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1 Executive Summary

The Department of Transportation National Highway Traffic Safety Administration (NHTSA) awarded
contract to an engineering team consisting of Electricore, Inc. (prime contractor), EDAG, and George
Washington University (GWU) to design a future midsize lightweight vehicle (LWV). This vehicle will
use manufacturing processes available in model year 2017-2025 and capable of high volume production
(200,000 units per year). The team’s goal was to determine the maximum feasible weight reduction
while maintaining the same vehicle functionalities, such as performance, safety, and crash rating, as the
baseline vehicle. Furthermore, the retail price of the LWV must be within +10% of the original vehicle®.
Based upon its production volume, market share, and five-star crash rating, the team selected the model
year 2011 Honda Accord as its baseline vehicle. Because a lighter vehicle needs less power, vehicle
powertrain was downsized but limited to the same naturally aspirated engine. Any advanced powertrain
study such as hybrid electric vehicle was outside the scope of this project. The major boundary
conditions for this project include the followings.

1. Maintain or improve vehicle size compared to the baseline vehicle.

2. Maintain retail price parity (+10% variation) with the baseline vehicle?,

3. Maintain or improve vehicle functionalities compared to the baseline vehicle, including
maintaining comparable performance in NHTSA’s New Car Assessment Program (NCAP)
frontal, side, side pole and I1HS test programs through appropriate crash simulations.

4. Powertrain may be downsized, however alternate powertrain configurations (i.e. hybrid electric,
battery electric, and diesel) will not be considered.

5. All advanced design, material, technologies and manufacturing processes must be realistically
projected to be available for fleet wide production in time frame of model years 2017-2025 and
capable of high volume production (200,000 units per year).

6. Achieve the maximum feasible amount of mass reduction within the constraints.

When executing this project, the Electricore team adopted a collaborative design, engineering and CAE
process with built-in feedback loops to incorporate results and outcomes from each of the design steps
into the overall vehicle design and analysis. In a simple linear sense, the approach is to benchmark the
baseline 2011 Honda Accord and then undertake a series of baseline design selections, new material
selections, new technology selections and finally overall vehicle design optimization. Vehicle
performance, safety (crashworthiness) simulations and cost analyses are run in parallel to the design and
engineering effort to help ensure that design decisions are made in line with the established boundary
conditions. This is further constrained by developing a high volume production vehicle specifically
targeted for model years 2017-2025, which means the team use technologies and materials which will be
available for large scale production and available within two to three design generations (e.g. model
years 2015, 2020 and 2025). This high level approach helps the final design meet the project objectives
within the boundary conditions, and ideally provides the government and industry a truly production
feasible vehicle design to use for future studies and analysis. The project team strives to make sure that
the project’s objectives, approach and conclusions meet the highest levels of automotive engineering
standards and be justifiable and supportable under rigorous peer review and analysis. The results of this
work will provide a basis for helping to estimate some of the impacts of future CAFE standards for
model years 2017-2025.

' 10% of the baseline MSRP equals to $2198; based on Honda Accord 4DR-LX Window Sticker shown in Figure 3
2 10% of the baseline MSRP equals to $2198; based on Honda Accord 4DR-LX Window Sticker shown in Figure 3
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Due to reliability, manufacturability and cost concerns many manufacturers may opt to only use
technologies, materials and manufacturing processes that are currently in use or planned to be in use on
existing vehicle platforms. Automotive manufacturers often introduce new materials, technologies and
processes on low-volume, high price vehicles first and then migrate those technologies to high-
production vehicle lines over time. This significantly reduces the risk to the Original Equipment
Manufacturer (OEM) from new designs and materials being introduced into mass production vehicles.
Therefore, the Electricore team utilized, to the extent possible, only those materials, technologies and
designs which are currently in-use or planned to be introduced in the near term (model years 2012-2015)
on low and high production vehicles. The recommended materials (advanced high strength steels,
aluminum, magnesium and plastics), manufacturing processes, (stamping, hot stamping, die casting,
extrusions, and roll forming) and assembly methods (spot welding, laser welding and adhesive bonding)
are at present used, some to a lesser degree than others. These technologies can be fully developed
within the normal product design cycle using the current design and development methods. The process
parameters for manufacturing with advanced high strength steels can be supported by computer
simulation. This approach eliminated those material and technology options which would likely be
unrealistic or overly aggressive to implement in mass production by model years 2017-2025.

The researchers began the investigation by measuring, evaluating, and modeling the baseline vehicle.
They also investigated possible material choices and manufacturing technologies for each vehicle sub-
system. For the major systems with the most mass saving potential, such as the vehicle body-in-white,
closures, bumpers, and suspensions, EDAG created a design to fully optimize the mass savings, using
the latest computer aided engineering (CAE) optimization techniques. For those components which are
often purchased by the OEM, EDAG interviewed the leading suppliers to determine their future plans
for weight reduction and cost targets. For the components which were re-designed by EDAG, they used
a Technical Cost Modeling approach which calculated the direct manufacturing costs of the components.
For the components that are purchased by OEMs, the team obtained the anticipated mass reduction
technologies and the corresponding estimated cost to the OEM (including supplier mark-ups) for the year
2020 from the leading component suppliers. These cost estimates were also validated using
EDAG/Intellicosting® internal cost estimating expertise. The two cost assessment methods allowed the team
to calculate the ‘OEM Manufacturing Cost’ including the purchased costs of all the supplier parts for the
baseline Accord and the LWV. The indirect manufacturing costs were addressed by applying the Retail
Price Equivalent (RPE) multiplier of 1.47*, to determine the manufacturer suggested retail price of the
vehicle.

In the baseline vehicle, the body structure accounts for 22 percent of the vehicle weight (328 kg) and
was a key focus of this study because of its weight reduction potential, importance to crash safety and
effect on compounded weight reduction for other sub-systems. Based upon its strength, cost
effectiveness, manufacturing volumes, and production timeframe, the team selected to design the LWV
body structure out of advanced high strength steel. The newly designed body structure weighed 22
percent less (255kg) than the baseline vehicle at overall incremental cost increase of $147. Although
other materials, such as aluminum and composite offer greater weight savings, their cost premium and
large scale manufacturing limitations prevented the team from choosing them for the body structure.

Other components in the vehicle did use some of these advanced materials and others including
aluminum, magnesium, and plastic. Overall the complete LWV achieved a total weight savings of 22

* www.intellicosting.com
* Source: Automobile Industry Retail Price Equivalent and Indirect Cost Multipliers” EPA report EPA-420-R-09-003,
February 2009
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percent (332 kg) from the baseline vehicle (1480 kg) at an incremental cost increase of $319 or $0.96
per kg.

To achieve same vehicle performance as the baseline vehicle, the size of the engine for LWV was
proportionally reduced from 2.4L-177 HP to 1.8L-140HP. Without the mass and cost reduction
allowance for the powertrain (engine and transmission) the mass saving for the ‘glider’ is 24 percent
(264kg) at mass saving cost premium of $1.63 per kg mass saving.

Once the LWV was assembled, GWU verified, through CAE modeling, that it meets all relevant crash
tests. The LS-DYNA finite element software used by the GWU National Crash Analysis Center
(NCAC) is an industry standard for crash simulation and modeling. The researchers modeled the
crashworthiness of the LWV design under the NCAP Frontal, Lateral Moving Deformable Barrier, and
Lateral Pole tests, along with the IIHS Roof, Lateral Moving Deformable Barrier, and Frontal Offset
tests. All of the modeled tests were comparable to the actual crash tests performed on the Honda
Accord. Furthermore, the team also modeled the FMVSS No. 301 rear impact test and it showed no
damage to the fuel system.

Electricore Inc., EDAG, and GWU believe that their approach balanced various factors and produced a
LWV which had the greatest weight savings while meeting the baseline vehicle functionalities, cost, and
manufacturing targets for year 2017-2025; however additional research can provide more insight to the
future of vehicle weight reduction. This can include creating a detailed design for another platform
(e.g., large truck) using similar rigorous engineering approach or creating another LWV design with a
longer time horizon (2030 and beyond).
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2 Definitions and Acronyms

3D
Three dimensional, consisting of three dimensions e.g. width, length, and depth.

4WD (or 4x4)

This represents a vehicle, with a drivetrain, that allows all four wheels to receive torque from the engine
simultaneously. It differs from all wheel drive (AWD) in that it is a system that powers all four wheels
of a vehicle at all times by locking all of the wheels to rotate at the same velocity. AWD is much less
capable in ‘off-road’ settings and inferior to 4WD.

5th Percentile Female
This population represents a small framed woman that averages 152 cm. 95% of women are larger than
a 5th percentile female.

99th Percentile Male
This population represents a large framed man that averages 183 cm. A man of this size would be larger
than 98% of the male population.

A-Arm

Automotive suspension systems contain control arms (it is sometimes referred to as an a-arm, a-frame,
or wishbone). It is triangular shaped and nearly flat. Functionally, it pivots in two places; the broad end
of the triangle attaches at the frame and pivots on a bushing. The narrow end attaches to the steering
knuckle and pivots on a ball joint.

A-Pillar

The A-pillar of a vehicle is the first ‘pillar’ of the driver and passenger side of the vehicle. It is located,
vertically, at both sides of the vehicle’s windshield area. It has a structural responsibility of protecting
the occupants in the case of a roll-over accident. From a design perspective, it provides a point of
reference following successive letters in the alphabet (B-Pillar, C-Pillar etcetera).

ABS (Braking System)

This anti-lock braking system (ABS) is a safety system which prevents the wheels on a motor vehicle
from locking up, or ceasing to rotate, while braking to avoid skidding. It offers enhanced vehicle control
and decreased stopping distances on dry and slippery surfaces for most drivers.

ABS (Material)
Acrylonitrile Butadiene Styrene (ABS) is a common synthetic thermoplastic used to make light, rigid,
injection molded and extruded products making it useful in a manufacturing environment.

A/C (or AC)
Air Conditioning - See HVAC

Al (or Alum.)
Aluminum
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AWD
All wheel drive (AWD) is a system that powers all four wheels of a vehicle at all times by locking all of
the wheels to rotate at the same velocity. AWD is much less capable in ‘off-road’ settings and inferior to
4WD in such situations.

B-Pillar
See ‘A’ Pillar above.

BH (or Bake Hardenable) Steel

Bake Hardenable Steel is an advanced processing technique to produce low carbon steels that are used
for car bodies. The process provides high strength through an optimized batch annealing treatment that
IS necessary in order to have enough carbon in solution required for bake hardening. This makes
automotive bodies, and panels, strengthened after paint baking treatment.

B Segment
Refers to a vehicle classification used in Europe. It is the equivalent to an American Subcompact.

Belt Line
The belt line lies horizontally underneath the side windows of the car. It starts from the hood and runs to
the trunk. It separates the glass area from the lower body.

BIW

Body-In-White refers to the stage in automotive manufacturing in which the vehicle’s body sheet metal
components have been welded together. It is before the components such as doors, the hood, deck-lid,
fenders, and etcetera have been added prior to paint.

BMSB

Blow Molded Seat Back is also known as ‘blow forming’. This manufacturing process creates hollow,
plastic components, from thermoplastic. In general, there are three primary processes are extrusion
molding, injection molding, and stretch blow molding.

BOM

Bill of Materials (BOM) is a list of the raw materials, sub-assemblies, intermediate assemblies,
subcomponents, components, parts, and the quantities of each needed to successfully manufacture a final
product or end item. It may be used for communication between manufacturing partners, or confined to
a single manufacturing plant.

BSFC

Brake Specific Fuel Consumption is a measure of fuel efficiency within a shaft reciprocating engine. It
is the rate of fuel consumption divided by the power produced. BSFC allows the fuel efficiency of
different reciprocating engines to be directly compared.

BUS

A BUS in a computer or on a network is a transmission path on which signals are dropped off or picked
up at every device attached to the line. Each device has a unique identity and can recognize those signals
intended for it.
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C-Pillar
See ‘A’ Pillar above.

C Segment
Refers to a vehicle classification used in Europe. It is the equivalent to an American Compact.

CAD
Computer-Aided Design (CAD) is the use of computer technology for the process of design and design-
documentation.

CAE

Computer-Aided Engineering (CAE) is a broad usage of computer software to aid in engineering tasks.
It provides technology to support engineers in tasks such as analysis, simulation, design, manufacture,
planning, diagnosis, and repair.

CAN-BUS

Controller—Area Network (CAN or CAN-bus) is a vehicle bus standard designed to allow
microcontrollers and devices to communicate with each other within a vehicle without a host computer.
It is a serial bus protocol to connect individual systems and sensors as an alternative to conventional
multi-wire looms. It allows automotive components to communicate on a single or dual-wire networked
data bus up to 1Mbps.

CCA (or CCAW)

Copper Clad Aluminum (wire) is widely used in applications requiring the conductivity of copper while
retaining much of the weight advantages of aluminum. The primary application of this conductor is for
high-quality coils such as the voice coils in headphones, portable loudspeakers or mobile coils in other
applications.

Center Stack
Serving as the center portion of the instrument panel, this area is typically capable of receiving a number
of service modules. It contains the sound system, HVAC controls, and the navigation system screen.

CG
Center of Gravity The center of gravity of a material body is a point that may be used for a summary
description of gravitational interactions.

Class ‘A’ Surface
This term is used in automotive design to describe the surface area that is most easily seen by the
customer. These areas have a higher standard for appearance and quality in the automotive industry.

CFM

Cubic Feet per Minute (CFPM or CFM) is a non-SI unit of measurement of gas-flow (most often
airflow) that indicates how many cubic feet of gas (most often air) pass by a stationary point in one
minute.
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CO
Carbon Monoxide is a colorless, odorless gas formed when a compound containing carbon burns
incompletely because there is not enough oxygen. It is present in the exhaust gases of automobile
engines and is very poisonous.

CO2
Carbon dioxide is a colorless, odorless, incombustible gas present in the atmosphere. Its chemical
compound is composed of two oxygen atoms covalently bonded to a single carbon atom.

Composite

Composites are a complex material, such as wood or fiberglass, in which two or more distinct,
structurally complementary substances like metals, ceramics, glasses, and polymers are combined to
produce structural or functional properties not present in any individual component.

CSA

Cross Sectional Area. In geometry, a cross-section is the intersection of a body in 2-dimensional space
with a line, or of a body in 3-dimensional space with a plane. Simply stated, when cutting an object into
slices one gets many parallel cross-sections.

Cut and Sew
A process for creating automotive seat covers by cutting/trimming material from fabric sheets. The
separate selected pattern sections are joined by sewing them together.

Cuv
Crossover Utility Vehicle is a vehicle that is built on a car platform and combines features of a sport
utility vehicle (SUV) with features from a passenger vehicle.

CVT

A Continuously Variable Transmission shifts steplessly through an infinite number of effective gear
ratios between maximum and minimum values. The flexibility of a CVT allows the driving shaft to
maintain a constant angular velocity over a range of output velocities. This can provide better fuel
economy than other transmissions by enabling the engine to run at its most efficient revolutions per
minute (RPM) for a range of vehicle speeds.

D-Pillar
See ‘A’ Pillar.

DLO
Daylight Opening. Automotive industry term for glassed-in areas of a vehicle's cabin

Dm
Deutsche Mark (1948-2002), former official currency of Germany

DP (or Dual Phase Steel)

Dual-phase steel (DPA) is a high-strength steel that has a ferrite and martensitic microstructure. This
results in a microstructure consisting of a soft ferrite matrix containing islands of martensite as the
secondary phase (martensite increases the tensile strength). Due to these properties DPS is often used for
automotive body panels, wheels, and bumpers.
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EC

European Commission is the executive branch of the European Union. This Commission operates as a
‘cabinet government’ body is responsible for proposing legislation, implementing decisions, upholding
the Union's treaties and the general day-to-day running of the Union.

EGR

Exhaust Gas Recirculation is a nitrogen oxide (NOx) emissions reduction technique used in most
gasoline and diesel engines. EGR works by recirculating a portion of an engine's exhaust gas back to the
engine cylinders.

EPA
United States Environmental Protection Agency.

EPDM
EPDM rubber (Ethylene Propylene Diene Monomer) is a type of synthetic rubber containing a saturated
chain of the polyethylene and is used in a wide range of applications.

EPP

Expanded Polypropylene is a foam form of polypropylene. It is used in a wide variety of applications. It
also has very good impact characteristics due to its low stiffness; this allows EPP to resume its shape
after impacts.

ESP or ESC
Electronic Stability Program or Electronic Stability Control. Computerized technology that may
potentially improve the safety of a vehicle's stability by detecting and minimizing skids.

Euro V
Current European Union defines the acceptable limits for exhaust emissions of new vehicles sold in
Europe. Euro VI is scheduled to supersede V in 2013.

EVA

Ethylene vinyl acetate is the copolymer of ethylene and vinyl acetate. This polymer approaches
elastomeric materials in softness and flexibility but it can be processed like other thermoplastics. The
material has good clarity, gloss, barrier properties, low-temperature toughness, stress-crack resistance,
hot-melt adhesive water proof properties, and resistance to UV radiation. EVA has little or no odor and
is competitive with rubber and vinyl products in many electrical applications.

FEA

Finite Element Analysis is a computational method of stress calculation in which the component under
load is considered as a large number of small pieces (‘elements’). The FEA software is then able to
calculate the stress level in each element, allowing a prediction of deflection or failure.

FEM
Front End Module. An assembly, or complex structure, that has been stream-lined to include the
contents of what, were previously, multiple separate parts.
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FMVSS
Federal Motor Vehicle Safety Standard provides the minimum standard for motor vehicle performance,
or motor vehicle equipment performance, which is practicable, which meets the need for motor vehicle
safety, and which provides objective [test] criteria. FMVSS norms are administered by the United States
Department of Transportation's National Highway Traffic Safety Administration.

FR Plastic
Fiber Reinforced. Fiber-reinforced plastic (FRP, also fiber-reinforced polymer) is a composite material
made of a polymer matrix reinforced with fibers.

Frt
Front

FWD

Front-Wheel Drive is a form of engine and transmission layout used in motor vehicles, where the engine
drives the front wheels only. This is more common on traditional passenger vehicles. Vehicles classified
in the sport car category still utilize rear wheel drive.

GAWR

Gross Axle Weight Rating is the maximum distributed weight that may be supported by an axle of a
road vehicle. A vehicle's GAWR is the specific weight determined by the manufacturer to be the
maximum allowable weight that can be placed on an individual axle. Typically GAWR is followed by
either the letters F, FR, R or RR which indicate Front or Rear axles.

GPS

The Global Positioning System (GPS) is a space-based global navigation satellite system that provides
location and time information anywhere on earth. It is commonly used to refer to any device or function
that uses the GPS satellites.

GVW (or GVWR)

A gross vehicle weight rating is the maximum allowable total weight of a road vehicle or trailer when
loaded - i.e., including the weight of the vehicle itself plus fuel, passengers, cargo, and trailer tongue
weight.

H-Arm
Another type of suspension control arm which attaches to the frame or body at two points and to the
wheel carrier or knuckle at two points.

HAN

Human Area Networking is a process by which external devices can transmit signal information through
manipulation of the small magnetic field that exists surrounding the human body.

Haptic Sensory feedback that interfaces to the user via the sense of touch by applying forces, vibrations,
and/or motions to the user. This mechanical stimulation may be used to assist in the creation of virtual
objects (objects existing only in a computer simulation), for control of such virtual objects, and to
enhance the remote control of machines and devices (tele-operators).
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HC
Hydrocarbon. Any of numerous organic compounds, such as benzene and methane that contain only
carbon and hydrogen.

HDPE
High Density Polyethylene or Polyethylene High-Density (PEHD) is a strong, relatively opaque form of
polyethylene having a dense structure with few side branches off the main carbon backbone.

HIC
The Head Injury Criterion (HIC) is a measure of the likelihood of head injury arising from an impact.
The HIC can be used to assess safety related to vehicles.

HMI
Human Machine Interface is the interaction between humans, computers and machines.

HP

Horsepower is the name of several units of power. The unit was widely adopted to measure the output of
piston engines, turbines, electric motors, and other machinery. One mechanical horsepower of 550 foot-
pounds per second is equivalent to 745.7 watts.

HPA
Hydraulic Power Assistance specifies that pressurized hydraulic fluid is used to increase the manual
force being applied in a mechanical system.

HSS

High Strength Steel is low carbon steel with minute amounts of molybdenum, niobium, titanium, and/or
vanadium. Is sometimes used to refer to high strength low alloy steel (HSLA) or to the entire group of
engineered alloys of steels developed for high strength.

HVAC
Acronym for the closely related functions of "Heating, Ventilating, and Air Conditioning"- the
technology of indoor environmental comfort.

IC
Internal Combustion. The internal combustion engine is an engine in which the combustion of a fuel
occurs with an oxidizer, usually air, in a combustion chamber.

ICE

In-Car Entertainment that is sometimes referred to as ICE, is a collection of hardware devices installed
into automobiles and other modes of transportation, to provide audio and/or audio/visual entertainment,
as well as automotive navigation systems. This acronym can also be used to describe an Internal
Combustion Engine, an engine type that burns fuel in a sealed chamber using either spark ignition (SI -
Gasoline) or compression ignition (CI — Diesel).

IEM
Integrated Exhaust Manifold as used in the report refers to the integration of the exhaust manifold with
the cylinder head as used in the Lotus SABRE project.
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IHHS
The Insurance Institute for Highway Safety (11HS) is a U.S. non-profit organization funded by auto
insurers. It works to reduce the number of motor vehicle crashes, and the rate of injuries and amount of
property damage in the crashes that still occur. It carries out research and produces ratings for popular
passenger vehicles as well as for certain consumer products such as child car booster seats.

IMA

Integrated Motor Assist is Honda's hybrid car technology. It is a specific implementation of a parallel
hybrid. It uses an electric motor mounted between the engine and transmission to act as a starter motor,
engine balancer, and assist traction motor.

ISOFIX

ISOFIX is the international standard for attachment points for child safety seats in passenger cars. It is
also known as LATCH ("Lower Anchors and Tethers for Children™) within the U.S. and as LUAS
("Lower Universal Anchorage System") or Canfix in Canada. It has also been called the "Universal
Child Safety Seat System" or UCSSS.

IP

Instrument Panel is a control panel located under the windshield of an automobile. It contains the
instrumentation and controls pertaining to the operation of the vehicle. During the design phase of an
automobile, the dashboard or instrument panel may be abbreviated as "IP".

IVT

Infinitely Variable Transmission, a type of continuously variable transmission system for motor vehicles
and other applications.

kg

Kilogram, unit of weight, 1 kg = 2.205 pounds.

km
Kilometer, unit of length, 1 km = 0.6214 statute miles.

kw
The kilowatt equal to one thousand watts. It is typically used to state the power output of engines and the
power consumption of tools and machines. A kilowatt is approximately equivalent to 1.34 horsepower.

kWh
The watt hour, or watt-hour, is a unit of energy equal to 3.6 kilojoules. Energy in watt hours is the
multiplication of power in watts and time in hours.

LATCH
Lower Anchors and Tethers for Children. See ISOFIX.

LCA
Lower Control Arm. See ‘A-Arm’.
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LCD
Liquid Crystal Display is a low-power, flat-panel, display used in many digital devices to display
numbers or images. It is made of liquid containing crystals that are affected by electric current,
sandwiched between filtering layers of glass or plastic. LCDs do not produce light of their own; instead,
when electric current is passed through the material, the molecules of the "liquid crystal” twist so that
they either reflect or transmit light from an external source.

LED
Light-Emitting Diode is considered an electronic light source.

LF
Left Front

LH
Left Hand

m”~3 or m3 or m3
Meters cubed or cubic meters, measure of volume.

mJ

Millijoules. The joule (symbol J), named for James Prescott Joule, is the derived unit of energy in the
International System of Units. It is the energy exerted by a force of one newton acting to move an object
through a distance of one meter. 1 mJ = 2.77x10-7 Watt hours

mm
Millimeters, unit of length, 1 mm = 0.03937 inches.

Monocoque

A metal structure in which the skin absorbs all or most of the stresses to which the body is subjected.
Unibody, or unitary construction, is a related construction technique for automobiles in which the body
is integrated into a single unit with the chassis rather than having a separate body-on-frame. The welded
"Unit Body" is the predominant automobile construction technology today.

LWR
Lower

Mg
Magnesium

MG, MG1 or MG2
A Motor-Generator (an M-G set or a dynamotor for dynamo-motor) is a device for converting electrical
power to another form.

MPa
Mega Pascals, unit of pressure or stress, 1 MPa = 145 Pounds per square inch.
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MPG
Miles per gallon is a unit of measurement that measures how many miles a vehicle can travel on one
gallon of fuel.

MPV

Multi-Purpose Vehicle is a type of automobile similar in shape to a van that is designed for personal use.
Minivans are taller than a sedan, hatch-back or a station wagon, and are designed for maximum interior
room.

MS
Mild steel or Carbon steel, also called plain carbon steel, is steel where the main alloying constituent is
carbon.

MSRP
Manufacturer's Suggested Retail Price of a product is the price the manufacturer recommends that the
retailer sell it for.

MY

Model Year. The model year of a product is a number used worldwide. It is used to describe the
approximation of when a product was produced. It also indicates the coinciding base specification of
that product.

NCAP

The European New Car Assessment Program (Euro NCAP) is a European car safety performance
assessment program founded in 1997 by the Transport Research Laboratory for the UK Department for
Transport and now the standard throughout Europe.

NHTSA
The National Highway Traffic Safety Administration is an agency of the Executive Branch of the U.S.
Government and a part of the Department of Transportation.

NOx
NOX is a generic term for mono-nitrogen oxides (NO and NO2).

NPI
New Product Introduction.

NVH
Noise, vibration, and harshness (NVH) is also known as noise and vibration (N&V). It is the study and
modification of the noise and vibration characteristics of vehicles, particularly cars and trucks.

oD
Outside Diameter of a circular object.

OEM

Original Equipment Manufacturer definition in the automobile industry constitutes a federally licensed
entity required to warrant and/or guarantee their products. "Aftermarket" products, however, are not
legally bound to a government-dictated level of liability.

THE GEORGE

\ ' — ‘
WASHINGTON
—I1EDAG
ELECTRICORE —

POWERING THE FUTURE

WASHINGTON DC



33

OLED

An Organic Light Emitting Diode (OLED), also light emitting polymer (LEP) and organic
electroLuminescence (OEL), is a light-emitting diode (LED) whose emissive electroluminescent layer is
composed of a film of organic compounds.

OTR
Outer

PRNDL
Refers to the automatic transmission gear selector based on the letters appearing on most selectors. It
stands for Park, Reverse, Neutral, Drive, and Low.

PA
Polyamide is a polymer containing monomers of amides joined by peptide bonds. They can occur both
naturally and also artificially through step-growth polymerization.

PC
Polycarbonates refer to a group of thermoplastic polymers.

PCCB

Porsche Ceramic Carbon Brakes. Carbon-ceramic brakes are optional on all Ferraris, most Lamborghinis
and Porsches, and the Bentley Continental GT Diamond. These cars are priced above $133,000. Their
high cost limited them to exotic performance cars. A new manufacturing process could make them
affordable for even budget-minded enthusiasts.

PHEV

Plug-In Hybrid Electric Vehicle (PHEV) is a hybrid vehicle with batteries that can be recharged by
connecting a plug to an electric power source. It shares the characteristics of both traditional hybrid
electric vehicles, having an electric motor and an internal combustion engine, and of battery electric
vehicles, also having a plug to connect to the electrical grid (it is a plug-in vehicle).

PM
Particulate Matter is sometimes referred to as particulates or fine particles, are tiny particles of solid or
liquid suspended in a gas or liquid.

PP
Polypropylene or Polypropene is a thermoplastic polymer. It is made by the chemical industry and used
in a wide variety of applications.

PPO

Poly (p-phenylene oxide) is a high-temperature thermoplastic. It is rarely used in its pure form due to
difficulties in processing. It is mainly used as blend with polystyrene, high impact styrene-butadiene
copolymer or polyamide.

PU (or PUR)
Polyurethane is used in various resins, widely varying in flexibility, used in tough chemical-resistant
coatings, adhesives, and foams.
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PVC
Polyvinyl Chloride is commonly abbreviated PVC. It is the third most widely used thermoplastic
polymer after polyethylene and polypropylene.

QTR
Quarter

R-Value
The R-Value is a measure of thermal resistance.

Rad
Radiator

Reinf
Reinforcement

RF
Right Front

RH
Right hand

ROM
Rough Order of Magnitude is a general term that is often used in analysis equating to 'Estimate’

RR
Rear

RWD
Rear-wheel drive is a form of engine/transmission layout used in motor vehicles, where the engine
drives the rear wheels only. Often seen is vehicles that fall into the sports car category.

SLA
A Short Long Arms suspension is also known as an unequal length double wishbone suspension.

Stepper Motor
A Stepper Motor, sometimes referred to as a ‘step motor’ is a brushless, synchronous electric motor that
can divide a full rotation into a large number of discrete steps.

System

Several separate system categories were created to include all vehicle components. These systems are as
follows: body structure, closures, front/ rear bumpers, glazing, interior, chassis, air conditioning,
electrical, and powertrain.

Sub-System
A smaller assembly living within a larger assembly. A seat assembly is considered a sub-system to the
interior system.
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SUv

A Sport Utility Vehicle is a generic marketing term for a vehicle similar to a station wagon, but built on
a light-truck chassis. It is usually equipped with four-wheel drive for on-road or off-road ability, and
with some pretension or ability to be used as an off-road vehicle. Some SUVs include the towing
capacity of a pickup truck with the passenger-carrying space of a minivan or large sedan.

TRIP Steel

TRIP stands for ‘Transformation Induced Plasticity’. TRIP steel is an example of high-strength steel that
is typically incorporated in the automotive industry. TRIP steel has a triple phase microstructure
consisting of ferrite, bainite, and retained austenite. During plastic deformation and straining, the
metastable austenite phase is transformed into martensite. This transformation allows for enhanced
strength and ductility.

TRL

Technology Readiness Level is defined as a technology that is considered feasible for volume
production at the inception of a new vehicle program, i.e., approximately 3 years prior to start of
production. The technology may be proven at the time of the new vehicle program start or is expected to
be proven early in the production design process so that there is no risk anticipated at the targeted timing
for production launch.

US (or U.S))
United States of America.

UTS
Ultimate Tensile Strength.

uv
Ultraviolet light is the spectrum of electromagnetic radiation with frequencies higher than those that
humans identify as the color violet.

\
The volt is the SI derived unit of electromotive force, commonly called ‘voltage’.

VR
Virtual Reality is a computer technology which allows a user to simulate physical presence in the real
world or in the imaginary world.

Whse
The Wheelhouse is the inner area behind the fender described by the inner and outer fender panels.

YS
Yield strength (or yield point) is defined in engineering and materials science as the stress point in
which a predetermined amount of permanent deformation occurs.
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3 Introduction and Scope of Work

3.1 Purpose

The purpose of this project is to redesign an original baseline model year 2008 or later Honda Accord (in
this case we chose 2011 Honda Accord) to reduce its mass (through a variety of techniques), while
maintaining the functionalities (defined in a variety of ways, discussed below and in Section 5.1) of the
original vehicle and also controlling for direct and indirect costs to maintain retail price parity within 10
percent. The Electricore team used advanced design, material, and manufacturing processes that it
believes to be available in the time frame of model years 2017-2025 and developed a detailed and
holistic engineering design. Using that design, the Electricore team developed a comprehensive direct
manufacturing cost estimates for the light weighting technologies for the concept vehicle, including both
detailed direct and indirect cost estimates. Finally, the concept lightweight vehicle was then computer
modeled and simulated to demonstrate equivalent crashworthiness of the vehicle to the baseline Honda
Accord.

The National Highway Traffic Safety Administration (NHTSA) initiated this project to gain more
information about the maximum feasible amount of mass reduction and the cost of future mass reduction
that could be used to support Corporate Average Fuel Economy (CAFE) rulemaking. NHTSA
anticipates that one of the tools that industry will use in the future to raise their vehicles’ fuel economy
levels is vehicle mass reduction. This report also analyzes the safety effects of the vehicle mass
reduction approaches considered, and shows that under the right circumstances, mass reduction can
occur in a safety neutral, or perhaps even a safety beneficial manner while maintaining baseline vehicle
performance and cost constraints. NHTSA also sought, through this study, to gain more information
using the Finite Element Analysis (FEA) model from this study in a vehicle fleet simulation analysis
regarding the potential future safety effects of wider-spread future light-weighting as manufacturers
transition to a higher fuel-economy fleet.

3.2 Background

As part of its mission, NHTSA has been issuing CAFE standards under the Energy Policy and
Conservation Act (EPCA) for the last thirty years. EPCA requires DOT (and by delegation, NHTSA) to
establish average fuel economy standards for passenger cars and light trucks at “the maximum feasible
average fuel economy level that the Secretary [of DOT] decides the manufacturers can achieve in that
model year.” When setting “maximum feasible” fuel economy standards, NHTSA must “consider
technological feasibility, economic practicability, the effect of other motor vehicle standards of the
Government on fuel economy, and the need of the United States to conserve energy.” The Energy
Independence and Security Act (EISA), enacted on December 19, 2007, amended EPCA by mandating,
in addition to passenger car and light truck standards being set at the maximum feasible level in each
model year, that the model year (MY) 2011-2020 CAFE standards be set sufficiently high to ensure that
the industry-wide average of all new passenger cars and light trucks, combined, is not less than 35 miles
per gallon (mpg) by MY 2020.

In fulfillment of its EPCA and EISA requirements and in response to President Obama’s directive to
create a coordinated and harmonized National Program for motor vehicle efficiency and emissions
standards, NHTSA published a joint final rule with the Environmental Protection Agency (EPA) in
Spring 2010 to set CAFE standards under EPCA/EISA and greenhouse gas (GHG) standards under the
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Clean Air Act (CAA) for passenger cars and light trucks manufactured in model years 2012-2016.> The
CAFE standards will increase annually, and for MY 2016, are estimated to require a combined industry-
wide fleet fuel economy of 34.1 mpg. Building on the success of the National Program for the MY's
2012-2016 standards, on May 21, 2010, President Obama directed NHTSA and EPA to take the next
steps to improve fuel economy and reduce GHG emissions from mobile sources for model years 2017-
2025.° NHTSA and EPA released a joint Notice of Proposed Rulemaking (NPRM) in November 2011,’
and are working toward finalizing that proposal in mid-2012.

Based on NHTSA’s discussions with manufacturers about how they plan to comply with CAFE
standards in those model years, the agency anticipates that the industry will make use of vehicle mass
reduction as a means for reducing vehicle fuel consumption in the future. NHTSA’s recent rulemaking
analyses have employed “mass reduction” as a technology option for compliance modeling purposes.
For example, in the analysis for MYs 2017-2025 NPRM, the CAFE model was configured to allow up
to 20 percent mass reduction per vehicle as a way for manufacturers to achieve compliance, with greater
amounts of mass reduction being “available” for heavier vehicle sub-classes. The agency took this
approach for consistency with NHTSA’s analysis of safety effects for vehicle mass reduction, which
found that mass reduction can occur in a safety neutral, or perhaps even a safety beneficial, manner if it
occurs in the heaviest of vehicles, while the contrary may be true for lighter vehicles.®

As part of the research leading up to the NPRM, NHTSA became aware of several studies published that
appear to show significantly greater amounts of mass reduction than NHTSA had previously
analyzed.®*° The agency is reviewing its implementation of the mass reduction technology options in its
compliance modeling and sought assistance in assessing the maximum feasible amount of mass
reduction that could still be cost-effective in the time frame of model years 2017 to 2025. Assuming the
light weighted design from this study will be representative of some of the future vehicles on road as a
result of meeting the future CAFE and GHG standards, the agency can then use the FEA model
developed in this study as one representative for the future vehicles on-road to evaluate the safety impact
of future light weighting strategies over the fleet.

3.3 Approach

The Electricore team, including EDAG, Inc., (EDAG) and the George Washington University National
Crash Analysis Center (GWU), used design and engineering practices and methodologies commonly
accepted within the automotive industry for this project. EDAG is one of the world’s largest
independent engineering companies and has developed ready-for-production vehicles, assemblies, and
modules for original equipment manufacturers (OEMSs) and suppliers world-wide. Additionally, GWU
has conducted independent simulations and crashworthiness analysis on vehicles of all classes for the

® The final rule was issued on April 1, 2010, and was published in the Federal Register on May 7, 2010, at 75 Fed. Reg.
25324. A copy is also available on NHTSA’s website at http://www.nhtsa.gov/staticfiles/rulemaking/pdf/cafe/ CAFE-
GHG_MY_2012-2016_Final_Rule_FR.pdf (last accessed July 12, 2010).

® The full version of President Obama’s announcement can be found at
http://www.nhtsa.gov/staticfiles/rulemaking/pdf/cafe/2017-Memorandum_05212010.pdf

76 Fed. Reg. 74854 (Dec. 1, 2011).

8See Chapter IX of NHTSA’s Preliminary Regulatory Impact Analysis of the Corporate Average Fuel Economy Standards
for MYs 2017-2025 Passenger Cars and Light Trucks, available at http://www.nhtsa.gov/fuel-economy.

° ICCT, 2010. An Assessment of Mass Reduction Opportunities for a 2017-2020 Model Year Vehicle Program. Final Report.
March 2010. http://www.theicct.org/documents/0000/1430/Mass_reduction_final_2010.pdf

Y EDAG, 2009. Future Steel Vehicle: Phase 1. For WorldAutoSteel.
http://www.worldautosteel.org/uploaded/FSV_Executive Summary.pdf
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FHWA, NHTSA and industry since its inception in 1992. Prior to presenting the specifics of our
activities and results, it is important to review the overall objectives and approach for conducting a
vehicle lightweighting project, such as this one, to better understand the methodology and thought
process presented in the report.

The major boundary conditions set for this project included:

1. Maintain or increase vehicle size compared to the baseline vehicle.
2. Maintain retail price parity (+10% variation) with the baseline vehicle.

3. Maintain or improve vehicle functionalities compared to the baseline vehicle, including
maintaining comparable performance in NHTSA’s New Car Assessment Program (NCAP)
frontal, side, side pole and I1HS test programs through appropriate crash simulations.

4. Powertrain may be downsized, however alternate powertrain configurations (i.e. hybrid electric,
battery electric, and diesel) will not be considered.

5. All advanced design, material, technologies and manufacturing processes must be realistically
projected to be available for fleet wide production in time frame of model years 2017-2025.

6. Achieve the maximum feasible amount of mass reduction within the constraints.

The Electricore team’s approach for executing this project was to take a collaborative design,
engineering and CAE process with built in feedback loops to incorporate results and outcomes from
each of the design steps into the overall vehicle design and analysis. In a simple linear sense, the
approach is to benchmark the baseline 2011 Honda Accord and then undertake a series of baseline
design selections, new material selections, new technology selections and finally overall vehicle design
optimization. Vehicle functionalities, safety (crashworthiness) simulations and cost analyses are run in
parallel to the design and engineering effort to help ensure that design decisions are made in line with
the established boundary conditions. The project team aimed that the results of this work would provide
a basis for potentially helping to estimate some of the impacts of future CAFE standards for model years
2017-2025, so the project’s objectives, approach and conclusions have to meet the highest levels of
automotive engineering standards and be justifiable and supportable under rigorous peer review and
analysis.

This high level approach helps the final design meet the project objectives within the boundary
conditions, and ideally provides the government and industry with a truly feasible production-possible
vehicle to use for future studies and analysis. This is, however, further constrained by developing a high
volume (200,000 vehicles per year) production vehicle specifically targeted for model years 2017-2025.
This means the team must use technologies and materials which will be available for large scale
production and available within two to three design generations (e.g. model years 2015, 2020 and 2025).

Due to reliability, manufacturability and cost concerns many manufacturers may opt to only use
technologies, materials and manufacturing processes that are currently in use or planned to be in use on
existing vehicle platforms. Automotive manufacturers often introduce new materials, technologies and
processes on low-volume, high price vehicles first and then migrate those technologies to high-
production vehicle lines over time. This significantly reduces the risk to the OEM from new designs and
materials being introduced into mass-production vehicles. Therefore, the Electricore team utilized, to
the extent possible, only those materials, technologies and designs which are currently in-use or planned
to be introduced in the near term (model years 2012-2015) on low-production vehicles. This approach

11 10% of the baseline MSRP - $2198; based on Honda Accord 4DR-LX Window Sticker shown in Figure 3
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eliminated those material and technology options which would likely be unrealistic or overly aggressive
to implement in mass production by model years 2017-2025.

This study is not a study to determine the maximum weight reduction in a vehicle without cost or other
constraints. The first step in such a project, thus, was to establish the requirements and specification for
the project — essentially establishing the ground rules for moving forward during the project. By fixing
these boundary conditions early the project team was able to make consistent and mutually supportive
decisions throughout the engineering and design process.

Some of the other similar studies have focused more on the stretching the limits of vehicle
lightweighting with more lead time to develop these advanced technologies, reduce their cost, and
establish high volume manufacturing practices. While these are instructive on helping to establish
longer-term goals for the industry, often they are too aggressive to use as a baseline for near-term policy
and regulatory analysis. The approach for this study is an evolutionary implementation of advanced
materials and manufacturing technologies currently used in the automotive industry. The recommended
materials (Advanced High Strength Steels, Aluminum, Magnesium and Plastics) manufacturing
processes (Stamping, Hot Stamping, Die Casting, Extrusions, Roll Forming) and assembly methods
(Spot welding, Laser welding and Adhesive Bonding) are at present used, some to a lesser degree than
others. These technologies can be fully developed within the normal product design cycle using the
current design and development methods. The process parameters for manufacturing with Advanced
High Strength Steels can be supported by computer simulation.

Additionally and possibly most importantly, some of the other studies may not have analyzed and
validated the designs against NCAP and IIHS safety standards. By considering safety foremost and
throughout the design and engineering process, we are again taking a more realistic design approach.
This may lead to less weight reduction or higher costs, but it also helps to ensure that the design is
consistent with actual industry design, engineering and production methods and that it fully accounts for
all elements in the vehicle’s cost.

The approach taken in this study thus aims to address each of the issues found with other related efforts
and helps to provide NHTSA with a thorough and realistic baseline for ongoing analysis. It is important
to clarify that this study did not seek to represent the “only solution” for vehicle light-weighting, but
instead sets an achievable baseline for vehicle mass reduction to help the DOT determine the “maximum
feasible” average fuel economy level that manufacturers can achieve in that model year.

3.4 Technical Scope of Work
The following technical activities were undertaken as part of this project:

3.4.1 Computer Modeling Design

The Electricore Team used state-of-art computer modeling to design, develop and validate a light weight
vehicle design computer model of a mid-size passenger car based on a model year 2011 Honda Accord
mid-size passenger car. In doing so, the Electricore Team factored in advanced design, material and
manufacturing processes projected by the team to be available in the MY's 2017-2025 time frame. A
target model year of 2020 was specified by NHTSA to be the basis for the project in order to provide a
single snapshot in time versus an average vehicle over the 2017-2025 period. Available advanced
design, material and manufacturing processes selected for the model were based upon literature review
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and consultation with the automotive industry OEMs and suppliers as well as industry experts with
regard to what appeared likely to be feasible for vehicle manufacturers to adopt in that time frame.

3.4.2 Cost and Functional Analysis of Vehicle

The target vehicle was designed to maintain cost parity with the baseline 2011 Honda Accord, defined
as the maximum feasible amount of mass reduction that could be accomplished with only +10 percent
variation in production cost while maintaining or improving vehicle size and performance
functionalities*>compared to the baseline vehicle.

3.4.3 Engineering Analysis

The Electricore Team included as part of the preliminary design, draft report, and final report detailed
engineering analysis and documentation to prove that the functionality is maintained or improved within
the acceptable cost parameter defined in 3.4.2. The team has concluded that the proposed design would
be commercially feasible for high volume production (around 200,000 units per year) in MY 2020.

3.4.4 Powertrain Design

The powertrain of the LWV was downsized to maintain vehicle acceleration and/or towing compared to
the baseline 2011 Honda Accord. The Electricore Team provided an incremental mass and cost
difference between the powertrain chosen and the baseline powertrain without a full scaled powertrain
study. However, in order to verify and validate the LWV for fuel economy and powertrain performance,
a simulation model for the baseline MY 2011 Honda Accord was first built in Powertrain System
Analysis Toolkit (PSAT). The correlated baseline PSAT model was used to conduct further studies to
establish vehicle performance for lower weight vehicle conditions.

3.4.5 Future Technologies Impacts

As part of designing the LWV, the Electricore Team considered certain vehicle mass reduction
technologies that the team did not consider mature or that are currently limited to small volume
production. When it did so, given the requirement that the LWV be able to be produced at high volume
by the rulemaking time frame, the Electricore Team identified and discusses any risks associated with
including these developmental technologies as part of the LWV design (that is, the probability that these
technologies will be available for fleet wide production in the time frame studied.) For each technology
chosen for this inclusion in the LWV design, this report lists the technology readiness and the associated
risks if the technology is still in the development stage. In particular, the report identifies when the team
anticipates that these developing technologies will be mature and applicable to mass production. In
choosing technologies, the Electricore Team considered the capacity and capability of industry and/or its
suppliers to produce products or materials in sufficient quantities and in the specific geometry (shape) to
support the vehicle design.

3.4.6 Preliminary Vehicle and Proof of Concept Design

The Electricore Team used Computer Aided Design (CAD) tools and identify, define, conduct, build,
simulate and validate a Computer Aided Engineering (CAE) model developed in LS-DYNA for this
vehicle as a deliverable of this contract. The Electricore Team performed virtual vehicle design, rather

12 \/ehicle performance functionalities include safety, NVH, vehicle utility/performance (e.g. .towing, acceleration, etc.),
manufacturability, aesthetics, ergonomics, durability and serviceability.
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than simply reviewing literature and providing a compilation of available technologies. Vehicle design
constraints and feasibility were considered when selecting light weight approaches for components and
sub-systems, as required by the contract. In order to help ensure that the LWV is feasible and meets all
performance functionalities of the baseline 2011 Honda Accord, consideration was also given to the
joining technologies. The output CAD model will be used for vehicle crashworthiness simulation by
NHTSA.

3.4.7 Crashworthiness Analysis

Using the output CAD vehicle model described above, the Electricore team considered the LWV’s
structural performance in NHTSA’s New Car Assessment Program (NCAP) frontal, side, and side pole
test programs. For each of these rating tests, the Electricore Team conducted a crash simulation and
compared the crash acceleration and occupant compartment intrusion against test results of the baseline
2011 Honda Accord.*® The occupant compartment acceleration was evaluated in terms of peak
acceleration and relevant intrusion measurements for the crash mode. The vehicle model also
demonstrated compliance with the requirements of FMVSS No. 216 “Roof crush resistance.” The
Electricore Team also conducted crash simulations to evaluate the structural performance requirements
of the Insurance Institute for Highway Safety (IIHS)' offset and side impact test programs. Based on
those simulations, the LWV design obtained ratings in each of the structural or intrusion ratings
performed by IIHS that were at least equivalent to the baseline vehicle.

3.4.8 LS-DYNA Model and Final Report

The Electricore Team provided NHTSA with the LS-DYNA model of the LWV (validated as explained
above and in Section 6 for verification and a compatibility check to help ensure that the model is
compatible with FEA models that George Washington University developed for NHTSA as specified.

3.4.9 Optional Requirements

At the option of the government, the Electricore Team was required to provide the following additional
support and services. The government exercised all options under this project.

3.4.9.1 Optional Requirement 1 “Mass Reduction for Other Light-Duty Vehicles”

In addition to the vehicle design developed, the Electricore Team considered how the mass reduction
evaluated for the vehicle could be applied to other types of light-duty passenger vehicles besides the
midsize passenger car evaluated. Those other types of light-duty vehicles include:

Subcompact passenger cars;
Compact passenger cars;

Large passenger cars;

Minivans;

Small CUV/SUV/trucks;

Midsize CUV/SUV/trucks; and,
Large CUV/SUV/light duty trucks.

¥ NHTSA crash test data available at: http://www.nhtsa.gov/Research/Databases+and+Software
1 40 mph offset deformable barrier frontal and 31 mph moving deformable barrier side impact test, http://www.iihs.org/ratings/default.aspx
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As documented in the MY's 2012-2016 final rule® and the preceding Notice of Proposed Rulemaking
(NPRM)™, for purposes of applying fuel-saving technologies, NHTSA’s modeling analysis considered
twelve technology “subclasses” of passenger cars and light trucks (i.e., subcompact passenger cars,
subcompact performance passenger cars, compact passenger cars, etc.). NHTSA understands that the
relationship between mass reduction and size is not linear, as there is a certain fixed mass to comply
with FMVSS and consumer information programs: i.e., more mass can likely be taken out of large
vehicles than small vehicles. The Electricore Team provided feasible mass reduction estimates for each
vehicle subclass used in the CAFE model, along with supporting documentation.

The Electricore Team provided details about the amount of mass reduction that is feasible for each of
the vehicle subclasses stated above used in the CAFE model and phase-in caps for amount of mass
reduction for each subclass for model year 2017-2025. The conclusions are supported with detailed
analysis and are provided as Section 8 of this report.

3.4.9.2 Optional Requirement 2 “Conduct Incremental Cost Analysis on Mid-size Vehicle
Designed and Developed”

Cost is frequently a constraint when vehicle manufacturers decide which fuel-saving technology to
apply to a vehicle. The Electricore Team performed an incremental cost analysis for all the new
technologies applied to reduce mass of the vehicle designed. The cost estimates are comprehensive and
include variable cost as well as non-variable cost, such as manufacturer’s investment cost for tooling,
product development, etc. The amount of feasible mass reduction was determined with reference to
maintaining overall vehicle retail price parity with the baseline vehicle with £10% variation.
Furthermore, costs were considered and accounted for on any new or novel manufacturing processes
considered for a design that requires not only tooling but investment in capital equipment.

The Electricore Team provided a detailed account describing the methodologies used in the cost
estimates, the factors included in the cost estimates, and the database structure for the cost breakdown.
This is provided as Section 9 of this report.

3.4.9.3 Optional Requirement 3 “Effect of ‘Learning’ on Technology Costs”

As documented in the MY 2012-2016 final rule, NHTSA’s modeling analysis uses “learning” for the
purpose of reducing technology costs, i.e., the agency anticipates that efficiency improvements occur
and costs come down as production volumes increases (“volume-based learning”), or with incremental
process and design revisions that occur over a period of years(“time-based learning”). The Electricore
Team made suggestions on the appropriateness of applying cost reductions through learning and how the
cost will be reduced in the future, using time-based learning, volume-based learning, or other methods
that are appropriate. This was in particular applied to the vehicle body structure assembly process. The
advantages of the application of laser welding versus the conventional spot welding process was studied
in detail and is provided as Chapter 10 of this report.

3.5 Project Team Members

This project was completed by the Electricore Consortium; inclusive of Electricore Inc., EDAG Inc., and
the George Washington University (GWU) National Crash Analysis Center (NCAC). This team has

Bhttp://www.nhtsa.gov/Laws+&+Regulations/ CAFE+-+Fuel+Economy/Model+Years+2012-2016:+Final+Rule
http://www.nhtsa.gov/Laws+&+Regulations/ CAFE+-+Fuel+Economy/Model+Years+2012-
2016:+Notice+of+Proposed+Rulemaking+(NPRM)
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extensive experience in the areas of government contracting, research and development, automotive
engineering, and vehicle crash test modeling and analysis. Electricore Inc. is a 501(c)(3) non-profit
company with over 15 years’ experience in managing federal programs, including several with DOT.
Electricore was the program manager and prime contractor. EDAG, Inc. was the technical lead on
optimizing the light weight vehicle design, performing the cost modeling, and examining advanced
manufacturing techniques. GWU NCAC was the technical lead for crash modeling to examine the
crashworthiness of the lightweight vehicle designs.

3.5.1 Electricore, Inc.

Since its inception, Electricore has had a successful history of collaboration with the departments of
Defense, Energy and Transportation in the development, demonstration and deployment of advanced
technologies. Electricore has managed over 80 multi-partnered research programs ultimately involving
several hundred industry, university and government entities with over $170 million in federal projects.
Electricore has established a network of world-renowned scientists available as part of its technical
resource base. This base provides members and sponsors with services that include technical consulting,
technology assessment, competitive analysis and design review. Electricore partners with public and
private organizations, fleets, and government to develop and employ clean, cost-effective transportation
solutions. Electricore’s research includes the following areas: Electric and Hybrid Vehicles (Ground,
Air and Sea), Electric and Hybrid Infrastructure, Energy Storage and Energy Management, Fuel Cell
Vehicles and APUs, Lightweight Materials, and Aerodynamics.

3.5.2 EDAG, Inc.

EDAG, the world’s largest independent engineering concern, develops production ready solutions to
sustain mobility in the future. Thanks to its holistic understanding of vehicles and their production
plants, EDAG is the leading partner that can offer the fusion of product and production, from
development through to implementation in plant construction. EDAG is an all-round development
partner for the international automotive industry, offering engineering services to the implementation of
complete production systems for body-in-white construction and vehicles assembly through to the low
volume production of modules and special vehicles series.

3.5.3 George Washington University, National Crash Analysis Center

Chartered in 1992, the NCAC at The George Washington University's Virginia Campus is one of the
nation's leading authorities in automotive and highway safety research. A cooperative effort of the
Federal Highway Administration (FHWA), the National Highway Traffic Safety Administration
(NHTSA), The George Washington University and several industry and academic experts, NCAC's
comprehensive approach addresses the total safety problem related to surface transportation. The
NCAC at GWU has developed unigue capabilities in crash analysis, crash data statistics, causation
studies, countermeasure benefit analysis, simulation and modeling, vehicle and barrier design, and
dissemination of models and results. These capabilities, expertise, and resources are not duplicated
elsewhere in the world at their present comprehensive and sophisticated level. Today, the NCAC finite
element models are utilized by researchers worldwide to address various safety issues. The methods
developed and disseminated by the NCAC scientists and engineers have been used by many researchers
worldwide. GWU scientists have successfully assisted and provided technical advice, recommendations,
support, and solutions to FHWA, NHTSA, FAA, DOS, State DOTSs, automotive companies, and other
federal and state agencies in some of the Nation’s most critical transportation safety and security issues,
resulting in improved safety, enhanced security, and enormous cost savings.
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3.6 Peer Review

This study is peer reviewed by technical experts. After peer review, the study is updated based on the
recommendations from the reviewers. The responses to peer review comments are shown in Appendix G
of this report. The peer review report which contains the curriculum vitae and the peer review comments
(verbatim) for each peer reviewer is published in a separate document titled “Peer Review for Mass
Reduction for Light-Duty Vehicles for Model years 2017-2025”.
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4 Baseline Honda Accord—Benchmarking

4.1 Baseline Vehicle

The chosen baseline vehicle for this project is the 2011 Honda Accord, a four door midsize sedan. The
midsize sedans are the single largest sales volume segment in the U.S. in MY 2010, with nearly 20
percent of the market. In this segment the Honda Accord was second overall in vehicle sales for 2010
and is regarded as a benchmark vehicle with good performance in all areas, roominess, comfort, fuel
economy, safety, luxury features, with a competitive price. Figure 1 below lists the top five vehicle
models in terms of U.S. vehicle sales in the midsize car category for MY 2010. In the SOW of the
contract, NHTSA specified the use of a MY2008 or later Honda Accord as the baseline. The Electricore
team selected the 2011 Honda Accord because this vehicle has the same body structure as the 2008
Accord and it also achieved a five-star rating in NHTSA’s New Car Assessment Program (NCAP).

Ranking | Vehicle Veh Sold

Tovota Camry 327 804
Honda Accord | 311,381
Tovota Corolla 266,082
Honda Civic 260,218
Nissan Altima 229.263

[N e

[V INE S

Figure 1: US Vehicle Sales in the midsized car category for MY2010"

To identify the utility, performance, and other baseline engineering targets for the LWV program a base
trim level 2011 2.4L Honda Accord 4DR-LX with a 5-speed automatic transmission was purchased and
completely torn down to its individual sub-system or component level. The Accord LX in this model
year is available with a limited range of additional options, but many of these options would likely not
significantly impact the vehicle’s mass. Options that may impact the vehicle’s mass, such as power seats
or a sunroof option, are not available on the base level Accord LX model. Figure 2 is a picture of the
baseline Honda Accord LX.

—

Figure 2: Baseline Honda Accord LX

The window sticker for the vehicle is shown in Figure 3 so that the reader can get an idea of some of the
features of the 2011 Honda Accord. For the Honda Accord LX vehicle specifications, see Appendix B.

" NHTSA Vehicle market sales MY2010
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EPA Fuel Economy Estimates

2011 ACCORD 4DR LX
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Figure 3: Purchased Honda Accord 4DR-LX Window Sticker™®
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The 2011 Accord achieved five-star ratings in NHTSA’s New Car Assessment Program (NCAP)
for frontal crash (driver and passenger), side crash (rear seat), and rollover resistance.

Year/Make/Model Overall Frontal Crash Side Crash Raollover

2011 Honda Accord Sedan FWD

Figure 4: Honda Accord NHTSA 5 Star Rating®®

The newly introduced ‘Overall Vehicle Score’ is part of the federal government's more stringent
NCAP test that is first being applied to 2011 models. As a convenience to new car shoppers, the
’Overall Vehicle Score’ represents the combined results of the overall ratings from the frontal
crash tests, the side crash tests and the rollover-resistance into a single summary score between
one and five stars?®. The 2011 Honda Accord currently is one of only six vehicles to achieve the
NHTSA five-star ‘Overall Vehicle Score’, and is the first to achieve five stars in each of the
three ratings categories, overall frontal crash safety rating, overall side crash safety rating and
rollover rating, as shown in Figure 5.

2011 Honda Accord Sedan NCAP Ratings

Category Star Rating

Overall Vehicle Rating

Overall Frontal Crash Safety Rating
Drrver (Male)

Passenger (Female)

Overall Side Crash Safety Rating
Over all Side-Barriesr Crash Safetv Rating
Front Seat Pesttion (Male)

Front Seat Pesition (Female)

Side-Pole Crash Safetv Ratng

Front Seat Side Impact Rating

Rear Seat Side Impact Rating
Rollover Rating

Figure 5: Honda Accord NCAP 5 Star Rating®
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4.2 Honda Accord Overview

The baseline vehicle for this project, the Accord LX sedan with a base level trim package, is the
entry level model in the Accord range of vehicles. The base level trim package is standard for
the LX model and is the highest selling option. The LX is powered by a 177-horsepower 2.4-
liter four-cylinder engine and comes with cloth upholstery, air conditioning, power mirrors,
window and door locks, a tilt-telescoping steering column, folding rear seats and a 160-watt
sound system with single CD and an auxiliary jack. The Accord LX is also fitted with a 5-speed
automatic transmission. Within the Accord LX model, because it is the entry-level Accord, only

19 http://www.safercar.gov
20 http://www.safercar.gov/Safety+Ratings
2! hitp://www.safercar.gov
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a few additional options are available — power seats, for example, are only available on the
Accord LX-P model.

4.2.1 Additional Features

In addition to the ACE structure, Honda Accord standard safety equipment includes Vehicle
Stability Assist (VSA) with traction control, and Anti-lock Braking System (ABS). Airbags
include side curtain airbags, dual-stage multiple-threshold front airbags, driver’s and passenger’s
side airbags with an Occupant Position Detection System (OPDS). The OPDS is designed to
deactivate the passenger’s side airbag if a child or a small-stature adult is leaning into the
deployment zone of the airbag.

The Accord uses a double-wishbone system for the front suspension. The front lower control

arms are forged steel, a steel upper control arm with a forged steel knuckle and nitrogen filled
dampers are used. The front suspension system is attached to a steel flexible mounted engine

cradle.

The Accord uses a multi-link rear suspension with nitrogen gas filled dampers, and a steel upper
A-arm, plus two tubular steel lower links. A-Control links are mounted to an aluminum cast
knuckle. These suspension components are mounted to a floating rear K-frame.

The Honda Accord includes all wheel disc brakes with Electronic Brake-force Distribution
(EBD) system and brake assist. EBD is a technology that enables the braking force of the vehicle
to be increased or applied automatically, when the brake pedal is applied depending on road
conditions, speed and weight of the vehicle. The parking brake uses a variable link system that
permits full application of the parking brake with a shorter handle stroke.

Active safety features on the Accord include Anti-lock Braking System (ABS), Vehicle Stability
Assist (VSA). VSA is an electronic stability control system that measures lateral acceleration,
steering wheel angle, wheel speeds and vehicle yaw rate and then modifies individual brakes and
engine power to improve directional control of the vehicle. VSA brakes individual wheels and/or
reduces engine power in the event of over-steer or under-steer to help regain the driver's intended
path. The system also features a traction control function that helps prevent wheel spin during
acceleration.

The Accord has power assisted Variable Gear Ratio (VGR) steering, which is a variable
mechanical ratio rack and pinion steering system. The VGR power steering provides higher
precision at highway speeds, and quick manoeuvrability at low speeds, as in parking. The VGR
steering system also gives a small turning circle, 11.5m curb to curb, with a number of steering
wheel turns of 2.56 ‘lock-to-lock’. The steering rack assembly with an aluminum steering rack
& engine mount carrier is mounted to the engine cradle.

Every Honda Accord from model year 2008 onwards includes a Tire Pressure Monitoring
System (TPMS). This is a direct TPMS system which employs internal pressure sensors,
attached to the tire valve stem, which measures the tire pressure in each tire and relays this
information to the vehicle's instrument cluster.
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The baseline Accord LX is fitted with steel 16-inch wheels with plastic wheel trim. The tires
fitted are P215/60R16 94H Dunlop XP Sport 2000 all season. The spare tire is a space saving
T135/80D16 101M temporary unit, mounted in the luggage compartment under the rear carpet.

4.2.2 \Vehicle Teardown and Surface Scan

The Honda Accord, prior to scanning and teardown, was weighed using a four point weigh scale.
The mass of the baseline Honda Accord with a full gas tank was weighed at 1480.5 kg. The mass
split between front and rear axle was measured to be 60.7% and 39.3% respectively. This mass
distribution is typical of front wheel drive vehicle with a gasoline engine, the higher mass at the
front is due to the weight of the engine and drivetrain, compared to the rear were there are no
drivetrain components. See Figure 6 for Accord weight distribution and Figure 7 for Accord
weights and dimensions. %

Left Rear Left Front

295 .4g 454 6kg
Total Rear Total Front
582 2ke ' 898.3kg

Right Rear Right Front

286 8kg 443 Tkg

Total
liEG.EKg

Source: EDAG

Figure 6: Honda Accord Vehicle Weight and Weight Distribution

22http://automobiles.honda.com/accord-sedan/specifications.aspx?group=dimensions
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Dimensions & Weights

Curb weight, OEM claim (kgs ) 1457 4
Curb weight, as tested (kgs.)* 1480.5
Weight distribution, as tested, £/ r (kg)® | §98.3 / 3822
Length (mm.} 4938
Width (mm_ ) 1831
Height (mm.) 1476
Wheelbase (mm. ) 2799
Track, front (imm ) 1590
Turning circle (m) 11.5

Figure 7: Honda Accord Weights and Base Dimensions®

See Figure 8 for Honda Accord prior to exterior vehicle scanning.

Figure 8: Honda Accord Exterior Prior to Scanning and Teardown

See Figure 9 for Honda Accord prior to interior scanning.

2 http://www.automobiles.honda.com
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Figure 9: Honda Accord Interior Prior to Scanning 