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Cylinder Dectivation
- Mechanical
- Electrical

“Smart Hybridization”
- electric auxiliaries
- 48V systems 

Combustion System
- high BMEP TGDI
- Low PN
- CNG-DI

Variable Valvetrain
- 2-step / 3-step
- fully flexible

How can Gasoline Engine Technology support to meet 
2020 CO2 Emission Targets ?

ExhaustAir

Variable Crank Train
- Var. Compression ratio
- Var. Expansion ratio

Boosting
- 2-stage 
- electric boosting
- water cooled VGT

2-step
low lift

2-step
high lift

3-step
l/h  lift

cont. 

Exhaust Gas Cooling
- External cooled EGR
- Cooled / integrated

manifold



VALVETRAIN TECHNOLOGY SHARES FOR GASOLINE 
PASSENGER CARS BUILT IN EUROPE
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GLOBAL VEHICLE PRODUCTION BY PROPULSION 
TECHNOLOGY
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SHARE OF CHARGED GASOLINE ENGINES 

Share of Charged Engines - %

Japan

Europe

China North 
America

Source: IHS Q2/2013

• Share of boosted 
Gasoline engines 
will dramatically 
increase

• China higher share 
than US 

• Various TC-GDI 
launches also in 
Japan

Downsizing / down-
speeding based on 
boosted engines is 
already the main-
stream technology 
for FE improvement Korea

Brazil
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EVOLUTION OF TURBOCHARGED GDI  2005‐2013
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Significant improvements 
by:
• refined combustion 

systems 

• increased functionality of 
the valve train 

• improved exhaust gas 
cooling (water cooled / 
integrated exhaust 
manifold, water cooled 
turbine housing) 
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Development Directions for Future TC‐GDI Engines to 
extend the Range of High Efficiency Operation

Sweetspot /
upper part load:
• Lean combustion
• Cooled EGR 

• Miller (VVL -Intake)
• Extended expansion

Down-
speeding:

• Transient 
response 
enhance-
ment

High BMEP and  power 
• Cyl.-head integrated EX manifold

• 1050 deg C technology 
• Cooled EGR, Miller (VVL-In , gas dynamics) 

• Aluminum turbine housing  (VNT+WG)
• 2 stage boosting

• VVL for EX cam

Throttled part load:
• Internal EGR strategies (diff. kinds)
• Dethrottling (late IVC)

• Cyl. Deactivation



SI COMBUSTION TECHNOLOGIES 
FOR BEST HIGH LOAD EFFICIENCY
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SI COMBUSTION TECHNOLOGIES 
FOR BEST HIGH LOAD EFFICIENCY
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INCREASED EXPANSION RATIO REALIZED BY:
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AVL proposed System for VCR: 
Variable Con Rod

High oil pressure – low CR Low oil pressure – high CR

VCR 
adjustment
range

telescope rod

con rod

end stop

control bolt

Similar size to 
conventional conrod



GDI‐TC Gen.4
AT/DCT 6

BSFC < 240 g/kWh

GDI‐TC Gen.2
AT/DCT 6

BSFC < 240 g/kWh

refined engine
technology

GDI‐TC EVOLUTION: EXTEND USABLE AREA OF HIGH 
EFFICIENCY OPERATION CONDITIONS

Energy consumed in 
WLTC driving



FUEL ECONOMY IMPROVEMENT BY HYBRIDIZATION

Hybridization allows 
electric driving at low 
power requirements 
where the ICE would 
otherwise operate 
inefficiently

Recharging

+



Generic Technology Roadmap for SI-Gasoline Engines

Mainstream Premium Niche To be confirmed

Energy
Management

Base Engine 

Aftertreatment

Gas Exchange

20252013

Homogeneos DI (side, central ); Integrated Exhaust

Variable Valve Actuation (VVT / VVL)

Lean Aftertreatment

Adv. Friction Reduction

GPF

Cooled EGR ( LP, HP, Forced)

Enhanced Warm Up

Waste Heat Recovery

Combustion
System

2020

Lean Adv. Lean
Adv. HCCI

CNG CNG BiFuelMonofuel

Miller / Atkinson

VCR   
Articulated Crank

* … majority of global SI‐
engines will maintain MPI 
+ camphaser
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DRIVERS TO PROCESS THE REQUIREMENTS FOR INCREASING DEVELOPMENT 
AND TESTING QUALITY 
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ADVANCED EQUIPMENT FOR PARTICULATE MASS AND 
PARTICULATE NUMBER OPTIMIZATION

Transparent Engine

Spark Plugs 
with optical fibres

• Advanced equipment 
provides detailed 
information about 
particulate source: cycle to 
cycle, cylinder to cylinder, 
location in the combustion 
chamber

 A “microscopic” view is 
required for an efficient 
optimization of  particulate 
generation



appropriate combustion for EU6NOT acceptable Diffusion combustion

REDUCTION OF PARTICULATE NUMBER BY 
IMPROVED COMBUSTION SYSTEM AND CALIBRATION 



AVL Instrumentation for Powertrain System Development & Optimization

AVL-VISIOLUTION
INDICOM

AVL INTEGRATED TOOLCHAIN 
FOR POWERTRAIN DEVELOPMENT

AVL‐CRUISE

AVL‐BOOST

AVL Software Tools for Powertrain System Development & Optimization

AVL‐FIRE
AVL‐DRIVE

AVL‐EXCITE

SIL / HIL 
DEVELOPMENT

POWERTAIN 
TESTBEDBATTERY 

TESTBED

AVL- M.O.V.E.
Chassis Dyno

Engine Test Bed &
Emission Systems

Driveline Test 
Systems / HIL

Vehicle 
Simulation / SIL

Powertrain 
Simulation

Vehicle 
Development

Vehicle Validation 
Production Signoff




