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Development of higher-mileage car — improved engine system —
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An internal combustion engine vehicle which has been invented for 120 years is absolutely imperative for our life. Green
action and resource-saving are the key technologies for automobile engineering. Hybrid car, hybrid electric vehicle, electric

vehicle, and clean diesel have been developed. New diesel and petrol cars and vans will be banned in the UK from 2040 in
a bid to address air pollution, the government has announced in July 2017. However, an internal combustion engine vehicle
will maintain holding a key position at least 20 years. The competition for gasoline mileage “Honda eco-mileage challenge”

is held since 1981. Here we show the improved engine system for the developed experimental production vehicle. Gasoline
mileage has been optimized by response surface methodology and artificial neural network models.
Key Words: Higher-mileage car, Engine system, Response surface methodology, Artificial neural network models
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interaction B (HHE < REER) 0.05154 0.2436
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interaction Bas (RRER x HiH) -0.39856 0.1568
quadratic B (F’Eﬁ‘li x nEgTri) 0.29717 0.0002%*
quadratic B2 (BRREE <« RRER) 0.08183 0.0837
quadratic Bas (3% x %R -0.30631 0.548
coefficient of determination R? of the modela 0.974
P-value® <.0001*+

? See the Response Surface Methodology section.
* Observed significance level of the test, significance levels of 0.5% (%), 0.1% (#¥), 0.01% (%) in two-side ¢ test
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regression coefficient’ B p*Vﬁ'LlE
liner By (TES ) -0.46389 0.0034*
liner B, (RREE) -0.10568 0.3277
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interaction B (HHE < REER) -0.00277 0.868
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quadratic B (F’Eﬁ‘li x nEgTri) 0.35570 <.0001%**
quadratic B2 (RREE <« RRER) -0.00148 0.9293
quadratic Bas (EEEH x E1%5%) 0.19379 0.362
coefficient of determination R? of the modela 0.996
P-value® <.0001*+

? See the Response Surface Methodology section.
* Observed significance level of the test, significance levels of 0.5% (%), 0.1% (#¥), 0.01% (%) in two-side ¢ test

3. MREEE

WA REANL=2—F Ry NU—=2(C
X v E7 Y > 7 (Aone-hidden layer first-stage-logistic
and second-stage-identity model in an unsupervised-
learning type feed-forward neural network) ® L 7=/ #
TN T —~v Ay T HRK2-3BLUK
5.6 Y, RFMITHERLY ., WFhoLaick
WTHETNVEABORERBEN o REL, 2,
PIEH /NS LG ET IV OEHEME XS
W, BEELEIFRREOE E D PE L Y | RS
B U URHEREPBREICRESFLELTVD
B ole, N7 = ARy T XD WPC
MLERCRTIZ B W T, BREIIEMEH O R E & HIZK
LY ATTLrpm] THRRIZE L, & HICREE %
EHEED BB LT, WRERIL, AT

625

(2020)

78 D0 TR 25 [mm]% FEl- 725 £ 0 [mm] T
TR RERDZENGhoT-, SEIERZIT- -
HPH T, WAEE 0 [mm], BREHES & 3 [msec].
T 2V iR 4771 [rpm] A WPC ALER®RT D PR 2 B
WERETHDES ST, ZOKEOEE.
1384.033 [km/L] DB 2155 Z L N THIS LD, F
72 WPC MLEE®H (Z >\ Tk, BB IR ER 5 D TR
ET& % 4400 [rppm] CHRKRIZE L7, WRERIZD
W CIE WPC ALECRIT D5 & R Td - 72, 4 Al 52
BRAAT o To#iPH CiE, WRE K 0 [mm], BARHE S &
3 [msec]. = ¥ [alfis% 4400 [rpm]AS WPC ALER®
BOBRBREFNETHD ENnhoT, ZOFRFDOE
By 1462424 [km/L] DR B 2155 Z L s PRI S LD,
NI =~ A~y 7 L0 B B O EE
DO FRPREORKMEL 72> TND I ENDND,
IDZENDL, SLIZEHREEZ/NSLSTHZETHR
Fhm ETEDAREMENSRESND, 72, WPC AL
PO O TR E 1L ALF T & e K9 5.7%0M B LT
BY ., WPCULEE®PD K X 72 M HEFR T & 7,

. R?=0.9885

SAFINESTE - 3 msec
ESER :0mm
Bl 4771 rpm

Pl FRRLE: 1384.033 [km/L]

5 R7p—<r A<y (WPC LLEL®HT)

R?=0.9992

JAFIIESTE : 3 msec
RRER 0mm
B3 : 4400 rpm

FRIAE: 1462.424 [km/L]

6 NRT7F—vrAvv 7 (WPCULFL®%)

FRAER L REET D720 HiAR RS ERREARRTIC
HOEVALY 7 HETE A—=N—AE—= Ry A
WICCRES N 39 1 ARHTa~vA Ly Fy
Loy 2ERESICHE L, RIEICEE., &
THILENTE T, AITKRSHEREKO, RiFEE
(2018 %) KREFER V% =7, B ETIZINT 7
Nb R EFICE R Z B, EETHIENTE,



BHAEREERORE - vV YRTAOYR— 0 [« 5E « R A o P« Tl o AR o KK ALk « IR« 0+ K « JUHB o T80« IR« IR i o B« (il

KBS ETT CIIE ETOM B A2 E 2, B &
ITRE OFEE A ATV REFCSR A X3 2 LIS
L7,
HEDOAEITHRIEIL 39 4> 2011 B TH DN,
EITTHN4 LR IT—L LTS, DFED, =
VUL ONICT AW S L, AT O R
R EDHZ LT, EHITRELEAMITTZ &N
TE 5720, P CIIRERMERIICT—LTE 5
KO B EITRIG A L BOs A A Uiz,
ZOZEIZE Y RIBICRETLSR A MIET LN T
i, o, BIEERESNLITRENN 2/ (FU
KT A=) ERIBRLEEZRIZLTEY, K%
TITo eV DHB, BIY, VAT LADOKIHE
BICRERIREND o1~ L AR TX-, LML
RN D | BEIEPUZ DWW TR TH D H v L% 3k
HL, $160kg DRI A N—NFEHLZIRETOE
EATIZBW T, BREIX, THRISNME (1462.424
[km/L], X16) OFNREICHE-T (R, 5%
OFEAMEFRE L, Il EREOEB & 7 RO
At (BRI BERELTHDH, £z, K7
A R—DFL, BT Z B LI ETTHIE 2L
T, ENEXRDEITXEFTGIEEAZ v 7 ORLE
ELF— AL LTORMEDOHR L HEERBRETH
2o

#4 EEREOMR

g (kL] %ﬁﬁfi SEATEE
2;:;%5 376.356 43.55 374516.269%)
20;§§}§ 606.361 27.03 35%4320.171%)
Zojﬁgﬁ 748.181 21.91 384347.353%)

# O

ABFZED—H %, PRk 30 £, SFcEERE
HERE (L0 VIEERRE TEREAE g 8l
DOFA%E (NSRBI ) - 7 u Y =7 MEE oo
TFryXET T M) X0 EM LT,

Z2 & X W

1) B XRE f: SRR ER OB =V AT
Lo, I TERSFEM PR, 5 60 75, 19-24 (2018)

2)  WIARIE b BB B OB - B, Hl
TR SEHMER A, 5 60 7, 25-30 (2018) .

3) WHFH EVEIIZD XA YORE, L, 98
(2000).

4) HAEHARZ WPC : WPC D Ei,
https://www.fujiwpc.co.jp/industry-service/doc/wpc.pdf (&R
2020-09-25) .

5) XA —FR&tE WPC FE : WPC & 1T,
https://www.ne-jp.com/wpc/page/1towal/index.html (g
2020-09-25)

6) Box GEP, Behnken DW : Some new three level designs for the
study of quantitative variables. Technometrics, 2 (1960) 455-475.

7)  EEEH b BRI E I OB S, 2018 4EEHEH LT
3 S L AR AR 3R SUAR, (2019).

8)  D. Yamaguchi et al.: Hydrolysis of Cellulose by a Solid Acid
Catalyst under Optimal Reaction Conditions, J. Phys. Chem. C,
113 (8) (2009), 3181-3188

9) AHFE—EH Honda =a~=A Ly F ¥ LY 2019
39 EERE V¥
https://www.honda.co.jp/emc/history/national/result2018/pdf/18
0929Result_Gr3.pdf (Z:Hf 2020-09-25) .





