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Introduction & Background

The objective of this report is to evaluate the impact of
different technological advancementson fuel consumption
iImprovements The report further analysesthe comparison
between the results from VOLPEand Argonne National
LaboratoriedAutonomie)

Calculation

Followingis the detailed calculationprocessconsideredduring
this study.

A Thereferencetechnologywas consideredto be the root of
eachof the respectivetechnologytreesfrom VOLPRNdIAV

A Thereferencefuel consumptionwascomputedto be the fuel
consumptioncorrespondingo the referencetechnology

A Each of the fuel consumptions corresponding to the
advancedtechnologieswere computedto be comparedto
the referencefuel consumption

A Absolute%increasen fuel consumption

A Incremental%increasein fuel consumption
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Transmission Technology Tree
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Vehicle Technology Tree
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Hybridization Technology Tree
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IAV Engines

Increased efficiency

DOHC

GDI
Cylinder deact

B

VVT (baseline*)
WL -
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(no friction change) (Red friction —Stage1)
5a. VVT (fixed overlap) 5b. WT
6a. VVL
7a. GDI
8a. Cyl deact

(Red friction —Stage2)
5¢c. WT
6b. VVL
7b. GDI
8b. Cyl deact

1

DOHC Turbo**

12. Downsize Levell - 1.6l, 4cyl,18bar bmep
13. Downsize Level2 > 1.2l, 4cyl, 24bar bmep
14. Downsize Level2 - 1.2l, 4cyl, 24bar bmep, cooled EGR
15. Downsize Level3 - 1.0l, 4cyl, 27bar bmep, cooled EGR
16. Downsize Level3 - 1.0l, 3cyl, 27bar bmep, cooled EGR

1

Diesel

17. Diesel engine = 2.2, 4cyl

*baseline - Gasoline, 2.0, 4 cyl,
NA, PFI, DOHC, dual cam VVT
(Each additional engine 2,3,4
adds a technology on top of the
previously added technologies)
**DOHC Turbo - Gasoline,
Turbocharged, DI, dual cam
VVT, VVL




Engine Technology Descriptions

A Engl- gasoline, 2.0l, 4yl, NA, PFIl, DOHC, dual cam VVT

¢ Calibrations fully optimized for bebsfcand maximum torque (comb. phasing,
valve timing, lambdagtc)

A Eng2- VVL system was added to the intake valves on Engl

¢ Valve lift and timing optimized
A Eng3 Eng2 (PFI) converted to direct injection

¢ Comp ratio raised from 10.2 to 11.0 and injection timing optimized
A Eng4- Cylinder deactivation added to engine Eng3

¢ Engine fires only 2 cylinders at low loads and at speeds below 3000 RPM by
deactivating valves on 2 cylinders

A Eng5a Engl converted to SOHC (gasoline, 2.0yIANA, PFI, single cam VVT)

¢ Valve timing optimized for fixed overlap camshaft with standard friction model
from DOHC concepts

A Eng5b/ Eng6a/ Eng7a/ Eng8Reduced friction from Eng5a/ Eng2/ Eng3/ Eng4
respectively

¢ Engine FMEP reduced by 0.1 bar over entire operation range to understand friction
benefit from SOHC

A Eng5c/ Eng6b/ Eng7b/ Eng8Reduced friction from Eng5a/ Eng2/ Eng3/ Eng4
respectively

¢ Engine Flyllg‘P,reduAcedAby 25% over gn:[ire operationAravnge vto,understand potential
2T WSEGNBYSQ FTNAOGAZ2Y NBRdAzOGA2Y OUKAA
represent what is currently possible)
A Engl2 gasoline, 1.6l, 4yl, turbocharged, DI, DOHC, dual cam VVT, intake VVL
¢ Calibrations fully optimized for bebsfc(comb. phasing, valve timing, lamba#c)
A Engl3 Engl12 downsized to 1.2I
¢ Turbocharger maps scaled to improve torque at low engine speeds
A Engl4 High pressure cooled EGR added to Eng13
¢ Cooled EGR target set points optimized
A Engl5 Engl14 downsized to 1.0l
¢ Cooled EGR target set pointsaptimized and turbocharger maps-szaled
A Engl6 Engl5 converted to 3cyl, 1.0l concept

¢ Intake and exhaust piping scaled to account for larger mass flows through each
cylinder and cooled EGR target set point®ptimized
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Engine Technologies (ABS)

[eng02]
[eng03]
[eng04]
[eng05a]
[eng05b]
[eng05c¢]
[eng06a]
[eng06b]
[eng074a]
[eng07b]
[eng08a]
[eng08b]
[engl2]
[engl3]
[eng14]
[engl5]
[engl6]

[engl7]

5.1733
7.0291
15.3143
-0.6146
1.6319
4.5855
8.4759
11.0201
10.0811
12.61
18.61
20.44
20.14
23.35
23.52
25.27
26.11

28.03

1.72
3.66
1.18
=
-0.82
0.99
4.00
6.89
5.82
8.05
4.79
5.86
11.99
10.74
11.87
13.67
14.65

18.76

4.20

6.30

12.57

-2.01

0.97

3.78

7.07

9.66

9.08

11.51

15.36

17.08

16.48

19.81

19.78

19.28

20.26

22.33

3.6

5.2
N/A
N/A
N/A
N/A
3.6
3.6
5.2
5.2
N/A
N/A
11.6
14.4
17.1
18.1
N/A

20.1
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Engine Technologies (INC)

Technology Maximum Minimum Baseline VOLPE

Value (%) Value (%) vehicle(ANL) Result, %
%

[engd2] DOHC  5.17 1.72 4.20 3.6
[eng03]_ DOHC  3.63 0.27 2.19 2.2
[eng04] DOHC  9.33 -4.62 6.69 N/A
[engl2] DOHC  14.15 3.33 4.47 7.5
[engl3] DOHC  4.78 -2.76 3.98 3.5
[engl4] DOHC  2.60 -1.40 -0.04 3.5
[engl5] DOHC  3.49 211 -0.62 1.4
[engl6] DOHC  2.82 -1.76 1.21 N/A
[engl7] DOHC  10.24 -0.05 2.59 2.8
[eng5a]_SOHC_01 -0.61 -3.37 -2.01 N/A
[eng5b] _SOHC_0: 3.87 1.03 2.92 N/A
[eng6a] SOHC_0: 7.39 3.00 6.16 3.6
[eng7a] _SOHC_0: 3.91 0.02 2.15 2.2
[eng8a] SOHC_0: 9.84 -3.41 6.91 N/A
[eng12] SOHC_0: 10.90 0.17 1.33 7.5
[eng13] _SOHC_0: 4.73 -2.76 3.98 3.5
[eng14] SOHC_0: 2.60 -1.40 -0.04 3.5
[engl5] _SOHC_0: 3.49 211 -0.62 1.4
[eng16] _SOHC_0: 2.82 -1.76 1.21 N/A
[engl7] _SOHC_0: 10.24 -0.05 2.59 2.8

0\_' 1



\.___________
Engine Technologies (INC) [Continued]

Technology Maximum Minimum Baseline VOLPE

Value (%) Value (%) vehicle(ANL)| Result, %
%

[eng5c] _SOHC_0: 6.65 2.73 5.68 N/A
[eng6b] SOHC_0: 7.09 3.62 6.11 3.6
[eng7b] SOHC_0: 3.53 -0.27 2.05 2.2
[eng8b] _SOHC_0: 9.02 -3.9 6.29 N/A
[engl2] SOHC_0: 9.42 177 -0.72 7.5
[engl3] _SOHC_0: 4.73 -2.76 3.98 3.5
[engl4] SOHC_0: 2.60 -1.41 -0.04 3.5
[engl5] SOHC_0: 3.49 -2.10 -0.62 1.4
[engl6] SOHC_0: 2.82 -1.755 1.21 N/A

[engl7] _SOHC_0: 10.24 -0.05 2.59 2.8
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Transmission Technologies (ABS)

Minimum
Value (%)

Technology Maximum

Value (%)

6-spd AUTO
8-spd AUTO
6-spd DCT
8-spd DCT
6-spd DM
8-spdDM
CVvT

Transmission Technologies (INC)

Technology

6-spd AUTO
8-spd AUTO
6-spd DCT
8-spd DCT
6-spd DM
8-spdDM

CVvT

o\\—_—?

8.22
11.14
15.27
18.13
3.71
6.46

9.15

Maximum

Value (%)

8.22

3.52

15.27

5.06
3.71
2.90

5.97

-1.31
-4.70
6.23
6.76
0.87
0.23

1.35

Minimum

Value (%)

-1.31
-5.32
6.23
-2.38
0.87
-1.13

-2.62

Baseline VOLPResult,
vehicle(ANL) %

)

491 2

7.44 5.8

8.74 10

2.88 N/A

3.25 2.4

5.67 N/A

5.86 N/A

Baseline
vehicle(ANL)

%
4.91

2.66
8.74
2.88
3.26
2.49

1.00

VOLPResult,
%

4.6
4.1
N/A
2.4
N/A

N/A
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Vehicle Technologies (ABS)

Technology

Maximum

Value (%)

Minimum
Value (%)

MR1
MR2
MR3
MR4
ROLL1
ROLL2
ROLL3
AERO1

AERO2

2.64
4.76
6.06
10.68
3.65
4.70
6.92
5.81

10.75

-0.70
0.05
1.26
3.98
-1.11
-0.63
1.50
0.66

3.29

Vehicle Technologies (INC)

Technology

Maximum

Value (%)

Minimum
Value (%)

Baseline VOLPResult,
vehicle(ANL) %
%

0.73 0.53
345 2.6
5.08 2.6
9.23 2.6
0.72 1.9
1.40 3.9
2.84 3.9
1.99 2.3
3.92 4.7

MR1
MR2
MR3
MR4
ROLL1
ROLL2
ROLL3

AERO1

2.64
4.03
3.29
6.68
3.38
4.07
3.89

5.81

AERO2 5.86
6;:

-0.70
-0.33
-0.98
0.68
0.64
0.25
0.80
0.66
0.72

Baseline VOLPResult,
vehicle(ANL) %
%

0.73 0.5
2.74 2.0
1.69 0

4.37 0

0.72 1.9
0.69 2.0
1.45 0

1.99 2.3
1.97 2.5
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Hybridization Technology (ABS)

Technology Maximum

Value (%)

Minimum
Value (%)

MicroHybrid  6.38
(MHEV)

BISG 14.52
Par HEV 35.70
SHEV1 48.23
PHEV1 76.14
EV2 80.9

FCV 65.16

Hybridization Technology (INC)

Technology Maximum

Value (%)

-2.17

2.84

11.56
43.90
71.86
78.44

61.58

Minimum
Value (%)

Baseline VOLPResult,
vehicle(ANL) %

%

5.05 6.80

9.76 6.80

35.00 N/A

44.75 48.60

72.75 69.5

79.01 90.4

62.24 90.4

Micro-Hybrid  5.53
(MHEV)

BISG 5.81

Par HEV 33.73
SHEV1 14.87
PHEV1 53.91
EV2 24.27
FCV -78.20

o\\—_—?

4.70

4.24

27.84
12.54
49.78
19.66

-82.35

Baseline VOLPResult,
vehicle(ANL) %

%

5.05 2.10

4.96 0.00

28.95 N/A

13.83 6.5

50.67 40.7

23.00 0

-79.92 0
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ENGINE TECHNOLOGIES



DOHE

Discrete VVL

(DVVLD
[eng02]

Direct Injection

(GDID [endd3]

Dual Cam
PhasingDCRH
[eng0]]

I—SOH%

Reduced frictior,

Stagel

Reduced
friction VVT

[engbb]

Discrete VVL
(DVVL¥B
[engsal

Cylinder
Deactivation
(DEACDP[endd4]

Direct Injection
(GD) [engra]

Turbocharging
and Downsizing
#1 (TRBD)

[endl?]

Turbocharging
and Downsizing
#2 (TRBDR)
[endgl3]

Cooled EGR1
(CEGRD
[engl]

Cooled EGR?2
(CEGRD)

[endl9]

Cooled EGR3
(CEGRB)
[endlf)]

Advanced
Diesel(ADSLD

[endl7]

t

Cylinder
Deactivation
(DEACS

[engBa]

Turbocharging
and Downsizing
#1(TRBDY

[endl2]

Turbocharging
and Downsizing
#2 (TRBDY

[endl3]

Cooled EGR1

(CEGRB
[engld]

Cooled EGR?2

(CEGRH
[engl9)]

Cooled EGR

(CEGR®
[endl 6]

Advanced
DiesellADSLS

[engl7]

Single Cam VV
[engbal

r

Reduced friction

Stage?

Reduced
friction VVT

[endbc]

Discrete VVL
(DVVLB
[engbb]

Direct Injection
(GD) [engrb]

|

Cylinder
Deactivation
(DEACS

[engBb]

Turbocharging
and Downsizin
#1(TRBDS

[endl2]

)

Turbocharging
and Downsizin
#2 (TRBDY

J

[endl3]

Cooled EGR
#1 (CEGRB
[engl4]

Cooled EGR
#2 (CEGRB
[endl5]

Cooled EGR
(CEGRS
[endl 6]

Advancegh
Diesel(ADSLS

[engl7]




Distribution of Fuel Consumption for Eng02-Discrete VVL (DVVLD)
Absolute percentage compared with: Dual Cam Phasing(DCP) [eng01]
Standard Deviation 0.5: 71
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Distribution of Fuel Consumption for Eng03-Direct Injection (GDID)
Absolute percentage compared with: Dual Cam Phasing(DCP) [eng01]
Standard Deviation 0.6: -1l
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Distribution of Fuel Consumption for Eng04-Cylinder Deactivation (DEACD)
Absolute percentage compared with: Dual Cam Phasing(DCP) [eng01]
Standard Deviation 2.7: 70.2
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Distribution of Fuel Consumption for Eng05a-Single Over head cam
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