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Styling Design of 2018 PCX

L A N NERR W% AB?
Daisuke KURIKI Hirofumi YAEGASHI
7 = ABSTRACT

PR PCX OFH 4 VidEHEX 2, “RHEIGEEESE
HaEh7z, WFhoFHA v 2 OFEFIZ I h T
7. WRHOFHMEE LT, WFhoXHELMEX 5
TlERL o AAA ) U TF v LT[ELEEN
ME DB EN, e, BEL O fmEEfEL T,
FENLEVFAEEF > TWBZER, 4—7r vy b ET3
Y=y POBEHEERELTH 72 &) —DDOEELHE
KL LT, HEOHWIEFORI NS Fohz ZThb
EREKT S0, iz HfHle L2244 ) v 75794
v MO o7 a v b, VY FHEA v, FIE A R
LAY PAEDFHAL Y EEL, I PCX OF
A4 VIR5ERK L 7=,

Regarding design themes of the PCX, “elegance”
was set for the first generation model and “innovation”
for the third. The vehicle designs based on these
themes were both well received by the customers.
When the design direction was examined for the
fourth generation model, it was decided to pursue
satisfactions of both supporters of previous designs.
Based on these considerations, “beauty and power” was
determined as the design theme. Also, a requirement
sought by the customers of the targeted market was
to have a distinctive presence not overlooked even
in a crowded traffic running with other motorcycles.
Another important requirement was the convenience
in daily use. To fulfill that, styling design featuring
curved surfaces, front and rear designs appealing its
distinctiveness, and the convenience-centered design
for the handle bar and its neighboring area were
implemented. As a result, the next generation PCX
design was completed.

1. BC®IC

2009 FlZFm I 29I PCX &, Z2h & TD 125,
150 cc 7 2 AD AT — 223 hotz, TLITLY Y b
4V 2 =gV MEMTEL, HRPE Z kb,
HAHSRIZHBWTE, 125 ce 7 7 2 (Rt f@y 7 2) i,
HREDODH S0 5 AL LTRMEh TS, Zhid, K
IZERE I N NUlGHE & £y MITX 3 RBHE Lo
B XoI3MMBOR X 5 L, e 2 28 X
58D TH%. PCXIFIZOWHIHBHL, Mo 7 20MhET
LA ET S, MIffifEO®ENY v 7 v Lo
WHEETHETLE LTHIE SN, ZOHR, @M
FhEFHAMNE=—-ZIZHERL 2T TEL, &%
Wiz T E I ErE S & LT i ahsz. 2L T, BF
ReIZIE, TNETORZ 7 Z0O8BIZHL, a8 v i
BKY A THDIZD 5720 EHENRS A E, EOEFDER

WV NEEETT ) MIE Y S veer 1N
% Honda R&D (India) Private Limited
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Al 7z, HADSAO & £ K aEICHWTE, TR
EEOIIIE DAL 7223 T~ 2 5588 50 7= (Fig. 1).
AR TIE, 2018 12 Y — 2 Eh MU H PCX 220

THRB . AT A v =M % Fig. 2 1R
Fig. 312, ZhF Cizpgifb S h7=9fk & =fKH D PCX

Global expansion in many countries

SRR o)
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Sales expanding in more than 60 countries,
with total production of more than 1 million units

Fig. 1 Global sales of the PCX
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OB AR, REFRICHL T, BRRORELE Y
L= LHEOEEELTWE300, THA VOEHIZL
TWENDOTAR TR Mh AnZ & &5 5.
MHRDOL < OEL TEVEHE 25 T3 PCX X, A
DAZAL N VI THA VERELDD, I & D
i) AN BROHBINTEZ. WThOETFILE L

Fig. 2 Fourth generation of the PCX released in 2018

Fig. 3 The PCX of each generation (top: first
generation, bottom: third generation)

Bk OBV 25Tk, ZTALEFLDTFHA VI
DWTERNME U TRETRZ RIS AN, 2072912,
RETRED LS KT HA V& BERICBREIT T 22 Rk
WBEDNH, RoTRE» 72 ZO LS miymod, UK
HPCX OF ¥4 VRIENZ L 5z

2. PCXICH U THEHEIEFLTWDRZ ELE
FHA

WRHDEFILOFHFA VIZHETT21I2H0, HRH
TRZFANRSN T3 PCX %, RO 6 filth T &
THZEZEN, RBEETHDHEEZ . T TR
ANDOBEAEWNZ, A ZDI—HFD—AL KBTI LEL
7 Bl ZE, IRASE NS AELD [E L o RO HR S A
2R, A—AHBRMOR S AL, 2—-F &5 TEORMT
PCX DHEMERET LI ENTE. ZTORBRAZML C,
PCX O FH & L COFWIFFOHEEMR, HARD L~
DODHIZEDESIZES A 5NTVBENIIDONT, Bilfif %3
WHZLENTE .

EHIZ, PCXDAA VTG TH B2 4126WTE, BE
DT IEDRMHEHBEENCZOWT, kDB S
HiigafB-nweEi- 22 CcEF o a2
TIGHEAIZBM L 72, HAE & 4 TORSBEBRBTDE WX
BEMKOENETFE2MB 2L, ZLTC, KEFLICHTS
BREZML 20 TH 5.

ZZTHRONZFWHOPTREEE LRI &I, 44 D
BIZEHSDOFLZ N4 7 2L THDDEF L FRT L2 L
Thot. WONTRTIHFEITZODOBE AL DS, —
DEFATFA XA, =23 RENTH 5.

9, NNV 3 OGEERBIE, EICHE < OMNiRE L
A ARAE L, HARDOWMM 3B A 2B AOMEE R L T
Wiz, ZOBBHIZRWT PCX X, D7 72 4 TD54
RO Ay -4, BE—4H A L EIKRLT, ZDAE
AHIBEIZEEAITE 72 ok a7a vy bR kE
DX DAEE ERY 528 % > Tn/z (Fig. 4). ZOTF
TEDFRPES D AT A & A &E &8, [EICEMICA
COFIEERIGE D Z L TREMWIZEDENEDTH 5.
—J, D FE ST PCX DHBRARITIZ, ZD&S 5%
BRERCENENr 572, Ny F T4 MY, 7—LF 4 b
DERDPFIh 722 & H, GEP L E D25 (Fig. 5).

W, HIEL—-FOH LI > Tahixf->72. ZfRH
PCX DA+ —=F7T, 2 4HiHIIHB T2 PCXDL—4 v |
2—Ekb, 30RBEMEDOAL V22 —-DHlEFENTTS
(Fig. 6). PCX O &IE, HAD 22— E[Hkk, FIic
B TH 72, F72, PCX THRIXUIZASTWBEERT
A V]IEDZETHo7. TDIVIFTADAI —ZTHD
55, EAERED 250 cc 7 T AD AL — ZIZATF RO
KX &, BT EA TRMMOA Yy — &2, TLFH VL
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BAAAN VT H#HALTONBEPRITA->TNEEDT &
72, BSOS T 2B DOERIK, A2~ A XN =
DWFHIZEEHNS. LAL, ZOHAZVA Z/8—=D 12D
WTE, BROZ—¥RIAT 58 EOMIZ, /257
EOIR S b7z,

AW, “EEOPERE, BRI K o> THER
TEXLBARL B 5L (Fig. 7), HOOHAT 3 & DI
KoTmET A A RITHAL»H 5. T4b5, HFD
FEETRL, FMOBRBICHFE LAV E WS Z &0
T5I72b0 A RS E S,

Fig. 4 View of intersection in Bangkok. Front area
design of the PCX is distinctively standing
out from other motorcycles.

Fig. 5 View of intersection in Bangkok. Rear area
design looks less distinctive.

Fig. 6 User survey in Bangkok, Thailand

Fig. 7 Parking lot exclusive to high-end scooters
such as PCX

3. KB PCX TH 1 > DRAR

PCX #7HA4 v $312h=0, BROFY¥AL v &, Th
LARFNL CE B AMET S 72012, IFITRT &S
AR T S & 7z,

1. ZAZA) LT EFEVWBFERETTVA >

[Personal Comfort Saloon|# F—7 — FiZ, PCX I&i¥
R LA L U, RS HIO BRI BT UMl 2 $2 40 L
T i, 707 EHARERLICIRGEE S R T
%72, ZfRE» 51, MADOREE % RIZIGE S h, i
AT £, BLEHIENTHEEAL ¥V MEng
hoOETE ML Tz, PCXIZ, 125 cc 7 T ADH A
X, EHEE, Yy b VRY Y a3 VEMAV LMD
=2 TH5b. THIZKD, WETAMEAEC IR
& TERE T T A VAT VALK ERLTY
2. Thbb, PCX 37 7 A5MAAHEREFH VLT %
Mg 5 EnS, HEN-RHE L TEA UKHE L
THEDLVBEMIZT 272012, TNOFEREHOET
iz LoO, Moy b7 b LTI TE 20
YA & MRz 72, KR PCX 794 v AEBLZWE
FBATe. T, NV FLRED, A —2FR, WERERY 7
ECED S, MmO EOKRA VO TR
TR, ZZA NV VT ELTDTHFA VDA EST, flisT
DHENTHA VER#MT I & & L7,

32. BXZX &1 > JNDEE U EOAENE

BERO PCX NENT X 22830, WRHE L THEE
ENBZEAN L ERIZOWTHIF TR LirL, ZH
COEEETE Sz, 284 ) VT OFAMEDIEITIEEE
MAELZ P, =REDZ 24 ) vy 73 zhshicm
FatErsd o, 2hFhoFH4 VicdLCHEAD 7 7
VEF S T,
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VR PCX D244 v 73 B X #£BL, £< DA
b ESE. ZARHPCX D224 Y v 27iZ, kE
IZLED Z#HWA R EAENARBTL, 2O7 94 ViTx
LTREL T ADYH %157,

ZZTCIURHPCX 2794 v 35Ilh>TiE, Th
SEVNTHhOTFTHA VAELFR LT ZE s LIl diid L
T2 T 5 K5 %, YIROBERX & ={H DK% Hf
B>~ FH 4 VicLzwe#E % 7= (Fig. 8).

33. B PCXFH¥1 a7 b

WHPCXDFHA varve s ME, [ELEE M
e &N (Fig. 9).

ZOTHA 12, PIROF > EHEE & =HOF> %
HEPETIA, EFEOBRIURED A 24 ) 7D LV F
FRMUZ. ELXERILVIMRORLLF -7 —
FEBHE L TERBT 2125720, AF—HiRIZOENRS
MAEAMNTEL L ARBT S5 5T, JIBORERKL &
HAHEEEBHEAE L Zhickyd, Biiczr e
M EFEBLES &L S5, K7 —v A T2 T
B, KTKBEETRTONN—=YDFTHA VI, FLEE
FBAKMTSEZ L E L.

3.4. BHTH A FEDHA

FHEA VIZRHTBREDOLA N =2 F 4 @O B 7280
12, RIEDFTHA FERZAZTAZA) VORI EEBZ
Kotz HRAANZGTTREAL, MRPDOANLDEMEEZT A
B5ZLT, INETED, W ZH7a— " LIZHHT S
FHEA VEREBT 20 TH5. [ELI LRI [0S
THA Ay T MIHL, KL DOREMEE 2y FIZERBL
LT 7z, T4 F e e R ilmEinEL,

The first -

Elegance

The third

Innovation

Fig. 8 Styling design concepts for first and third
generation models

Beauty and Power

In the mass, modeling with a sense of tension and flexibility

o

-

Fig. 9 Design concept for fourth generation model

WA EHIZSEDLWT A Y OFEBUZMT TEEA D 7~
(Fig. 10).

35. &7 L1 EF LD

WRHPCXDALZA Y VORI TIE, EHEE I3 R e
D, 284V VYT A7y FOWREEFLTIZ, Kfrr A4
EFNMCETFTHILLE L FTATT AT v F 0L D
MY, BEOKH %5 2% 572, PCXAIRIEM: 4 15Kk 4
LRmM T L, HADAWNAEXA53I2—-4ThH5.
RRADREOAR ST, MHOBERIZK T 2 FENMEEH
PR, —f, KERTE, vy ryazy 0%
BIZPED, T —ARORELAEA =2 -8 Fh
TV, T7A TN AT 9 FERETHE, 7L -0
RERTFT—~DBLSH, EFWELTLES. 2070
ABAN VT AT FUPEBIZT VA b e, fii
WIEFR RIC 0¥ L % 2 il VW EEEES, 74— v
TOVRIIZEDS L) A ZEREZHBLOEL 5.
Thbb, TF IPREL IO AEEBD, ZONMH %R
REB7LV—2savE—3 v &1L, SEoaHE
ISR EREEL INBZEMET S, SHEOPCX DT
A VB TIE, 5 F CULEICHIECE 8 A BN &
LARLETEDIEVWERLE 2. 2079, SN A 24
VI FYERNZ VA BT Y VO EFEf L EO
IR 2 — L% Hi-8, EOEnEZEEET, HD
EBAGER L CHIEA B 2 50, HbIZ 7L — AdE
W HTR AR L 72 RIS kD, PERE L S ELOW
VERDENG, THA VEMOAHE EHERL o7z,

Fig. 10  Discussion scene with designers from various
countries on sketches, and sketches they
prepared
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k¥, SROFTHA v ERDBIZHZD, 7L 4 ETFTIL
EEMFEBNLTRT —HOREEMRAL 2. KET L
IZHEWT, TERHEORT - W RS - mRE, RN
T, MCERRT A2 EE T 3ICh 70, EANEH
BHEHDOISE =V, FHEAFTORLWVED 1Tk > T
BHhEPREET B =012, BN B TSR B I k5
7= (Fig. 11).

3.6. AXEFY 1 > X7y FOIRE &I IKREBE

ZH LB, 774 F LA v FORENELZ
bt BT THED T2 LA BFICKMT 5 Z LI
Kotz BEINZZr o FREEMZETEFrL YDV
T DTH -7 (Fig. 12). M, THA4 FHE 27 v
FIZE, Fv 2454 VHBARHEICRBE R THW5, L
L, PCXDT 7 A F AT v FIZE, Fv¥v 532784547
BIEEAEEL B o7z, —fRIC, BEEDS 4 Vit
EMORHIZK>THEEND. Thabb, MKEhsHD
BRI A vOMWEERDS. 27y FICEHh=F Yy 5704
FA VI, BHLUZOVHE TSR > 2R EEhz 54
VThBH. INFTHTELRERIBVTE, 54 V08
WL ALDHOUWEEFHARD, ThaE 4 FIZLT
BADVEREMRK L2, L ZAD, SHIRREhEZT 74
FIALZr g FINE, FXxTIEIAvELTELLLND
TAVIREEALLRL, IR TOEBEFESERAL LW
(Fig. 13). 94 VA FHL2 D LT BH T ENTERND,
KD I T -2 a EFDICHOERET Y o —
LU, o TIHIBZIEREAERDIR L2, ZDHE S LN —
TANLERSTIV F TR M EERLANSGE LW %
BRUZ HICHBARBICHE O, BB EK %%
B30 [0 24, i EZAINERED S
LT A 5EDRSEEZ 2. H O Mo kK %
BT 50, ANERREOFmHAEBEIZLEZ. 20k
N SEFNALERIE, 27 v F AT TEERINT
WEWERATO RN 2 FATO 27280, Zhzs R 510

Fig. 11 Preceding clay model in photographic views

taken indoors and outdoors

DML S ELET, MOWEFMBEIZEZ A ZLIET
ERA LN

X560, HMBUCESR SN B DL, THA VOEL X RH
LEDATIE AW, MEROBEHTHTEEZ L, 2
NCHERB LU, JMRWARDBARE S ZED > T L.
TR RO X S ICBEC E NIk E L TR 5 T,
SAZHNBLTEROMTHS. ZOEIIZ, IFADODT
PEHEDOZEAE 74 4 ORFERBEO WL 5 2
TLEIDE. FHITVLIT ALYy M Y27 =2 &Y
% PCXIZHW T, fhoif L T, FHlnf o P

Fig. 13

Previous PCX models and final sketch (top:
first generation, middle: third generation,
bottom: fourth generation)
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EDDBITEELABERELES. LA ST, BFEDA7—4
£ 0B ZDOERITRL L.

ZEDO PCX DFHFA ViZH\WTid, MEBRICE->TH
LEERTBERS ST, —F, Wka®xr 5324274~
EHiZz R T —1E, N EOBRGHImROHIN A D 5.
ZOEHIZ, REHOHL X E, 54 ZFOPSEMEOM . %
His L CHat 2 ER T o 72 ARSI TSR O
ALK, CEIFABRABM SN, Thb 2FEED
MEES THRAET 2 Z L #FDIRL TH I &0, IR
HizERWZELT\Wo7z, Fig. 141227 V4 EFLDOEE Y
N BRSPS, 2 b ANOTHRNTH FRREE
L5,

37. 24T DE B i DL

PEDOTO v 2ERT, 7V AT 2T v TETILETTX
SH7e. ZOBRREIZB LT, W1 TEEDORGMISEVIREET
OEAMNTREL 5. Z 2T, 7 v 4 EFLOBTIIXTD
RZeDTEuhro7, ZfREHFYA VIS 580Ex, Y
RE & U TOREMRCAE R A I8 5 BB AR L 7-.

ZFORS, fEETET S -DICEE L7 b)Y
DFHA VERBEL, £72, A7 =94 F ORI & &
SIS . 2R, W, —NHOR#E %
NENMIKL B85, WS MM bo72Z & %2{5L
LZENTELARA ) VIIZT B ENTET . ZDOH
RAE IR DB % Fig. 15 1287

Fig. 14

Before

Design changes of clay model

Fig. 15 Comparison of photographs of clay model designs before and after additional deeper sophistication
(top: before change, bottom: after change)
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38. HARINAEXZA) L TTFH A L DY

PRI 224 )Y TFHA v ORME, BRO
PCX D2 & A Y V7L L TN,

FER PCX 13, T Z OB ORI UG D 7 4 >~
FL Y EBHRD ARSI TE - B A h — T &5
FE U2, HRRIRICHh 2 RPEFADOF ¥ 72 4
FA VKR, ORHrTIL AV P AR ERS L TW5.
“RETE, PIRICBWTIEBYAZRTT A v EhT
Wz, Bl EFORTF %2248 &, 74 4L O—RE&ERE
L7z, RIS, v — 7 TIRD OBOIEZIEHFHE L, &
VINLTERVEZARA ) YL L WRHIE, JiET
BNz LT, FELEEHME WSROI L S % —
T — FAERBELZ. Bl OENB3RF =12, A5 —
AR IKTELNT A V&, JROBIZ KU X ¥ 5
EWAEB I o572 4 F AN —O5EI L RIE % A % A
A=V L, HIKOY ZPHEH T2 X 2 RBWICKEL
7z, XU, FA» 53 A FAN—hiDOEF A2 A 5 &
I, BRI E o 2 &L L 72 (Fig. 16).

FARFDYILTy MWL, FEXEKE 3081
DENHEEEL, TALEHERERORKENPCX L LT
DIFAEEIZ OB N> TRy, WMRH TSRy RELHF L
7= (Fig. 17).

Fig. 16 Comparison of designed surfaces of individual
PCX models (top: first generation, middle:
third generation, bottom: fourth generation)

=2 2

Fig. 17 Riders’ postures and atmosphere of
integration with vehicle body (left: first
generation, middle: third generation,
right: fourth generation)

4. YA T4 71—

41. 780> hFHT L

JERD PCX T, ZDFERE FRET 572012, FRiC
Jay bTFHEAL VIR EDLD E RS> THE B I 5>
TE 7.

UL, TaT7 Ny FIA4 b, 94 Vvh, KOV a3V
FA VA —KfLLz7ay bavExr—va v o4tk
KL, Zhhzay b)) 7OKRYEE D72, ZO—K(b
ENATKBOMEBEDK X XIT &> T, MEITIZ R OTEE
A RTZENTE 7 (Fig. 18 LB . =fHTIE, MIERK
NG RI X MDD H 572 LED 4Tk %, “dgdia
22 —4 L LTHIOTHD ARz, Bk % o 72 R
%74 V%, LEDIC K-> T&BInfEL, ARERTIIMAS
NEVEHOWHICE S TEBILE Zhick->T, Lz
T ATk 2 BT 5 L4, PHGRIEIc e HF 5 L
(Fig. 18 %), MU H TIX, EHBE KB~y FF4 I
U, LED MO Bl % 0 U 72, RO R AlE 13
KA TR ENEINTWER, ThEFEBLE-ZEIZES
C,IZE AR DE T H I N TE. £/, ¥
AVHIZOBENBEERY Y a3V I4 bEeETAVIRIZREX
o, FAEEEBRF L., E612, Ny FIf bERYY 3
VIA P EFEESKIIICERAONSI -V ERIET S L
T, vy —TEHIROFTHA VL, ZThETIZHEWEZ
SEERIET S Z LA TE 7 (Fig. 18 TEY).

42. )Y FHq

APAFEDO PCXE=MRELDE, Ko % 5 RN T
THEOD DT =4 PEFEHETLIZENHThi =
REDOT =L I 4 ME, WEOMEIZ TRfEX T/
LOD, REHIZEY Yy FPLENAERKR TS 72, 512
T4V HEFZOIMINCEE SN T2z, £4F 39

Fig. 18 Comparison of headlight designs (top: first
generation, middle: third generation, bottom:
fourth generation)
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BEIRIZH T 72 (Fig. 19 HEY) . TUfCH T, 4T AkERHND
[RENIZZNX—=Z 2L T, mARICR#E AT S5 372
WIZ, 7=, A by THER—T) TIZHH 2. Zhic
L0, BEHENRN T2 7200F A4 Y OAHE N L
D, E T BEOEGIZHOEmIROBIRIC K - T, R
Ty v —ThEHRER 2GR ENTER. 94 v HiT,
FA e THROMICEET 2 Z & T, ) YISO ERESKE
ICRG &, RUTRRO AR AR 3 Z L AT & 72 (Fig. 19

Fig. 19 Comparison of designs of rear combination
lamps (top: first generation, middle: third
generation, bottom: fourth generation)

TE). ZheOF¥A VAT Z &2k >, BlL 5 H»
5RZAIZE, IUCH PCX Th B Z &h, —HRZZT
THHEIZDP B LT B LENTE .

43. Ay 7y hTFH1 >
WHOMETHA IR I I2—FIZBWT, A —4
2K > TR SN 2B, BRRFICIERR CX 5 2 &, fiff
WHEF LETEHEETHS. WRHTIE I LTV ZIL X —
A EFRAL, B LOMLAERTLDD, ThEFTICE
LT Eom LA X 5 72 4 — 2 R x4 5 B
i, AE—Fx—24, FEt, BRER, ODO/TRIP X —4 &
L7z, Zhok, x—422=y bhREIZE L, kLW
WA, W, BRMICRETER LA T YN E LR 24—
VVTFNA VD= 2E A= RO TF A VicEh b
R EEE L, o4 vy — 213, A —2HNOEH
IZE LD THE L, MATFORAERAELR I LT
Wb A= AFRLFOT YA VIO, HiRELT
BEMENGOVEER RO TERERNEL L, 20O
WL, WEISXTEYA X 2E L, AX=V VIR &
W, Mo FIZ28) 72 (Fig. 20). $ 72, Mg &mIicH
WAHETIE, —ICHWSO NS 1727 A Y bOXF
IZHL, KOERNGEER2 72010, 1H#i%7%:0 33t
XY MR L, TV P FHEA VG, DI
WHONBT VAN TEIIREDEEDIZTH LT, {H1E

Digital speed

Clock
Fuel/ AVG
0DO/ TRIP

Fig. 20 Designs of meter units of previous and current models (top: first generation, middle: third generation,

bottom: fourth generation)
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&% BET 724 72 (Fig. 21).

NV FE, I oK E N TWANN—24 T L L
T2 IR, Ny FLREREIANDOT 724 ) OO (i & &,
BEMROHENETAZE L7720 Td 5. 91, = H»
Ja—5XyFONY FLEDIZHLT, KD PCX
TlEHEE gL Xy FEHEPE LT A VIZEHL
2. Y FLw =4 b OIRE, PIAH 6 =R HEIZHED
LDES7 UL, MRATEANY Py x4 FOFIR
128 Z272b0, K PEASMEEZTIEBL 72 (Fig. 22).

44 . 1>y b

SEOPCX ORFFBIZEWTX, =y Y vya2a=y MIN
4 T)y FZUYDVIREAFEODZ LR, 272 ) —F & E
Ty FIZKBFITANE) T4 bEAE, ThETON
J—2=y MIRLT, KiRsElLEEEL T 2h
IR0, 7o) —FEFbI vV VA y P KRIZE S
X BT HFA v ERiL, TOMLELRB L. ZhE
TOFHFA Y PL Y FELTE, NPT YIS — & 35—
EXIT ) —FHAN=BErNEERS R TH - 7.
L2L, WREHTIE, XL baySs—gLx7s ) —F%
—DDKRE/ S =Y L b A, ~REDH B TVA U EL
2. NAL T YUN—BN—F AL VT T L5 EDbYES

Fig. 21 Comparison of number of segments (left:

7 segments, right: 33 segments)

Designs of handlebars and their adjacent
areas (top left: first generation, middle
left: third generation, bottom left: fourth
generation), and handle weights (top right:
first and third generations, bottom right:
fourth generation)

vy =T RBIRE, I SN TS T =) — %%
C&E3MIREHAADLEZTHAL v E LT3 (Fig.
23). ATy yrya=y FEPCXDALLT, 5%%<
DOEMNOFEM % RAA TS, L7zA-T, Tyvva
= MHIKRTYE, ZOMEBREE o h /e LAad S,
EORMIZBWEATE 2= =Y f A=V EFKFOT
A VAT ZEERD 572,

45 K41 =)

KBFHO PCX T, REIATF 244 YE2FH L. Z
U, R —LDFTHA v hlH L7z, AR — 213
T ) LT TENIAL o THLIEIRE, [MlEs 1A
DEFE AR SEEL VLT y FEELE ZhETHA v
FoshRICK D, BEAMNRELZ, Bl 2& 2128 3%
LB B I ENE S5 £, 2K—2 0%, Bk
DESARNPE 8ARIZLZZ LT, MELL 7z & Z DE X % 3
L7z (Fig. 24). ZOFHA VY ETBI2H7=0, ilMEL =
FA =L EEBECRR Y, ZOXERELVNE I E
MR L, ZOMREREGEDELIKMT 5 Z & T, IRIROME
IZblzo TRk E B Z ko7 Kok, AR— 2 RKKOMN
i, FHEA Y LOMRE S5 LA TIRAEL, ) Al

Fig. 23 Design of engine unit (top: first and third
generations, bottom: fourth generation)

Fig. 24 Wheel design (left: first and third generations,
right: fourth generation)
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P25 MEAFREOETIE T, UV AOHENIZE E KL T
WA NTRBAG R, BfEA A =& gL TR
0.7 kg (Rt 4 —AAFHI) B T3z nTcE R,

46. h7—-)>7

NT=VvE, BHIEELEEDDH 5 LELHR
#HIEL 72 Fig. 251213, KEDOH 7 =74 v F v T &R
T BN AETHA VIZBTE 554V F 9T,
U= NV TH—UAEA A —DXEB L5 ICHELE. &
P IV = S 1)) RO AS | ADE A RS 1 -k <o
ERFR LU AN GFE Lz, FORROGHIE, U H PCX
DEHEERARG X720, BT LM EHREZ2ED %
T —bkhoTn5, YIILS—F, HOEIRSEL L Blh,
THAFTOEI L@ EERRL, $55&DH 500
FHMULTCEEX KL BZG@HTHD. 792, &7
4 ME, EOFEREIZBRALS BRI EFREGE L THRH
L7-.

ABAFIZ BT, HY ) YT VY VETLEEKIZ,
ATV FEFADHT =) VT ETHFA Y LIz HY
VYIYYVETFLEDENALER TS0, K75 —
BT TIE AL, B S— Y DO@ICE FAMA 72, SHl
S5FTHNRD.

BT
POSEDON

N
ASTERCID BLACK METALLC

47. BEETIVDER

INFEFTHRRZFHEELE ST, UKEHE L TOTH A
VESRE R, BRI OENBEBEROEL &, FiH
WEHHRE LR T —, ZOHREE®DLZHT—) Vo
EEDERIZEDLETHA Vo, ML TI b0 v
BB D T A VET, ThEATRTRDEB T &
THRH PCXIZRD 5N B AR L A& AR S ¥ 72
(Fig. 26).

Fig. 26

Completed design of mass production model

R-IT8M 1
AT SOUAR RED METALLIC

oA
WSTERDD BLACK METALLC

HYBRID

Fig. 25 Color variations applied to major markets
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Fig. 27 Color sketch and mass production model of hybrid model

5. Hybrid EFILDOFH A >

PCX N A 7V vy N, ZEgEEHEYIONA T v P
AT LEBWRUZEFTLCH S, 2D, N4 T ) vy F
EFLHEMALRTFEA v L, V) VY EFALLIGESH
B %5 %2720 -57. Honda’M 7V v FIUGHE & [F 7 W
4 YD Hybrid TV 7V A%FHL, Ykt 79 v F
Bihe LTOM AR 87. ZO-0 X7 v F DR
Mo, PCXUuITEDNT VAR, BEAANDI Y 7L LD
DL, B4 X2 OWTH#HET L 7= (Fig. 27).

72, A7)y FHEOA A=V IR T3, 77+
VI IT—ELLTOTNL—%, Ny NI ET—LTA
FDITA VR, V-V AT vF, A= F—DF —
FAY ML 2 HAGIEREISEWT L —&FHL, 7
IRV NT DTN —%F|ENTENLERETE &
W, M—EERI L, V=PI 9y YV AR—Z2D—FA
W2, VFTLA4X YNy T — &L THBH, 7L
Tz A AN Ay P OPIHZ R — 2 &R U 72 EHO T
A VELTWE, 2Ok, 7T TR ELMrn L
ZAILETREE ANLT VA VAT Z LT, SEkE &
LCDr* )7 14 % EiF7 (Fig. 28).

Fig. 28 Completed design of mass production
hybrid model

6. £&D

R H PCX OFFIZH 720, THA ¥ OaHlin s - 7=
IhETHOPCXDR X #8155, 25122 ho &2z 5,
HLWE A S o A4 HIEL 72, SRIOB¥ % W
CC, 794 TG L2230 nk 53, #iag s—
Vi EFTRTUKAL. WRHPCXDFTHA Vid, 794
VF = LOBRGERWE | R EEOE TR L
DHERIKTH S, AEFNIZ 2017412 AN F 4T %
Iz, 2018412 AFTo 14T 35 55 T AR
HOBEROICIZEHITT 5 Z N TE TS, AAEN
AEHE, IR, RO —%h 58, IfFFR%ELD> T2
FANSNTWB EEABNTWS. SEIO PCX ARG
DEBERIZOPOHEATOHEETAMIC A -7, A
ERHOLICHEDICRE TS, TRETITEZHIF T
72PCX 75V Fn, Zhh»sdthosE/KOTL I 7
LEAEDEELTEINRITE I L 200 6> T3,

SE X

(1) KARAET-, 23T, @Bt 2018 fFET L PCX &
KU PCX HYBRID DF%§, Honda R&D Technical
Review, Vol.31, No.1, p.40-47
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2018 Gold Wing ICH T DX =X T T AR L&
BRIEZXA vy FRAODT YA L HE

Design of Instrument Cluster and Control Switches for 2018 Gold Wing

H ok &
Taishi INOUE
= =] ABSTRACT

Gold Wing i3V —V Y 7HO @K E—- 294 7))L
ELTHBINS. TORX—R I F AR EWIEZL v F
HOTHA Vid, HREIMEREBCTIAHIZKAZD
RHL AT -0 OEBELBEETH B, 17T HE5D
DINEFILF 2V IIZH =0, L O n A
XNTHER, A =2 20 F 2 2 ICERENDEREB L2
4w FICK 2 EMEEHBBRITRIRICHE AL, 22T, A
IZBEE LA S TEROFR &2 D E L, Human Machine
Interface & L T—RINIZTFH A v L, ZhoDEENN%E 5
A LIZEHEIKE S8 OERG IR & & a8
KUZz, A—=2207 22 LERBEZ, TONMEDEL
2BV TE, PRPERARFRIZAEDE Tl S &, &
Jedi, WD E =2 A I NIZSEDbLWI A T4 %
FHL 72, 7 ORERE & h 7= BReME L SMBlO % L X oy
3, REIEDE— 2 A VL ERBBE LI LTS LA
ZUOOEREHIZEB L, B Gold Wing OO —# %
HoTW3.

The Gold Wing was developed as a large luxury
touring motorcycle. The styling design of the
instrument cluster and control switches is therefore
important in creating an enjoyable experience for the
rider through their appearance and operation. In its
first full model change in 17 years, the Gold Wing
was updated with numerous advanced technologies.
That brought significantly increased information
displayed and rider controls. The design goal was
set as an integrated human-machine interface (HMI).
The integration is made among mutually interrelated
information on the display and device operations.
That enables the intuitive operation and information
presented in the most natural way minimizing riders’
stress. For the instrument cluster of this particular
vehicle, a beautiful appearance is also a crucial design
factor. The design objects range the operation parts,
the surface textures and the shapes. For those, further
advanced designs were implemented aiming at the
relevance to the current generation and luxurious feels.
By doing that, we tried to make the vehicle worthy
deserving the motorcycle of the highest class. These
efforts resulted in achieving both the functionality
and beautiful appearance at high level. The design
contributed to the owners to have joy of riding
while satisfying the pride of ownership of a globally
recognized motorcycle. In addition, the design has
helped the new Gold Wing has received excellent
customers’ reviews.

1. BU®IC

Gold Wing i3 Honda DigEiky — V) v A E -4
YA TN THD. ZOEEEIT 1975 FI2F56 & 7z GL1000
PIRBIFEZ T 40 L EIZB &KUY, Gold Wing EWZH Xy
MR =203, WHET Y FELTRIMI TS D,

2001 fELIK, 17THESDDINLEFTLF 2V VLB BH

PR SRR A

1 Gold Wing DR EB Z & 512H 720, iDL L
BOMRAE, Gold Wing 77 ¥ FDRERAND KL &
EEEL, BRI YT FORFAK S Nz Zhig,
REFLETOFEHEXRD SIF X EZBK LT ZHERK
P 5k E AEAEYID, B Gold Wing DF>_FE &I
WAELDODE, IR S AED 72, BEDDEEE L5
WH S or =9 ¥ S NOERTH 572V 3 v 2T+ OR



2018 Gold Wing ICH I3 A =2 V5 A2 EIREXA v FEOTH A D FHE

B, EDOREL X LIS, OEOFFEED & R —
VU ZIZB T AENE S B RARDREL X BT 5 2
L aRD 7.

ZIZT, MEMDE—ZH A 2 NIZSEEDLWRT
iz OO —DE LT, B4 Y 7+ T4V AV b
(In Vehicle Infotainment: IVI) DFFEEEFHE 2 & &k 7.
Bl, AV IrT4 VAV e, HREBEOFRME A
HBLEMEOIHTH 5. KFTIE, IVIEZhiZEDOb
% #4E%, Human Machine Interface (HMI) ¥ X OF, Z D4}t
BFHA 2 ONTHATT 5.

JER D Gold Wing i, 1980 -0 GL1100 LARE, #IZE—
AL oL UTRENRDL — 7 4 A5l & -
(Fig. 1), &72, 2006 4F (LK, HAEPIL 2008 4
ETFANE)DVA FF L VIVRIZIE, E—2 YA 2L
LCRMRYE KRS GPS T —v 3 VAEMEML, 4+ —
T AKX —RDIVI & UTRA Sh7- sl - 7.

FRIVI OE#AH» & 12 ORI, WigH ORIz B
3 IVI O, ED A7 — 7+ v EOMEHEIZ LS
X T AT ABRICE RO S KD, Rudikii g
B 2hUCE S 55T, B Gold Wing 128\ T 3
BEOT v 7T = b BB EE xR 572 72, WHEOE—L Y
A 2B B E RIS E L 72 RPARO
Gold Wing I2B W T8, TV DY, $ ARV Y g3V, A0y
ML, V=%, 'V A2y ¥avhkl, FEHIVK-
PV POTRTCUTEFRIFIEA SN, 20720, T4
EREFARBEILC T, EfTE— P&y 714 v
BE, TEIEHRENBIRTREL K572, ThEIVID
7FEL LB FRIEENOERICED, x -2 F7 24
GEESIC B R Rl A — 2 2 A SE 2=y M) EZELT
Hlih 6 74 FMRE SN BZRNEMREE, 74 LA Hl
1252 AEEENILCINT 2 Z & L 5o 7.

—J, BERDZ LA ) VI TFHA VY, REROE— 4
4 20 & LT, KR Gold Wing D> FEBIIMK L DD
-k 2T MCHEILU TRl Sz, KRTuliR 3

No audio Radio

GL1000 GL1100
1974-1979 1979-1983
Flat 4 cylinders Flat 4 cylinders
SOHC 999 cc SOHC 1085 cc

Cassette tape
GL1200 GL1500 GL1800

1983-1987
Flat 4 cylinders
SOHC 1182 cc

A—=BTTAARNY FLAA 9 FOTFHFAL I, £k
DZRA ) VI THA v O—E5& L TOFMM»KD 6.

INEDFHA L, FHOEREECHELBEE5 T 57
W, AR Ifine§ 8, BPRPEKEELD & EL
MIZERE S 5.

ZD—J, Gold Wing D& 5 ARy - Vv rHE—-4
P A oL, EEBRRENE LTO—midHbahbET
W3 728, TSI LWEY, @i, BERkD 5h
5. 7, HATOEHFEKIZCEWTYE, TE—F4H A 7LD
X=82 52213, HMRATHFA O FELTALICHS
Nd. ZOXI BRI BEEL, 2 ABENA->TE
STCERRADTETFIA V2B -7z, Fig. 2125
HDREE TR,

Fig. 2 Instrument cluster, handlebar switches, and
center panel of developed Gold Wing

2. 1—HERV)EIBFRREDE(L L
#1% Gold Wing NDHR

2.1. IVI @ up-to-date & BEAFEFHIEFMDOIEE

2014 fF12%83 &I /= Apple CarPlay (Apple CarPlay I3,
Apple Inc. DRGIETF) %, Google Android Auto™ (Android
Auto™ F, Google Inc. DRGIETE)I1Z, 2 L~vDHTZ
V=M T AV EMES RDOY - 2T, RO Y
A=A B KPIVIEHR A — AR E AT 2200

A T,

:!" = )
> '
-

Compact disc Flash memory
2001-2017
Flat 6 cylinders
SOHC 1832 cc

1988-2000
Flat 6 cylinders
SOHC 1520 cc

Fig. 1 History of the Gold Wing from perspective of their infotainment systems
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ZORR, NeBn2A~v— b7 x5 v TliWERZ, E@E,
*F—=F a4k, FEr—varvnliy, Mighiz ki s8R
EAEBL /-,

ZDEI BIRBUZTBNT, TE=L4HFA 2 LDI—Hn5
LRROBIES RO OENE LS 572 FHcy =Y v
&V Gold Wing DFEELHEIZHEWTIE, THh 6 HEHED
FIEMEIZE. 2512, A9 =7+ vV CHOLWLR TV S
HEANCXBIER, T2 A2 LDTA XIZE ST
PG HED F 5 A NP EICREEZ S 26T &HEL 6N 5.
Gold Wing {% Honda & L CIVI 2 i §2MH—DET LT
HBZENS, KEFTNLIZHAEDODLVWIAXR I T4 ET 4 &
A7z, MDA Y T+ T4 v Ay Mhinkowohs &
Eil INLDWEENS, =AY A ZLELTIIMHRT
#18 T Apple CarPlay IZXHEd % IVI DIEHDPE S h iz,

%72, BB OB THIEEANC g 2 fHlE LTid, BED
NSO AL &R T B s+ —
FUOAE—FE-F]YR F4F 4 v 284 LRk
ITREIICEDbETY =) v, ZAFE =7, W, BREE
TOATERENS [V =V HIA T4 v rE—F ] nE
NEFLNS.

22 . F-LRE

(A) TEHEORKIZPE S Wil Em ik

IVI LB RO RIEIZE 3 a0, el bz X X
F IRRERIRASENI X M7= 728, DS R A BRI IZ3D
BBHEEL I ENEREL K.
FOREHOBEIMNZIB U THIZ X —& 7 5 2 & % KA
THZ L, FBAETH B kDT V80 MUICHK T
5Zllhd. F, ERENDILFER~Y— 2 &Hi/NT 5
T, BMONGMEEHRT 2 72DIC8FFRTE 0.
EoT, BRohZmBOBT, £< OHEREKEL, bh
DRFTLFRTHZENFEE -7,

(B) BPUHHDOBKIZE 55 24 v FOREL
BFERFGOMAIZE & 2w, BEEA BN X h7-
W, DEBEFEEERR TR A< BESE LT ENHEE
L5s.
ERETFLETE, =T 44T ETr—va VIcH
FT2IFEAEDRHER, —DOOBREIZHL DDA v F
MWRIBT AR TH 572, D728, AT =33 L&KL
DAL 9 FNEHD T2, BT 2L 21 v F %
AT A ERTTRETH 72 72, NV P2
A9 F Ry 72, EPERAOKE JITRD 5 Tn
7z (Fig. 3). #fEEHH OMWINNZIG L T A4 v FE2HPTZ
ik, BREAETH 3HAO V82 MUCHK T2 Z &
kB, F7z, K24 v FENULT ST &F, BIFENEE
HRF 272028 IR TERN. Ko T, BETHERA
N R Z 22 & B EEDORIIRIL, 24 v FEOHB
KO V8 s MEAREE &5 7.

Fig. 3 Instrument cluster, handlebar switches, and
body panels of previous model

3. HMI [ &k 2 ERED AR

TEMORR Lo OB eI AHF L A WZ & &
w EMoOMEE L, RREHRIENHEEEL, 2L 28K
BORBEREAE 5 Z 5WTFHFA VEHELE ThAbD,
HMI 250< BBk L, X =22 5 2 ZNOFRNEFEZ AL >
FEMBLEZMETELOETHA v EBI RS L
72 £, MO BB E—BZHFAILDA—E 2T
ZBADTHFA VL, BERDOZ LA ) VS FHEAL VIZTHAL
TWaEL TEE SN,

CREEDE - A A IS EDLY, A= T F AR

OHFEMED BHL
C B ERO TR -2 g YRR 2 — ARKOELE;

- Gold Wing DHAB & U TR 6 3 /M0 HERESH

WD F B

LECAEEE A, SRR, e, T4 vV, B
TOETHRTNL,

4. X=27FX2DRBME

41. X =BT 52 ZEHEDER

HMOBHENDEL THEDA—F 2 5 A 4HFRIZ, £
KRB MR E LT, T— 4% 4 2L & LTRAHD
7 inch® 7)WL % 5 —TFT-LCD 22 ) —V &#K#&E L7z, F
Cr—va v, k=714, BiKEED 2 h, SO E
M e UC AT B,

WSS XL v Y v oMfiKEHE, fRehe e E A
A7Frusx—xb L, BT 4 27V A OLELGIZEE L
2. BREFLTE, pRT 4 2TV A L BT
BTho-70, KEEEFLTE, FA) YY1 —-3I5—
M, BTN 2R 2 60E U, LR i < 8551
WZIEWLA 7 hELE ZHhIZKD, VYEa—-35—
T8 & 5 E SR 2 SR EE O FPH N TRhE & < EH & WG
EE¢BHZLHENS -7z (Fig. 4).
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42 HMIBEICH T3 7FO7 4 —2AERS W

41.8iCRLEBD, 7L AT —TFT-LCD 22 ) —
VEREBUA AT ZAARNIIEVT, XFHRO
FEFW, 22T, gy Y vallxk & OHKER
i, HEEMICETHRTZ A7 707 XA - 4860 Toh
5L L7z 2 ORI, BEtoMELEICLD, XF
Fmitr 2 <, mEe UCHNEICHRARMTE 52
Lilh B,

F7z, 7Hu RN, RO ICEREE N ¢ 5
ZEMHETH B, MERFHZ W, oY —-2rkk
B CREPE EEAL LStk y b BT, X
K—VETRL - ABOEYF LV VDEA I VI ERD
52 EenTE 3 (Fig. 5). HWEFOEETIE, NI YA

Previous model

A

~

Green: Area of vision scanned while riding
Purple: Area of information

Developed model ./

Fig. 4 Comparison of visual areas classified by
gazing time of rider’s eyes

Fig. 5 Rotated tachometer on 1980 Ralt Honda racing
car optimized to show upshifting of gears

TORMFFCIREAHE E2R K512 T28ETHS.
AFAFED Gold Wing 1B W TIE, N v A L2k 3
by TV TORKMURES, O RaEHACTAIT, [l
GOSN REMNEZETLOICTFA Y LTHD (A4
VG TH BT AV HIZEiFS 55 mph, 1800 rpm).

43. 707 *x—2DERE

4.3.1. /MEAE

ThusA—- 2 OURNEZFEL 2GE, KMETHH T
ENEE LW, LAL, A =& T 225Kk E KLY 5
ZEFHEMBICRELSEEL, HEa 2T MIRT S
728, BREN-MHRD X — & 7 5 2 & T HHER M 4 TR
THIENHEE 572,

MM, 74 KA v b5 OB S BT 5. W
HECHIUL AT LRE LA 5728, [A UM% R
LOD/NEATETH 5. T2 TREM T EDOKRZ X%
RPN 60 2 HiDH A f s TR L 2B TR, &R
EFLD A —ZNED, FEHNEED ST A ZDOT 4 KA v
A 5491000 mm Z 5723 DICH LT, AFBETILT
1389 800 mm TH % (Fig. 6). ZHiZ, HfkRL /ST —2=
b8y MEIZKD, REMEIFITICHEI N
L, Tu VY METLY 4 Y aR—V AR ARV Y 3
FHIZE SO ®%R A 7y MNZKBEDTH
2V ZopEEECHEREF L OMEFHOELE, 110 mm &
RO REFF & T 2 720 DEEEIE 90 mm & &0, iR
PE&ER S 72 % F D/MEE AT L 72 (Fig. 6).

4.32. a2 INY NGB

INALENZZEE IO mm DA —K %, ZDF %X 7 inch
DRI N FH S —TFT-LCD 22 VY — YV DOLELIZHEEL 7=

Same viewing angle

-

T

/ . e
£ Previous speedometer position™
Previous model

Fig. 6 Comparison of positions and diameters of
speedometers in light of viewing angle
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Wit, 2 h 6 OGO MEE 263 mm &5 5. Zhi
2, T A VINBLIIC B LT, EAICEEh T X T
WINTVADEX AR L SEDTH 7. £72, HMIK
BlAlc BT, HIEFMASBATNIIAL 50, EfTICHE
BERERVEGIIRELSHNS 20, ThEmiity 4
I2%FEnwWeEZL 22T, A THEES) mm Iz L
=27, M ERFE BB o7. £TFHFA VEUNT
i, HEOH/NMIILTHBEIZEDL S ENWZ enb, L
AREEOMIMAEN TR A 5 Z LRI N 72, ]
B EROREFROMEE 5.5 mm IZEDBEIZL &%
D, RIS K A BRRMS R isH U, G ORI
#WZ &R S 7z (Fig. 7).

HEFHRMEG 2 EQOME T Fu s X — 21k, itk &
&R D IRENA 360 ERILT 2 Z Lid k. 207w, 1§
SEAMER T A FEANEZU D K ZEBWBETH S, ZZ T
MEoONME %% 7095 —-TFT-LCD 22V — v ll%
YR ZET, WHlD X — % %X v 2I12%4, BT
HAEMKKT 222 &Lz U REEE, MBEOHR %R
DIENTED, $915% &% L7z, 2HI2&D, 90 mm
DO EEMEFF L 22 T EAGOEIFMEEE % 263 mm 22 5
235 mm ¥ CTHEME L, HEFILRIZOE CETICHE X
1A SR BE L L 7= (Fig. 8).

44 *x—RBTZXAZRLA T MEM

Fig. 912X =22 7 24 BROBEEX 2R, 2 =820
52 AHiE, 7L A5 —TFT-LCD 22 ) — v %&fid#&
LTW3, ZLT, #fl, 2, 3 ORI HERIOLE TE5
BLUOBEREIO T2 5 G TEFC» T TE, £/ 78— 4
LCD 22 ) =V AEEELZ. Zhs0Emai, Eici

- Area frequently checked in urban areas

Fig. 7 Study of gauge display arrangement applying
composition of full circles

D3RR RV BEEERERL T b, BRI RE L
Z ZIZFOR ENBHEWMOFHIC OV TILI NS R 5.

F9, T -ORER ARG &R &G SIE, R
BEIO 0 A — 25 B2 6 EEaohiciliEd s 2
LT, MR E B I E RS 572 (Fig. 9 Hik 4,
5, 6, 7). BRI EOBEEGAT (Fig. 9 A3k 8), ARIRDOBEEHAT
(Fig. 9 W# 9) i3 ets FEopE 7 7 u— 4 LCD 22 ) —
VSRR BB B K UUKEETO E EIciE L, O
EHTROELEPbPr2 25206 5T 5.

FEMNC3E G & BEEE B E T 2 4 DA Y TS,
FX—=& FYyTA—=F L=V ba—)LOKE,
IR G 5 KU REEE S B D 2 B OB S A KR L /-
(Fig. 9 /##1). 7 L—xa v b u— LOEEREL RS
Avor =2y, WEGOLFRNOIRRE U (Fig. 9 ikt
10), BE L 7=, BfERRE, BIEOME % % & TRk
TELHLHI1TL 7.

P (1 eI EIf 1 B YA N i g s 3B A
HREER TS,

mdzEt O THE /20 —4LCD 22 Y — (Fig. 9k
M 2), ORISR, FRHERAKLE 425 E 16 mm DT

Previous model

Developed model
+— 235 mm —

- Area frequently checked in urban areas

Comparison of shapes’ varying cut ratio

Fig. 8 Examples of space reduction arrangement
for rotating pointer type gauge displays
maintaining required visual diameters
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TEXY RV avEERNLE ETE—-FNOREERND,
[y 7WICEE L 72, X 512, [#REo XZMNIziE
Za—FIARTARY VI Z by FOFF DA VY —
& %&h0E U7 (Fig. 9 ke 11).

meAMoE 79— 4LCD 22 ) —VIZiX (Fig. 9 4%
Fe3), B BB 2 e T 580, & LILES
HOFMSEERXIEEFmLSBVEDELT, 4 F 24 Y
FR 7 v o OFRIPAIKAE, sed AR OFMIZ K > T
BEINZH ARV Y a3 vDT)a— FER, — 28D
WEFRE, TNTHE Y L 7T LIZK5TRLTNS

4.5, ZIERERREEm O RRE
Gold Wing IZ## X T 5, Apple CarPlay 8 X
Honda MtEH O IVI R HljD & ffigk e 1%, 39X TR Ui L

A escc

#  Cluteh load indicater
<2 Smart key
E@ Hich beam indicator

1) Low tire pressure indicator

AR Airhag indicator

[for model equipped with airbag)
K_>)  PGM-FI malfunction indicator
=g

Low oil pressure indicator

TPHS  TPMS Indicator

IZFER IS, P, WHORREITERT 5720,
YOO ELS>»DRBHITESZ L, TR KB ERM
RN ENTERER S,

%9, Honda ® IVI Ok — AW Ti&, 74 3V FHA
VEMADIESEE TS ZEI2XD, Apple CarPlay -k —
L& O A2 Fi 7272, £72, Honda D IVI ThH 5
ZLAERNTZOIC, HFAL R @HFIEVEFF -8, &
SIS, 743 YDAA PAXFa KL, #7422 0
FIZHGE S 5 Z & T, Apple CarPlay DR & DEWE K
BIL 72, FRICLZIZOWTIE, E— 294 2 VOB
TOMHTH B Z L EEFZR L. K0 EOHARMEE H
Gtk &4 5\, Humanist & &N 2 HEitEo & Hik
OH1 S Frutiger 23R L ©, 4 Xidok — AW T
6.8 mm & LT\ 5 (Fig. 10). Z& 5, Apple CarPlay D (kK

(T} Toraue control O
(7} Torque control OFF

W Tum signal indicator B PeC—"

() \ding stop OFF
N  Neutral indicator

(15) ABS indicator

48 Tum signal indicator

@ Parking

_E_ Water temperature

%) CRUISE ON indicator

SET CRUISE SET indicator

40 Fop light indicator
Y Home link indicator

LCD display below tachometer

+ Gear position
Left LCD display + Drive mode
- Ambient temperature * DCT mode
* Cruise control speed * Walking mode
+ Ddometer * ldiing stop OFF

«Tripmeter A / B

+ Estimated remaining distance

« Tire air pressure (front / back)
* Left LCD fuel gauge display

_Right LCD display
* Trunk / saddiebag open indicator

* Side stand indicator

+ Grip heater level indicator

+ Seat heater level indicator

+ Passenger seat heater ON / OFF indicator
+ Preload adjust mode indicator

* Water temperature gauge

Fig. 9 Arrangement of display components on instrument cluster

[@ Navigation ' # Vehicle Setting
— -

Audio Setting

ﬂ Audio Source

i Phone i CarPlay

Music s Messages

Tl

Podcasts Audiobooks
[ ]

e Now Playing HONDA

Fig. 10 Honda HMI home screen (left) and Apple CarPlay™ home screen (right)
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R 6 -7 (Fig. 11).
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EROERIZEBOTE, IELWIREAIET 4 &2 v 20
EEEICRHT ARIBERT 7 4 — F)Ny OB EHETH 5.
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PLUIBRHOZETENERBL 2. oREIT, HAEZ N
LV T VoMY EL, BELEGADATV - ENA T
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PIFo 4 ffHOFRRIZED, SR L &8 BRIER
OFREFAEOTE T #RHEE R L5267
(1) FEFRHER & O (HFITHMY
(2)BINL &L L T30 (WMoY 7 V@,
PN TR A sl & B 728 %)
(3) EIRPPEINZZEERTT 4 — /vy 7 (RO
TEME AN DOAT, £721F, BOEDOARE Y 7 V)

Menu list items contain group of properties of text, color, and status

12:34

Audio setting

m information

Maximum of 5 items are displayed at same time

Fig. 11 Example of menu list

(4)BIRTELRVWE D U7, BAIZ oL — (R E T

%m)
Fig. 1212, FEEO XN 279 .

4.8. RRDEAE, BBE

ADBRD & B0, KBHFED Gold Wing DX =& 2 5 A4
2B, TR TS5 —TFT-LCD 22 ) =V, 7
Fu s FROME G, DEREr, B K OMmRICIA T 2
0—ALCD A2V —vO3FHEAHHL T3,

9, Zh o FROMHHFHEOEN & HARMEAONEIZ
DNWCHNRS, #5—, T/ 270—2,DLCD A2 ) —V
2FEIZONWTUE, A~V — 7 5 U8y TV E = Ak,
Ny 274 M EAZARBERE LTV, 7Hus £ —
2T, B OEINCIBH T A & ORI E IV, B,
X, v — 2SI, Bl S DEBNE AT,

-2 H A 2L, B, wE, BENSOIFIE L
WERBETCHHENS7-8, ThoBi 38l LU
% & EFFDO A — 2 O % HLR T 2 720 OFELE 22
Weks fleLT, 7vH 5 —TFT-LCD 22 ) —v®
HIZIEH L 2354, BRI AICE L EOREO#
MEL, Ko ay b2 b42 k232 8I2k5
TEWHAERE NS, Ly L Ao 5 0% 5
7%, KZICRAHRL 72 & 2I2EL 2 ADKGORETT
FuasA—2OWHBEEEEL S (Fig. 13). &k, ADOKE
E3, R @A WEE L TR A BB R TH 5. AR
D Gold Wing I2FB WX, 7 a2 A — 2%, Bk

DEERDINER—-2L L, L% T —TFT-LCD 2%

___12:34
Vehicle setting

Auto cancel turn signal

Fig. 13 Residual visual effect caused by excessively
high contrast on display screen
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V—=vdT7Fus - A ICEbE YO REE T
6;af,ﬁw_ké&%§%%¢6&n YEE L %
o, A—B 0T ARAMWMMDE ) 20 —L1LCD A2 ) —V
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FRooay + o2 ei7-v THAEAED 272D Th
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(Fig. 14).

Fig. 14 Color tone coordination by using unified
colors

5. BFEmMLED DD XA v FEDWEE &
AN

5.1. /R & BIEDEH

E—ZHAVILOFEKIZIZ 0 -TEFHTE I LN
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IZOBENBARENDSS B, Z 2T, KEFHD Gold Wing T
i, =204 v FIZED YT HEEEAERLTEZ T
KIB U7z, 2O 72012, ERETHOZROHITlhR7z & I
D, FRO TN 55 —=TFT-LCD 22 ) —=VIZEREh?B
TEICHE G 2 728, 220 — YV ORRNE & HIEEZ 8D
&7z (Fig. 15). ZhU3, £ < OFHAEEHE» S MAEITH
TWadh, & LS IEHEICLBZE(DT 4 — F)Ny 2 %,
HRABC TIPSR E L 2L BN WTH 5.

ZD&S BRREHAEDEIEIZ KD, AR L%,
FHHO LRI & [YE o 2 FFICEN L, 241%®ﬁ@
IR Z S EBRL 72, ZOH BRI RTEREEH, &
HaEES, T —Y 3 VO HRER G E, iiﬂu&g
S OEBEIEH S h, B 287 ENRAT 5 JEMES %
[[Ed 5 Z £ HFE5 L TW5,

F7-, REPOWEAIEIZ, NV AL LTEEEXTICEZ
KADZEHWHIRO-8, HAOEFII LNV FL ED
+FRZAL v FTEZHV, HAOWER, +#M2A4 Y

FHRO Enter ¥ —I12TH I 4S5, &b, kryxaryy—
NEDA Vv ET A ZELTYILE, &4 YL FHEICHHA 72
Enter ¥ — & [AMOEEEZ F5O 0, EFFIIFFL A &
HIZHIR XN TWB, ZOXA YL, EHEPIZBEZ %S
WA TR, XFED AT & OEM I HHT 5.

—ODHHIR B ) 4=V 24 v F &, R ENEETH 5
A= AHAIZR B 720Dk — 5 A4 1%, FERIHEE
BOWEEXN S, Zhb ik, BIEDMKLIZAE T
25728, HATENTRERHDZA v F & L7

R & & 24 v FROBRIE, BEEREEREE T4
fEDINT v 2 TP 5. IVI THRATT % WimHi 4 FAE L
BTN E & O & WD 2. WimH T, NS R
HEA —F 4 XA OFRRELED, NEOREGIZw P
TH5ED, BRUZBBIZZ Y Fa— L TXENWEZX ML R
123 DONEERIEZAAL v FLLTHREINTNSZ L
NRROWZE I,

Gold WinglZHWTIE, A =7 4 AHERDOARY 22— 4
WRE, =T 4V —20PF L AL vF, U4V F R
7)) —=vDETRe - ZHHDBEZA v FHFNITHY
T35,

F, A=T 4 AV —20UDEIL A4 v FITiE, B
L2528 TH—T4FDHE Mute) BEEEMIL TH
5. FTIERWHENATREE & 57280, BalREeA v 2 7
LATOZEER E, BIFISH =T 1 A OF AW L 72 0EEIC
R 25 HBETH 5.

72, VU VO, 2RV a VD E VD
WERE, DCTHEEF MIck T 22 a8, 54
& DRBFEHEET 5. ABHD Gold Wing 125\ Tk
INLAEAFEDIA T4 v E— FELTHAL, HfHl
DNV FILRIZERE L7224 v F TRINITREE L7z, 58K
L7z D 24 v F%LIFIZRY (Fig. 16).

52. BRGHBREBRDER

Z Ay FORAEEEREL  ARICE L S E 28RO —
DLLT, ROWEBNERCT 7727 VA4V A —FEko
L DODOFEMNH 5.

iz, [HEsE ON, OFF 24 » FIi2kBWTiE, 427
Zy v a VAL yFD LS, KEHE D 2 ON, KK
DHAOFF &A%, Bitiksay bu— L3354 T,

Fig. 15 Layered screen display structure
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BTN D TR, REFETIE D TWD & & 5 DR —fRINT
b5,

Gold WingdDt v g ayy = UIZ#EH LA V427 21
224 YL, ETVEAESTTO R 45 O 8 Fhic
fEly 2 Z L I2 &k B FOFRRIOERE WS HEEEL, [0
I 2 4 5 F & L TOBREE 5 (Fig. 17).

Gold Wing TZH L TW At UD ) 2 b F/RTIE, 4
VAT 2 AZLA VN ENIREEE I EICKHST, ETA
FIOERZ 72— )LEAREE Lz, ZThickd, ¥—F 4«
FOHEY 2 b, 27— 7+ VHhS5HDAAZBERE
FUZMEE, BIOEIEHA AR Z RGO TIERWT Y
¥ ZIZHET .

V2 EORE, REE2 S TRHC#ED, &S R Ak
FIZHEw, TR~ ], B8 [R5 1855, 4

Left handlebar switches (DCT type)

Select/Enter

Turn signal

Shift down
or go backward
in Walking Speed mode

Change audio source or
mute by long press

Walking Speed mode

Dimmer

Front view  Shift up
or go forward
in Walking Speed mode

Right handlebar switches (DCT type)

Engine start/stop
Neutral/Drive

AT/MT

Hazard

Front view

Fig. 16 Handlebar switches

VAT A AL XYLOEEF S, FBOBNIE N, K
AR A e |, KEEEHRID N [RB &k 5. 72770, #
SEONEIZE Y RIZEKREINDZ 6, VAN ETE
212 5 THED B 556, FonEEARISHRIIZ BB
Do THE Z L2k 5. WiiiNOW{EAE) < FHIWTd
BH, VA bETICHE? > THAED LW BRTIZAR
BHETH 5720, EAEEf Z Lidzan,

ZO&3Z, BEEEENOB X 6, T 5 ENR
AR AEARELDIZAS EIREL TS, ZhiZk
O, BEEBEHEIMLZ2 00, 1T A EDOREL [ER]
E[RENH— L, HAEOHMALATTRE & 25 5 7z, RIREHC
24y FEOHEE REE &£ D, Hilfo 3 V37 MEIZR
Bk L 7=,

Center panel switches

Ignition dial

Interface dial

Return

Grip heater

HomeLink® (optional)

Information
speaker/headset
selector

Fog light (optional)

Fig. 17 Switches and dials on center panel
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55728DTH5.

Hhimicid, K70 h 5 —TFT-LCD 22 Y — Ik
BararvCa—4a2574 9 212&b7Fasrx—4a40
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MRS By, X =22 7 AL DRFMIZKE LAY 2— 4
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(Fig. 19). L2 L, E=ZHAZNIE, A—22FAED
JAFIZ T4 v ONRBUCFIHTE 2823075 <, U
B HL AR O FIRIZER D 2 B,

T AHAINEA— R T 5 ARBABIER O L L
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O LT, ZOflifiE R HEFFTE 2205 T &%
Foehs.

A =20 F AL THA v EIFFITENGEORiR GO
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DHRERE LR S>TE O Znkd nhflrs e, ¥
&M A 72 Wm0 2 S &M ORI & LT, FEike L
TOXFREFREAHTIHBEIRPELCERTH S &
HAT-.

6.11. 7FATXx—254E) > T

Tharx—ah B vk BRETILE TEIBIZH
WHoh Wz a—aXyEh5, FOHROANT S 14~
HEFIZEELE 2hickd, A7 54 VL EF2ED
SEOMAENHID 72 L2 &S REEROM I A RBLL 72, Milpy
WBHROEL S &, LD SN mh - T b 5 < K4

Fig. 19

Instruments cluster unit of Honda NSX as
example of automotive application

BWICE 5T, EMTHEBEW-EHE75 5 7= (Fig. 20).

Mz, /) v Liclla bR 2 Hik%,
B AW VAR R D& L, KT TA =L 53E
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SO AR VIR E e, T s a—-ak6
TIEOMI & Ui L7z (Fig. 22).

et desmh s B I 2id, AR v IS L, 18
to@E X IZHbETRETS. Zhizky, b2 i
DI LURTHREDY) ¥V 7 EHPRLEL TWBErD LS IZH
Ab.

RHEOMEZEFEOHEE R LOMAMITHZ720, Vv
7 ECIRME AU X8, FEEOFEMU EITKEDO A —4
U ONAME RS 572 72, 7u—24 X v F Tk
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Fig. 20 Hairline finish on decoration ring

Decoration ring with notches for securing gauge blocks
Gauge block with transparency for light-guiding

Speedometer face with notches
for securing gauge blocks

Fig. 21 Exploded view showing gauge ring

construction
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AL EFIZEDFZE L HIRIIRET 5729, Vo Lk
ZEI RADEORGEAFRIZE T 5N 320 & fidio
(Fig. 23).

6.2. BZDEHICL B EARE

6.2.1. 23X — 2354t

I Y O ETE, PEERIRE), SE L i T,
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Bz, 44 F 3y o 580 EE#RKD LD THNT
fRetoEEf % A< HLD, A BRZH T8 k& < et
cEIpEXEG. LrL, REONAEZRZAN=-2 L1005 %
HrTIE, BEREHIRE < mEEZHIK 223 TE a0,

PO EmIE, WMEE O HRAHFICREL 280 T
Ho7z. L LR EDKZE W Gold Wing TO HHEETD
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TLES. 2078, MR OEHMIFITHEH LoD T/HhE
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Decoration ring Speedometer face

Gauge block

Light source

Yellow line indicates light path to ring surface

Fig. 22 Cross sectional view of rotating pointer type
gauge and light paths of illumination

—Afterglow

Afterglow

Fig. 23  Afterglow effects following rotation of pointer
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At 1000 r/min
Production model

At 4000 r/min
. Production model

Fig. 24 Comparison of angular intervals of gauge
among divisions for tachometer
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Turning on

Fig. 25 Animations displayed at turning on and turning off of vehicle system
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BRSO Y PR Z K2 BENRH D, ZD720IT, A —
80T ZBIZRT O RERIRE TIERDOBERE L,
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72, WA -k v 23 —LRIRIZB TS, IRAE
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Fig. 27 Designing key lines of instrument cluster and control switches
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Application of Modular Design Technology to Consumer-use General Purpose Engine

[ T | N -
Soji KASHIMA Toshiro KIURA
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Kentaro SUGIMURA Kota TOKUBI

7 = ABSTRACT
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VY= THAL, BN -V g VEMKTIZ DV
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Koz vvrvruy sEOMBEREZHETTLICHLT
25% KK L7z, ZNHICKDATETIMICH LTI Z b %K
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A series of engines for the consumer market has
been developed that responds to a range of demands
by maximizing the sharing of constituent parts, which
also realizes a reduction in the total number of parts
employed across the series, a reduced cost, and a high
level of environmental performance. Three different
displacements engines have been realized in the series
by changing only the cylinder modules, consisting
of uniblock cylinders of differing bore diameters and
pistons. Parts, for which a range of specifications are
demanded across the series of different displacements
depending on the engine framework, have been
shared as a crankcase module, reducing the total
number of parts employed in the engine block
for engine variations by 43% against the previous
models. Simplification of the crankcase shape and
the realization of an increased cooling performance
reduced the mass of materials in the engine block by
25% against the previous engines. These innovations
have reduced the cost of the engines by approximately
15% against the previous models. The combustion
chamber shape was modified and a long stroke
was employed in order to boost the environmental
performance of the low-displacement model, and
each of the three different displacement models clears
environmental regulations in its countries of sale. In
addition, crankcase configuration modification and
valve mechanism position have made it possible to
realize a greater ease of maintenance than the previous
models.
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Table 1 Engine specifications

Previous model Developed model
Model (Dichcc:):t/t!r?L?e g GCV1e0 | GOVIsO | GCVi4s | GCVI70 | GCV200
Cam type OHC OHV
Displacement (cm3) 135 161 187 145 166 201
Bore x Stroke (mm) 64 x 42 64 x 50 69 x 50 56 x 59 60 x 59 66 x 59
Compression ratio 8.5 7.7 8.0
Maximum power (kW/rpm)* 2.6/3600 3.3/3600 3.8/3600 3.1/3600 3.6/3600 4.2/3600
Maximum torque (N-m/rpm)* 6.9/2500 9.4/2500 11.3/2500 9.1/2500 11.1/2500 12.7/2500
Dry mass (kg) 10.4 10.5 12.4 10.1

*According to SAE J1349
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Technology to Boost CVT Fuel Efficiency through Series Connection of
Mechanical and Electric Oil Pumps

B e ! Wk A PP ST N
Masamichi HARADA Kyohei SAKAGAMI Makito NAKASONE
E3 =] ABSTRACT
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A new oil pump system that combines mechanical
and electric oil pumps has been developed in order
to optimize oil pump work under low-load driving
conditions. The use of the new system has reduced
energy loss in the oil pumps, increased CVT
transmission efficiency, and increased vehicle fuel
efficiency.

A distinctive feature of the hydraulic circuit
employed in the developed system is the positioning of
the electric oil pump downstream from the mechanical
oil pump, realizing a configuration in which it is
possible to switch between the sources of hydraulic
pressure supply to the pulleys and other parts. In
addition, the configuration helps prevent any decline in
driving performance in the event that the electric oil
pump loses function.

The rated output of the electric oil pump employed
was selected in order to realize benefits under a
variety of driving conditions, and the control applied
in the actual vehicle was optimized. As a result,
an increase of 0.71% in CVT average transmission
efficiency and an increase of 1.23% in fuel efficiency
in an actual vehicle were realized.

1. FANDE

CVT Tid, AEZEHEEICH L TURRREBE RO D B WE
MR TRETH B V. F D70, ilHUET & ThoIsk
BrmbdsZenT, HELIELELED. Ly
L, 25403 E Lyl — BTG, A By disC
HANTEEDERCRE NS 50550855 . X5k MY
Al D781, CVT OERMFEE R L§5 Z L HHET
b5,

CVT DIRENR N A B EE I IR TR WE O —D

V- -ty a—
2 —bE—ULtVH—, L (T%)

https://doi.org/10.69239/hondatechnicalreview.2019 31 2 4

ELT, AANEY FHERRZTONZ EAFE TSRS Y
) Fig. 112 JCO8 MR E — FAELTIED, CVT DT X)L
F—EIE A RT. CVTIE, MIEIZX D ~L M REN %
FEEE, ZONL MHIENIZXE2EB VL FET =Y
EDFEEBTE > T M7 BRET 5. KDL b EEES
I BRSO R IE IS U TSR ETH 5.
Fig. 212, CVT &1 2 ELF 0O X 218
CVT BREE T HMEMLTIE, —2ickilEhsd, —D
i, BRO~L MEE SR Y Ty FOMERIZET AT
b, MIEEDODEIE Py EE R E ED - LEH



Honda R&D Technical Review

Vol.31 No.2 (October 2019)

Belt fricti Torque converter
elt friction BN /

£

D
O)
(09)
S

25.0%

Oilpump —

Fig. 1 Breakdown of power consumed in CVT
(during operation in JC08 mode)

Oil pump work
Py
g
= Energy loss
° p
g Torque
a SO Lubrication
QA QH
< » Oil pump
-<— Necessary flow rate at Py flow rate

Flow rate [L/min]

Fig. 2 Oil pump work in CVT

HONERENhS, 95 =Dk by avoy— 2 icfiiE
T30 MEICES A{LFHTH Y, WE P, AR H
5. Z20D&51Z, CVT DA A4 LRY 7, ZDOOERE
BT3B ERD D, A ALK T, ~IL MREIZE T
7z mE ORI %, FHIRE A MR T & 5 KR TG L
BIREES WY, TNhE EAET 5 RAMOMIER
HAEEEPICRE L TS RN TE D L FET
ORI, TALF—HERE 5B,

DL BHEEIE, FANKRY TOIILF —HE%E
KT 270, 20—244TDruaf FEy 7@ ©®
2, HHREERMOA 4 LAY 7O L, = FREAEM
ftehTnad. LaL, Th6id CVT OfEIRREIZIGC T
R A BRSO 0 BEA 280 ThH D, WEAEDR
BWLIZIEE > T,

AFTIE, &0 REoORELERS STA 4 LKy TV
2T LI K BIRBE DA EHIZ DWW TR S,

2. EEORS WV

CVTIE, 77—V &ZEHANICZ b u—2 &8, NJL D%
EfTEBEALLET L L CMERNIERE LIS, £
Bz, fEEloEZE L E, 7= U DX+ a— 2 H6Ek
ISHEES. S UBRZbu—s T 5L T — VIEER RS

WY 5720, fF#Me LT EERESET 3. 207
O, Bg MR TE 5 XS, A4 LKy TR
R IRR L e & &g e L 7=,

FANRYTRZ YYD VDTV oy v 7 MK DK
WXNLHEEDBE, A AX ALK T (AT, x5 OP)
ORI T Y Y Y ORI 2 7 [ U
ThoTEI YD /IO WIRETIE, KD AkEhT
ANF—HEREAET S, WELS 2R T 210H 725 T
i, TV D VR IS L e 4 LK Y S ORREN T
NEE 5, KRB TEEHA A LRy 7 (LT, &
OP) & EINL 7-.

ALKy FHEFERMNITE S L 512, BH OP Lk
DOERE, BH OP FBI&ARIRT L L adita v 7 b
L7 BHOP #KM$ 2R E LT, HREKMAEL
72 O IR KO 2 OlIER AR 6 h 3.

RO WE LTEICUTO3SHeREL .

(1) 7B OP OFERESIAE U T & BT HEREIZ SZBED 7
JHE O] B AR

(2) FANRY THHEERNET 2 720OEH OP IZHW
% E— 2 ER IR E

(3) HERIRWUZIE U 7= BB A 4 LR ¥ 7o ipdEhili

3. EXiEE

Fig. 3 (ZEATIRREIZ 351) 2 EH) OP 1FBI OB EIXI % /R 7.
A, BRIEIO & S12Y 257 2DRKIE Py MEL, 0, DH
RMEND VI DO ALK Y TEIHL T 2L
FoEREMEES. CXBO XS ITRAENGEL, H
KifiE & ZVIEXES OP 24#1EL T, £/ OP OATH
JERiiT SR

3. F1IKR L TEIIEEHERE

ARHHFICTHER L 72T RIS OIS X % Fig. 4 12T
CODFANKR Y FIFEINIHE SN TED, /N4 28ZN
LT ORIC & > TEEMBEZDI 0% 2 5. EEH OP Ik
Al & x5 OP MOMsIE% P, T, EE) OP - ¥BIE %
PyEEWFRS 5. F72, BE) OP HIHICTHIMEY 4 — F

Engine starts A B C D E /S

Vehicle speed | ¢ -
oo

Oil pressure

Required flow rate

at Py
Mechanical
[ <oil pum
Pump speed Electric oil pum|
—

Fig. 3 Schematic image of electric oil pump operation



AR TORBEIIEREIC L 5 CVT DREE LM

Ny 2 EBIZkRI 1200, PIEEIET S P, X v %fif
Z%5.

EHIEED 728, £ 7 OP OHHEA52C, HH OP
X OB NEEFRET I TCHNT S, N4 520N
LTHEHCTWBIE, * 7 OP IMEES L2 THb, &
B OP IHMKEE A & @ES & TOXEELZITHD. 2O
DAANKY TV 2T 4k L TCOMELEDONRIT Fig. 5
TRTHE S, Fig. 212853545 OP DT 3L F—
HEDOERAHENENTNBEZ Enbr b, N MEHET
mﬁ%ﬁﬁéhé% R, QEH & TR SN 2 IR T

%, EH OP IR oz MEETH 5729, Fig. 5 D4y
@%%ﬁ?%ﬁ<@5.iof%EOPwﬁmﬁ%%L@
% IR E T ,N%anwiﬁ%nfwaPﬁwf
MERHE %520 5, Fig. 2 OubEH: 3504

%@0P1ﬁﬂ%ﬁ@%mi,xw0P®ﬁmﬁ$%%
M3 Z L3 TERWD. A H OP OB G &Ik
OWMEMEL D 5235728, £ 5 OP HifkTD7 ) &
g VRIS RIE 0.

WEROTA YAy T (LR, 1/S) FEH) OP &
KRBAFETOERIAE T B 2 FEAMERHER I A2 25
7D 72 IZFAFE L 72,

BE OP FEFEMBLMEHO N — 2 ZLE A, F20d
£ — & il A IR FE O BXBHBMAEASIZ XD, MFEIARE

| Clutch | [Drive puIIey] [ Driven puIIey]

pressure sensor
Electric
Regulator oil pump, 5Bypass valve
valve
Motor ®P1 pressure
sensor
Lubrication Regulator
alve
One-way vaw
ball
Mechanical
oil pump
Fig. 4 Hydraulic circuit
-
Electric oil pump work Oil pump work

g mmwmdamwh$“I
=
=4
% Torque Energy loss
s EENEE! Lubrication
Qa Q4
Oil pump

-<—» Necessary flow rate at Py

flow rate
Flow rate [L/min]

Fig. 5 Developed oil pump system

IChRBZeEFELATNELES V. KV 2T ATIE,
INA IR ZINN T DR DETETYI D b 2 & D 72, &
KN EARGICK S FHIFESRETH S, k> THE

OP MMEBIABEIZKI > T2, A5 OP A TOMARIZYI D
B b 720 ETIZ i & 729 2 & 83k,

3.2. BE) OP H A IEHERTE
Fig. 2128W\WTC, fERD A 5 OP OAIZ K - Tl £ f#

MBLZEGADAANR Y THEFRIEKRATHEbEINS.
s _ PHQH
W = T (1)

Fig. 512kW\W T, EE OP & *x # OP THMIEA G L 7235
B, AANEY THFIUTORTHobEN 5.

w

— PIQH +(PH_P1)QA (2)
Mo MsysTa

GAE—IZ A A OPICKBEFHTH D, n, 13K Y Tah#E
Thd. F HIBHOPITXAHEHETHD, n,, dEH
OP@/ZTA)JJ}ﬁ NSRBI ETH 5. BEH OP DX

ICREEBIEZ vV VIck s e h b 729, ZO%
ﬁﬁfé%%?5ﬁﬁﬁﬁé ThHdh6, THALE—I]
Je DI E AW I3k &k B,

AW= W*-W

_ Ou Oa (3)
= (Pu Pl)( n, T]sysﬂa>

R(3)26WHELEXSIZ, Py -P, >0THB75
gmmm_thma%AWiﬁt&é bbb, *E
OP % ARRICIEHT 5 7201213 v 2T L%h% n,, B EHE
BEWE S D,

VAT LNE N, DEMAELDIFITRT.

Msys = (Pu—P) = Q/(Vx1I) (4)

Q:%BE) OP Ok E
vV EE) OP O ANEFE
-8 OP OMEEEF

VAT LNHE  0E, FELTEBOP O — 2 @K
AT T 5728, ZORENEEL K5

Fig. 6 13AY 257 A CHAL2-EBH OP O X7 4%
LO—WITH 5. HEITER OP O & T, Hitllignt
JEARY. £/, RORIZEDIZE Y AT AENEHNT
EERTERT S, RUBIAERD & B A I C 2SI T T B
%. Fig. 6 Th2 2 X5 2@ Ty 27 23#i35 <
55,

EBEOP IR h s T — 2 @M TIBRENTE, &
DEEN DS EE TFig. 5 DIREEMEFTE 5. T4b



Honda R&D Technical Review

Vol.31 No.2 (October 2019)

5, X DIAHAHEESLFIZHL T, 27 OP O 3L F —
BEEZKKTES. LarLE—2EKREOMAICHES
T, TOEERRIMEERE L AD, HEEHK LT XY v

MIBA T O Hohd R L TR DE— 45
EHIOEENLEE L,

Fig. 7 13, BiiiRMER O T 3L ¥ — KR 4 B8 OP
DE— ZERPIBENTHIRLZZEDTH L. X2 5 bh
% & 912, B— 2@ &SRR ORE AR T

Fig. 8 12 & F & 4 REA# WA L2&MT, =L
X — AR A DL LR THER L 22455 A R Y. £ —
RERITIORZ N300 W T, 7 OP DT 3L ¥ —%

Equivalent oil pump work diagram

High
g High power
= :
= .~ System
() .
5 efficiency
@ [%]
o
a
Low

Flow rate [L/min]

Fig. 6 System efficiency of electric oil pump

Oil temperature
- 20°C

- 60°C

- 100°C

=~

Motor power [W]

Reduction of energy loss [W]

Fig. 7 Comparison of reduction of energy loss at
vehicle takeoff for differing electric oil pump
rated outputs

1
Reduction of
energy loss

il pump workl

Total work [W]

0 100 300
Motor power [W]

Fig. 8 Effect of reduction of energy loss

.\ Shutdown

12100 W XD LT3, $abb CVT DIEERIHEIZ
300 W AN T WS, LA L, BEH OP OfEENfE> &
H1Z 300 W D5 K E W20, Hiffjh 6 7z T 3L ¥ —
HEOD 0, BRBORWE — 2 ERH 11 100 W O KT
b5,

Fig. 9 ICREM BB T — Fick i 3, £— 2 ERILS
ENTO I AL F — AR E % HL EREH TR U 7245
RERT. B4 —VOREDL ZDOREET— FDONT
MR TE, E— 2@ 128100 W THA bR 414
ENB T LN o7

3.3. EEY OP HllfH

AR 2T L THHAT 2EH OP 13, CAN EE#HWT,
EA2 CPU » 6 O EE m %52 5. B OP 1332
o 7= MRS IR S KO ISl A B 255,

Ay 27 LOHIT YT+ ThBHIREERX % Fig.
10IZR Y. WODOREAERL TH O, BEH OP OIEH)
i3 Driving & 1/S #5eA L9 5. Driving DIRFEN 5, X 7

z
2
o
>
B
(0]
C
(0]
5
c
5
5
3
5 — JCo8
T — HWY
— FTP-75
0 100 200 300

Motor power [W]

Fig. 9 Fuel economy improvement

I/S

Standby

(Stop) Driving

Stop
transition

Fig. 10 State transition diagram



AR TOMBSESERE

I2& B CVT DRE R EFif

OP O 3 )LF —HIAKIR T = R VIRIR, BB AT
RPEAEE OP OMREA A 2RV, oy 27 4125
WAL 7-ZDIRMZAL T, Stand by IZJR 5 K 9 IREEIZE
9 %. Driving 25 Stand by IZIZHEER S Z L BNEL,
Stop transition ZREHET DN TH D, /N4 73231
TIFOZIRTEIIAT T 5 £ Tk L 5.

Fig. 11 12 Driving IREEIZ F5 13 2 5 H) OP D liEE s A
AEMT A7 0% 9. CVTO7 =) P83 5
W7o —OFRIZZ ORI Y v —idfhi@EL, 7 e—ic
TR & NI TR ZS I B 2 Y i D W B % & 5K
&35, WERIER AR T 2MREDOIES52FI2L 5T,
B L7z cidHiED 4 7 OP HEE TR P52 &
NTERWGEIEEINS. £V RIIZ & HIR T
EBE51C, P EE VY OMEEHEELDEEET 4 — F
Ny ZIEE LTHWS, BE AR EEBH OP OMEE~ v
TEER LT, e A E T .

Stop transition TIFHEIRIUZIL T T, /34 2323 TF
% B < BEOMITELAE) % /MU S 5 720 OEH) OP oz 45
AR T 5.

K 2T LB T5EH OP fFEIRFOWIEZ L % Fig.
12 18§, ARUCEOWTES OP oK FAHToH
D, HERELSEIThTH 5. ZORERTIZNA 782V
TR TWBEDT, x5 OP OHMIETH 5 P, [EIFZEAL

Calculation of
pressure F/B

Calculation of
delivery pressure
Electric oil pump

performance

map

Calculation of
delivery flow rate

Y.

A

Command for
electric oil pump speed

Fig. 11 Calculation of command value
©
o} A B C
g 1 1 P 1
0 H L |
o 1 T T Pulley pressure
1 1 1
2 £ .
o @ 1 1 1
o S 1 1
o O 1 I I Bypass valve strokel
+= 1 1
[} Bypass valve Bypass valve
i ___is opened ‘:‘ is closed -
(Im] >
Time

Fig. 12 Reduction in P1 pressure

Uy, MEREAD B ST 5 &, /N A 782030 7 % i
LTWiENTRTCEH OP HlZEBT2 2210k D,
BIREENMEL DT BRI 5 TN, I8 Z 3L
THEACT, PLIERTADMBD S, CRllET S &, P T
Bz avN—a2EOFESERICIZED, ZHhLLTIZ
XIS 0, ZOMERIUZ B WT, BE) OP Mo
BOUMEIE 4 51 OP OREIEHD T2 0 Y] 5 72 C ficollfini
TH0, Z2h LORFMERBIIFEEIES = 2L ¥ — 1§
P B X 5 7-00F % U< &,

4. MEEEM EXR

By 2T LA 2IA A TOTRB R, Rk
7 1 5 ORI EANRIZ DV TR

41. P23y Y3 UmENE

EREETOERL O ARD TV 23y Y g VEER)
Kk Fig. 13 1289, BH) OP MFBIRHI ZERNE A E < K->
TH O, HHRIC KT 2 EHEESEEO L & AR FEmE R
L 0.71% & 5> 7=,

4.2.1/S BHBER

PERDFEHIZTI/S FICHW TS HEE OP 1%, ON-
OFF il ¢ —EMinf & 4 2k Th 0, 77 v F 1=
EMERST A DIC M AR A A 503 T A RS T H
%, MEENIINE E EOMM A RT 2, BEH OP ot
HIR R LD T, € — & OB E IR B
HLAKIE—EIZR S,

Ky 25 AT Z & DBEREIZE DY ik %
Ba45Z & TME LR AEENL L, WMWEBEHRAEKL T
W3, Fig. 14 1288 OP @ 1/S - i 4R d. K2 2
F AT LT A8 OP O — & g FED 1/S H
I L TRkE VW 00, HIfOwMEENIZ & > THEEG
AR L, FEHIZB ) 2BER EIZFS LT3

= With electric oil pump
= Without electric oil pump

Transmission efficiency [%)]

Low Overdrive
1/(Overall ratio) [-]

Fig. 13 Transmission efficiency



Honda R&D Technical Review

Vol.31 No.2 (October 2019)

4.3. &M L3HR

Fig. 1512AY 27 A& L7282 Xk %, NEDC
E— FCTOMREIN LRIRE/RT. EE) OP fEBID -0 DFE
BILHEL/REML 252 FE LT3, Bl b — 2 LT 1.23%
ORRE ) b A RS T & 7=,

Flow rate [L/min]

= Developed system
—— Current system

Oil temperature [°C]

Fig. 14 Flow rate during ldling stop

Fuel economy increase [%]

Qil pump work
is decreased

ACG work  Power consumption
is increased is decreased
during I/S

Fig. 15 Fuel efficiency increase (NEDC mode)

5. &8

INUEL CVT O E R il LT, A4 LKy T

2T LERFEL, DIFORR A/

(1) BH OP OIEREIbEAE U T & BT PEREIC XD 7
P BT B AR 2 3 FH U 7=

(2) It 75 € — 2 RS 1 &8 E LU, PR 0.71%
M L& NEDC E— FIRE 1.23% [ L2 R L 7=,

(3) A5 OP WEHIEA 7 4 — F2y w2 LT, WIEHIERA
BEBEOIX 6D X IZ K 6§, BH) OP Olfnkk % 51k
7 6 el n L % TE L & B 6 h B EE) OP HilfH 4 %
L7,

SZ Xk

(1) Van der Sluis, F., Van der Noll, E., De Leeuw, H.:
The Success of the Pushbelt CVT, HEJHEEEfiiZ
TR 2 HIM 2 No.26-12, p.9-16, (2012)

(2) Van der Sluis, F., Yildiz, S., Brandsma, A., Veltmans,
P., Markus, K.: The CVT Pushbelt Reinvented for
Future Compact and Efficient Powertrains, F@)H{5;
iz 2017 SEFETARE AT 2 A R, p.245-
252, (2017)

(3)Fornari, R. V., Suzuki, A. R., Yamada, D. S.:
Prospects for Future Non-Manual Transmissions
Developments for Vehicle Applications in Brazil, SAE
Technical Paper, 2015-36-0348, d0i:10.4271/2015-
36-0348, (2015)

(4) KIBFRST, ek, SEEMT, BRI RE, 5l
P, P74 T4 2QRLAECVT D%, HE)
R 2 SCHE, Vol.44, No.5, p.1211-1214, (2013)

(5) JEEHR, wALfRR:2018 €7 )L N-BOX HI CVT,
Honda R&D Technical Review, Vol.29, No.2, p.28-34

(6) Kbl vk —Bp, S 2, A LRI, N HEZ, NS
Z TR, WIS B AL CV T DB %E,
Honda R&D Technical Review, Vol.24, No.2, p.47-52

(7) VEHIR AL, /NI EE, SRR, BHSUE, HERE E
AR EA A KRy TOR%E, AEEES 2017
FHRFARE Fbramd 2 TR, p.1942-1945,
(2017)

(8) B, BIFmRFER: F 74 7 v — v HEB N
v7a=y DR, KOYO Engineering Journal
No.159, p.74-77, (2001)

(9) BEE—, FEER, NRESH: R 2+ 4 LR
v 7O, BEHEii e 2017 FEFRE A
S T RAE, p.1938-1941, (2017)

at

J5t HHOHE E HE AR

Wb AR P




AT

CIVIEBAEEEE D 2
St X &2y 7B E TR

PARLE

2ab—vg2ill&d

Technology for Estimation of Fuel Cell Stack Temperature
Using Transient Heat Transfer Simulation in Cell Stacking Direction

Mg vl 7o HE R MR £ B N
Kensuke UMEZAWA Kosuke MATSUI Yuta IKEDA
C= =1 ABSTRACT

BRI CRIE SN D & 5 W B MR T T, & x5
s KOS YL & Edr, X &y o NORREALE O
AEROMNED MEA WS 2 HOREE THEETE 5, L
TR A ERREEE I 2L — Y g VAR L. MEA IR
JENDHEENREVDEHEEDOZWHEFIZOWTE, F
BHOZ & 7 TR ZHET — 2 250 L =mliiEE %
BMATHZEICkD, GHEAEGILLZ. 72, kDY
Iab—Y a3 VIS LT, MEA RS NOFEBE D k0
K1 Z2HE L TEB L. ZheOIBIc kb, wEiEE
FEEAICT /32 k<, A Xy o BRSO MR G
MTEDLIIT o7 BHIEZ L v 2 RBEERMEL XU,
WA GO A ZREIE - P2k 5, LILRERETAHE
PERE T2V =3 g VOREHEERME L, BEMTH %
FEPI+ 5% LINEERTE 5 Z & &AL 7.

A simulation of transient heat transfer in the
cell stacking direction was developed that makes it
possible to estimate the temperature of the MEA at
different arbitrary stacking positions within the stack,
including the case components and the end cells, at a
high level of accuracy under all operating conditions
that can be assumed for the vehicle environment.
With regard to factors that have a considerable effect
on the temperature of the MEA but necessitate a
high volume of calculations, the introduction of a
correction term based on fundamental data measured
in a stack while generating power simplified the
calculations. In addition, by contrast with conventional
simulation technology, factors that have little effect
on the temperature of the MEA were identified and
omitted. These initiatives have made it possible to
conduct coupled calculations for the constituent
components of the stack without any decline in the
accuracy of temperature estimations. It was verified
that the simulation of transient heat transfer in the
cell stacking direction was able to realize the target
figure for temperature estimation accuracy of within
+5% against actual measurements for both steady-state
stack generation conditions and stack warm-up mode,
including transient states.
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Prototype-less Development of Honda Smart Key System using Magnetic Field CAE
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In order to increase the development efficiency of
smart key systems, a technology was developed that
makes it possible to verify the mounting positions and
key position detection performance of LF antennas
in a short period and with no prototype vehicle
using magnetic field CAE. A body model employed
in collision CAE was simplified and the state of
conduction in the vehicle was added in order to
formulate body and seat models to study the magnetic
field distribution inside and outside the vehicle, which
changes in response to the body shape and the state
of conduction between connected sections, at stages of
vehicle development during which no prototype exists.
The results of magnetic field CAE analysis and tests
showed that it is possible to analyze the magnetic
field produced by an LF antenna, which changes due
to the effect of body shape and state of conduction,
in a short period. In addition, a small, wireless
electromagnetic sensor displaying stable measurement
accuracy was developed, making it possible to increase
analytic accuracy and boost the efficiency of studies.
As a result, it is now possible to conduct smart key
developments at the initial stage of new vehicle
development, when no prototype vehicle exists.
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Fig. 1 Wireless communications in Honda Smart Key
system
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Fig. 4 Relationship between distance and magnetic
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A method was established for predicting the
thermal mechanical fatigue strength of a cylinder head
without the need for verification by engine tests. The
accuracy of thermal analysis was enhanced by revising
the turbulent model and physical property values used
in CFD calculations to calculate the thermal boundary
conditions. Thermal mechanical fatigue analysis used
a material model that takes into account the kinematic
hardening rule and hardness overaging, which is
dependent on temperature. The analysis accuracy was
also increased by changing the bolt connection model
from FEM node merging to multi-point constraint
connection. Engine durability tests using an actual
engine were performed to verify the accuracy of this
CAE prediction technology, and the results confirmed
that cracks occurred at the durability test cycle
predicted by CAE. This research helped eliminate
the former need for verification with measured
temperatures, and enabled model-based prediction
of thermal mechanical fatigue strength in the design
phase.
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Table 1  Thermal boundary conditions
Previous
method New method
Turbulent Standard Realizable
Water jacket model k-& k-€&
and
exhaust port | Gas/LLC Constant Variable with
property onstan temperature
Combustion Boundary Empirical Combustion
chamber condition value CFD
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Fig. 3 Turbulent model verification in back-step flow
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Fig. 7 TMF test outline and analysis model
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Fig. 16 Combustion chamber after durability test
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Establishing Design Method for Mold Temperature Control Piping of Rapid Heat and Cool Molding
Used for Fabrication of High Strength Exterior Resin Parts
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ABSTRACT

Assuming the mass production of good appearance
and high-strength plastic parts to be used on
motorcycles, we studied the Heat and Cool (H&C)
molding method to fabricate low-cost glass fiber
reinforced polypropylene parts. In order to satisfy
both molding cycle time and mold surface temperature
uniformity requirements when temperature control
piping are laid along a three-dimensional surface of a
mold cavity, we used actual measurements made on
test pieces to systematically define basic specifications
for the piping arrangement. In addition, to deal with
portions where an ideal piping design cannot be made,
we developed a heat transfer simulation method that
can effectively determine the surface temperature
distribution of a mold cavity. With this, for a system
that uses saturated steam from a boiler as the heating
medium, it was indicated that a simple method to
assume hot water for the heating medium can in fact
be quite useful.
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Fig. 2 Surface glossiness and weight of molded part
in relation to different cavity temperatures
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Fig. 11 Temperature distribution of cavity surface of
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(a) Unequal channel pitch on plane view

(b) Cross section of optimized channel design
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Fig. 12 Examples of non-ideal piping and cross section of optimized channel design of Heat and Cool channels
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Fig. 13 Consideration on behaviors of heat medium in temperature control piping
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Fig. 16 Overview of mold parts fabricated by Milled Groove Channel method
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Fig. 25 Mass production rear grab rail of Heat and
Cool molding applied to Thai model
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Prediction Technology for Vibration at Takeoff and Acceleration in AWD Vehicle Fitted with CVT

R L e E &t
Masaaki MIYASHITA Masaki SAGAWA
TTR NI (IR TN
Kyohei YAMAMOTO Hiroyuki FUKUDOME

2 B

AR & BUE 3 2 i RS CIRBIER & 1 BE & SRR T 4
% 7= & OYRE) T MG & HEEE L 72, BBAYE TR L Tn
2 RENR S PERERRE & HI & U RS IEMT £ 5 L1, CVT
O~ MEHRE ) YT T 2 Ty FOERERE K UEBK ST
#ETUALL THIAAA 7. Bl O FEHERE NS 5 4T
V=VIZBWT, CVTONL FRYYF T2 59 FDIR
FEEREIETRIIDIB L T2 T 5. 22 ¢, Bk
FATUCHF TS CVT, 4 #2574 DOHKT 2 b
AV, TFTMCE 2335 4 -2 HEE2B I ko7, &
Fethiid, AAEH &2 BUE3 2 GBI COMREREHZE D TH
D, WERBZ o> T HET 2 MK B HBERGED TR
D LEEHIRTZ S.

ABSTRACT

A vibration prediction technology for the early
examination of noise and vibration performance at
development stages prior to the manufacture of a
prototype vehicle has been developed. CVT belt
resonance and differential rotation and the fluctuation
component in the rear differential clutch were modeled
and incorporated in a multi-body analysis model for
use in noise and vibration performance design in
vehicle development. The torsional vibration transfer
characteristic of the CVT belt and the rear differential
clutch vary in response to driving conditions in driving
scenarios involving vehicle takeoff and acceleration.
Parameters to be applied in the model are therefore
identified in unit tests of the CVT and all-wheel
drive system, which are developed in advance of the
vehicle body. The developed technology is effective
in performance design at development stages prior to
the manufacture of a prototype vehicle, and reduces
the man-hours involved in repeating performance
validation using actual vehicle tests.
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Table 2 AWD unit test parameters

Input rotation speed 500 to 2000 rpm

Input torque 50 to 150 Nm
Torque fluctuation amplitude 10 to 80 Nm
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To date, slips in the interior of the belt and pulley
misalignment have been allowed as phenomena
inherent to the mechanism of metal pushing V-belt
CVTs. The research discussed in this paper reduced
loss, which had conventionally been allowed, for the
first time ever in order to further increase efficiency.
A slip in the interior of the belt is generated by a
differential between the belt pitch radius and the ring
winding radius when the belt is wrapped around the
pulleys. Slippage between the elements and the rings
was reduced by reducing this radius differential. In
addition, changing the shape of the pulley V-surface
from 11 deg to 9 deg and adopting a curved multi-V-
surface shape made it possible to reduce the tensile
force of the rings and thus reduce the contact load
in the sliding sections. Furthermore, the developed
pulley-belt mechanism reduces the stroke differential
between the drive and driven pulleys when shifting and
controls the occurrence of misalignment irrespective of
the speed ratio. This has increased power transmission
efficiency by a maximum of 2.4% and by 0.9%
averaged over the speed ratio width.
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Method of Estimating Instantaneous Safety Factor for Self-optimizing Control of Clamping Force in CVT
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ABSTRACT

When fluctuations in the drive pulley speed are
transmitted to the driven pulley via the metal V-belt,
the transmitted fluctuations are attenuated according to
the belt slippage. The research discussed in this paper
focused on these fluctuations in the pulley speeds and
developed a method for estimating the instantaneous
safety factor for belt clamping force. First, a vibration
model was built by regarding the drive and driven
pulleys as a one-dimensional vibrating system
connected by elastic bodies. Based on this vibration
model, the instantaneous safety factor was then
estimated from changes in the pulley speeds. In order
to verify the method’s validity, the actual safety factor
was calculated by measuring the driveshaft torque and
belt clamping force in a test vehicle and compared
with the value estimated using the proposed method.
In verification testing, changes in vehicle body weight
and left-right wheel differential were applied to the
test vehicle. With the assumption that aging may affect
the results, verifications were also performed with two
test pulleys with different coefficients of friction.

The results verify that, in the required estimation
accuracy range of a safety factor of 1.25 or lower,
instantaneous safety factor can be estimated to within
an error range of 2%. Using the proposed method, belt
clamping force can be adapted even for changes in
friction coefficient, a traditionally unknown variable.
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Table 1 Test conditions

Vehicle speed 70, 80, 90, 100 km/h

Speed ratio, i 0.468

Vehicle body weight 1440, 1651 kg

Differential diameter rate, g | 0.9-1.1
(used chassis dynamometer)

Oil temperature 85-105 degC
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List of Symbols

a,;  Amplitude of speed fluctuation
(1: drive pulley; 3: driven pulley)
¢ Damping factor with belt slippage
Fprpn Tangential friction force on the V-surface

(DR: drive pulley; DN: driven pulley)

i Speed ratio, Npp/Npy
iin Gear ratio of final reduction
lgee Gear ratio of secondary reduction

L Moment of inertia
Iy~ Moment of inertia of driven pulley
I, Moment of inertia of differential
I..  Moment of inertia of secondary shaft
ky Compression stiffness of belt
k, Equivalent torsional rigidity of drive shaft
kyr Torsional rigidity of drive shaft
(L: left side; R: right side)
m Amplitude ratio, a;/a,
Npron Speed of rotation of pulley
(DR: drive pulley; DN: driven pulley)
N, x  Speed of rotation of wheel
(L: left wheel; R: right wheel)
Prrpn Applied oil pressure for pulley thrust
(DR: drive pulley; DN: driven pulley)
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QDR,DN

Qmin.DR,DN

T'br,DN

RDR,DN

RL,R

TDR,DN

Tmax.DR,DN

OlpR,DN

BDR,DN

0,

0,

0;

Pulley thrust (DR: drive pulley; DN: driven
pulley)

Minimum pulley thrust for transmitting load
torque on pulley (DR: drive pulley; DN: driven
pulley)

Effective radius of friction

(DR: drive side; DN: driven side)

Belt pitch radius (DR: drive side; DN: driven
side)

Effective rolling radius (L: left wheel; R: right
wheel)

Load torque on pulley

(DR: drive pulley; DN: driven pulley)

Maximum transmittable torque on pulley

(DR: drive pulley; DN: driven pulley)

Safety factor

Mean slip velocity between belt and pulley

Linear density of belt

Active arc (DR: drive pulley; DN: driven pulley)
Belt wrap angle

(DR: drive pulley; DN: driven pulley)

Differential diameter rate

Relative error of estimating safety factor

Phase lag

Power transmission efficiency

Mean friction coefficient on the V-surface of
pulley

Degree of perturbation of angle of rotation of
drive pulley

Degree of perturbation of angle of rotation of
elements wrapped around driven pulley

Degree of perturbation of angle of rotation of
driven pulley

Natural angular frequency

Excitation angular frequency

1/2 the V angle

Quantity of slip state

Critical state quantity (elastic slip limit)

mE Enl

Wb %P
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