNT 7= E0H RO T
JBIZER L, WO L ERNZ. 7T = VITERETO
7 XIS LT, Mtk k& R E e DT,
EHETO 7 I BAWEMEIZ & 5> THEERE S 25, 75
SVEBRTAZETHERNM LTS EEZ 6N S, e
LT, Fig. 6 1284 X512, 30 HOBEHIKD 5 b BEHaT0
KR (Wild Type:WT) & Folg U C @i Ze i e fk % 3 fd
HUfS T & 7-. Fig. 6 121, MEMED LD &R L 2. B
HOETLIIM AL, NO62A 13515 62 /FHD 7 2,85 F
YINAETIT=V (A)ICERLZBDERT. FHZd ok
LEEMEZ DX, WT O 7.8 DIEMA LD Z AL
M5 7=,

X 51z, Eru— Z28A CBH1 OZERFERFIZHD A &
NBMFEE DTN I 2L - 2 YV THBLZ#E,
WTiZkWTtu— 2L KRKBEAL T T IV BE
TIZVICEMLZOKIEMEE LS TILET, BRI T
N u — 2 ENEBICHD AT EEN TN S Z &
2, ZOWEMER FEOFEKNTH B Z & AL L 72

Weight specific activity (arb. unit)
o == N W A 00O N © ©

NO62A R289A K203A WT

D281A D201A N125A

Fig. 6 Specific activity of CBH1 mutants

4. H B MEREE &

41. F Y4 MEETOLIDER

MECRHEL 24 ) VPR ERT A L CAMET 572
WIZ, WAIEFig. 7R $AEET v 2 28I 2. d@H
DTt AT, WEIZEERFIZEZ 28 EHE LT
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B A RO, WARIRRE T8 5. Tho i3, B—a i
B OMEE KRERET -0 TH 5. e DHNI
INAKX T ANE TR J =)L EEET 3T 3
MREFEETIILETHD, HREEIA VETFETO LR
EPRET D (X 94 MEFE) 2 & T, Rt BRI OR
bz s 7 —LERONA F v 2 &2 RS LTI %
Zenage b EeE L T, N A ZEHERTH
BT LS, FyHA4 MERICIIEREEID &, EES
A % 2 EIA % Bl X 2 A RSN AN TN S,
[ AR BEEE (WA BG 2 & JUE U CUR IR 53 D BEFE (R R A3/
ILFLW, WETZ FMEIKTE B,

42, F ) T FIVEBEREEREDELE

Fioxr vy 4 MVEET X 2 A RIS 5720121,
ZHUCH L 72T E R BT & 5. ARWTSE TIEET & &
L7z, AATIZHERHER 4 & OFHE & MELE 2B W TR
O 22 BRI SR L T B . i, BET
MR ZIC K BHR D 7/ A0, BRI A F I ST
XN, AKHEN WL RS e Tcx 5 %),
BRI OER S D, KAZETEOZIY) —=
YOICET U B 15 MHAE AT-L, b S ERE# T
R 2 IR U, i BilEn L0 g O & #ER L 72
WIZF % 13, mmﬁ%itﬁfhéiﬁf Hil 3k D
CBH1 Z2Z DD ) 4 DNAIZEAL, e EsrZ L
12K L7z (Table 2). —J5, RO 7= L 2= fthDd i
B3I VThE CBHL #EpEL A 572, 2D &
5%, AV UFNAERE L THEHEZEE L2 EORR
MR &z,

EH5I12iE, ZOMEKRDOET ) LS| EREE L, 7O
W o, RS WEHETSLEZ2 0N 585 T 3HHEHE
ANBICHHES 5 Z & C, nwWaEnm EEX -7z, fERE

CeIIquse

Hemlcellulose

Biomass Pre-treatment

Part of pre-treatment
biomass

Saccharification/Fermentation

Table 2 Comparison of candidates for enzyme
production host

Organism E. coli B. subtilis P. pastoris A. oryzae

Capable of
phenotypic Yes Yes Yes Yes
transformation?
Capable of
solid-state No Yes No Yes
fermentation?
Capable of
CBH1 No No No Yes
production?

LT Fig. 8124 & 912, HAW-SL ) Tfibh 2 R
Hepk RIB40'WIZ T 1.5 0 CBH1 EpERE % Hiobk %
W45 Z LD L 7=,
EHIZZOMROFEETANIZE Z A, N X~ 2K T
HBH)V Ty LWEEET B TN T T — L EITREh BT
BROWAEM O A B FENRITKH LTt F> 2 &8
Aotz WAMNEEL 24 O FLBREERDO T IL T
7 — Uitk %2 CBH1 ZEPE & 4 FRHE12, RIB40 & Hbik U 72 4%
B2, Fig. 9 TH 5. RIB40 TIE 7L 7 5 —WAFHE F T4
PERAHY 40% TR T L7=—J5, £V Y F AR TIHIE

Deletion of three genes

Production of CBH1
(arb. unit)

HONDA

A. oryzae
RIB40 strains

Fig. 8 Production of CBH1 by HONDA strains

Fermenting yeast

= Distillation =——> E

Ethanol

Glucose

Xylose

Crude enzyme together
with culture medium

_—7

Merit 1
Use of biomass as nutrient (carbon source)

= Reduced nutrient cost against use of
high-quality carbon source

On-site enzyme
production

Merit 2

Solid culture

= Reduced cost of culture
equipment against liquid
culture

Microorganism
Salt nutrients (Enzyme producer)

Fig. 7 Scheme of enzyme production
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EAETINT T LDOER L, ST ]ADX) VS
B LA FERE O Z O UL, N A~ AR #EAE TS
FRICE T RELFNTHDEEEALONS.

TNT T — DR % 7 L F K OSHIRENYE O
SR RNA fBHT, X 2 R0 —2) I DR L =4
R, MFENOEL Z bV ZEIBEE L & V78 7 B AR IS
ENBAL L 20BN S D Z ERHE NI E 572, Thb
DOFEFIL, WHO AV OBE» S S HELMR L W
A5,

2 ;
T i HONDA strain
m ———¢
O = i !
G S : :
c 2 1
Qo
B ®
8=
e)
o
o

0
Furfural 0 0.18
% (W)

Fig. 9 Tolerance against furfural of original strain

5. X MR

Pk, BRI L OAED 2 MEROHGHA A %
B U 7z, 2o Tid, BEHADORH 2 22, Bk
P AR AW 72, ZhoDlidEL 5558,
HEEAEIZ NI IS0 T, mRMICEREIZ N E T
MBI 2k (Fig. 1).

KANDEILT — 2N, T2 7 — )LHO—HE0 2 TR
RO g VS BEEM D OWREEGHEL 22 25, &
EERE s & DIFKIRO T 7 LB = A DR & 1T RS
Tho7. KR THEL-ARMNMER v 7 2ERROT
I VEZY LAOREERE R LT 2.5 f50WmMEE S > T
%DT (Fig. 4), HMIZEI 54 2 &, A CHLkEEZE 130
I R B SR A I D 1/2.5 T, i
RO TH 5 MY I FIL I E TSR & H C 4R
R (HE)THBZ L6, IRICHAMAREC &35 & Fig.
1256, ROz b 1/25 &5,

fEBLL 72T - & S B\ A CBHL O 7 3 ki i
R, WT O 7.8 {50tk % & D Z & 2% 5 7z (Fig.
6). CBH1 WT 13[#£ 3 v 7 2K ERD 47% % 595D
T (Table 1), Z5 i3 CBHl Ik & iawith e 7 3 7 g
PikEMi> Z & T, BMEI v 7 20MEEEHRH DD, B
HE41% (= 47 - 47/7.8) HlWk T, LEdLFAMRICEZ B &
IZ Y 41% KK T & 5139 Th 5. FFRICITR S mEEE
BT I BEBRAIIHE TOAERMEL, BEI v 2
OVERRI AL T 5 Z L 1ETE Tk,

FUOFNEFEEDO T Z M A8, EE T u
ZAMAGF T A O THEZENIZITE R TE AW, L2, [UC
ERET v 2 B ET IR, WA OREEL AR, &
MEEERTIAL b T 2 UK RIB40 12X T
15150 CBHI A pERA /R L TH D, HIZEH T2 &,
AFERUMNE 1/15 51285 L 02 5.

P Lo&ERE» S, R TMEL A OF LRI v
I ABXOX ) U FAERERERIL, S AT g — L
PEORHLREL D T 2 MEWRIZHS§5 Z &tk Tt 5.

6. &

YL —ZARNAF TR ) = LDERLETREIZ LSS
R K3 2 P EFEROFB A HIE LI ET > 72, SR
ELTLFORRER 7.

(1) RROEMHPEFET DRI v 7 A0 5 MEL S FER
EPERRLCAM v 7 A EMEL, RROT 7L %
=0 ARG & WO U 7245, LIS AR 2.5 f51C
FRUZZEAMRL. EHICZFOERSTH B
CBH1 ©7 X / Bl % EIR$ 252 & T, M 785D
fb g M BRI U 7=,

(2)F V¥4 VEFETO X A5 FEBLEZ /4 +~ 2
RIS AT O A V) U T ILEER LB R AR & HESE L
7. ZOMIE, BREHERE RIB40 12T 1.5 {0 l%
R PEREE T,

UEZODRERPS, WA X2 7 = LEFEICK T 5 HE

{LEER T 2 b 2RI T % il g & /-

A7 CW L 72 Bl B, 1980 R LIRAEE A H
PELUWEIEFTHICHRS & 2 AP KRE V. 5%, BREIR
IANE—DANOBEIZ BN TE, 6 O3k Fl
(2N RN R (N

SE XMk

(1) Humbird, D., Davis, R., Tao, L., Kinchin, C.: Process
Design and Economics for Biochemical Conversion of
Lignocellulosic Biomass to Ethanol, Technical Report
NREL/TP-5100-47764, (2011)

(2) McAloon, A., Taylor, F., Yee, Y.: Determining the
Cost of Producing Ethanol from Corn Starch and
Lignocellulosic Feedstocks, Technical Report NREL/
TP-580-28893, (2000)

(3) Toda, T., Sano, M., Honda, M., Rimoldi, OJ., Yang, Y.,
Yamamoto, M., Takase, K., Hirozumi, K., Kitamoto,
K., Minetoki, T., Gomi, K., Machida, M.: Deletion
analysis of the enolase gene (enoA) promoter from
the filamentous fungus Aspergillus oryzae, Current

Genetics, Vol. 40, p. 260-267, (2001)

— 115 —



Honda R&D Technical Review Vol.28 No.2 (October 2016)

(4) Machida, M., Asai, K., et al.: Genome sequencing and
analysis of Aspergillus oryzae, Nature, Vol. 438, p.
1157-1161, (2005)

mE Enl

b

e K A5 FEHFR AT o

— 116 —



Honda R&D Technical Review IREZES
R il
FAE
aEe M
I BA
E= H
ey R

Mi#m R&D+ v & —
T R&DE Y & —
“Hi R&DE V& —
MHR&DE Y & —
Mi#m R&D+ v & —
MG R&D & v & —
“Hi R&DE V& —
HA MUdis R&D+t v & —
JERE & DUim R&DE v & —
M Atk SRR 2 v & —
FH izt v VR&DY v & —
TR i R&DE v & —
Kk MG R&D+ v & —
[iERIN MHR&DE v % —
i W& R&Dt v & —
ok IR RN v 4 —
Ligm| % UG R&DE ¥ & —
FEARAKES UG R&D &~ 4 —
5 M2 “HmR&DE V4 —
HH B U R&DY Y &4 —

A 4

WEWHH T R&DY Y X - EES
MNHR&D Y v % —iXEES
MUl R&D Y v % —dhi X RES
B v 4 — R EE S

WiZet¥ v v VR&DYE V & — X RES

Honda R&D Technical Review

i 5 7% A

Mgk E o NNSEI A5 Tk 0, JeklE % i &
L7z b A T E . F -G HOTE oo 7%
ZE—=FIE, EEY T4 OBEEE 2135201584 T,
Moz 2 <AL ZFT T E g,

FE Y T 4 O TIE, HIERBREA OB % 5
BT 284 2 RO, EH0RE & Sbet 2%
AL 728 7= R ORE A IS Z 5bh, Thb
IZREEHFMRR Y —EZNOHRD A E B Z b T
WET

T4 HBFIH LT 2 BUEOFAI A N EDES ) DS
BThHD, ThoEHATHL ZERMHTEIHD £
TFh. L2 LRLAZENERPREDOHINMEEZBA 5
<, Bk, Hire s Bl Oz 5 2 &
IEEBTHEERFLTCET. Z U THFEL -8
Y- 2, MHOPDOAL P SN EELWET
FHMi X E 3. 75, B TR S =55l & o7
89 535& LT, Honda R&D Technical Review & K
ICHEH LT LWEE L TWET. ez EL, &
AFREEmMERD, EALTFHETHIRL 205, 1A
NDZ L DALIZALS Al THE 20 B E g,

(P AN~

©2016 BRI\ HE AHEEARAIFZE AT (550 b i i)

2016 F9 H1H Vol.28 No.2

AT
RITAN R
LTEIN
LRl

FIV Nl i

MRt AREBARTT
x  H Z
Honda R&D Technical Review fiEREH S

T 321-3393 WA IFEATEMN] T SRR 4630 F b
At AREBAZEHT Wis R&D Y v & —
FIAIE G CHEHS
TEL 028-677-3311 (X %)
Tr_randd®@n.t.rd.honda.co.jp

FAX 028-677-7775

T 351-0024 L ELEG i sk 2-8-21
A A FIR R 2 AL







Honda R&D
SLA_dEA ) JHLIRD Gﬁ’.,[






