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Outline AV L

® Whois AVL?
@® CRUISE Modeling Process

® Task 1 - Assessment of Individual
Technologies

@® Task 2 - Assessment of Technology
Combinations



The Company

AV L

The world’s largest independent
company providing powertrain
systems engineering and the
manufacture of powertrain test
systems and instrumentation.
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CRUISE Modeling Process /A‘V‘L

Who is AVL?
CRUISE Modeling Process

Task 1 - Assessment of Individual
Technologies

Task 2 - Assessment of Technology
Combinations
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CRUISE Vehicle Model - Large Truck
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CRUISE Vehicle Model Parameters

i¥Vehicle - Small Car, MY2002, Cavalier

T

AV L

[

Wehicle

Author| AvL]

Cnmment| srmall Car, MY2002, Cavalier

Notice 1| 4 Speed AT, FWD

Motice 2| 3.63

Lift Coefficient Front Axle| 0.01

Motice 3| Date of Development 18, Jul 2003 14:08:27
Gas Tank anume| 14.1 USAgallan
Pressure Difference EngineIEnvirnnment| o.a mbar Ternperature Difference EnginefEnuirnnment| oa k.
#Distance from Hitch to Front Axle| 2944.0 mrm
Wheel Eiase| 26440 FrifT Height of Support Paint at Bench Test| 100.0 Frim
Load Dependent Characteristics
Distance of Gravity Center in|=:mm:= j Height of Gravity Center in <mm: Height of
WWheel Pressure Front Axle in| bar Wheel Pressure Rear Axle in bar
| I ) N | DY AR T E R N LI O Y S I ey R L N QS PO R [ Sy LR N | M [ o T TS L
Nominal Weight
Curb VWeight| 2676.0 lb.mass Gross YWeight| 3176.0 Ib.mass
Air Coefficient
Frantal Area| 204 i

Lift Coefficient Rear Axle| 0.01

California ARB Workshop, April 20, 2004 - 7



CRUISE Vehicle Model Parameters (2) /A‘V‘L

+-“Vehicle - Small Car, MY2002, Cavalier

Total Driving Resistance

Authar| AL
Comment| EPA coeficients for Cavalier
Hotice 3 l— Date of Development 18, Jul 2003 14:08:27

Reference “ehicle far Driving Resistance

b e
—

Resistance Function

Caonstant Part Ibf  Linear Part| U.3b77 Ibf/mph Quadratic Part| 0.0 i Ibf/mph*2
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CRUISE Vehicle Model Parameters (3)

AV L

: Small Large . Small Large
Vehicle Class Car Car Minivan Truck Truck
. : Town & .
Vehicle Modeled Cavalier | Taurus Tacoma | Sierra

Country
Wheelbase [mm] 2644 2756 3030 3096 3645
Curb weight [Ibm] 2676 3336 4107 3540 4919
Equiv. Test Weight [Ibm] 3000 3625 4500 4250* 5500*
Gross Weight [Ibm] 3176 3836 4700 5100 6400
EPA coefficient A [Ibf] 27.90 30.19 36.16 47.89 29.80
EPA coefficient B [Ibfimph] 0.3677 0.6723 0.8909 | 0.32911 | 1.9928
EPA coefficient C [Ibf/mph?] | 0.01743 | 0.01323 | 0.01812 | 0.03463 | 0.02435
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CRUISE Engine Model /A‘V‘L

Authgr| Russell Truemner

Comment| MPFI, 5.3L, OHYv

Motice 1 | gasoline

Cooling Characteristic
Motice 2| MPFI Tech %04 Maps
Motice 3|

Fuegl Consumption Map
Date of Development 05, Moy 2003 16:42:58
Engine Type|Gasoline =

MOy Emission Map
Charger|Without j

ICO Emission Map
IHC Emission Map
Full Load Characterisf
Engine Displacement| 5.3 [ Conversion to different Displacement... ’ ,
Maotoring Curve
Engine YWarking Temperatura| 90.0 ©
Mumber of Cylinders ’57 Mumber of Strakes |47
Inertia Moment ’013— kg™m"2 #Responze Time IEH— 5
Maximum Speed| E000.0 1fmin
Fuel Type
———
[dle
Speed| 550.0 14rmin | | I
- -
- -
Friction Mean Effective Pressure (FMEP)
Mominal Temperature| 0.0 Eguivalent Mass| 16.45
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Full Load Curve AV L

AEngine - MPFI, 5.3L, OHV

Full Load Characteristic
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Brake Specific Unburned Hydrocarbons

Brake Specific Fuel Consumption
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sample shitcurves o AV
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CRUISE Vehicle Simulation Tasks /A‘V‘L

"4 [SC MY2002_Small_Car_4AT-]

file object wiew calculation ewaluate options help
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Sample Output AV L
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$22E r;lo-l ?gsizzssment of Individual /A‘V‘L

Who is AVL?
CRUISE Modeling Process

Task 1 - Assessment of Individual
Technologies

Task 2 - Assessment of Technology
Combinations



CRUISE Vehicle Simulation Output -
“Single Point” Determination

AV L

FTP75 - Distribution of Fuel Consumption
in Spec. Consumption Map [g/kWh]

Yehicle Class

Small Car, MY 2002, Cavalier

Engine Technalogy Description

WP, 2,20, DOHE

Driveline Technaolagy Description

4 Speed AT, PAD

BMEP [bar]

N

T ————
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CRUISE Vehicle “Single Point” Matrix /A‘V‘L

2002 Mule Vehicle Data Scr:naarll Lgreg';re Minivan _IS_'rrS;l(l _I}?Sgi
FTP 75 Cycle
Engine Speed [1/min] 1995 2038 1864 1950 1483
Engine Load [bar] 2.74 2.13 2.95 2.72 2.74
CO, [g/mi] 319.9 382.9 426.0 456.0 534.8
Highway Cycle
Engine Speed [1/min] 2188 ANAY 1837 2325 1526
Engine Load [bar] 3.19 2.63 3.69 3.45 3.70
CO, [g/mi] 204 .4 242.3 276.0 350.9 391.4
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CRUISE “Single Point”

Engine Technology Assessment

AV L
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Individual Technologies

Reduction in Combined CO, Emissions

AV L

Engine Technology Small Car |Large Car| Minivan .?:Sglﬂ %’?ngi
Cam Phaser - Single (Intake Cam) -2% -1% -1% -1% -2%
Cam Phaser - Single (Exhaust Cam) -2% -3% -2% -2% -3%
Cam Phaser - Dual -3% -4% -2% -3% -4%
Cam Phaser - Coupled -3% -4% -2% -2% -4%
Variable Valve Lift - Discrete -4% -4% -3% -4% -4%
Variable Valve Lift - Continuous -5% -6% -4% -5% -5%
Camless Valve Actuation - Electromagnetic -11% -11% -11% -11% -11%
Camless Valve Actuation - Electrohydraulic -11% -16% -11% -13% -12%
-6% -8% -6% -6%
-3% -6% -5% -6% -4%
Variable Charge Motion (CBR) -3% -4% -2% -3% -4%
Variable Compression Ratio -T% -7% -T% -7% -7%
GDI Stochiometric 0% -1% 1% 1% 0%
GDI Lean Burn Stratified -6% -9% -4% -5% -8%
Gasoline HCCI -4% -6% -3% -4% -5%
-20% -22% -24% -27% -23%
-13% -15% -18% -21% -17%
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Individual Technologies
Reduction in Combined CO, Emissions (2) /A‘V‘L

Drivetrain Technology SCrr;arII L(a;ragre Minivan .?:}sl! l.'l_?;gi
5-Speed Automatic -2% -1% -1% -1% -1%
6-Speed Automatic -3% -3% -3% -3% -2%
6-Speed Automated Manual -8% -T% -8% -8% -5%
5-Speed Manual -2% -1%

Continuously Variable Transmission (CVT) | -4% -3% -4%

42-Volt 10 kW ISG (Start Stop) -1% -4% -4% -4% -5%

42-Volt 10 kW ISG (Motor Assist) -10% -6% -6% -6% -9%

Note: Full CRUISE Vehicle Simulations Performed on Each Technology
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Individual Technologies
Reduction in Combined CO,

Emissions (3) /A‘V‘L

Other Vehicle Technology SCrr;arII Lgragre Minivan .?::?g l'_l'?l;gi
Electric Power Steering (EPS) -1% -1%
Electro-Hydraulic Power Steering (E-HPS) -1% -1%
Improved Alternator (Higher efficiency) -1% 0%
Electric Water Pump (EWP) 0% 0%
Electric Oil Pump (EOP) 0% 0%
Electric Accessories -3% -2%
Variable Displacement AC Compressor -10% -9% -T% -9%
Aerodynamic Drag Coefficient (% CO2/ % Cd) 0.1649 0.1917
Mass Reduction (% CO, Change / % Mass Change) | 0.5269 0.5708
Lower Tire Rolling Resistance (% CO,/% TRR) 0.1798 0.2036

Note: Full CRUISE Vehicle Simulations Performed on Each Technology
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-(r:?)sr'r':bzir; aAt‘isosnesssment of Technology /A ‘V‘L

Who is AVL?
CRUISE Modeling Process

Task 1 - Assessment of Individual
Technologies

Task 2 - Assessment of Technology
Combinations



2009 MY Vehicle Data Assumptions

AV L

Small Car Large Car Minivan Small Truck | Large Truck

Equivalent Test Weight [Ilbm]

2002 MY 3000 3625 4500 4250 5500

2009 MY 3152 3625 4500 4250 5500

% Change 5.1% 0.0% 0.0% 0.0% 0.0%
0-60 MPH Time [s]

2002 MY 8.74 8.07 10.48 9.99 8.86

2009 MY 8.08 7.24 9.18 9.23 7.97

% Change -7.6% -10.3% -12.4% -7.6% -10.0%
Specific Power [kWI/I]

2002 MY 47.3 49.7 40.6 41.8 40.2

2009 MY 49.5 51.3 46.0 43.8 42.8

% Change 4.7% 3.2% 13.3% 4.8% 6.5%
Combined CO, [g/mi]

2002 MY 277.9 329.2 376.4 425.7 492.6

2009 MY 270.4 306.5 351.0 385.5 464.6

% Change -2.7% -6.9% -6.7% -9.4% -5.7%
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Simulation of Combined Technologies /A‘V‘L

® Selection of Modeled
Technologies

® Engine Maps and Full Load
Curves Selected

® Engine Displacement and
Final Drive Ratio Adjusted to

Match 2009 Baseline
Performance Levels

® Drivetrain and Engine
Selection Determine Engine
Operating Point

® CO, Emissions a Function of
Operating Point and Engine
Maps

California ARB Workshop, April 20, 2004 - 26



Small Car Combined CO, Emissions

AV L

Case 00 DCP+DVVLAEAT - - =« = e mwemnnn- ' 270.4
Case 02 DCP+4AT -----ccemmmmancnnan. | | | 276.5
Case 04 DCP+CVT ----cmmmmmmccaacaaaa | | | 273.8
Case 13.1 DCP+TURB+GDIS+6AMT+FIXAC - -| | | 270.6
Case 03 DCP+5AT - ----cmmmmamacaaann ’# 267.1
Case 01 DCP+BAT === ------ccmmnumnnnnn ’# 266.8
Case 13.2 DCP+TURB+GDIS+6AMT+VARAC -| | 2l12_9
Case 05 DCP+DVVL46AMT - - - -------n--- -’_| 238.8
Case 06 GHCCH6AMT - -----ccmmmunnaan-- |_| 233.7
Case 14 DCP+CVVL+6AMT+42VSS - - - - - - - - -|_| 221
Case 10 DCP+DAMM+6AMT+42VMA - - - - - - - L_' 220.7 m GDI
Case 07 DCP+TURB+GDIS+6AMT - « - - - - - - - A 219 Diesel
Case 08 DCP+GHCCI+6AMT+42VMA - - - - - - - !_! 208.1 = Hybrid
[ [
CO, Emissions [g/mi] 450 200 250 300
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Small Car Reduction in Combined CO,

Emissions

AV L

Case 00 DCP+DVVL+5AT
Case 02 DCP+4AT

Case 04 DCP+CVT

Case 13.1 DCP+TURB+GDIS+6AMT+FIXAC - - Jll -3%

Case 03 DCP+5AT

Case 01 DCP+6AT

Case 13.2 DCP+TURB+GDIS+6AMT+VARAC - I -13%

Case 05 DCP+DVVL+6AMT

Case 06 GHCCH6AMT -----------

Case 14 DCP+CVVL+6AMT+42VSS -
Case 10 DCP+DAMM+6AMT+42VMA
Case 07 DCP+TURB+GDIS+6AMT - -
Case 08 DCP+GHCCH6AMT+42VMA

-------- I -14%

------- f— -4%

------- — -4%

------- |_-16%

-------- I -21%

S -21%
------- T -21 %

------- ——— E———AA

m GDI
Diesel
® Hybrid

0% -10% -20%

-30% -40%
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Large Car Combined CO, Emissions /A‘V‘L

Case 00 DCP+DVVL+6AT - - = - = == === === === - ' ' == 306.5
Case 16.1 DCP+TURB+6AT+FIXAC - - - - - - ----. | | l 331
Case 18.1 DCP+CYLDCT+GDIS+6AMT+FIXAC - - -l | | 323.2
Case 03 DOP+BAT « « - -« <« < s e e e maeeean | ' — 311.9
Case 16.2 DCP+TURB+6AT+VARAC - --------- l# 308.5
Case 08 DCP+CVT - ------ccccmmmacaaann- l# 307.6
Case 02 DCP+CVVL+6AT - ----==--ccccon--. | —| 297.2
Case 01 DCP+CYLDCT+6AT -------=------- |—| 293.7
Case 18.2 DCP+CYLDCT+GDIS+6AMT+VARAC - -|—| 293.5
Case 04 DCP+TURB+6AT - ----==----cccuuun- |—| 285.5
Case 12 DAMM+6AMT+42VMA - - - - - - - - - - - - - - | | _| 282.3
Case 06 GHCCIH6AMT --------ccccccmcmanan, | _| 278.7
Case 05 DCP+CVVL+6AMT - -----ccccccaa-- |_| 270.8
Case 17 DCP+CYLDCT+GDIS+6AMT ---------. | _| 270.7
Case 10 CCP+DVVL+CYLDCT+6AT+42VMA - - - - . | _| 265.3
Case 07 DCP+TURB+GDIS+6AMT - ---------- |_| 256.3
Case 19 EHVA+6AMT - - - - = - === cm o m e oo - S — 255.7 m GDI
Case 20 EHVA+GDIS+6AMT - - - - === - === == = - : E— 246.7 Diesel
Case 11 DCP+GHCCI+6AMT+42VMA - - - - - - - - -. | I 035, L] Hybrid
Case 09 DCP+TURB+GDIS+6AT+42VMA - - - - - - - — 227.6
[ [

CO, Emissions [g/mi] 200 250 300 350
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Large Car Reduction in Combined CO,

AV L

Emissions
Case 00 DCP+DVVL+6AT = - - === c-cccmumann- j— 7% = GDI
Case 16.1 DCP+TURB+6AT+FIXAC - - - ------- kﬂ* 5%
Case 18.1 DCP+CYLDCT+GDIS+6AMT+FIXAC - - -mm -2% Diesel
Case 03 DCP+6AT ---------cmmccmmnannnx ::— -5% ® Hybrid
Case 16.2 DCP+TURB+6AT+VARAC - - - - - - - - -- I -6 %
Case 08 DCP+CVT -------ccmcmcmcncanan- ||— -7%
Case 02 DCP+CVVL+6AT ---------uecnnn-- ||_ -10%
Case 01 DCP+CYLDCT+6AT - - - === =======-- ||_ -11%
Case 18.2 DCP+CYLDCT+GDIS+6AMT+VARAC - -|¥ -11%
Case 04 DCP+TURB+#6AT - - - === =-cccccnnn- li -13%
Case 12 DAMM+6AMT+42VMA - - = = = = = = = = = = - | \i -14%
Case 06 GHCCI+6AMT - - - == ===« mcmummmn- :* 15%
Case 05 DCP+CVVL+6AMT - -----=-cncnunn- I -1 § %
Case 17 DCP+CYLDCT+GDIS+6AMT --------- |* -18%
Case 10 CCP+DVVL+CYLDCT+6AT+42VMA - - - - l* .19%
Case 07 DCP+TURB+GDIS+6AMT - - - = = = = = = - - lh -22%
Case 19 EHVA+6AMT - - - - - - === == - m oo m - - lﬁ -22%
Case 20 EHVA+GDIS+6AMT - - - - - - - - - - - - - - - l& -25%
Case 11 DCP+GHCCI+6AMT+42VMA - - - - - - - - - l* -29%
Case 09 DCP+TURB+GDIS+6AT+42VMA - - - - - - . l * -31%
[ [ [ [
0% -10% -20% -30% -40%
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Minivan Combined CO, Emissions

AV L

Case 00 DVVL+5AT------------------'—351
Case 09.1 CYLDCT+GDIS+6AMT+FIXAC - - | 391
Case 01 DCP46AT - ------ccncccannn-n | 356.7
Case 09.2 CYLDCT+GDIS+6AMT+VARAC - - |_ 354.4
Case 06 CYLDCT+GDIS+BAMT - - - - « - - - - |_ 325.7
Case 02 DVVL+6AMT === =-ccceaccunna ’_ 3224
Case 07 TURB#6AMT - -« == v wecnnnn- ’_ 322.1
Case 05 DVVL+CYLDCT+6AMT - -« - - - - - _ 313.3
Case 03 CVVLHBAMT - -« = mwemcmnnn- _ 312.2
Case08DAMM+6AMT----------------| 306.9
Case 04 TURB+GDIS+6AMT - - -« = - -« - - |_ 303.3 = GDI
Case 11 EHVA+GDIS+BAMT - - - =« == - - - - |_ 295.9 Diesel
Case 10 CYLDCT+GDIS+6AMT+42VMA - - - !— 202.3 ¥ Hybrid
|
CO, Emissions [g/mi] 250 300 350 400
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Minivan Reduction in Combined CO,

AV L

Emissions
Case 00 DVVL+5AT = -« = vecemmennnnn. r— = GDI
Case 09.1 CYLDCT+GDIS+6AMT+FIXAC - - - - +3.9% Diesel
Case 01 DCP+BAT « - -« nvmmemnennnnn. -5 ® Hybrid
Case 09.2 CYLDCT+GDIS+6AMT+VARAC - - -|_ 6%
Case 06 CYLDCT+GDIS+BAMT -« - -« - - - - - |_ 14%
Case 02 DVVL+6AMT --------cccumann- ’_ -14%
Case 07 TURB#BAMT -« -« cecemnnnnn-- ’_ 14%
Case 05 DVVL+CYLDCT+6AMT = - -« - -« - - - ’_ A7%
Case 03 CVVL+BAMT == -« emmemnnnnn- ’_ 7%
Case 08 DAMM+BAMT « - -« = -« mvmmunn- | | 19%
Case 04 TURB+GDIS+6AMT - -« - - == - - - - |_| 19%
Case 11 EHVA+GDIS#+6AMT - - <= =« = - = - - - ::— 21%

|

Case 10 CYLDCT+GDIS+6AMT+42VMA - - - - _I -22%

0% -10% -20%

-30% -40%
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Small Truck Combined CO, Emissions

AV L

Case 00 DCP+DVVL+6AT --------cccmmmnnn. N 38%.5
Case 10.1 CCP+DVVL+CYLDCT+6AMT+FIXAC ’ 406.5
Case 01 DCP+BAT === vvvmmmmceecnaaaaann. ’_ 389.5
Case 02 DCP+TURB+6AT -----vvvuemennnn-- ’_ 380.4
Case 03 DCP+CYLDCT+6AT - -« -----vuuun--- ’_ 375.8
Case 10.2 CCP+DVVL+CYLDCT+6AMT+VARAC ’_ 368.1
Case 07 DCP+CYLDCT+GDIS+6AMT -« ------ |_ 341.8
Case08DAMM+6AMT---------------------| | 337
Case 05 CCP+DVVL+CYLDCT+6AMT - ---- - - - - ’_' 335.8
Case 04 DCP+TURB+GDIS+6AMT - - - -« == - - - |_ 325.5
Case 06 CCP+DVVL+CYLDCT+6AT+42VMA - - - -|_ 322.6 m GDI
Case 11 EHVA+GDIS+BAMT =« - - v evecmnnnn- |_ 315.5 Diesel
Case 09 HSDI+BAMT - - <<« <« cxeeeeeeennnn- ! ! 311.8 = Hybrid
[ [
CO, Emissions [g/mi] 250 300 350 400

450
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Small Truck Reduction in Combined CO,

Emissions

AV L

Case 00 DCP+DVVL+6AT

Case 10.1 CCP+DVVL+CYLDCT+6AMT+FIXAC - - N

I -9 %

’— “11%

I -12%

Case 10.2 CCP+DVVL+CYLDCT+6AMT+VARAC - I -14%

Case 01 DCP+6AT
Case 02 DCP+TURB+6AT

Case 03 DCP+CYLDCT+6AT

Case 07 DCP+CYLDCT+GDIS+6AMT
Case 08 DAMM+6AMT

|
Case 05 CCP+DVVL+CYLDCT+6AMT ’ |

Case 04 DCP+TURB+GDIS+6AMT

Case 06 CCP+DVVL+CYLDCT+6AT+42VMA - - - - I -24%

Case 11 EHVA+GDIS+6AMT

Case 09 HSDI+6AMT

I -2 1%
I— -24%

_| -26%

m GDI
Diesel
® Hybrid

-20%
-21%

-27%

0% -10%

-20%

-30% -40%
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Large Truck Combined CO, Emissions /A‘V‘L

Case 00 COP+BAT =« - - = v e mmeemmmemmmns ' ' ' 464.6

Case 01 CCP+DVVL46AT --------nnnunn-. | | | 455.8

Case 03 CCP+CYLDCT+6AT ------------- | | | 445.9

Case 02 DCP+CYLDCT+6AT ------------- | | | 443.5

Case 04 CCP+DVVL+CYLDCT+6AT -------- | # 430

Case 15 CCP+CYLDCT+GDIS+6AMT ----- - - | # 428.6

Case 05 CCP+DVVL+CYLDCT+6AMT - - - - - - |# 407.2

Case 07 CCP+6AT-15% MR - - --------u---- ||_| 400.6

Case 06 GDILBS+6AMT - - ------uucunnnn- | _| 397.6

Case 14 EHVA+GDIS+6AMT - - - - === - - - | _| 391.6

Case 09 CCP+DVVL+CYLDCT+6AT+42VMA - |_| 387.8

Case 10 DAMM+6AMT+42VMA - - - - - - - - - - - | _| 369.6 m GDI

Case 08 CCP+DVVL+CYLDCT+6AT-15% MR -l_| 369.5 Diesel

Case 13 GDILBS+6AMT+42VMA - - - - - - - - - - !_! 363.5 = Hybrid
[ [

CO, Emissions [g/mi] 300 350 400 450 500
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Ié?rr"%zi'lt')r:sck Reduction in Combined CO, /A‘V‘L

m GDI

Diesel
B Hybrid

Case 00 CCP+6AT -----------m-mmmmnn-n. I -6%

Case 01 CCP+DVVL+6AT - ===--======--- |— -8%

Case 03 CCP+CYLDCT+6AT ------------- |_ -10%

Case 02 DCP+CYLDCT+6AT - --=-==-====--- ’_ -10%

Case 04 CCP+DVVL+CYLDCT+6AT -------- | _| -13%

Case 15 CCP+CYLDCT+GDIS+6AMT ------- | _| -13%

Case 05 CCP+DVVL+CYLDCT+6AMT ------ |_| -“17%
Case 07 CCP+6AT-15% MR - - - === === === -- |_| -19%
Case 06 GDILBS+6AMT ----------------. | _| +19%
Case 14 EHVA+GDIS+6AMT - - ----------- ||_ -21%

Case 09 CCP+DVVL+CYLDCT+6AT+42VMA - * -21%
Case 10 DAMM+6AMT+42VMA - ----------

|
| | |
Case 08 CCP+DVVL+CYLDCT+6AT-15% MR -|* -25%

Case 13 GDILBS+6AMT+42VMA - --------- I NN T -26Y

(=2

0% -10% -20% -30%
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AV L

Contact Information:
Stephen R. Brueckner
AVL Powertrain Engineering, Inc.
47519 Halyard Drive
Plymouth, Michigan 48170-2438
Phone: (734) 414-9630
Fax: (734) 414-9690
E-Mail: stephen.brueckner@avina.com
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