https://doi.org/10.69239/hondatechnicalreview.2017 29 1 1

AT

A 1.0 L 7§IJ3’_”"7’7‘J ) > EMEERE

<y i )

CHTLUY

DFZFE

Development of New 1.0 L 13 Gasoline Direct Injection Turbocharged Downsizing Engine

mio — Bt NGRS BA BT %A A
Kazuki MAEYAMA Hirotaka KOMATSU Masaru ASARI
W] SERET SlE i g5 &
Naoko MACHIDA Akira TERAO Yu YOSHIO
% m B
Mitsuhiro SHIBATA

= =] ABSTRACT

BREVERE B D AW A ST — b v A VBl
#iT®% EARTH DREAMS TECHNOLOGY O—Eg& L
T, RECIE & BT ERE A MiS2 3 2 818 1.0 LS 3 &(fH
VTEC TURBO =V ¥ v ¥ L 7-.

YTy Y VIdBRCHIRIELEATE 15 L E20LO
4%fHVTEC TURBO Ty o v e klEay 7 | % [6—
EL, B Y TULRKAR =, ZELA VD 2o 4, /K
EHERDM DS Ly v 7 M2 &b Valve timing
control 7 & #5@HfliE L TEHL TWa., ZHiA T
TMAERREF ALK T Wb a4 I v 700 b, fllihs 5
VOV 7 M EEOHEMMZLD 7Y v g VKIKERUEL
ThIho7. BTV Vv EFHRL NS 7 2O T
i, BRINE — FISTRE 2R YV VBT 26% (KIk L
BNE, HHRO/NEL —KRF v — Y v 12X DKHME L
2% 20% I b U7 BT MR 2 R L 72, 2 D 5 A TR
B IZ OV e B & MR L 72,

A new 1.0 L inline 3-cylinder VTEC TURBO
engine that achieves enhanced fuel economy and
driving performance has been developed as part of
the cluster of new-generation power train technologies
known as EARTH DREAMS TECHNOLOGY, which
realizes both environmental and driving performance.

This engine has the same combustion concept as
the previously released 1.5 L and 2.0 L 4-cylinder
VTEC TURBO engines, and also applies common
technologies such as high-tumble-flow intake ports,
multi-hole injectors, and valve timing control of
both the intake and exhaust camshafts. In addition,
technologies such as a variable displacement oil pump,
timing belt in oil system, and narrow crankshaft have
been applied to comprehensively reduce friction.
A compact class vehicle with this engine installed
achieved 26% better fuel economy in European
driving mode compared to the previous engine, and a
newly developed compact turbocharger helped improve
driving performance with 20% higher low- and
medium-speed torque. Furthermore, both vibration and
noise were kept in competitive level.
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Overview of developed engine
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Table 1 Comparison of engine specifications
Engine Developed Previous Previous

o 1.0LI3 15L14 1.8L14
specifications turbocharged NA NA
Displacement [cm®] 988 1496 1798
Bore [mm] 73 73 81
Stroke [mm] 78.7 89.4 87.3
Stroke / Bore [-] 1.08 1.22 1.08
Compression ratio [-] 10.0 11.5 10.6
Valve number In/Ex [-] 2/2 2/2 2/2
o (ameter 28/23 29/25 33/26
Cranenatt manpin | asias
Piston with oil gallery Applied Not applied Not applied
VTC Dual VTC In-VTC None
VTEC In In In
Xﬁgﬁﬂ% displacement Applied Not applied Not applied
ngﬁggg controlled Applied Not applied Not applied
External EGR system None Hot Hot
Fuel injection system Direct Direct Port
Camshaft drive Timing belt Timing chain | Timing chain
Fuel RON 95 RON 95 RON 95
Power [kW/rpm] 95/5500 97/6600 106/6500
Torque [Nm/rpm] 200/2250 155/4600 174/4300

KD 15L NAZ YDV EHMBIZLAERS S, #950% OFB
I T Y U VRIS HICRRR X e,
BTy ovE7 ) oy g AR E Uiy 5 > 2

Sy 7 b, M a A IV NN, EREAALEY T,

BRI -2 49 bAEAFRHL TS Z &N
MTHb. £/, TFYV—ZAbvF—L FE—KLL~
VAN FOBKEIZZ —RF v — ¥ v ZEIZHUHT T
L= b 2EIRL T B, 2Rk PR A e L
IIyvaVvEKBTAEL I, BAHRTHEE LD
ZERILD ) v FAIS K B BREERRIS T 29I L T 5.
4. 1818 &ERFRIM

41. ) ZTay I8LPT U EANY R

YV VATay o3 a4 F A PEIRICK ST LIASE
BT, $PELT 4 FaEAZ S, B ORI 3G
LR o Fahown, BHikEy ) v a7ay s
MIATEISIER SN2 TV v r v F THHT 2 Rimm i)
ML L, — iRy ) v 4~y FIZin, &5 —
By v ETay DI r =20 vry NERTY) VA
~v FiZifih 3 (Fig. 2).

VY VENy FiEETFIZgEEhz2E - 28V v
Ty MG AL, WHKSRIEE AT 5 2L T
KA OMBEE 2wl cE 5 L 512 L7 (Fig. 3).

4.2. BHY X7 L

Iy omHKGREHIIZIE Fig. 4 12898 74
Y—FEZAXy VARBTSEILT, 7V 7Y 3 VIERKIZK
BB L b RS A U2 BRI -2 2y
FDT s ATV A Y PRRFRREE, RV AT LLD R



A0 LESISKEAY U CEEBKL VA DT DR

20°C B\ 103CIZFRE L TV 5. (RAM I I3 i HIKE
EEESTIZLICkD, REGIR-TTIYV 2 a Y
AT 5 Z & TE— FIRE A4 0.6% I X/, —7,
Ty ZALLAYFOEZ N VYNIZIZET I v b —& R
NS NTHED, 7y o AEHEEMET 25 Z & TRERE
X0 B FHIAEE THAS TS ZENTE L. BEMN
REICIE 2T 3y 2 b — 2 IEE L THMWREE T, Wil
RIS A GER S 2T ARISITHIET 2 2 & Tl & TR L

TW3.,
/ @ Outlet
ﬁ Upper cylinder head
jacket
‘ ' Lower cylinder head
Flow in Jacket

cylinder head

Flow in

MCK Main cylinder block

jacket

Sub cylinder block
jacket
)

Inle *i#ol water pump)

Water jacket
lower core

Water jacket
upper core v

Exhaust
port

Coolant flow

Fig. 3 Configuration of two-piece water jacket and
coolant flow in cylinder head

Ceramic heater
Piston

Wax

Fig. 4 Sectional view of electrically controlled
thermostat

43. LY 7O%REH

U7 vy 7 ModEmEgsE ke smaL, x4 v
Uy —FABEEEC VYV v —FAREMLSTEIETTY Y
va VEKRLZ. Fig. 5132752 vy 7 FOsElE 1.5
L NA TV Yy En~Fikbigsa R4

7z, 3EMT Y Y VIR RIEMMINSEER S 5 IRE)
BRI RN HRTH M, 7)Y 3 v B LUEREOR
MZE#T T, N v L 2L LT

—IEVEE I K A IRE) O RIS & U THREE R E = & W
THEL LI, HIKRBANDOF LR KEVI YD Uy Y
FRETO LTV AARE A KK TE S LI T v oy v T
FDINT Y AREBE L. AT YD TR NS
VAHE(0% & 75% DI AL L, 75% FERL T 5.
Fig. 6 I —XMEMEM NIz k2~ v b rick g 2 iRE) %
AL I U 22K AR Y. YYD Y OMED I
BHIZH LA EHER OS5 2 ENMERTE 5.

Y2 b 2, BESICRE S BRI RORIRE LT —

1.0LI3 15L14
turbocharged NA
Pln bearing 35 40
diameter [mm]
Mam bearing 38 46
diameter [mm]
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Fig. 5 Crankshaft overview
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Fig. 6 1% order vibration excitation of I3 turbo
charged engine at 1000 rpm
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Engine speed : 2000 rpm
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Fig. 13 Overview of timing belt system

Table 2 Comparison of timing belt materials

L Conventional
Belt in oil Belt
Material PA66+Aramid
Tooth Surface .
fabric treatment Epoxy resin H-NBR
Material H-NBR

Rubber +Aramid fiber

Back face Back face fabric | H-NBR
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Fig. 14  Construction of timing belt
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Fig. 15 Sectional view of oil pump
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Turbine

Electric Waste gate
waste gate actuator valve

Fig. 16 Cut-off view of turbocharger

1.0 L I3 turbocharged engine

1.5 L 14 NA engine

g - f‘ flow

Jump-ramp

Shallow dish
shape piston

Fig. 177 Comparison of intake port and piston top
shape

Table 3 Comparison of turbocharger specifications

Turbocharger specification 1.0L 15L
Max. power [kW/rpm] 95/5500 110/5500
Max. torque [Nm/rpm] 200/2250 203/1600-5000
Turbocharger supplier Borg Warner Mitsubishi
Scroll Mono Mono
Wheel
diameter/vane $31/10 $37/11
. Permissible
Turbine speed 285000 rpm 245000 rpm
Housi DIN1.4837+Nb A3K
OltJS|.n? [Austenitic [Austenitic
materia cast steel] cast steel]
Wheel
diameter/vane $37/5+5 $46/6+6
Compressor Permissible
speed 285000 rpm 241000 rpm
Actuator Electric Electric
Waste gate | Valve
diameter $20 $28
Table 4 Injector hole configuration
Specification at|Specification at | Specification at
early stage middle stage final stage
Spray targeting o
and hole size o le it —
arrangement o ® ° .
Fuel flow distribution Even Uneven (small) | Uneven (large)
Piston impingement + ++ ++
Liner impingement - + ++
Homogeneity + + +
Ranking 3 2 1
++: Good +: Average -: Poor

"), Anti-tumble

Velocity [m/s]

Intake side I 30

120 degATDC
1.0 L I-3 TC engine at 1500 rpm WOT

120 degATDC

Base NA engine at 1500 rom WOT

Fig. 18 Comparison of in-cylinder flow (CFD analysis)
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Fig. 20 Comparison of engine mechanical friction (Source of scatter band: FEV)
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Fig. 22 Comparison of BSFC
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Fig. 23 Acceleration performance and fuel economy
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