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Construction of Hierarchical Scatter-band Data for Engine Specification Study
in Model-based Development Realization
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Hierarchical scatter-bands were constructed to
determine engine specifications in the early stages
of development, and development efficiency was
enhanced. The four elements of thermal efficiency
and combustion stability, oil dilution, and soot,
which conflict with thermal efficiency, were defined
and the requirements of intermediate parameters
were analyzed in order to link them to parts step by
step. Using engine data, it was confirmed that the
parameter linkages are generally correct. The issues of
turbocharged direct injection engines and their causes
were analyzed based on system characteristic analysis
and requirement analysis using scatter-bands, thereby
enabling efficient implement countermeasures. The in-
cylinder flow was enhanced by changing the piston
top to a shallow dish shape, which decreased the
combustion period by 0.5 deg. and reduced the brake
specific fuel consumption by approximately 0.6%.
Countermeasures were also implemented for conflicting
events, and the injection control was changed. This
reduced the oil dilution rate by 2.6 wt% and allowed
balancing of the performance demanded of the engine.
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Table 1 Engine operating condition for scatter-band
Engine o
requirement (L2) Ne [rpm] Load [kPa] Tw[°C] A/F
BMEP 400
Thermal efficiency 1500 BMEP 600 80 Stoichiometric
BMEP 800
. . NA: IMEP 1000 . .
Combustion stability| 2000 TC: IMEP 1600 80 Stoichiometric
S NA: IMEP 1000 . .
Oil dilution 2500 TC: IMEP 1600 50 Stoichiometric
Soot Fast idle 1500 BMEP 200 40 Stoichiometric
(PM/PN) | Extra high| 2500 IMEP 1000 80 |Stoichiometric
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Fig. 3 Schematic diagram of engine operating
condition for scatter-band

Table 2 Engine control conditions for scatter-band

Valve timi IVO: -10 deg. BTDC
alve timing EVC: -10 deg. ATDC
o PI: 0.4 MPa
! DI: 12 Mpa
o PI: -30 deg. BTDC (EOI)
i DI: -60 deg. BTDC (SOI)
N MBT
9 10 deg. BTDC (fast idle)
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Fig. 5 Requirement analysis which

were empirically linked with parameters
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List of Symbols

A/F Air/Fuel ratio [-]

D Bore diameter [mm]

Ne Engine speed [rpm]

P, Pressure of fuel [MPa]

L, Stroke [mm]

SIV Surface/Volume ratio [m*/m"]
T, Temperature of water [°C]

TKE Turbulent Kinetic Energy [m*/s’]

Up Mean piston speed [m/s]

Uiprake Velocity of intake flow [m/s]

u' Turbulent intensity [m/s]

V, Displacement [L]

O Ignition timing [deg. BTDC]
O,y Injection timing [deg. BTDC]

n; Indicated thermal efficiency [%]
n, Volumetric efficiency [%]

List of Abbreviations

AICE the research association of Automotive Internal
Combustion Engines

BMEP  Brake Mean Effective Pressure

BSFC  Brake Specific Fuel Consumption

CAE Computer Aided Engineering

CAFE  Corporate Average Fuel Efficiency

CFD Computational Fluid Dynamics

COV Coefficient Of Variation

DI Direct Injection

EGR Exhaust Gas Recirculation

EM Emission

EOI End Of Injection

EVC Exhaust Valve Close

IMEP  Indicated Mean Effective Pressure
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INJ
VO
LNV
MBD
MBT
MFB
NA
PI
PIV
PM
PN

SOI
STD
T/R
TC
TDC

WLTC

Injector

Intake Valve Open

Lowest Normalized Value

Model-Based Development

Minimum advance for Best Torque

Mass Fraction Burnt

Natural Aspiration

Port Injection

Particle Image Velocimetry

Particulate Matter

Particle Number

Real Drive Emission

Start Of Injection

Standard deviation

Tumble Ratio

Turbocharger

Top Dead Center (BTDC: Before TDC, ATDC: After
TDC)

Worldwide harmonized Light duty vehicles Test Cycle
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