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Q. What is the value (Ampg, LCA,
performance) of mass reduction?

A. It depends on:
- driving cycle
- engine type
- simple weight reduction

- simple weight reduction and
powertrain matching



Approach / Methodology to Consumption
Model by Ricardo Inc.

Value of mass reduction to fuel consumption
reduction determined by using a full forward -
looking, physics -based model. (Ricardo Inc. ran
simulations.)

A Baseline mass, then 5, 10, 20% mass reduction

(not material specific)
A 5 vehicles (small car to truck)
A Performance equal to loaded vehicle

A With and without resized (displacement only) ICE or
Diesel engines

A EPA and Euro ECE test cycles



Mass vs. Fuel Consumption: Vehicle Selection

Five vehicle classes were chosen to represent a
variety of vehicle weights and engine sizes in the
U.S. passenger and light  -duty truck vehicle fleet.

A specific comparator vehicle for each class was
chosen to verify that each vehicle model was
representative of the class.

Vehicle Class/Comparator Vehicle
A Small Car ~ Mini Cooper
A Mid-Size Car ~ Ford Fusion
A Small SUV ~ Saturn Vue
A Large SUV ~ Ford Explorer
A Truck ~ Toyota Tundra




Vehicle Simulations

Vehicle fuel economy (MPG) is simulated over the following drive cycles at EPA
Equivalent Test Weight (ETW):

EPA FTP75 (city)

EPA HWFET (highway)

ECE (European)

Steady State 30, 45, 60 and 75 MPH

All simulations are performed with an engine at normal operating temperature.
The EPA FTP (city) cycle result is obtained by using a bag #1 correction factor
of 0.8 (bag #1 fuel economy = 80% of bag #3 fuel economy)

Vehicle acceleration performance (sec.) is simulated over the following drive
cycles at loaded vehicle weight conditions (GCVW for truck):

0-10 MPH
0 -60 MPH
30 — 50 MPH
50 — 70 MPH

Each vehicle is weight reduced by 5%, 10% and 20% and the engine
downsized to match the baseline vehicle acceleration performance. Fuel
economy benefits are recorded.




Vehicle Performance Matching

d The Wide Open Throttle (WOT) performance of each vehicle is simulated at a
loaded weight condition to approximate what a customer would expect from a
given class of vehicle (number of passengers, luggage or trailer towing). All
fuel economy simulations are performed at ETW.

Additional Performance Weight:
— Small Car — 300 Ib. (2 passengers)
Mid-Size Car — 450 Ib. (3 passengers)

Small SUV - 550 |b. (3 passengers +.1DD Ib. Luggage)
Large SUV — 750 I|b. (5 passengers)

Truck — 9800 Ib. (Trailer + load to réted combined weight of 15,800 Ib.)

Engines were downsized in displacement to give the weight reduced vehicles

equivalent performance to the baseline vehicle with a priority given to passing
maneuvers (30-50 and 50-70 MPH).
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Fuel Economy Simulation Results
Mid-Size Car 3.0L-4V Gas Engine with Variable Intake Cam Timing

DRIVE CYCLE

City  Highway . City  Highway . City  Highway
FTP75  Hwrer Combined) prooeuwrer Combined o Ciel  Label
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Vehicle Performance Simulation Results
Mid-Size Car 3.0L-4V Gas Engine with Variable Intake Cam Timing

0-1MMPH | 0-60MPH | 30 -50 MPH | 50 - 70 MPH

(sec) (gec)

Engine Downsized to
Baseline Perfformance
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Model Input-Downsized Gasoline Engines

5% Weight Reduction

Weight ETW - Fuel Economy (Ib)
Weight PTW - Performance (lb)
Weight GCW - Performance (Ib)

Torque (Ib-ff)

10% Weight Reduction

Weight ETW - Fuel Economy (Ib)
Weight PTW - Performance (Ib)
Weight GCW - Performance (Ib)

20% Weight Reduction

Weight ETW - Fuel Economy (Ib)
Weight PTW - Performance (Ib)
Weight GCW - Performance (Ib)

Small Car

1.63L-4Y DOHC 4 dual WT
gasoline
113 HP @ 6000 RPM
109 Ib-ft @ 4250 RPM

1.46L-4% DOHC 14 dual WWT

gasoling
102 HF @ B000 RFM
105 Ib-ft @ 4250 RPM

1.36L-4% DOHC M dual WWT
gasoline
100 HP i@ 6000 RPM
97 Ib-ft @ 4250 RPM

Mid-Size Car

2.89L-4 DOHC VB WT
gasaline
213 HP @ 6250 RPM
197 Ib-ft @ 3800 RPM

2.79L-4% DOHC VB WWT
gasoline
206 HF @ 6250 RPM
191 Ib-ft @ 3800 RPM

2.58L-4% DOHC W6 "WT
gasoline
190 HP @ 6250 RPM
176 Ib-ft G 3800 RPM

Small SUV

3.48L-4V DOHC VB WT
gasoline
2458 HP @ 6500 RPM
240 Ib-ft @ 2100 RPM

3.33L-4V DOHC VB WWT
gasoline
238 HP @ 6500 RPM
229 Ib-ft @ 2100 RPM

3.05L-4% DOHC VB WT
gasoline
218 HP @ B500 RPM
210 Ib-ft @ 2100 RPM

Large SUV

44313V VB
gasoline
281 HP @ 5750 RPM
289 |b-ft @ 3950 RPM

4.26L-3V V8
gasoline
270 HP @ 5750 RPM
277 |b-ft @ 3950 RPM

3.86L-3% Y8
gasoline
246 HP @ 5750 RPM
253 |b-fit @ 35950 RPM

Truck

5700

15500

A B0L-4% %8 DOHC dual WWT
gasoline
374 HP @ 5600 RPM
394 Ib-ft @ 3600 RPM

5400

15200

5.51L-4Y B DOHC dual WWT
gasoling
368 HP @ 5600 RPM
368 Ib-fi i@ 3600 RPM

4800

14600

5.31L-4% 8 DOHC dual WWT
gasoline
355 HP i@ 5600 RPM
374 |b-ft @ 3600 RPM
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Percent Fuel Economy Improvement vs.

Percent Weight Reduction

Gasoline
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K Simple weight reduction 10% 3

10 15

% Weight Reduction

—— Small Car - Resized Engine Mid Size Car - Resized Engine Small SUV - Resized Engine

—=— Large SUV - Resized Engine Truck - Resized Engine ¢+ Small Car - Baseline Engine
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Percent Fuel Economy Improvement vs.
Percent Weight Reduction

Gasoline

Weight reduction & resizing 10% 6 —» -7%
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% Weight Reduction

—— Small Car - Resized Engine Mid Size Car - Resized Engine

—s=—— Large SUV - Resized Engine Truck - Resized Engine
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Mid Size Car - Baseline Engine Small SUV - Baseline Engine
Truck - Baseline Engine

Small SUV - Resized Engine
Small Car - Baseline Engine
Large SUV - Baseline Engine
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Percent Fuel Economy Improvement vs.
Percent Weight Reduction

Gasoline

% Weight Reduction

—— Small Car - Resized Engine Mid Size Car - Resized Engine Small SUV - Resized Engine
—=— Large SUV - Resized Engine Truck - Resized Engine +  Small Car - Baseline Engine
+  Mid Size Car - Baseline Engine Small SUV - Baseline Engine a4 Large SUV - Baseline Engine
Truck - Baseline Engine




Fuel Economy Simulation Results
Mid-Size Car 1 2.2L 14 Diesel Engine



