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Turbocharged and Naturally Aspirated Gasoline Direct Injection V6 Engines
with Common Architecture based on New Valve Train System
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Two gasoline direct injection V6 engines were
developed using a new valve train architecture
with a common engine geometry: a turbocharged
engine aimed at enhancing power performance, and
a naturally aspirated engine aimed at enhancing
environmental performance. Variable Timing Control
for intake and exhaust was adopted to improve boost
pressure responsivity for the turbocharged engine and
thermal efficiency for the naturally aspirated engine.
To maintain an engine size comparable to that of
the previous engine, a new compact valve train was
developed, combining a valve lifter-based Variable
Cylinder Management system with built-in cylinder
deactivation switching mechanism, hydraulic lash
adjusters, and roller rocker arms. With these changes,
these systems were equipped at the same cylinder
head size as the previous SOHC engine. Furthermore,
the new valve train allowed for a common engine
geometry between the turbocharged and naturally
aspirated engines, including cylinder head structure
and rotational axis positions of the crank shaft and
cam shafts, to help ensure commonality for the timing
belt drive system and other systems. A single twin-
scroll turbocharger was adopted for the turbocharged
engine, achieving a maximum power of 265 kW and
maximum torque of 480 Nm. The naturally aspirated
engine features a fuel injection system with fuel
pressure increased to 30 MPa, and a vehicle with
the engine achieved an LEV III SULEV30 rating,
producing PM of 1 mg/mile.
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Fig. 5 Comparison of cylinder head appearances
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Table 1 Comparison of engine specifications

Previous NA engine Developed NA engine Developed T/C engine
Cylinder configuration V6 cylinder V6 cylinder V6 cylinder
Displacement [cc] 3471 3471 2997
Compression ratio 115 115 9.8
Bore x Stroke [mm] ®89 x 93 ®89 x 93 ®86 x 86
Bore pitch [mm] 98 98 98
Block height [mm] 235 235 235
Bank angle [deg] 60 60 60

Valve train configuration SOHC — 4-valve / cylinder

DOHC — 4-valve / cylinder DOHC — 4-valve / cylinder

Variable valve control device Intake/Exhaust VTEC and VCM

Intake/Exhaust VTC and VCM Intake/Exhaust VTC and VCM

Variable cylinder management 6 — 3 cylinder switching

6 — 3 cylinder switching 6 — 3 cylinder switching

Cam drive system Belt drive / Hydraulic tensioner

Belt drive / Friction damping tensioner | Belt drive / Friction damping tensioner

Aspiration system Natural aspiration

Natural aspiration Twin-scroll turbocharged aspiration

Fuel injection system Direct injection

Direct injection Direct injection

Maximum fuel pressure [MPa] 20 30 20

Fuel grade RON91 RON91 RON95
Emission category LEV IIl ULEV125 LEV Il SULEV30 LEV Il ULEV70
Maximum thermal efficiency [%] 36.5 37.5 36.5
Maximum power [kW/rpm] 209 /6000 213/6100 265 /5500
Maximum torque [Nm/rpm] 355 /4700 355 /5000 480 / 1400 - 5000
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Fig. 10 Intake-cylinder flow of T/C engine
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Fig. 11  Intake/Exhaust VTC control strategy
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