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Major Market Drivers  of Automotive P owertrain World Wide 
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Fuel economy and CO2 

 W-E U: 130g C O 2/km in 2012 
 US  C AF E : 34.1 mpg in 2016 
 ww: volatile crude oil prices  

Driving comfort 
 Nois e, vibration, hars hnes s  
 S hift & launch quality 
 E as y driving 

Fun to drive 
 P ower output 
 Low end torque 
 R es pons e time 

Internationalization 
 P latforms  (few, flexible) 
 Modules  
 P urchas ing (global) 
 F uel quality differences  

Emissions & Diagnosis 
 E U6 
 NAF TA S ULE V, P ZE V, LE V III 
 C AR B  OB D II 

Quality and Safety 
 R eliability 
 R obus tness  
 IS O26262 

Brand building 
 B rand Identity & -value 
 Image, e.g. Innovation 

Cost 
 F or entry level mobility 
 C os t of Owners hip 
 C os t E ffectivenes s  

 C os ts  and fuel economy currently are worldwide the mos t important 
market drivers . E mis s ions  and diagnos is  are mandatory requirements .  
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B ridging the Technology G ap 

B as ic s ys tem: S UV  clas s  (2300 kg); 4.0 l (8 cyl.) P F I; λ=1; C O2 308 g/km  
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MY2016: 34.1 mpg  
(Combined US fleet) 

300 

SUV MY2016: 28.5 mpg  
(average footprint: 54.1 ft2 (2009) 

 E ngine & trans mis s ion meas ures ,  
 w/o vehicle meas ures    

w/ optim.  
Transm 

HEV  
strong 

 Downs izing is  the mains tream in gaining fuel efficiency 
 HE V  & E V  in need of additional drivers  or further cos t reduction 

DI λ>1 
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Advanced C ombus tion C oncept – Homogenous  C harge C ompres s ion Ignition (HC C I) 

  Homogenous  pre-mixture of air, fuel & res iduals  
  C ontrolled auto-ignition and flameles s  combus tion 
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AC C E S S  (P roject s ize 24M US D)            P roject Targets  

Timeline               P artners  
•  US  Department of E nergy 

•  R obert B os ch LLC  

•  AV L 

•  Univers ity of Michigan, Ann Arbor 

•  S tanford Univers ity 

•  E mitec 

 
 
 
 
 

 

•  Targets  
 30% fuel efficiency improvement  
 S ULE V  emis s ions  
 E nabling key s ys tems  and controls   

Phase 3
(1.5 yrs)

Application

Implementation
and 

Vehicle Demo

Phase 1
(1.5 yrs)
Concept

Fundamental
Research

Phase 2
(1 yr)

Development

Technology
Development

Phase 3
(1.5 yrs)

Application

Implementation
and 

Vehicle Demo

Phase 1
(1.5 yrs)
Concept

Fundamental
Research

Phase 2
(1 yr)

Development

Technology
Development

Outlook - Potentials to be evaluated

Standard PFI

Direct injection

Variable Valvetrain

Advanced combustion (HCCI)

Bio fuels (from cellulosic source)
synergies with el. drive

Trend today - proven

Turbo Downsizing

ultimate combustion engine  
S I/HC C I, DI, T C , V V T /V V L, eE G R , F F V   

SeriesSeries
33--wayway

catalystcatalyst

Customized Engine Management (ECU) Customized Engine Management (ECU) 
 Novel combustion algorithms
 Model based control

TurboTurbo--
chargingcharging

 2-stage system
 HCCI map extension

 Solenoid MHI
 Side/Central mount
 Split injection 
 Small quantities

CustomizedCustomized
Injection Injection 

InIn--Cylinder Pressure SensingCylinder Pressure Sensing
 Direct combustion feedback 
 Efficiency optimization 

 Stabilizing strategies 
 HCCI map extension

Throttling and IgnitionThrottling and Ignition
 Stabilizing strategies 
 HCCI map extension

Throttling and IgnitionThrottling and Ignition

 2x Var. phasing (CamPhasers)
 2x Var. lift (TwinLift or cont. var.)
 Fast and accurate actuation

Variable Valve ActuationVariable Valve Actuation

 EGR control
 EGR cooling
 Map extension

External EGR SystemExternal EGR System

6 
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University of Michigan 
Advanced Powertrain Controls Lab. 

Engine Controls Research 

Robert Bosch LLC 
Research and Technology  - 

Combustion Modeling  
Simulations 

Stanford University  

CFD  Modeling  
Thermodynamics 

AVL NA 
Powertrain Engineering 

Combustion Development  
Engine Design  

US Department of Energy  
- P roject / C ontract  

Management 

Steering Committee 

P roject S cope Definition 

Robert Bosch LLC 
Gasoline Systems (GS) - 

Project Lead  
System Concept 

Emitec 

After Treatment S ys tem  
Development 
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AC C E S S  P roject Organization 
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Combustion Research 
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35+ R es earchers  and S taff from Indus try and Academia! 

AV L & B osch 

UofM & B osch 

UofM & B osch 

S tanford & B osch 
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Overall P roject Objectives   
• B aseline P owertrain:  3.6L V 6, P F I,  6 S peed 
• Target P owertrain:  2.0L I4, DI,  Turbo, 6 S peed –Multi Mode C ombustion S I/HC C I 
• 30% F uel E conomy Improvement C ompared to B aseline 
• S ULE V  E miss ions  C apability 
• B y mid 2014 commercially viable, production feas ible, system solution 

Multi Mode C ombus tion S ys tem 
• S park Ignited (S I) C ombus tion with High C ompres s ion R atio and High B oos t as s is ted with 

cooled external E xhaus t G as  R ecirculation (E G R ) 
• Homogenous  C harge C ompres s ion Ignition (HC C I) with B oos t, and F ueling s trategies  for 

operation range extens ion 
• P ort as s is ted Direction Injection (P DI) – Dual injection s ys tem for combining the benefits  of 

P ort F uel Injection (P F I) and Direct Injection (DI), and enabling Dual F uel S ys tem approach 
• Two S tage B oos t – S mall S uper C harger for HC C I, regular Turbo C harger for downs izing 
• S tart-S top and T hermal Management S ys tems  to eliminate fuel cons umption at idling 

conditions  and enhance engine warm-up behavior 

 

10 
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Series 
3-way 

catalyst 

Customized Engine Management (ECU)  

 Novel combus tion algorithms  
 Model bas ed control 

Turbo- 
charging 

 2-s tage s ys tem 
 HC C I map extens ion 

 S olenoid Multi-Hole 
 C entral mount 
 S plit injection  
 S mall quantities  
 Variable hole s ize 

Customized 
Injection  

In-Cylinder Pressure Sensing 

 Direct combus tion feedback  
 C los ed loop control 

 S tabilizing s trategies   
 HC C I map extens ion 

Throttling and Ignition 

 2x Var. phas ing (C amP has ers ) 
 2x Var. lift (TwinLift or cont. var.) 
 F as t and accurate actuation 

Variable Valve Actuation 

 E G R  control 
 E G R  cooling 
 Map extens ion 

External EGR System 

Multi Mode C ombus tion S ys tem C onfiguration 
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E nabling S ys tem for Multi Mode C ombus tion 
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E ngine Tes t C ells  at Univers ity P artners   
• S ingle-cylinder res earch engine lab with F ully 

F lexible Valve Actuation (F F VA) at S tanford 
operational 

• Multi-cylinder engine lab at Univers ity of Michigan 
operational with s upport of B os ch 

• S tate-of-the-art multi-cylinder trans ient engine 
dynamometer 

• R es ident B os ch engineers  at both univers ities  
E ngine Tes t C ells  at Indus try P artners  

• HC C I combus tion development and parameterization at 
AV L tes t cell 

• S I development and calibration at B os ch tes t cell 

• All experimental s et-ups  will have s ame E ngine HW and 
E ngine Management S ys tem 

  Indus try s upport enables  Univers ity res earchers  to focus  on innovation  

ACCESS for High Efficiency Light Duty Vehicles  
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S tanford Michigan 

AV L B os ch 
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P rototype 1 E ngine Des ign (AV L, B os ch)  C ombus tion and S pray Optimization 

C ylinder Head with C entral Mount Injection             Dual Injection Des ign DI + P F I 

ACCESS for High Efficiency Light Duty Vehicles  

C ombus tion chamber, pis ton crown and injection 
s pray des igns  for P rototype 1 engine are completed 

Dual Injection S ys tem des ign with DI + P F I is  
completed 

C ylinder Head Des ign for C entral Mount Direct 
Injection and Variable Valve Actuation is  completed 

• Target Multi Mode C ombus tion E ngine will be bas ed 
on G M E cotec 2.0 L DI Turbo platform 

• All B as e E ngine HW des ign and improvements  for 
target engine configuration in progres s , lead by AV L 

• All E ngine Management S ys tem des ign and 
improvements  for target s ys tem configuration in 
progres s , lead by B os ch 

• All Aftertreatment S ys tem des ign and improvements  
for emis s ion concept in progres s , lead by E mitec 
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HC C I R ange E xtens ion w/ B oos ting            Turbo C harger vs . S uper C harger 

Accomplis hments                T C T C  vs . T C S C  C onfiguration 

• S imulations  of dual-s tage boos ting in G T 
P ower completed 

• E xperimental data from B oos ted HC C I Mule 
engine was  us ed for s imulation validation 

• C omprehens ive analys is  of boos ting s ys tem 
options  was  performed 

S upercharger 
T urbocharger 

16 

TCTC TCSC 
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Overview – C ombus tion S ys tem                            Approach 

Accomplis hments                                                 Next S teps  

• E ngine-in-the-loop vehicle s imulation 

• S ingle cylinder engine with full V VA  

• P redictive C ombus tion Model for G T P ower 

• C omprehens ive C F D models  

• Turbocharged HC C I data collected 

• Trans ient dyno ins talled at Univ of Michigan 

• Vehicle s imulation completed by AV L 

• S ingle C ylinder data collect. under progres s  

• F irs t fire P rototype 1 at new trans ient dyno 

• Validation of P rototype 1 E C U at AV L 

• C ombus tion development with hardware 

• Verification of combus tion models  

ACCESS for High Efficiency Light Duty Vehicles  
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Overview – C ontrol S ys tem                             Approach 

• Model-bas ed combus tion / air path control 
with cylinder pres s ure s ens ing feedback 

• E ngine-in-the-Loop (E IL) control algorithm 
validation via rapid prototyping techniques  

• Demo with E C U integrated controls  for 
multi-mode combus tion for a production-
feas ible s olution 

• R educed-order models  es tablis hed for target 
engine platform under S I&HC C I combus tion 

• Model-bas ed controls  developed for HC C I 
combus tion and turbo charging  

• B as eline HC C I control algorithms  integrated 
into P rototype I B os ch ME D17 E C U  

• Validate E C U integrated s ub-s ys tem 
controls  on P rototype I engine 

• E s tablis h controls  for HC C I & S I 
combus tion with T C S C  boos ting s ys tem 

• F inalize control s trategy architecture for 
a multi-mode combus tion engine 

Accomplis hments                               F uture Work 
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Team Competence / Project Management 

 
 
 
 
 

 
 
 
 
 

B ase 
E ngine 
Hardware 
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E ngine 
Mgmt. 
S ystem 
Hardware  
 

E miss ion 
S ystem 
 

C ontrol 
S trategy 
 

S oftware 
Architecture 
 

C ombustion 
S trategy 
 

B io-F uel 
C ombustion 
 

 30% FE↑  
 SULEV Capable 
 Commercially Viable Target 
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AC C E S S  Team  
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