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1. Abstract

The California Air Resources Board (ARB) contracted Lotus Engineering Inc. to create a
theoretical model and analyze the structural and impact performance of a low-mass
vehicle body-in-white such as the crossover vehicle described in Lotus’ 2010 lightweight
vehicle study, An Assessment of Mass Reduction Opportunities for a 2017-2020 Model
Year Vehicle Program. The 2010 peer reviewed study developed a vehicle comparable to
the 2009 Toyota Venza; this model had equivalent dimensions, utility objectives, and
passenger and interior volume. The projected mass reduction for the 2020 model year
(MY) was 38 percent less mass for all systems except powertrain; this configuration was
used as a starting point for this study. The masses for all non-BIW systems were carried
over from the Phase 1 report and are listed in Table 4.2.5.a. A CAD model of the body
structure, called a Body in White (BIW), was designed and a BOM (Bill of Material) was
created to track the parts. The mass reduction target was 40%. Computer aided analysis
and simulation were used to evaluate the crash and structural performance of the reduced
mass CAD model. The following theoretical study indicates that a low-mass body structure
has the potential to meet Federal Motor Vehicle Safety Standards (FMVSS) for light duty
vehicles for front, side, and rear impacts, roof crush, occupant restraints and several
Insurance Institute for Highway Safety requirements.

This study also provides a discussion on the applicability of low-mass body structure
engineering and manufacturing to other vehicle classes as well as a bill of material with a
full cost analysis for the engineering and manufacturing of a body structure. A
manufacturing facility study is included to verify feasibility for building the BIW, to estimate
the cost for building the body assembly and to estimate the cost to upfit an existing plant to
build the low mass BIW. The target timing is initial production in 2020 with widespread
introduction by 2025. Both low volume and high volume studies are included. Lotus
evaluated the functional design based on both direct costs and assembly considerations
before refining the design to further reduce costs and improve assembly.
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2. Executive Summary

2.1. Background

CARB contracted Lotus Engineering Inc to design a low-mass body structure and to
evaluate the performance for key federal (FMVSS) and Insurance Institute for Highway
Safety (IIHS) requirements for a 2020 model year vehicle, which could be widely
commercialized by 2025. The target was a mass reduction greater than 30 percent for the
total vehicle. An original vehicle concept, referred to as Phase 1 in this report, was
developed in 2009 and released publicly in 2010 by the International Council on Clean
Transportation. This follow up study, defined as Phase 2, evaluated the crash performance
of a reduced-mass vehicle relative to federal and [IHS standards. The investigation took
place between December 2010 and October 2011.

As a part of this study Lotus shared the FMVSS impact models with NHTSA and held
regular meetings to compare results with the NHTSA analysis team. Additionally, NHTSA
used in-house models to perform vehicle to vehicle impacts with the Lotus low mass
model, including a Ford Taurus and a Ford Explorer.’

NHTSA is issuing a separate report documenting the car to car impact results
(http://www.nhtsa.gov/Laws+&+Regulations/CAFE+-
+Fuel+Economy/Research+Supporting+2017-2025+CAFE+Final+Rule).

2.2. Methods

Lotus Engineering based this Phase 2 study on the over 30-percent mass reduced vehicle
(curb weight — includes powertrain) developed in the Phase 1 study and performed crash
simulations to evaluate the structure and crash performance relative to Federal Motor
Vehicle Safety Standards (FMVSS) for light duty vehicles for front, side, and rear impacts,
roof crush and certain [IHS requirements.

For the Phase 2 study, Lotus designed a new body structure based on the Phase 1 body-
in-white (BIW) with identical exterior and interior dimensions to the original baseline
vehicle, a 2009 Toyota Venza. The Venza was customer selected; it was representative of
the crossover utility vehicle category.

The engineering methodology consisted of:
1. Total Structure Approach

a. Investigate all areas simultaneously using topology
b. Minimize total BIW mass
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i. Holistic approach targeting best solution for total body structure by
transferring loads efficiently throughout the vehicle

2. Optimize load paths within structures and minimize torques to reduce stresses on
components

3. Maximize structural sections

4. Design each part to be a structural element

5. High level of component integration & function
6. Eliminate parts

7. Optimize design for each material class used
a. Ferrous
b. Non-ferrous
c. Composites
d. Natural materials

As an example of 4, 5, and 6, the front shock towers were castings. These castings
integrated the equivalent of five typical sheet metal stampings that need to be formed and
welded together. Each stamping requires at least one tool; if a deep draw is required, there
may be additional “progressive” dies required to ensure that the material doesn’t tear
during the forming process. There can be three or more “prog” dies for a typical deep draw
part. The integrated casting minimally eliminated four tools as well as the scrap material
associated with the stamping process. The number of stamping tools could be significantly
higher if progressive dies are required.

The individual stamped parts need to be assembled and fixtured to maintain dimensional
accuracy during the welding process. The welding process creates localized heat affected
zones where the material properties are substantially reduced. The welded assembly
needs to be heat treated post—welding to restore the original material properties.

A single casting eliminates the need for multiple stampings, their related tools and fixtures
and the need to post process heat treat the welded assembly. High pressure casting
processes such as Thixomolding® and FATA Aluminum’s High Pressure Molding can be
utilized to improve material properties for non-ferrous metals and allow thinner wall
castings. The casting process also allows for variable wall thickness and molded in local
reinforcements that contribute to a more optimized, lower mass part vs. a stamped and
welded assembly.

This new body structure was designed in CAD using the above principles and then
developed into a partial vehicle model (BIW with full suspension and powertrain), which
was analyzed to determine the optimum materials to maximize structural rigidity while
minimizing weight. The final body structure weighed 242 kg and the total vehicle mass was
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1173 kg. Lotus carried over the EPA developed parallel hybrid powertrain used in the
Phase 1 vehicle, which weighed 356 kg. The masses for all other vehicle systems were
carried over from the Phase 1 High Development model and are listed in Table 4.2.5.a.

This mass-reduced and materially optimized vehicle was used to create the model for
structural and crash simulations. Analyses were performed after every test to further
optimize the vehicle’s crash performance and to create a body structure with very high
stiffness. A total of 27 discrete models, which included multiple updates based on the
previous model results, were developed. In total, over several hundred design iterations
were evaluated.

Lotus contracted Intellicosting (customers include most major OEMs and their suppliers) to
analyze the body structure cost for the Phase 2 model as well as for the baseline Venza
BIW. These cost studies are included in this report. Lotus also investigated the assembly
process to ensure the low-mass BIW can be constructed. Lotus contracted EBZ, an
international assembly plant design firm (customers include Audi, BMW, Ford of Europe
and VW) to engineer a new body in white assembly plant to build the multi-material body.
This study is included in the Appendix, including financials. The body structure
development included design iterations developed to improve the build process, to
minimize tooling and processing expenses and to reduce the cost of the body. This
methodology is used by industry to develop production vehicles.

2.3. Results

This analysis applied state-of-the-art computer simulation modeling to develop and to
determine if a lightweight and commercially feasible body structure for a midsized
passenger car or crossover utility vehicle concept has the potential to meet or exceed the
requirements for size, cargo volume, comfort, crashworthiness, and structural integrity.
The mass-reduced vehicle’s BIW structure, the primary vehicle system associated with
overall passenger protection, was developed and evaluated in this study. The vehicle
simulation indicated that a 32 percent mass-reduced vehicle with a 37 percent lighter body
structure has the potential to meet U.S. federal impact requirements including side impacts
and door beam intrusion (FMVSS 214), seatbelt loading (FMVSS 210), child tether
loadings (FMVSS 213), front and rear end chassis frame load buckling stability, full frontal
crash stiffness and body compatibility (FMVSS 208), and frame performance under low-
speed bumper impact loads (‘bumper A-surface offsets,’) as defined by the Insurance
Institute for Highway Safety.

2.4. Conclusions

This engineering study successfully achieved its objectives of designing a low mass CUV
body structure that is feasible from an assembly standpoint, evaluating the crash
performance of an over 30 percent mass-reduced vehicle and developing a theoretical
model that demonstrates the potential to meet key structural and FMVSS/IIHS impact
requirements. This was achieved through a holistic vehicle design. The vehicle design
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targeted the dimensions of a 2009 Toyota Venza CUV. The Phase 2 multi-material body
structure utilized relatively large quantities of advanced materials (e.g. advanced high-
strength steels, aluminum, magnesium, and composites) and advanced joining and
bonding techniques to achieve a substantial vehicular mass reduction without degrading
size, utility or performance. Overall, vehicle body mass was reduced by 37 percent (141
kg), which contributed to a total vehicle mass reduction of 31 percent (527 kg) including
the mass of other vehicle systems (interior, suspension, closures, chassis, etc.) which
were optimized in a holistic redesign as part of the Phase 1 study. Additionally, this mass
reduction was achieved using a parallel-hybrid drivetrain. It may be possible to further
reduce total vehicle mass by using a lighter non-hybrid powertrain. Combining a 30%
lighter vehicle with a 150 HP 1.0L three cylinder engine (Lotus is currently developing 145
Hp/L engines for OEM’s) and reducing the Cd would result in substantial fuel savings while
improving the weight/HP ratio of the baseline car.

This project used emerging technologies, advanced materials, state-of-the-art
manufacturing and bonding techniques and innovative design to develop a low-mass
vehicle that has the potential to meet or exceed modern vehicle demands in terms of
functionality, safety, and structural integrity. The study developed a mass-reduced vehicle
model and verified that it has the potential to achieve world class body stiffness and meet
U.S. federal safety requirements as well as IIHS guidelines. This study indicates that it is
technically feasible to develop a 30-percent lighter crossover vehicle without compromising
size, utility, or performance and still meet regulatory and consumer safety requirements.

The mass-reduced design presented in this study resulted in an increased body-in-white
cost, but a reduced overall vehicle cost. The BIW piece cost estimate is an increase of 160
percent — over $700 — for the 37-percent mass-reduced body-in-white. This cost penalty
decreases to $239 when the estimated manufacturing and assembly costs are included in
the analysis. This reduction is due to reduced tooling costs and to lower assembly costs.
The use of lower cost tooling, such as extrusions, minimizing scrap by utilizing castings
and pressure molded components, designing for less costly assembly methodologies such
as friction spot joining and structural adhesive bonding, partially offset the cost of the more
expensive light weight body. A significant reduction in the parts count, from 269 to 169,
achieved by an increased level of component integration, also helped offset the increased
body in white piece cost. The Phase 2 High Development total vehicle for the 2020 model
year, including body and non-body components, achieves a 31-percent mass reduction
along with an estimated cost reduction of one percent, including amortizing the cost of a
new body plant over a three year period. This overall cost reduction is due to tooling and
assembly savings and the cost reductions contributed by reduced mass non-body systems
that were developed in the Phase 1 study.

This study illustrates how a holistic, total vehicle approach to system mass and cost
reduction can help offset the additional cost of a 37 percent mass reduced body structure.
This study also estimates how these mass reductions and costs scale to other vehicle
classes; vehicles evaluated ranged from subcompact cars to full-sized, body on frame,
light trucks.
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This study’s findings also indicate that the 30 percent mass-reduced vehicle could be cost-
effectively mass-produced in the 2020 timeframe with materials and techniques technically
feasible by 2017. The majority of the processes and materials for the Phase 2 model are in
use today. Current production Lotus cars (Evora, Exige S) use many of the same materials
and processes and Ford is targeting a similar process for their 2014 high volume F-150
pick up body structure (July 27, 2012, 12:01 AM Wall Street Journal). By factoring in the
manufacturability of the materials and the processing and build sequencing of the parts in
the assembly plant into the fundamental design process it is expected that a low mass
multi-material body of this type can be production-ready in 2020 (with the possibility for
earlier implementation) and that it will also have the potential for widespread
commercialization in the 2025 timeframe.

2.5. Recommendations

A multi-material body structure should be built and tested to physically evaluate its
structural characteristics for stiffness and modals (frequency response) using non-
destructive testing methods.

Additionally, it is recommended that a low mass vehicle be constructed using the Lotus

designed BIW presented in this study, fitted with components duplicating the non-body

system masses, and then be evaluated for FMVSS impact performance and occupancy
protection by NHTSA.
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3. Glossary of Terms, Abbreviations, and Symbols

3D
Three dimensional. Something having three dimensions e.g. width, length, and depth.

5th Percentile Female
This represents a very small woman; 95 percent of women are larger than a 5th percentile
female.

99th Percentile Male
This represents a very large man; this size man is larger than 98 percent of the male
population.

Aarm

In automotive suspension systems, a control arm (sometimes called a wishbone or A-arm)
is a nearly flat and roughly triangular member (or sub-frame) that 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

An A pillar is a name applied by car stylists and enthusiasts to the shaft of material that
supports the windshield (windscreen) on either of the windshield frame sides. By denoting
this structural member as the A-pillar, and each successive vertical support in the
greenhouse after a successive letter in the alphabet (B-pillar, C-pillar etc.), car designers
and those interested in car design have common points of reference when discussing
vehicle design elements.

ABS (material)
Acrylonitrile butadiene styrene (ABS) is a common thermoplastic used to make light, rigid,
molded products.

Al or Alum.
Aluminum.

‘B’ pillar
See ‘A’ Pillar.

BH or Bake Hardenable Steel

A bake-hardenable steel is any steel that exhibits a capacity for a significant increase in
strength through the combination of work hardening during part formation and strain aging
during a subsequent thermal cycle such as a paint-baking operation.

A Segment

Vehicle classification used in Europe, equivalent to the American microcar and some
subcompacts.
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B Segment
Vehicle classification used in Europe, equivalent to the American subcompact.

C Segment
Vehicle classification used in Europe, equivalent to the American compact.

D Segment
Vehicle classification used in Europe, equivalent to the American midsize.

E Segment
Vehicle classification used in Europe, equivalent to the American fullsize

Belt Line

The beltline, also known as the waistline in the UK, is the horizontal or slightly inclined line
below the side windows of a vehicle, starting from the hood and running to the trunk. It
separates the glass area (the greenhouse) from the lower body.

BIW

BIW stands for body-in-white. All activities in the production of a vehicle body or shell
before it goes to the paint shop are done in a weld shop and the end product of a weld
shop is referred to as a BIW.

BOM

Bill of materials is a list of the raw materials, sub-assemblies, intermediate assemblies,
sub-components, components, parts, cost, and the quantities of each needed to
manufacture an end item (final product).

‘C’ Pillar
See ‘A’ Pillar.

C Segment
Vehicle classification used in Europe, equivalent to the American compact.

CAD
Computer-aided design is the use of computer technology for the design of objects, real or
virtual.

CAE

Computer-aided engineering is the use of information technology to support engineers in
tasks such as analysis, simulation, design, manufacturing, planning, diagnosis, and repair.

CARB or ARB
California Air Resources Board
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CG

Center of gravity. The center of gravity or center of mass of a system of particles is a
specific point where, for many purposes, the system behaves as if its mass were
concentrated there.

Class A surface
A term used in automotive design to describe a set of freeform surfaces of high resolution
and quality.

Closures
A term used to describe any aperture that can be opened on a vehicle. This includes
doors, hoods, decklids and tailgates.

CO
Chemical shorthand for carbon monoxide — a colorless, odorless, and tasteless, yet highly
toxic gas. Exists as a gas in Earth’s atmosphere at standard temperature and pressure.

CO,

Chemical shorthand for carbon dioxide, a chemical compound composed of two oxygen
atoms covalently bonded to a single carbon atom. It is a gas at standard temperature and
pressure and exists in Earth's atmosphere in this state.

Composite

Composite materials are engineered materials made from two or more constituent
materials with significantly different physical or chemical properties which remain separate
and distinct on a macroscopic level within the finished structure.

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, etc. More
plainly, when cutting an object into slices one gets many parallel cross-sections.

CuUv
Crossover utility vehicle. Crossover is a marketing term for a vehicle derived from a car
platform but borrows features from a Sport Utility Vehicle (SUV).

‘D’ Pillar
See ‘A’ Pillar.

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

DP or Dual Phase Steel

Dual-phase steel (DPS) is a high-strength steel that has a ferrite and martensitic
microstructure. DPS starts as a low or medium carbon steel and is quenched from a
temperature above A1 but below A3 on a continuous cooling transformation diagram. This
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results in a microstructure consisting of a soft ferrite matrix containing islands of martensite
as the secondary phase (martensite increases the tensile strength). The desire to produce
high strength steels with formability greater than micro-alloyed steel led the development
of DPS in the 1970s.

EPA
United States Environmental Protection Agency.

FEA

Finite element analysis. 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 which includes the content of what
was previously multiple separate parts.

FMVSS

FMVSS is the acronym for Federal Motor Vehicle Safety Standard. FMVSS norms are
administered by the United States Department of Transportation's National Highway Traffic
Safety Administration.

FR plastic
Fiber reinforced plastic. Fiber-reinforced plastics (FRP) (also fiber-reinforced polymer) are
composite materials made of a polymer matrix reinforced with fibers.

Frt
Front

FWD
Front-wheel drive is a form of engine/transmission layout used in motor vehicles, where
the engine drives the front wheels only.

GAWR

Gross axle weight rating is the maximum distributed weight that may be supported by an
axle of a road vehicle. Typically GAWR is followed by either the letters F, FR, R or RR
which indicate Front or Rear axles.

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.
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HIC
Head injury criterion. The head injury criterion is a measure of the likelihood of head injury
arising from an impact.

HP
Horsepower (hp or HP or Hp) is the name of several non-SlI units of power. One
mechanical horsepower of 550 foot-pounds per second is equivalent to 745.7 watts.

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. .

ICE
Internal combustion engine. The internal combustion engine is an engine in which the
combustion of a fuel occurs with an oxidizer (usually air) in a combustion chamber.

[IHS

The Insurance Institute for Highway Safety is a U.S. non-profit organization funded by auto
insurance companies. It works to reduce the number of motor vehicle crashes, and the
rate of injuries and amount of property damage in vehicle crashes. It carries out research
and produces ratings for popular passenger vehicles as well as for certain consumer
products such as child car booster seats.

ISOFIX

The international standard for attachment points for child safety seats in passenger cars.
The system is also known as LATCH (‘Lower Anchors and Tethers for Children’) in the
United States and 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. A dashboard, dash, ‘dial and switch housing’ or fascia, (chiefly in British
English) 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’.

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

kW

The kilowatt, equal to one-thousand watts, 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.
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kWh
The kilowatt hour, or watt-hour, (symbol W-h, W h) 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.

LF
Left Front, e.g. left front door.

LH
Left hand

m*3 or m3 or m®
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 metre. 1 mJ = 2.77x107 Watt
hours.

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

Monocoque

Monocoque, from Greek for single (mono) and French for shell (coque), is a construction
technique that supports structural load by using an object's external skin as opposed to
using an internal frame or truss that is then covered with a non-load-bearing skin.
Monocoque construction was first widely used in aircraft in the 1930s. Structural skin or
stressed skin are other terms for the same concept. 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
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Modal

Modal refers to the natural frequency of a specific point on a vehicle structure, e.g., a seat
mount; it is essential that the modal frequency be separated from vehicle input frequencies
so that suspension inputs and powertrain responses do not excite structural elements at
their natural frequency causing vibrations.

MPa
Mega Pascals, unit of pressure or stress, 1 MPa = 145 Pounds per square inch.

MPV

Multi-purpose vehicle, people-carrier, people-mover or multi-utility vehicle (shortened
MUV) is a type of automobile similar in shape to a van that is designed for personal use.
Minivans are taller than a sedan, hatchback 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
The (manufacturer's) suggested retail price, list price or recommended retail price (RRP) 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 humber used worldwide, but with a high
level of prominence in North America, to describe approximately when a product was
produced, and 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 (NHTSA, often pronounced ‘nit-suh’) is
an agency of the Executive Branch of the U.S. Government, part of the Department of
Transportation.

NOx
NOy is a generic term for mono-nitrogen oxides (NO and NO5).

NPI
New product introduction.
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NVH

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

oD
Outer diameter. Outside diameter of a circular object.

OEM

Original equipment manufacturer. The OEM definition in the automobile industry
constitutes a federally-licensed entity required to warrant and/or guarantee their products,
unlike ‘aftermarket’ which is not legally bound to a government-dictated level of liability.

OTR
Outer

PA

Polyamide, a polymer containing monomers of amides joined by peptide bonds. They can
occur both naturally, examples being proteins, such as wool and silk, and can be made
artificially through step-growth polymerization, examples being nylons, aramids, and
sodium poly(aspartate).

PC
Polycarbonates are a particular group of thermoplastic polymers.

PHEV

A 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 (also called charge-maintaining hybrid electric
vehicles), with 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).

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

PPO
Poly(p-phenylene oxide), is a high-performance polymer and an engineering thermoplastic.

PU or PUR
Polyurethane

PVC

Polyvinyl chloride, (IUPAC Poly(chloroethanediyl)) commonly abbreviated PVC, is the third
most widely used thermoplastic polymer after polyethylene and polypropylene.
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QTR
Quarter

Rad
Radiator

Reinf

Reinforcement

RF

Right Front, as for right front door.

RH
Right hand

ROM
Rough order of magnitude. Term 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.

SLA

A Short-long arm suspension is also known as an unequal length double wishbone
suspension. The upper arm is typically an A-arm, and is shorter than the lower link, which
is an A-arm or an L-arm, or sometimes a pair of tension/compression arms. In the latter
case the suspension can be called a multi-link, or Dual ball joint suspension.

Strain energy density
Strain energy density is a measurement of the material deflection that occurs when a
component is loaded with a force or torque

Stress
Stress is the relationship between strain and the material modulus and is defined as force
divided by unit area (stress = strain x material modulus)

System

Nine separate system categories were created that included all vehicle components. The
systems are: body structure, closures, front and rear bumpers, glazing, interior,
chassis/suspension, air conditioning, electrical/lighting and powertrain.

Sub-system
A major assembly within a given system, e.g., a seat is a sub-system in the Interior system
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SUV
A sport utility vehicle is a generic marketing term applied to some unibody and body-on-
frame light trucks and station wagons.

Topology analysis

A means of determining strain energy densities for a CAD model with defined interior and
exterior dimensions. This methodology creates relative strain energy densities as a
function of the available geometry and material utilized. This analysis is used to minimize
material utilization and to maximize section inertias based on the material strain energy
densities and the section geometry.

TRIP steel

TRIP steel is a high-strength steel typically used in the automotive industry. TRIP stands
for ‘transformation induced plasticity.” 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

TRL is an acronym for ‘Technology Readiness Level’. TRL is defined, for the purposes of
this study, 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.

UHSS

UHSS stand for ultra high strength steel — dual phase UHSS typically has tensile strengths
from 500 MPA to 1000 MPa while low carbon martensite has tensile strengths ranging
from 800 MPa to 1500 MPa (based on published Auto Steel Partnership definitions)

US or U.S.
United States of America

UTS
Ultimate tensile strength.

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

Whse
Wheelhouse

YS

Yield strength or yield point of a material is defined in engineering and materials science
as the stress at which a material begins to deform plastically.
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4. Report: Demonstrating the Safety and Crashworthiness of a
2020 Model-Year, Mass-Reduced Crossover Vehicle

4.1. Introduction

In response to concerns about the impact of climate change on the economy and the
health and welfare of its citizens, the State of California has taken steps to reduce
greenhouse gas (GHG) emissions from the vehicle fleet as part of the larger effort to
reduce GHG emissions from the state as a whole. To that end, California passed The
Global Warming Solutions act of 2006 (known as AB 32) in an attempt to reduce GHG
emissions to 1990 levels by 2020. Additionally, 2005 Executive Order S-3-05 set a target
for an 80-percent reduction in GHG emissions from 1990 levels by 2050. These policies
were preceded by California’s 2002 legislation, which led to the Pavley standards (named
after the author of AB 1493) for light-duty vehicle GHG emissions. One approach to
reducing vehicular GHG emissions not considered in the Pavley Standards is vehicle mass
reduction by combining lightweight materials and innovative vehicle design. Emerging
research and technical papers, along with recent auto industry developments, suggest that
materials such as composites, high strength steels, aluminum, magnesium, and the latest
adhesives integrated into innovative structures can yield substantial weight savings. The
implications are that this can be done while maintaining or improving current vehicle
characteristics — including safety, noise, vibration, and harshness (NVH) control, durability,
handling, interior volume, utility, and load carrying capacity — while still meeting current
FMVSS and IIHS safety requirements.

Lotus responded to the Air Resources Board RFP 09-621 entitled ‘Computer Simulation to
Optimize the Design of a Lightweight Light-Duty Vehicle and Demonstrate its
Crashworthiness’ with a proposal to develop a solution to substantially reduce body
structure mass relative to a current production crossover utility vehicle (CUV) in a cost
effective manner for the 2020 — 2025 timeframe. The baseline CUV, a 2009 Toyota Venza,
established the geometric and volumetric parameters as well as the reduced mass target.
The low-mass vehicle maintained the same interior and cargo volume as the baseline
vehicle. CARB contracted Lotus to initiate this study in July 2010.

Key features of this proposal included: 1. developing a topology analysis using key inputs
of the proposed body to develop optimized load paths for structure and impact
performance using a 3D CAD model and finite element analysis; 2. generating a
representative total vehicle model including system masses (less powertrain) and 3.
creating a CAD model of the topology-developed body structure. This optimized and
meshed model served as the starting point for the FEA impact and structural studies
including front, rear and side impact, roof crush, seatbelt and tether loadings, and low
speed bumper impact strains. Altair/OptiStruct® software was used for the topology
analysis.
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The tests evaluated in this study were:

FMVSS 208: Front Impact (0°/30° rigid wall, offset deformable barrier)
FMVSS 210: Seatbelt Anchorages

FMVSS 213: Child Restraint Systems

FMVSS 214: Side Impact (side barrier, side pole)

FMVSS 216: Roof Crush

FMVSS 301: Rear Impact (moving deformable barrier)

[IHS: Low Speed Bumper (front & rear)

LS-DYNA® software was used for all impact analysis.
Additionally, MSC/Nastran® software was used to analytically verify body stiffness.

The target weight was a minimum of 30-percent mass reduced vehicle relative to the
baseline 2009 Toyota Venza, less powertrain.

The topology-based CAD model was refined through multiple iterations to meet the impact
and structural requirements while minimizing body structure mass. The final model update
is V26 (without closures) and V27 (with closures); several hundred iterations were
performed to develop these models. An initial Bill of Materials (BOM) was created and
revised throughout the modelling process to reflect component updates. The BOM
included mass, cost, and material for all body structure components. A final BOM is
included in this report in Section 4.5.5.a. An analysis examining the potential to extrapolate
the low mass CUV results to other vehicle classes was also performed as part of this study
and is included in Section 4.5.8.

This study utilized Lotus’ methodology for engineering a low mass vehicle, which includes:
1. creating efficient load paths; 2. component integration and part elimination; 3.
structural enhancements through optimized section inertias, an exponential function, vs.
wall thickness increases, a linear function; 4. defining the minimum crush length targets at
program initiation; 5. selecting world class suppliers experienced in low mass materials,
structural reinforcements, joining technologies, coatings, adhesives, costing and
manufacturing to provide input on the design feasibility and cost feedback for the Lotus low
mass body structure and 6. mass decompounding in key areas, such as the
chassis/suspension, as a direct result of reduced mass in other vehicle systems.
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4.2.

Materials and Methods

The following table lists all the tasks as described in Lotus’ contract with CARB, the
method Lotus used to complete the task, and the final deliverable product.

Table 4.2.a: Overview of the report and tasks

Task 1: Develop a Mass Reduced Body Structure Model

Task

Method

Deliverable

Package study
with respect to
chassis frame

*Total vehicle package layout defined
«Critical interfaces and functions of current structure defined

*Major structure interfaces identified
Effective structural package design space
defined

interfaces
FE topology *Optimization performed using FEA tools with respect to crash *Mass efficient structural load paths and initial
analysis load paths and frame bending/torsion load paths section moduli defined in FE environment for

*Optimization to identify the structural efficiencies within the
package design space

output to CAD

CAD geometry
generation for
CAE
optimization

*From identified structurally efficient load paths, generate concept
design feasible sections with respect to package output to hybrid
beam shape optimization

*CAD model of initial structural concept and
section routing created using FEA results
*Concept design layout defines manufacturing
and technology to be used based on required
section shapes and sizes as well as package
and cost

Crash structure
sizing

*Front and rear crash structure energy absorption requirements
using projected vehicle mass

*Energy management strategy devised to suit package and
vehicle architecture

*Front and rear crash structures sized with
respect to energy absorption requirement and
strategy

*3D CAD models of concept body structure
design

Concept CAD *CAD design of body structure created with respect to FEA sizing *Manufacturing technology to be used is
design results and package defined with respect to commercial and
generation *CAD generation and design updated in conjunction with FEA technical objectives
analysis
Detailed FEA *Detailed FEM built using initial concept CAD model *Detailed FEM of CAD body structure and
chassis frame «Critical interfaces with carryover components included associated body structural components
model build modeled
*Model continually updated during concept
design phase
Static «Static torsion and bending stiffness tuned in FE environment to «Static torsion and vertical/lateral bending
stiffness/joint achieve target requirements to support NVH and vehicle ride and stiffness status for body/chassis structure for
sensitivity handling objectives concept design phase
analysis «Joint sensitivity and development conducted in FE environment

*Continual feedback loop to CAD design

Dynamic body
structure modal

*Chassis/body structural modes analyzed and structure developed
to achieve target modal frequencies required to give predicted

*Chassis/body major mode frequencies
predicted

analysis trimmed body modal response
*Global chassis design/body shapes identified as well as local
front and rear end modes between 20-150 Hz
Task 2: Initial Demonstration of Crashworthiness of 30% Mass Reduced Vehicle
Generate *Consolidate Task 1 result into a vehicle body structure model *Generate body-in-white model to be used for
detailed FEA *Consolidate Task 1 results into a 30-percent mass reduced total FMVSS and IIHS modeling
model vehicle, less powertrain
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Side intrusion
FMVSS 214
section sizing

*FE analysis used to determine critical section requirements to
achieve side impact intrusion/energy absorption
*Requirements for door mounting support structure determined
and A/B pillar structure sections sized accordingly

*Door beam intrusion velocities and
displacement targets predicted. Rocker beam
structural stability achieved to facilitate high
confidence in achieving required side impact
occupant injury level criteria

FMVSS 210/213

*Seatbelt and child tether anchorage loads analyzed and efficient
structural load path back into main frame structure devised

*Chassis structure validated for seatbelt
anchorage and child tether loadings

Front and rear
sub-system
crash FEA

FE validation of front crash structure sizing conducted during
initial chassis architecture concept layout phase using hybrid
model with body representation and detailed energy absorbing
structure

*FE validation of rear crash structure sizing conducted during
initial chassis architecture concept layout phase using hybrid
model with body representation and detailed energy absorbing
structure

*Recovery of loads into main structure in order to determine main
structure in order to determine main structure strength
requirement for non-deformation during crash (front and rear)

*Section sized for front and rear crash structure
*Chassis frame end load buckling stability
determined

Full vehicle
frontal crash
analysis FMVSS
208

*Using crash structure defined via hybrid model analysis and
chassis structure sized through durability/NVH and static stiffness
*Carryout analysis to confirm compatibility of main chassis
structure with rear energy absorbing sub-system

*Section sizes for front crash structures defined
*Chassis frame rocker beams and passenger
compartment structure section sizes defined to
give adequate support to crash structure

Rear crash
analysis (using
FMVSS 301 as
protocol)

*Using crash structure defined via hybrid model analysis and
chassis structure sized through durability/NVH and static stiffness
*Carryout analysis to confirm compatibility of main chassis
structure with rear energy absorbing sub-system

*Section sizes for front crash structures defined
*Chassis frame rocker beams and passenger
compartment structure section sizes defined to
give adequate support to crash structure

Structure
validation for low
speed bumper

*Using bumper A-surface offsets and generic peak loading
expected for low speed and pendulum impacts, validate frame
structure to minimize plastic strain

*Frame structure sized to give adequate
support to bumper impact loads via A-surface
offsets

impact loads

(IHS)

Roof crush *Roof crush resistance over the passenger compartment analyzed | *Body structure validated for roof crush
FMVSS 216 and efficient structural load paths devised displacement

Trimmed *Chassis/body structure FE model updated using CAD and FEA *Trimmed chassis/body FE model produced for
chassis/body output from concept design phase use with crash analysis. Model to include all

FEA model build

*Trimmed body model produced that includes all major body
structural and non-structural masses along with chassis and
powertrain representations

*Crash models generated from master model

relevant sub-systems

Front impact FE
crash analysis

*Front crash FE analysis carried out on base model
*Crash analyses conducted:
-FMVSS 208
-FMVSS 208/40% OBD (35 mph)
*Crash analyses conducted to validate the following areas:
-Acceleration pulse analyzed and tuned to meet selected
target
-Passenger compartment intrusion
*Compare pulse results to baseline vehicle using public domain
test results

*Body structure CAE validated to attain target
crash acceleration pulse and intrusion level
targets

*Body structure crash performance validated to
provide good basis for restraint system to
achieve legislative occupant injury criteria

Side impact FE
crash analysis

*Side impact FE analysis to validate vehicle frame design for
generic acceleration pulse and intrusion requirements
*Crash analyses:

-FMVSS 214 oblique pole

-FMVSS 214 deformable barrier (33.5 mph)

*Body structure validated to attain target side
impact acceleration pulse and intrusion level
targets

*Body structure crash performance validated to
provide acceptable basis for restraint/interior
trim system to achieve legislative occupant
injury criteria
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Rear impact FE
crash analysis

*Rear crash FE analysis carried out on base model

*Crash analysis conducted to validate the following areas:
-Acceleration pulse analyzed and tuned to meet internal target
-General crush distances and impact on fuel system integrity

*Body structure validated to attain target fuel
system integrity and intrusion level targets
consistent with federal requirements

Finalized *Design of body structure completed *Final CAD design that meets analysis and
engineering *Body structure ready for tooling release phase vehicle integration functions and is feasible
CAD design *Plant processing defined from a processing standpoint
*Costed bill of materials completed *Mass reduction summary vs. baseline
completed
*Cost impact summary vs. baseline completed
Task 3: Develop Engineering Bill of Materials
Develop Create bill of materials tracking: 1. body structure, 2. materials, 3. | Create initial bill of materials early in program
engineering bill cost with supporting data and update on regular basis
of materials «Utilize bill of materials to track parts, cost, mass, and materials Create final bill of materials based on

throughout project

optimized and validated body structure and
compare to baseline

Task 4: Extension of Results to Other Vehicle Classes

Extrapolate
design results
into other
vehicle sizes
and classes

*Provide guidance on using developed body structure for other
vehicle size and weight classes

*Provide guidance on materials, components, sub-systems,
systems, and processes relative to utilization on other vehicle
classes

*Create a bill of materials study extrapolating
finalized CUV body structure into other vehicle
classes with feasibility analysis discussion
document

Reporting

*Provide bi-monthly progress reports

*Provide interim reports at the end of each of the four tasks

*Provide final report draft ninety days prior to contract termination date
*Provide amended final report using State input within 45 days or earlier following receipt of State comments
*Deliver State-approved amended final report in multi-media form within two weeks of State approval
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4.2.1.Model Creation

Lotus created the body of this ‘Phase 2’ vehicle model using the exterior styling and other
non-body components from the 2010 Lotus High Development vehicle, referred to as the
‘Phase 1’ design. Figures 4.2.1.a and 4.2.1.c show the front and rear exterior design,
which is derived from the baseline Toyota Venza shown in Figures 4.2.1.b and 4.2.1.d.
The Phase 1 High Development vehicle served as the basis for the CAD design and
individual components were developed based on the Phase 1 HD body and assigned part
numbers. These parts created the basis for the BOM included in Section 4.5.5.a. The BIW
CAD part numbering has been incorporated — with some modification — into the CAE
model to cross-reference the parts listed in the BOM. As an example the Panel Body-side
Outer LH has a CAD part ID 7306-2300-185; the equivalent CAE part id is #231850
(station id, last three numbers from part id, plus additional 0 to allow for multiple gauge
definitions). Parts in the CAE model that need to be defined with a heat affected zone
material definition are in the 1,000,000 range (i.e. CAE part 231850 heat affected zone ID
1231850). Unless otherwise noted as the baseline Venza or the Phase 1 design (both of
which are referenced for context herein), the diagrams, text, and results in this study are of
the Phase 2 design.

Figure 4.2.1.a: Phase 1 High Development Model Exterior Styling — Front
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Figure 4.2.1.d: Baseline Toyota Venza Exterior Styling — Rear
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The complete vehicle model is broken down into sub-models, which were also used for
CAE analysis, as follows:

4211. BIW

Figure 4.2.1.1.a: Body-in-white — Front

4.2.1.2. Simulated Doors (beams only)

Figure 4.2.1.2.a: Simulated door beams
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4.2.1.3. Front Sub-frame/Suspension

Figure 4.2.1.3.a: Front sub-frame and suspension

4.2.1.4. Rear Sub-frame/Suspension

Figure 4.2.1.4.a: Rear sub-frame and suspension

39



4.2.1.5. Cooling Pack/Front Under Hood

Figure 4.2.1.5.a: Cooling and under hood
4.2.1.6. Powertrain/Exhaust

Figure 4.2.1.6.a: Powertrain and exhaust
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4.2.1.7. Fuel Tank/Battery

Figure 4.2.1.7.a: Fuel tank/battery
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4.2.2.Material Data

The vehicle design incorporated a number of different material types. Physical properties
were provided by Alcoa, Allied Composite Technologies, Henkel and Meridian for their
respective materials: aluminum, composites, adhesives/mastics/composites/coatings and
magnesium. Additionally, Alcoa, Henkel, Meridian and Kawasaki (Friction Spot Joining —
FSJ - process) collaborated with Lotus to construct coupons that were destructively tested
in the Henkel laboratory to provide input for the FEA model. The coupons included
adhesively bonded joints and FSJ joints. These results were incorporated into the CAE
model simulations.

4.2.2.1. Steel

HSLA - Generic (Matweb):
Young’s Modulus (E) = 210,000MPa
Poisson’s Ratio (v) = 0.3
Yield Stress (oy) = 300MPa
Density (p) = 7.8e tonnes/mm?

Steel 300MPa
1 1

400 . ] .
I s S T 1 o S = i e e -
300 1~
280 T-" """ """ T T T e e e et Ay T e u

200 7

Stress (MPa)

150

100

50 7

T T T T T ‘ T T ‘I
0.00 0.01 002 003 004 005 006 007 008 009 010

Strain

Figure 4.2.2.1.a: Steel stress-strain curve at 300 MPa
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400MPa - Generic (Matweb):
Young’s Modulus (E) = 210,000MPa
Poisson’s Ratio (v) = 0.3
Yield Stress (oy) = 400MPa
Density (p) = 7.8etonnes/mm?®

Steel 400MPa Door Beam
1 1

1 1 1 1 1 1 1 1 1 L
] ' " [ V " | | | |

Stress (MPa)

'l t t t t T t t t T t
04 006 008 010 012 014 016 018 020 022 024

Strain

0 T
0.00 0.02 O

Figure 4.2.2.1.b: Steel stress-strain curve at 400 MPa

Hot Stamped Boron - Generic (Matweb):
Young’s Modulus (E) = 210,000MPa
Poisson’s Ratio (v) = 0.3
Yield Stress (oy) = 400MPa
Density (p) = 7.8etonnes/mm?

Steel Hot Stamped Boron Steel
1 1 1 1 1

1800

1600 7

1400

1000 7

800 T

Stress (MPa)

600 7
400 T~

200 T~~~ ST T T T Ty T T T T S S e SO o j"""": """" Eses =T

4.2.2.1.c: Hot-stamped, boron steel stress-strain curve
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4.2.2.2. Aluminum

AL 6013-T6 (Alcoa, Ed Forsythe 10/09/27):
Young’s Modulus (E) = 70,000MPa
Poisson’s Ratio (v) = 0.33
Yield Stress (oy) = 360MPa
Density (p) = 2.79etonnes/mm?
Stress vs. Plastic Strain (i.e. post yield) as per following curve

AL 6013-T6
1 1

450 v ;

S S B BN B S

350/ ,,,,,,,, . I

R I T S S NaSataay Lescy -
g 250"”””“: ”””””””” 3’”"""3”"””“””"’; """" B
og; 200- ******** r ******* -

150‘ ’’’’’’’’ ******* -

100 7 |

0 , . ; J : ;

0.00 0.01 0.02 0.03 - 0.04 0.05 0.06 0.07

Figure 4.2.2.2.a: 6013 aluminum stress-strain curve

AL 6022-T4 plus 20min Paint Bake @ 170°C (Alcoa, Ed Forsythe 10/09/27):
Young’s Modulus (E) = 70,000MPa
Poisson’s Ratio (v) = 0.33
Yield Stress (oy) = 172MPa
Density (p) = 2.79etonnes/mm?

AL 6022-T4
300 y ' ! 0 0 ' N !
250 7
200 7
H
g 150 7
&
100 T-7 7 R wa A P A I
50 T~ N e e e S -
0 T T T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18
Strain
Figure 4.2.2.2.b: 6022 aluminum stress-strain curve
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AL 6061-T6 (Alcoa, Ed Forsythe 10/09/23):
Young’s Modulus (E) = 70,000MPa
Poisson’s Ratio (v) = 0.33
Yield Stress (oy) = 308MPa
Density (p) = 2.79e*tonnes/mm?

6061-T6
400 ] | 0 N ' ;
350/ ””””””””””””””
300 : ) ' : %
Y, SR S - PR SN PR RS-
5 : ! ‘ ‘ |
<
g 200 7
100
0 T T T T t t
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07
Strain
Figure 4.2.2.2.c: 6061 aluminum stress-strain curve

AL 6063-T6 (Alcoa, Ed Forsythe 10/09/27):
Young’s Modulus (E) = 70,000MPa
Poisson’s Ratio (v) = 0.33
Yield Stress (oy) = 220MPa
Density (p) = 2.79e°tonnes/mm?

AL 6063-T6
1 1

300 - Y

250 7

200 7

R B R R SIS s

Stress (MPa)

e BRI st e smaa e B

Dl EaEa e e e e -

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07

Strain

Figure 4.2.2.2.d: 6063 aluminum stress-strain curve
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A356-T061 (Matweb):
Young’s Modulus (E) = 72,400MPa
Poisson’s Ratio (v) = 0.33
Yield Stress (oy) = 179MPa
Density (p) = 2.79e*tonnes/mm?

AL A356-0T61
1

1

300 ' ;

250 7

200 7

150 7

Stress (MPa)

A0 [P s e e TR -

g e Sl —_— s -

0.00 0.I01 0‘I02 0.03 0 I04 0.'05 0.06
Figure 4.2.2.2.e: 6013 aluminum stress-strain curve

Heat affected zones with ‘seam’ welding were modeled with reduced material properties.
Based on experience, a 40-percent reduction in the base material was used (i.e. for 6061-
T6 a yield stress of 184.8MPa was used).
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4.2.2.3. Magnesium

AMG60 (Meridian Lightweight Technologies Inc.):
Young’s Modulus (E) = 45000MPa
Poisson’s Ratio (v) = 0.35
Yield Stress (oy) = 130MPa
Density (p) = 1.81e*tonnes/mm?®
Major In-Plane Failure Strain = 6%

AMG0
1

300 ' ;
250
200

150 7

Stress (MPa)

100 T [P s p e Rt TR -

g e Sl —_— P -

t t f t
0.00 0.02 0.04 0.06 0.08 0.10 0.12

Figure 4.2.2.3.a: AM60 magnesium stress-strain curve
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4.2.2.4. Composites

Nylon_45 2a (Henkel Corporation — Uhlas Grover 11/24/10)
Young’s Modulus (E) = 7470MPa
Poisson’s Ratio (v) = 0.35
Yield Stress (oy) = 26.4MPa
Density (p) = 1.13e*tonnes/mm?

Nylon-45-2a
120 ; ; ]

WO - s S (g y T T CTTTTTTT B
g0 Tf " e —— pr— prm—— i

60 T -~ E

Stress (MPa)

i fromesremo s et S— -

T
0.00 0.10 0.20 0.30 0.40 0.50 0.60

Figure 4.2.2.4.a: 45-2a nylon stress-strain curve

PET 60% glass Fill (Allied Composite Technologies — Tom Russell 11/02/10)
Young’s Modulus (E) = 16,000MPa
Poisson’s Ratio (v) = 0.35
Yield Stress (oy) = 310MPa
Density (p) = 1.89e-9tonnes/mm3

PET 60% glass fill
1 1 1

350 ! y ! t ; y
e
= =
gzoo-
<‘/§;150‘ """"""""""
O0.00 0.“01 OIO2 0.i03 O.i()4 g:gf O.ILOS 0.B7 0.i08 0.I09 0.10
Figure 4.2.2.4.b: 60-percent glass-fiber PET stress-strain curve
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4.2.2.5. Adhesives/Mastics/Composites

Terocore-1811 (Henkel Corporation — Uhlas Grover 11/24/10)
Young’s Modulus (E) = 1226MPa
Poisson’s Ratio (v) = 0.194
Yield Stress (oy) = 18.7MPa
Density (p) = 4.8e °tonnes/mm?

Terocore-1811
1 1 1
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Figure 4.2.2.5.a: 1811 Terocore stress-strain curve

Terokal_5089 23c (Henkel Corporation —
tensile_test 5080 report_sr00482 10 20 08.pdf)
Young’s Modulus (E) = 1649MPa
Poisson’s Ratio (v) = 0.412
Yield Stress (oy) = 3.434MPa

Nancitv (A = 1 14a%Annac/mm
Terokal

3

45

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

---------------------------------------------------------------

Stress (MPa)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 4.2.2.5.b: Terokal stress-strain curve

Note: all values shown in material curves above are true stress/true strain
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4.2.3.Material Usage (location in vehicle)

The Phase 1 2020 MY Body in White make up was 30.0% magnesium, 37.0%
aluminum, 6.6% steel and 21.0% composites. The remaining 5.4% consisted of
paint (1.8%) and NVH material (3.6%).

The Phase 2 Body in White contains 18% less magnesium, 38% more aluminum,
1.4% more steel and 16% less composites. These changes were driven primarily by
structural requirements and impact performance. Aluminum replaced magnesium as
the key energy absorbing material and also replaced composites in sections of the
floor structure.

Key:

Silver - Aluminum
Purple - Magnesium
Blue - Composite
Red - Steel

Figure 4.2.3.a: Body-in-white material usage front three-quarter view
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Figure 4.2.3.b: Body-in-white material usage rear three-quarter view

Figure 4.2.3.c: Body-in-white material usage underbody view

51



Figure 4.2.3.d: Body-in-white Material Usage Exploded View

4.2.4.Joining Methodologies

The components in the vehicle, including closures, are attached using a variety of different
joining techniques including MIG welds, mechanical fasteners, friction spot jointing (FSJ),
rivets (including flow drill screws), and adhesives. Mechanical fasteners were used for the
steel to aluminum joints and for the magnesium to aluminum joints with thin nylon washers
placed between the two surfaces to prevent a galvanic reaction. Galvanic coatings were
also used for the aluminum and magnesium parts. FSJs were used for the majority of the
aluminum joints; Rivtec® rivets were used for single side access where it was not possible
to use the FSJ process. Typical sections for these joints are shown in Figure 4.2.4.a.
Structural adhesive was used to join all surfaces; 100% of the flanges and joints were
adhesively bonded to maximize the structure. Friction spot joining and fasteners were
used to maintain body rigidity while the adhesive cured and to prevent a peel condition
during high loads, e.g., a frontal impact.
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Although fatigue and corrosion modeling was beyond the scope of the study, the
model incorporated Lotus best practices and supplier input from Alcoa (aluminum),
Meridian (magnesium), Henkel (adhesives, galvanic coatings) and Kawasaki
(friction spot joining — FSJ). This was a conservative approach that added mass,
e.g., the front rails. A sensitivity analysis for the front rails demonstrated the
potential to manage the front impact loads using a reduced gauge material
thickness. Thinner rails were not used because of durability concerns.

Lotus has built cars using steel and aluminum joints for 18 years without
fatigue/corrosion issues and this experience was applied to the model. Ford uses
magnesium-steel joints that have been validated for corrosion and fatigue on the
production Ford Flex (magnesium front end structure supporting the cooling
module).

Jaguar and Audi use aluminum bodies on a number of current production vehicles
which must meet the same corrosion and fatigue requirements as their steel bodied
vehicles. Ford is also introducing an aluminum body for their 2014 F-150 pick-up
body (July 27, 2012, 12:01 AM Wall Street Journal Blog and confirmed by reliable
sources) which must meet Ford’s internal truck standards for durability.

There are no welded Al-Mg or Al-Fe joints; there were no processes that could
demonstrate this capability in the time frame of this study. These joints are joined
with structural adhesive and mechanical fasteners on the Phase 2 BIW. There are a
number of technologies under development that have commercialization potential
for joining dissimilar materials, e.g., electromagnetic pulse forming (Ohio State
University, Dr. Glenn Daehn, Director, Ohio Manufacturing Institute).

The B-Pillar construction consists of hot stamped boron steel inner and outer panels
spot-welded at the flanges; a nylon structural insert is bonded to the B-Pillar outer
using Terocore 1811 (no mechanical fasteners used).

For the non-ferrous ‘point’ connection entities, a nominal pitch of 75 mm was used.
In areas with higher loads the pitch was reduced to ~50 mm.

Material samples were provided by Alcoa, Allied Composite Technologies, Meridian,
and Henkel. Material treatments and joining methodologies based on materials
interfaces are as follows:

Friction spot joining (FSJ) was used to join the majority of the aluminum
components. FSJ was developed by Kawasaki Heavy Industries. A cylindrical
joining tool, with a small projection at the tip, known as the pin (pin tool), rotates
while plunging and then withdrawing from the material creating a metallurgical bond.
The rotation of the tool first softens the material by means of frictional heat creating
a plastic flow effect in the rotary and axial directions in the periphery of the pin,
thereby stirring and joining the upper and lower plates. The whole process is
completed within a matter of seconds. The material then maintains a solid state
without any melting.
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o Friction stir welding uses a small electric motor and a unique drill bit to engage two
sheets of aluminum and flow the material in the plastic region; key advantages are
cost (1/20th of a resistance spot weld per
http://www.khi.co.jp/english/robot/product/files/webrobot/upload_pdf/catalog_e fsj.p
df), weight (vs. rivets and fasteners) and no degradation of the parent material
properties (vs. welding).

¢ Aluminum-magnesium joints were secured using mechanical fasteners

e Magnesium samples were treated with Henkel’s Alodine coating for galvanic
isolation

e Aluminum coupons were anodized

e Magnesium coupons were pretreated with Alodine — a production requirement to
prevent a galvanic reaction with the aluminum (used by Ford on the Flex front
structure)

- E= -

Section 1

Section 2

f Section 1 — Rivtek®

Section 3 Section 2 — Friction Spot Joining

Section 3 — Mechanical Fastener

Figure 4.2.4.a: Typical Joint Sections
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Material lap-shear tests were carried out by Henkel & Kawasaki to empirically determine
the properties for the joints. Results are shown in Figure 4.2.4.b.
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Figure 4.2.4.b: Henkel & Kawasaki lap-shear tests

A CAE model was created to correlate the values from the lab testing to those used in the
CAE model based on an average test value. A shear failure force of 3860 N was used for
the LS-DYNA® *MAT_SPOTWELD modeling.

Joints using mechanical fasteners were modeled using 5 mm diameter bolts with a
minimum shear failure force of 10,000 N. This force equates to a minimum shear stress of
~500 MPa.

Henkel supplied the Terokal 5089 adhesive and the material properties. Lap-shear tests on
the Terokal only joints were carried out by Henkel. The results showed that the bond joint

fails and not the adhesive, and as such, the model assumes there is no failure of the
adhesive bond. r

The following summarizes the tests that were carried out:
Terokal Only Lap Shear Test

Bondline: 0.25 mm, Bake: 10 min Metal Temp @ 155°C, Pull Speed: 10 mm/min,
Treatment: AM60B treated with Alodine

e AL6061 to AL6061: Lap Shear — 35.8 MPa

AL6061 to AM60B: Lap Shear — 29.5 MPa
e AL6061 to AL6061: Lap Shear — 20.5 MPa
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The aluminum joint failures listed above are of a peel type, which results in a partial
adhesive failure at the edge of the joint. A similar peel-type failure was seen in the
magnesium joints. Here however, the adhesive removed the Alodine pretreatment, causing

the failure.

4.2.5.Model Mass/Other Information

The total model initial weight was adjusted to the target curb weight of 1150 kg. This mass
is based on the Phase 2 body mass and the Phase 1 High Development masses in An
Assessment of Mass Reduction Oé)portunities for a 2017 — 2020 Model Year Vehicle

Program published in March 2010°.

The non-body system masses for the Phase 1 study, along with the baseline system
masses, are shown below in Table 4.2.5.a.

Table 4.2.5.a: Phase 1 High Development System Masses

System Venza Baseline Mass (kg) Phase 1 HD Mass (kg)
Closures/Fenders 143.02 83.98
Bumpers 17.95 15.95
Thermal 9.25 9.25
Electrical 23.6 15.01
Interior 250.6 153
Lighting 9.9 9.9
Suspension/Chassis 378.9 217
Glazing 43.71 43.71
Miscellaneous 30.1 22.9
Powertrain 410.16 356.2
Totals 1317.19 926.90

The vehicle curb weight was calculated using the above masses and the Phase 2 body

mass. The weight distribution was set at 55/45 front/rear percentage.

The fuel tank was modeled as an airbag at 90-percent full so that any change in pressure
could be extracted and reviewed to determine if there was an instantaneous pressure

change that could affect fuel retention.

The ground plane was set at 238.767z.

NHTSA has carried out crash tests on the baseline vehicle, a 2009 Toyota Venza. These

test results can be found on the NHSTA website (http://www-

nrd.nhtsa.dot.gov/database/veh/veh.htm). The front impact test report (35mph flat frontal)
used to compare the simulation results can be accessed from the following link

(http://www-
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http://www-nrd.nhtsa.dot.gov/database/veh/veh.htm
http://www-nrd.nhtsa.dot.gov/database/veh/veh.htm
http://www-nrd.nhtsa.dot.gov/database/aspx/searchmedia2.aspx?database=v&tstno=6601&mediatype=r&r_tstno=6601

nrd.nhtsa.dot.gov/database/aspx/searchmedia2.aspx?database=v&tstno=6601&mediatype
=r&r_tstno=6601).

Results from IIHS testing can be found on the following website (www.iihs.org).
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4.2.6. CAE Test Set-Up

4.2.6.1. FMVSS 208: 35 mph Front Impact (0°/30° rigid wall,
offset deformable barrier)

The FMVSS 208 35-mph load case involves an impact against a perpendicular rigid wall.
The vehicle model was analyzed with its curb weight, two frontal occupants, luggage and
fuel. The figure below shows the vehicle in top, front, side, and isometric views.

Figure 4.2.5.1.a: Rigid, deformable wall crash-test model setup
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4.2.6.2. FMVSS 208: 25 mph Offset Deformable Barrier

The FMVSS 208 25-mph load case involves an impact into a deformable barrier that
overlaps the vehicle by 40 percent. The vehicle model was analyzed with its curb weight,
two frontal occupants, luggage and fuel. The figure below shows the vehicle in top, front,
side, and isometric views.

3PLOT. trt_fmvs3208_cdbhas P3FLOT: _tmy=2208_odoh2s

Figure 4.2.5.2a: 40-percent barrier overlap crash-test model setup
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4.2.6.3. FMVSS208: 25 mph 30° Flat Barrier — Left Side

The FMVSS 208 25-mph, 30-degree flat rigid wall barrier load case is carried out to ensure
the occupants stay within the bounds of the vehicle during the crash event. As no closures
or occupants were included in the models this could not be assessed. The structure will be
evaluated to ensure that there would be minimal (if any) deformation of the door aperture
that would cause the occupant to be ejected.

GPLOT. frt_fimvas208_angh2s.

SPLOT. _fimyss208_angh2s

Figure 4.2.5.3.a: 30°, left-side barrier crash-test model setup
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4.2.6.4. FMVSS208: 25 mph 30° Flat Barrier — Right Side

The FMVSS 208 25-mph, 30-degree flat rigid wall barrier load case is carried out on both
the left and right hand sides of the vehicle. This would be performed to ensure equal
protection of both the driver and passenger.

PLOT. frt_finvss208_angrh2s [o3PLOT: frt_fmvss208_sngrh2s

[o3PLOT: frt_tmvss208_angrh2s [p3PLOT: frt_finves208_sngrh2s

Figure 4.2.5.4.a: 30°, right-side barrier crash-test model setup
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4.2.6.5. FMVSS 210: Seatbelt Anchorages

Front

The FMVSS 210 seatbelt anchorage requirement ensures the seats, seatbelts, and
corresponding anchorage points are strong enough to handle the test load. Load is applied
to two loading devices called body blocks (shoulder and lap) which transfers load to the
structure by the seatbelts. This test is performed at all seating locations.

It was assumed that the Phase 2 vehicle lower seatbelt was attached to the seat structure,
so the lap block load would be transmitted into the four seat mounts. The Phase 2 model
does not include any seating systems so these loads were applied to the rear seat mounts,
applying higher loads to these locations.

The lower body block’s movement is constrained such that it can only move in the direction
of the applied load (10° above horizontal), as there was no seat included in the model.

The load applied to the upper and lower body blocks is 17,125 N (3500 Ibs +10 percent).
This load is applied over 0.15 s and held constant for 50 ms.

As both the left and right side of the vehicle structure are symmetrical, this analysis was
only performed on the right hand front occupant location.

LOT restrant_fmvss210_pas

000000000

Figure 4.2.5.5.a: Front seatbelt anchorage test model setup
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Rear
The test load was applied simultaneously at all rear-seat locations.

The lower body block’s movement is constrained in the model such that it can only move in
the direction of the applied load (10° above horizontal).

The load applied to both the left and right, upper and lower body blocks is 17,125 N (3500
Ibs +10 percent). This load is applied over 0.15 s and held constant for 50 ms.

D3PLOT: restraint_frivss210_rrpass

LOT: restraint_my3s210_repass

Figure 4.2.5.5.b: Rear seatbelt anchorage test model setup

4.2.6.6. FMVSS 213: Child Restraint Systems

The FMVSS 213 child restraint anchorage requires that these systems are such that they
will restrain a child occupant when subjected to a crash impact.

The restraint mounting location was tested under conditions greater than the required load
case in order to evaluate any potential structural problems.

A child dummy was represented using a beam element with the mass set to 30 kg, which
is nearly 50-percent heavier than the heaviest necessary test dummy to account for
unknowns at this early stage of vehicle development. This was attached to the body
structure at four locations (retractor, D-ring, buckle, and fixed end) using seatbelt
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elements. Actual requirements specify a number of the child Hybrid Il test dummies, the
heaviest being the 10-year old (which weighs 21 kg). The testing was performed using the
heaviest weight to create a worst-case loading.

The test specifies that an acceleration pulse, representative of a vehicle pulse, be applied;
the pulse is shown in the graph below.
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Figure 4.2.5.6.a: Acceleration pulse applied to child-restraint model
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[03PLOT: restrant_fmvs:213 rear

D3PLOT. restrant_fvss213_rear

Figure 4.2.5.6.b: Child-restraint test model setup
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4.2.6.7. FMVSS 214: 33.5 mph Side Impact — Crabbed Barrier

The FMVSS 214 33.5-mph, 27-degree moving deformable barrier load case is carried out
on both the left and right hand sides of the vehicle. This test monitors the severity of the
injuries sustained by the occupants seated at the front and rear, outboard seating
locations. This test is carried out on a complete vehicle with closures, dummies, interior,
and occupant restraining systems. Since engineering those components was beyond the
scope of this portion of the project, the B-Pillar intrusion velocity and displacement were
monitored on the CAE model. The maximum allowable intrusion level was defined as 300
mm — a typical distance to the closest outboard portion of the seat.

D3PLOT: side_fmvss214_mdblh33p5

Figure 4.2.5.7.a: Crabbed barrier test model setup
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4.2.6.8. FMVSS 214: 20 mph 75° Side Pole Impact — Front (5th
percentile Female)

The FMVSS 214 20-mph, 75-degree, pole-load case is carried out with a rigid pole lined
up with the occupant head CG location along the direction of travel. It is carried out with a
5" percentile female dummy and a 50"-percentile male dummy. This puts the seat in two
different locations so the initial impact points are different.

The test requires monitoring injuries sustained by the occupants and would be carried out
on a full vehicle with closures, dummies, interior, and an occupant restraining system. As
noted above, this was beyond the project scope. The B-Pillar intrusion velocity and
displacement were again measured on the CAE model.

D3PLOT: side_fmvss214_polefrt05th

Figure 4.2.5.8.a: Side-pole impact test model setup
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4.2.6.9. FMVSS 214: 20 mph 75° Side Pole Impact — Front (50th
percentile Male)

The FMVSS 214 20-mph, 75-degree, pole-load case for the male seating position put the
initial pole contact point further rearwards in the vehicle than for the 5th-percentile female
but still forward of the B pillar.

D3PLOT: side_fmvss214_polefrt50th

Figure 4.2.5.9.a: Side-pole impact test model setup
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4.2.6.10. FMVSS 216: Roof Crush

The FMVSS 216a roof-crush load case evaluates vehicle performance in a ‘roll-over’ crash
scenario. The actual test is carried out quasi-statically to represent a load being applied to
the upper A-pillar joint. The regulation specifies that the vehicle be able to withstand 3
times its curb weight without loading the head of a Hybrid Il 50th-percentile male occupant
with more than 222 N (50 Ibs).

[pafLoT:roof_fmvss216 pppLoT: roof_mvss216

[paPLaT: roof_fmvas216 P3PLOT: roof_frvas216

) S

Figure 4.2.5.10.a: Roof crush test model setup
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4.2.6.11. FMVSS 301: Rear Impact (moving deformable
barrier)

The FMVSS 301 50-mph, 70-percent overlap rear moving deformable barrier load case
primary function is to check the vehicle fuel system integrity to reduce potential vehicle
fires caused by post-impact fuel spillage.

The CAE model incorporated a fuel tank, filler neck, and battery pack. Lotus evaluated the
fuel tank/filler and battery pack to assess potential problems that could occur as a result of
deformation in this area. The design objective was to create an environment that
prevented any part of the body from contacting either the fuel tank or the battery pack.

The test was carried out on both the left and right sides of the vehicle. Only results for the
left side are shown as this is where the fuel tank and fuel filler are located.

[papLoT:rr_tmvss301_nso [o3PLoT: rr_revas301 IS0

000000000

Figure 4.2.5.11.a: Deformable, moving barrier rear impact test model setup
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4.2.6.12. IIHS Low Speed — Front

The low-speed IIHS requirement evaluates vehicle performance at impact speeds of 10
kph and 5 kph in full and offset impacts. This test has been derived by the IIHS to establish
the amount of damage and subsequent repair costs.

Impacts are into a contoured deformable barrier set to specific heights depending upon the
impact being carried out (barrier lower edge 457 mm from ground in ‘full’ impacts and 406
mm from ground in offset impacts). The offset impacts are carried out with a 15-percent
overlap of the barrier to the vehicle.

A full evaluation of the damage was not carried out as the CAE body model does not
include the fascia, hood, fenders, lights, grille, etc. The performance assessment was
made based on the extent of permanent deformation (plastic strain) predicted in the
structure. The vehicle curb weight was used with an additional 77.1-kg ballast at the
driver’s seat.

The front and rear suspension models were replaced with simplified representations with
springs for the vertical (tire/spring) and lateral (tire friction) directions. Values for the
vertical spring were calculated from the suspension spring rates and the unloaded to
loaded tire radius; the lateral rate was calculated from an estimated tire contact area and
friction.

Figure 4.2.5.12.a: IIHS, low-speed, front test model setup ('full impact’)
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GPLOT. frt_jhaJh_01 [psPLoT s ot

FLOT. frt_ino_ih_01 [p3#LoT: w i _n_01

Figure 4.2.5.12.b: IIHS, low-speed front test model setup (‘offset impact’)

4.2.6.13. IIHS Low Speed — Rear

The low speed IIHS rear load case is set up the same as described for the front impact
load cases.

Figure 4.2.5.13.a: IIHS, low-speed rear test model setup (‘full impact’)
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[pspLoT:r_hs

oseLor: r_ins 0

3PLOT.r1_ihs_n fosPLOT:rr_ins Jn

Figure 4.2.5.13.b: IIHS, low-speed rear test model setup (‘offset impact’)

74



4.3. CAE Analysis

CAE analyses were performed for each of the specified load and impact cases, but direct
comparisons to current production vehicles cannot be made for each case. Lotus can
however, explain the facts behind the results.

For all of the FMVSS high speed crash load cases analyzed, the actual pass/fail criteria
are judged on occupant injuries. This was beyond the scope of the project as Lotus was
contracted to evaluate the lightweight structure itself. Occupant injuries could not be
evaluated, but structural performance can be compared to available NCAP test data. The
same comparison cannot be made to FMVSS data as this information is not released to
the public domain and remains with the individual OEMs. Based on these analyses, the
performance of the Phase 2 HD vehicle is predicted to be comparable to vehicles currently
in production.

Energy balances were also performed on each crash simulation to ensure the calculations
followed the laws of physics. The way the software carries out its millions of calculations
can lead to apparent increases in total energy. Total energy should remain the same, but
kinetic energy will decrease and internal energy will increase as the crash occurs. The
kinetic energy is absorbed by the crash structure deforming, frictional sliding, compression
of springs, etc. thereby increasing internal energy.

In simplistic terms, the energy balance is perfect if:
Total Energy = Initial Total Energy + External Work
Or if the energy ratio is equal to 1.0. This energy ratio is used in the LS-DYNA® software.

The software tracks all of the various types of energy such that the full energy balance
used is:

Energyin + Energyin + Energys + Energyn, + Energygame + Energyng = Energy’iin + Energy’i + Workex
L 0

Total Energy (Eital)

Where: Energyxin = current kinetic energy
Energyint = current internal energy
Energysi = current sliding interface energy (including friction)
Energynw = current rigid wall energy
Energydamp = current damping energy
Energyng = current hourglass energy
Energy’ = initial kinetic energy
Energy’in = initial internal energy
Workext = external work
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Internal energy includes elastic strain energy and the work done in permanent
deformation. External work includes work done by applied forces and pressures as well as
by velocity, displacement, or acceleration boundary conditions applied to the model.

A satisfactory energy balance is not a predictor of acceptable impact performance but
simply verifies that the model behavior is consistent with the laws of physics and that there
is no loss or gain of energy.

4.3.1.FMVSS 208: 35 mph Front Impact (0°/30° rigid wall, offset
deformable barrier)

The termination time for this CAE analysis is 0.1 seconds, by this time the vehicle is
rebounding from the wall. This is confirmed by checking the time to zero velocity (TTZ)
which occurred at 59.5 ms (shown later). The following image shows the vehicle at the
analysis termination time.

Figure 4.3.1.a: Vehicle deformation (t=0.1 s) after frontal impact
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Figure 4.3.1.b: Vehicle acceleration pulse during frontal impact

The red and blue lines on the graph above are the acceleration measured at the bottom of
the B pillar close to the rocker for the left and right hand side. These points are taken as
there is little or no deformation in the frontal impact load case. Most of the vehicle structure
is symmetrical, but the engine is not creating asymmetrical acceleration pulses. The peaks
represent specific events during the impact.

V.

V.

VI.

VII.

First peak of 8.8 G at 2.5 ms is due to the front bumper armature deforming.
Second peak of 21 G at 8.0 ms is the initiation of crush in the bumper brackets.
Once the bumper brackets have crushed (at 16 ms) crush initiation starts in the
main rails which generate the third peak (21 G).

As the main rails continue crushing load is transmitted through the front suspension
sub-frame structure which results in a peak at 22 ms of 29 G.

The peak of 45.5 G at 36 ms due to the engine loading due to contact through the
radiator fans/core to the rigid wall.

When contact between the engine and the dash panel occurs at 45 ms it results in a
37 G peak.

The main rails bottom out resulting in the final peak of 40 G at 55 ms.

Averaging the left and right accelerations provides the pulse shown below.
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Figure 4.3.1.c: Average vehicle acceleration pulse during frontal impact

The overall average acceleration for the entire impact was 26.7 G. The average initial
acceleration (5 to 30 ms) was 20.9 G. The average acceleration from 30 ms to TTZ was
34.7 G. In this case TTZ was 59.5 ms as shown in the graph below. After 59.5 ms, the
vehicle has rebounded from the wall and started to travel in the opposite direction.

Based on the average acceleration pulse peaks and the overall average accelerations, this
vehicle exhibits passing structural performance for the 35 mph FMVSS 208 impact.
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frt_fmvssl208_ffb35
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Figure 4.3.1.d: Vehicle velocity during frontal impact - time to 0 velocity (TTZ) = 59.5 ms

A sensitivity analysis was performed to determine how the gauge size of the front structure
affects the crush pulse. The chart below shows the effect of an approximate 10-percent
reduction in material thickness for the bumper crush cans and the main rails on the
FMVSS 208 Flat Frontal 35-mph test. This analysis was run on an earlier model (V23).
The chart below shows the resultant pulses for a model with reduced gauge main rails,
vertical walls and bumper cans (green pulse) and a reduced gauge model with only the
bumper cans and main rails down-gauged (blue pulse). The baseline model is indicated by
the black pulse.

The results of this study indicate that a 10% change in material thickness in the front crush
zone can reduce the acceleration level by as much as 30%. The reason for this gauge
study was to investigate ways to reduce the initial acceleration to prevent deploying the air
bags prematurely. Early deployment can result in needing to replace an expensive system
when the seat belts alone would have provided sufficient occupant protection.

The front structure design is tunable to provide a substantial range of deceleration levels
for air bag deployment in the initial phases of an impact event. The initial material
thicknesses (listed on Figure 4.3.1.e. and represented by the black curve) were retained
for durability/fatigue conformance. TRW reviewed the baseline pulse (black line) and
determined that it was consistent with their current technologies used on production steel
bodied vehicles.

This was a conservative approach that added mass. Durability/fatigue analyses were

beyond the scope of this project and the thicker rail and crush can materials were
considered the best approach for the overall structure. Fatigue and durability analysis
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could potentially indicate that thinner wall material may be acceptable and further reduce
the BIW mass.

FMVSS208 Flat Frontal 35mph
50.0 ! | 1 ;

40.0 T

30.0 T

200 —

Acceleration (G)

10,0 -

0.0

' i i

-10.0 t t t f t

0.000 0.010 0.020 0.030 0.040 0.050 0.060 0.070 0.080 0.090
Time (s)

Main Rails 2.75/2.5mm, Bumper Cans 2.5/2.25mm
Main Rails 2.5/2.25mm, Bumper Cans 2.25/2.0mm
—— Main Rails 2.75mm/2.25mm, Bumper Cans 2.5/2.0mm

Figure 4.3.1.e: Vehicle acceleration during frontal impact
Ver #23 ‘std’ — black pulse:

Initial peak (bumper cans) @ 8 ms — 21.4 G; second peak (main rail) @ 16 ms - 31.8 G

Ver #23 — green pulse (as ‘std’ with main rail/bumper can vertical wall down-gauged 0.25
mm):

Initial peak (bumper cans) @ 8 ms - 18.3 G; second peak (main rail) @ 16 ms - 25.2 G
Ver #23 ‘std’ — blue pulse (as ‘std’ with main rail/bumper can down-gauged 0.25 mm):
Initial peak (bumper cans) @ 8 ms - 14.7 G; second peak (main rail) @ 16 ms - 22.6 G
The maximum dynamic crush of the vehicle during this 35-mph frontal impact was 555
mm. It was calculated based on the maximum displacements shown in Figure 4.3.1.f. The
impact deceleration is related to the crush zone length. The longer the crush zone, the
more time there is to absorb the impact energy and to reduce the deceleration levels.

The full crush zone of the vehicle is not fully utilized under the flat frontal impact load case
as there is not enough mass in the vehicle to enable this to occur. One of the governing

factors for the design was that it was based upon a vehicle with proportions such that it
would use up all of the available space under the front impact loading. The process for
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producing extruded aluminum as used in the front rails dictated a minimum gage that could
be used while assuring no issues due to material warping during the manufacturing phase.
This led to a stiffer structure in the front rails that was not optimal for the vehicle mass.
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Figure 4.3.1.f: Vehicle displacement from frontal impact - max dynamic crush = 555 mm

Measuring the amount of intrusion into the dash for this load case showed minimal levels
of dash displacement (<20 mm), a maximum of approximately 10 mm in the driver footwell
and a maximum of approximately 15 mm in the passenger footwell. In English units this is
less than one-inch maximum deflection (occurs in an unoccupied area) and a worst-case
deflection of 0.6 inches in the footwell. This level of intrusion indicates that the front
structure is absorbing the impact energy and not transferring it into the dash area. The
lower A-pillar structure shows no visible damage after this impact.
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Figure 4.3.1.g: CAE dash intrusion analysis after frontal impact

The maximum fuel tank plastic strains were less than 10 percent (100 on the bar scale
below equals 10-percent strain). This indicates that there should be no failure of the tank
due to contact with any of the surrounding components. The tank mounting system created
the peak strains; there was no body-to-fuel tank contact. An inflatable bladder modeled
inside the tank indicated that there was minimal pressure rise in the tank during impact.
(<0.2 psi).
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Figure 4.3.1.h: Fuel tank plastic strain after impact
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In this impact load case the maijority of the energy is absorbed by the front end body
structure and through the sub-frame. The top ten most energy absorbent components in
the body structure were extracted from the analysis and evaluated for relative
performance. This exercise showed that besides the front bumper, bumper brackets and
main rails, the magnesium front end module (FEM) was another body component that
absorbed a significant amount of the impact energy.

Figure 4.3.1.i: Main energy absorbing frontal body structure

An energy balance plot was extracted from the analysis to check for any mathematical
instability possibly present in the model, leading to unrepresentative behavior. This is
shown below; it verifies that the model is performing with no loss or gain of energy..
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Figure4.3.1.j: Energy balance for frontal impact
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4.3.2.FMVSS 208: 25 mph Offset Deformable Barrier

This analysis is run to 0.15 s as it is a longer duration crash event than the 35-mph load
case. The actual time to zero forward velocity is predicted to be 0.117 s.

The barrier used in this load case is deformable and absorbs energy as it deforms. This
barrier can absorb up to 50 percent of the total kinetic energy during impact making this a
less severe impact than the 35-mph, rigid-wall load case.

FLOT: rt_frivss208_cabh2s P3FLOT: rt_fmyz:208_odohzs

Figure 4.3.2.a: Vehicle deformation (t=0.15 s) after 40-percent overlap frontal impact
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Figure 4.3.2.b: Vehicle deformation (t=0.15 s, barrier not shown) after 40-percent overlap
frontal impact
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Figure 4.3.2.c: Vehicle acceleration pulse during 40-percent overlap frontal impact
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Due to the asymmetry of the barrier, the left and right pulses were not identical and are
represented in red and blue, respectively, on the graph above. In addition, the left side
pulse is higher since the barrier overlaps the vehicle on the left side. This results in more
loading going directly into the left side of the vehicle.

The peaks on the left pulse (in red on the graph) are used to described the events during
the impact since this is an offset impact.

VI.

VII.

The first peak of 5 G at 4 ms was generated by the initial crush of the deformable
barrier. Note the deformable barrier is made up of a main block and a bumper block.
At 4ms the vehicle is in contact with the barrier bumper block but the initial crush
began on the main barrier block, as this was less stiff.

The acceleration increases to 10 G at 24 ms until the bumper block on the barrier
starts to crush. Through this time, there was no deformation on the vehicle.

At 31 ms the first vehicle deformation occurs, the front-end-module (FEM) and
radiator take some load, this corresponded with the acceleration peak of 12.5 G.
The acceleration drops as material fracture of the FEM occurs in a number of
locations.

The pulse increases to a peak of 9 G at 42.5 ms, which corresponds to when the
left bumper bracket starts to deform.

As the crush on the softer main barrier block progresses it begins to bottom out
causing the the next peak of 14 G at 53 ms.

Between 63 ms and 72 ms, crushing in the stiffer bumper barrier block continued
until this bottomed out. Once this had occurred the stiffer vehice components
started to defrom. At 78 ms there is a peak pulse of 18 G when the front suspension
sub-frame, front bumper, and main rails start deforming.

The next 2 peak acceleration pulses observed after the highest peak were caused
by the deformable barrier coming into contact with the left tire (at 86 ms and 114
ms).

Most of the kinetic energy, was absorbed by 120 ms and the vehicle velocity graph
showed that the left B-Pillar velocity was at zero at 117 ms.

Averaging the left and right accelerations provides the pulse shown below.
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acceleration (5 to 30 ms) was 6.5 G and the average acceleration from 30 ms to TTZ was

The overall average acceleration for the entire impact was below 10 G. The average initial
9 G. In this case TTZ was 117 ms shown in the figure below.

Figure 4.3.2.d: Average vehicle pulse during 40-percent overlap frontal impact
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Figure 4.3.2.e: Vehicle velocity after 40-percent overlap frontal impact - time to zero (TTZ)
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Figure 4.3.2.f: Vehicle displacement after 40-percent overlap frontal impact

The total dynamic crush cannot be calculated from the vehicle displacement graph as the
barrier was deformable. The total vehicle dynamic crush was estimated to be around 180
mm using the animation result files.
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Figure 4.3.2.g: CAE dash intrusion analysis after 40-percent overlap frontal impact
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The dash intrusion is very low at approximately 5 mm. This is because the barrier
absorbed 50 percent of the kinetic energy and the front structure of the vehicle was stiff
enough, i.e., did not deform extensively during this time, and had sufficient crush space in
front of the passenger compartment to absorb the remaining kinetic energy.

For comparison, the dash intrusion levels of the 2009 Toyota Venza measured by NCAP
exceed the CAE-predicted values for the Phase 2 HD vehicle. The NCAP underbody floor
analysis is shown in Figure 4.3.2.h below and shows the floorboard deformation
measured, none of which is seen in the Phase 2 HD crash simulations.
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Figure 4.3.2.h: Toyota Venza NCAP dash deformation
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The body structure components that absorb the majority of the energy are the front
bumper, left bumper bracket, left main rails and the front end module (FEM), as shown
below.

Figure 4.3.2.i: Main energy absorbing body structure — 40-percent overlap frontal impact

The energy balance for this analysis verified that no energy was lost or created.
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Figure 4.3.2.j: Energy balance for 40-percent overlap frontal impact
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The information presented in this section shows how the Phase 2 HD vehicle performs in
crash simulations, but gives little context for comparison. This context is however, hard to
provide as the Phase 2 HD vehicle was tested without occupants and a restraint system to
test dummy injury criteria as standard. The occupant restraint system and crash structure
work in tandem, so the results here don’t provide a complete safety picture. Forming and
proving full vehicle safety was beyond the scope of this contract as it requires designing a
full vehicle with seats, interior, and occupant restraints. While occupant protection cannot
be fully proved in this study, the Phase 2 HD BIW performs no worse than vehicles
currently in production, indicating that the vehicle could meet safety requirements,
particularly since the safety system can be tuned to act based upon the specific vehicle
acceleration pulses.

As the Phase 2 HD vehicle was tested without the occupant restraint system and
occupants, no comparison of actual occupant test results can be made, but a comparison
of crash structure acceleration data can be made.

A comparison of vehicular accelerations can be seen in Figure 4.3.2.k below. The figure
shows a comparison between a 2009 Toyota Venza, 2007 Dodge Caliber, 2007 Ford
Edge, 2007 Saturn Outlook, a 2009 Dodge Journey, and the Phase 2 HD vehicle. All of the
standard production vehicles pass NHTSA safety criteria with four-star frontal crash ratings
or above and the Phase 2 HD vehicle acceleration levels are comparable to those of the
production vehicles. Based on this data and Lotus’ engineering judgment, the Phase 2 HD
vehicle is predicted to perform as well as or better than comparable vehicles on the
market.

frt_fmvss208_ffb35
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Figure 4.3.2.k: Comparison of production vehicle and Phase 2 HD crash accelerations
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Figure 4.3.2.1 below shows the upper and lower acceleration envelopes from the
comparative data for FMVSS 208, 35-mph flat, frontal crash. This illustrates more clearly
that the Phase 2 HD vehicle is comparable to already proven vehicles. In very few
instances does the acceleration pulse for the Phase 2 HD vehicle exceed the envelope.
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Figure 4.3.2.1: Comparison of production vehicle envelope and Phase 2 HD crash

accelerations
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4.3.3.FMVSS208: 25 mph 30° Flat Barrier — Left Side

The analysis is run for 0.12 s which is sufficient for all the deformation to have occurred,
after this time the direction of the vehicle momentum is typically partially parallel to the
angled barrier. The TTZ for this load case is at 0.076 s.

Figure 4.3.3.a: Vehicle deformation (t=0.12 s) after 30°, left-side frontal barrier impact

Very little or noticeable deformation occurred at the front door aperture, which indicates the
vehicle will likely retain the frontal occupants.
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The left and right acceleration pulses are plotted in red and blue on Figure 4.3.3.b below.
They are asymmetrical because the engine and left side of the vehicle were the first
contact points.

Acceleration (g)
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Figure 4.3.3.b: Vehicle acceleration pulse during 30°, left-side frontal barrier impact

The peaks on the left pulse (colored in red) are used to describe the events during the
impact.

There are four significant acceleration pulse peaks at 4, 14, 32 and 63 ms generating 24,
11, 25 and 35 Gs, respectively.

V.

The first acceleration peak occurs when the front bumper begins deforming.

The second acceleration pulse peak is due to the bumper bracket starting to deform
(the load case is not perpendicular so there is some crush and bending occurring).
The third acceleration pulse peak is due to the main rail on the left side bending
along with the front suspension sub-frame.

The fourth acceleration pulse peak was created by the engine stacking up against
the radiator and the barrier as well as the front suspension sub-frame bottoming out.
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Figure 4.3.3.c: Average vehicle acceleration pulse during 30°, left-side frontal barrier
impact

The overall average acceleration pulse is just below 19 G. The average initial acceleration
(5 to 30 ms) was 9.9 G. The average acceleration from 30 ms to TTZ was 18.6 G.
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Figure 4.3.3.d: Vehicle velocity during 30°, left-side frontal impact - time to 0 velocity
(TTZ) = 76 ms
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Figure 4.3.3.e: Vehicle displacement during 30°, left-side frontal impact — max dynamic
crush = 500 mm
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Figure 4.3.3.f: CAE dash intrusion analysis after 30°, left-side frontal impact

The intrusion into the dash for this load case showed minimal levels (<15 mm)
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Figure 4.3.3.g: Fuel tank plastic strain after 30°, left-side frontal impact

The predicted fuel tank plastic strains are below the expected material failure level, < 6
percent.

The main energy absorbing body structure components are the front bumper, left bumper
bracket, left main rails, the front end module (FEM) left shotgun inner and left front shock
tower as shown below.

Figure 4.3.3.h: Main energy absorbing body structure for fuel tank plastic strain after 30°,
left-side frontal impact
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The energy balance for this analysis showed no issues with the model as no energy was
lost or created.
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Figure 4.3.3.i: Energy balance for 30°, left-side frontal impact
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4.3.4.FMVSS208: 25mph 30° Flat Barrier — Right Side

In this test the right-side time to zero velocity was actually found to be longer than the left
side: 0.092 s vs. 0.076 s for the left side impact. The analysis predicts acceptable
performance from the body structure with very little noticeable deformation at the front door

aperture.

Figure 4.3.4.a: Vehicle deformation (t=0.12 s) after 30°, right-side frontal impact
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Figure 4.3.4.b: Vehicle acceleration pulse during 30°, right-side frontal impact

The left and right acceleration pulses (red and blue respectively) are different due to the
angled barrier primarily loading the right side of the vehicle and also due to the asymmetry
of the engine. Averaging both left and right side accelerations gives the average pulse
shown below.

frt_fmvssZ(I)B_ang rh25

WU o

Acceleration (g)

Bdbcoccodoooogoooas

80 0.100 0.120
Time (s)

B-Pillar Acceleration
B-Pillar Acceleration (C60) 5ms to 30ms
B-Pillar Acceleration (C60) 30ms to TTZ

Figure 4.3.4.c: Vehicle average acceleration pulse during 30°, right-side frontal impact
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The overall average acceleration pulse is just below 14 G. The average initial acceleration
(5 to 30 ms) was 8.9 G. The average acceleration from 30 ms to TTZ was 9.5 G. These
are less than for the left side impact and are a result of the longer TTZ.
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Figure 4.3.4.d: Vehicle velocity during 30°, right-side frontal impact

- time to zero velocity (TTZ) = 92 ms
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Figure 4.3.4.e: Vehicle displacement during 30°, right-side frontal impact - maximum
dynamic crush 524 mm
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Figure 4.3.4.f: CAE dash intrusion analysis after 30°, right-side frontal impact
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The intrusion into the dash for this load case were very similar to the left-side impact

predicting minimal levels (<15 mm)
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Figure 4.3.4.g: Fuel tank plastic strains after 30°, right-side frontal impact
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The predicted fuel tank plastic strains are below the expected material failure level, < 4
percent.

The main energy absorbing components for the right side impact include the front bumper,
right bumper bracket, right main rails, front end module (FEM), and dash reinforcement,
but not the shotgun or shock tower. This is due to the load path through the engine
because of the ancillary mounting locations. This load path through the engine is not
present for the left side. As a result of the loading through the engine, contact to the dash
cross-member occurs sooner, transmitting more load.

Figure 4.3.4.h: Main energy absorbing body structure for 30°, right-side frontal impact
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The corresponding energy balance verified the analysis, showing that the total energy level
was maintained.
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Figure 4.3.4.i: Energy balance for 30°, right-side frontal impact
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4.3.5.FMVSS 210: Seatbelt Anchorages

This test is a worst-case analysis as it tests just two of the four floor seatbelt mounting
locations. The front mounting locations are part of the seat assembly, which was beyond
the scope of this project. Even in this worst case scenario the mounting locations showed
acceptable deformation levels.
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Figure 4.3.5.1.a: Seatbelt anchorage plastic strains (@ 0.2 s)
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Figure 4.3.5.1.b: Upper seatbelt anchorage plastic strain (@ 0.2 s)
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Figure 4.3.5.1.c: Lower seatbelt anchorage plastic strain (@ 0.2 s)
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4.3.5.2. Rear
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Figure 4.3.5.2.a: Rear seatbelt anchorage plastic strain (@ 0.2 s)
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Figure 4.3.5.2.b: Displacement at lower seatbelt anchorages (@0.2 s)
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4.3.6.FMVSS 213: Child Restraint Systems

The child restraint system was tested using a worst-case situation with a 30-kg child
representation to account for various unknowns. The highest mass child representation
specified by NHTSA is a 21-kg mass, representative of a 10-year old child. The CAE
analyses below show the Phase 2 HD passes these preliminary tests as the anchorage
held the load case.
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Figure 4.3.6.a: Child-restraint, lower anchorage plastic strain

D3PLOT: restraint_fmvss213_rear DISP_RESULTANT

(Rel N626859)

0.110001

Figure 4.3.6.b: Child-restraint seat pan displacements
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4.3.7.FMVSS 214: 33.5 mph Side Impact — Crabbed Barrier

This is designed to test the intrusion levels in the event of a side impact. Full doors
(closures) are typically included in this test, but were beyond the scope of this project. This
test was performed with just the BIW structure — B-pillar and side impact beams. A
maximum allowable intrusion level was set at 300 mm as this is the standard distance
between the door panel and seat in a full interior. The Phase 2 HD BIW met this standard
with @ maximum intrusion of around 115 mm without doors. The results of the CAE
analysis for this test are shown below.
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Figure 4.3.7.a: Vehicle deformation (0.1 s) after crabbed barrier impact
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Figure 4.3.7.b: Vehicle deformation (barrier not shown) after crabbed barrier impact
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Figure 4.3.7.c: Global vehicle and barrier velocities for crabbed barrier impact
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Figure 4.3.7.d: Relative intrusion velocities (B-pillar) during crabbed barrier impact
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Figure 4.3.7.e: Relative intrusion displacements (B-pillar) during crabbed barrier impact
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Figure 4.3.7.g: Intrusion levels after crabbed barrier impact on struck side



Figure 4.3.7.h: Main energy absorbing body structure parts for crabbed barrier impact

This energy balance verified the crabbed-barrier-impact model as no energy was created
or destroyed during the simulation.

Energy (kJ)

60 T~~~ ~~~~~
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LE. - Whole Model HG.E. - Whole Model External Work - Whole Model
Stonewall Energy - Whole Model System Damping Energy - Whole Model T.E. - Whole Model

Figure 4.3.7.i: Energy balance for crabbed barrier impact
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4.3.8.FMVSS 214: 20 mph 75° Side Pole Impact — Front (5th
percentile Female)

This test is usually performed with full closures and measures occupant acceleration
levels, which were beyond the project scope. Intrusion levels were used to gauge occupant
protection again, and with a maximum intrusion of around 250 mm, the Phase 2 HD BIW is
below the maximum allowable of 300 mm.

IPLOT. scs_fravss214_pokefrivsth

POFLOT. swde_frnves21¢_peieiriostn

[PPLOT sck_fvss214_scemostn [BoFLOT swte_finvas2ts_poiefiiose

Figure 4.3.8.a: Vehicle deformation (0.1 s) after 75°, side, pole impact — 5th percentile
female
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Figure 4.3.8.b: Vehicle deformation after 75°, side, pole impact (pole blanked) — 5th
percentile female
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Figure 4.3.8.c: Relative intrusion velocities during 75°, side, pole impact (B-pillar) — 5th
percentile female
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Figure 4.3.8.f: Intrusion levels after 75°, side, pole impact on struck side — 5th percentile
female

Figure 4.3.8.g: Main energy absorbing body structure for 75°, side, pole impact — 5th
percentile female
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This energy balance verified the analysis because the total energy remained constant
through the simulation.

Energy (kJ)
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0.10

= K.E. - Whole Model
= LE. - Whole Model HG.E. - Whole Model
Stonewall Energy - Whole Model

Spring/Damper Energy - Whole Model Sliding Interface Energy - Whole Model

External Work - Whole Model
System Damping Energy - Whole Model T.E. - Whole Model

Figure 4.3.8.h: Energy balance for 75°, side, pole impact — 5th percentile female
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4.3.9.FMVSS 214: 20 mph 75° Side Pole Impact — Front (50th
percentile Male)

Using a 50™ percentile male instead of a 5" percentile female moves the pole impact
location, but reveals the Phase 2 HD BIW still has acceptable structural performance. A
maximum intrusion level of around 225 mm was observed, which is below the 300 mm
maximum allowable.

Figure 4.3.9.a: Vehicle deformation (0.1 s) after 75°, side, pole impact — 50th percentile
male
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Figure 4.3.9.b: Vehicle deformation after 75°, side, pole impact (pole blanked) — 50"
percentile male
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Figure 4.3.9.c: Relative intrusion velocities during 75°, side, pole impact (B-pillar) — 50"
percentile male
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Figure 4.3.9.e: Intrusion levels after 75°, side, pole impact on struck side — 50" percentile
male
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Figure 4.3.9.h: Energy balance for 75°, side, pole impact — 50" percentile male
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LE. - Whole Model

System Damping Energy - Whole Model

Stonewall Energy - Whole Model

This energy balance verified the analysis, showing no energy was created or destroyed

during the simulation.
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4.3.10. FMVSS 216: Roof Crush

The roof crush CAE analysis is shown below, where the platen is loaded to three times the
curb weight of the vehicle and must not displace more than 127 mm and load a 95™
percentile male’s head to more than 222 N (50 Ibs). This analysis shows that the Phase 2
HD BIW meets this standard as only 20 mm of displacement is predicted at three times the
vehicle curb weight, which does not even touch the occupant’s head.

[p3PLoT: roof _imvas2ie

[p3PeoT oot _mves2ie

0100000

0.150001

Figure 4.3.10.a: Deformation at 0/40/80/150 mm of roof crush platen displacement
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Figure 4.3.10.b: Deformation in relation to occupant head clearance zones (95"/99") at
0/40/80/150 mm of roof crush platen displacement
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Figure 4.3.10.c: Roof displacement vs. applied force — 3 times curb weight
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Figure 4.3.10.e: Roof plastic strains at 0/40/80/150 mm of roof crush platen displacement



4.3.11. FMVSS 301: Rear Impact (moving deformable barrier)

The rear impact test is designed to test fuel system integrity, allowing a maximum strain of
ten percent. The CAE analysis below indicates a strain of less than 3.5 percent after the
test, confirming fuel system integrity.

ST PLOT.m_fives301_¥50

Figure 4.3.11.b: Vehicle deformation (barrier blanked) after rear deformable barrier
impact
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Figure 4.3.11.c: Vehicle deformation (at 0/40/80/120 ms) after rear deformable barrier
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Figure 4.3.11.d: Vehicle acceleration pulse during rear deformable barrier impact
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Figure 4.3.11.e: Vehicle and barrier velocities during rear deformable barrier impact
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Figure 4.3.11.f: Fuel tank plastic strains after rear deformable barrier impact
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Figure 4.3.11.g: Main energy absorbing body structure for rear deformable barrier impact
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The energy balance verified the model as the total energy was maintained.

Figure 4.3.11.h: Energy balance for rear deformable barrier impact
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4.3.12. IIHS Low Speed — Front

This test is designed to examine the damage and repair costs to the front bumper and
fascia, which cannot be fully completed as it was beyond the scope of the project.
Examining the plastic strain of the bumper beam shown in the CAE analysis below gives
an indication of the potential damage.

[D3PLOT: 1t _iihs_center D3PLOT: fit_iins_center PLASTIC_STRAIN
1: Max 517377 - 7 393735E-01 N 1 Max S17377 - 7.983735€-01
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0.200001

Figure 4.3.12.b: Front plastic strain after low-speed frontal impact (‘offset impact’)
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4.3.13. IIHS Low Speed — Rear

The IIHS low speed rear impact test is designed to look at repair costs in the event of a
rear-end collision. As with the frontal impact scenario, the repair costs cannot be estimated
for the Phase 2 HD, but the damage can be estimated from the plastic strain in the bumper

beam.

D3PLOT: rr_iins_center PLASTIC_STRAIN
1: Max 5102549 - 3.3512846-01

(Maxx all pts)

100.00

% 10E-03

2

z kv

/\ X
7™

0.200001 0.200001

DAPLOT:r_llhs_ln PLASTIC_STRAIN

[BaFLGT. r_iih: _lihs_|
1: Mex SS07197 - 3651 119E-01

SPLOT: _llhs_in
1: Mex 5507197 3.651119E-01

{ax afl pts)

0.200001 0.200001

Figure 4.3.13.b: Rear plastic strains after low-speed rear impact (‘offset impact’)
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4.3.14. Body Stiffness

The body stiffness was analyzed using MSC/Nastran® software to determine the torsional
stiffness. The torsional stiffness is 32,900 Nm/degree for the low mass model. The BMW
X5, a unibody SUV, was selected as the target vehicle as it is generally regarded as
having ‘world class’ torsional stiffness. The published value for the X5 body structure is
27,000 Nm/degree®. The X5 body incorporates UHSS, aluminum and magnesium and is
15-percent stiffer than the previous version with virtually no weight penalty.

Creating a vehicle with a high torsional stiffness has a number of benefits to consumers as
well as automakers. It allows for a better suspension design as the suspension doesn’t
need to be tuned to compensate for large amounts of chassis flex; the vehicle will exhibit
more predictable handling behavior because of these factors. A higher torsional stiffness
can also contribute to structural robustness. Depending on the design, a flexible chassis
may accelerate cycling fatigue and possibly initiate cracking earlier than a stiffer chassis.

Table 4.3.14.a: Torsional stiffness

Torsional Stiffness

(kNm/deg)
Phase 2 HD 2011-01-06-2 32.9

Torsional Stiffness

D \arbAstif\2011.0106\biw_ver20_05_stf_v01_04 op2

Result | D\arb\stif\2011.01-06\biw_ver20_06_stéf_v01_04 op2
taiar A SUBCASE 1 = TORSION - Simulstion 1
[‘ TE0 Frame &

8 803601

=5 20E01
1763601
B
.1 758501

£276E0
87901
1 226400
-1 SBAEW0

Max = 1 584E+00
Node 116114
Mn = -1 S34E+00
Node 109629

Figure 4.3.14.a: CAE body stiffness analysis
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Table 4.3.14.b below gives a comparison of the Phase 2 HD torsional stiffness to other
vehicles in a variety of classes. As can be seen in the table, a torsional stiffness of 32,900
Nm/degree is competitive even amongst sports cars, which have an average torsional
stiffness of 25,427. It is also competitive with other SUVs, which have an average torsional
stiffness of 26,350 Nm/degree.

Table 4.3.14.b: Torsional stiffness comparison

Vehicle Torsional Stiffness
(Nm/degree)
Sports cars
Aston Martin DB9 Coupe 27,000
Audi TT Coupe 19,000
BMW M Coupe 32,000
Ford GT 27,100
Konigsegg CCX 28,100
Lamborghini Gallardo 23,000
Lamborghini Murciélago 20,000
Mazda RX-8 30,000
McLaren F1 13,500
Pagani Zonda F 27,000
Porsche 911 Carrera 33,000

Average 25,427

SUVs
BMW X5 27,000
BMW X6 29,000
Land Rover LR2 28,000
Volvo XC90 21,400

Luxury cars

Average 26,350

Aston Martin Rapide 28,390
Audi A8 25,000
BMW 7 Series 28,505
Jaguar XJ 20,540
Lexus RX 18,280
Maserati Quattroporte 18,000
Mercedes-Benz S-Class 25,400
Volvo S80 18,600
Average 22,839
Standard cars
Audi A2 11,900
BMW 3 Series 22,500
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Jaguar X-Type 22,000
Mini Cooper 24,500
Volkswagen Fox 17,941
Volkswagen GTI 25,000
Volvo S60 20,000
Average 20,549
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44. Discussion

This section discusses the results obtained during the CAE analyses and how the FEA
model results indicate that there is potential for this design to meet FMVSS regulations and
[IHS requirements. No direct comparison with the Venza can be made as the public
domain impact results are for an actual production vehicle.

An industry accepted standard for the software fidelity used for modeling is in the 5% to
10% range. The maximum allowable peak acceleration target for front impact modeling
was 90% of the Venza peak acceleration as measured and reported by NHTSA.

Lotus utilized the same analysis techniques used to make production vehicles in order to
give the best possible results. The results are, however, based on engineering software
analyses rather than physical results. Overall, the Phase 2 HD acceleration levels are
comparable to production vehicles and, based on the CAE data, shows a properly
engineered, light weight vehicle has the potential to meet US federal crash requirements.

NHTSA provided energy balance input for the simulations and these are included with the
Lotus analyses. The objective was to verify that there was no loss or gain of energy during
the impact; such an event would indicate a modeling error. A zero net energy balance
does not confirm the model accuracy.

Durability analysis was beyond the scope of this study. However, the design utilized Lotus
fatigue and corrosion experience with aluminum riv-bonded structures, as well as that of
the participating material suppliers, including Alcoa, Meridian and Henkel. This resulted in
potentially increased mass in some areas, e.g., the “B” pillars, where the structure was
stiffer than required to meet the test requirements but was retained based on previous
cycling fatigue experience.

4.4.1.0bservations - FMVSS 208 Front Impact

FMVSS 208 deals with occupant protection, specifying maximum forces, accelerations,
and Head Injury Criteria (HIC) levels. Developing a full vehicle with tuned occupant
restraint systems, seats, and full interior was beyond the scope of this contract and as
such, Lotus based its CAE crash test analyses on vehicle crash acceleration data rather
than occupant criteria. The data shows the model has the potential to have performance
comparable to existing production vehicles with all accelerations at acceptable levels.
Furthermore, the occupant restraint system (the full Venza airbag system is included in the
vehicle mass) would be tuned specifically to handle the specific acceleration pulses of the
Phase 2 HD vehicle.

A material thickness sensitivity study was also conducted and found that acceleration
levels could be reduced by over 30 percent by reducing wall thickness 10 percent in key
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areas, giving substantial opportunity to refine local acceleration pulses. Based on Lotus’
experience, material thicknesses were not reduced due to potential durability concerns.

The front structure is primarily aluminum and the use of magnesium was kept to areas
outside of primary load paths due to the brittle nature of magnesium compared to steel and
aluminum. The high loads experienced during a crash mean that magnesium is more likely
to crack rather than crumple and absorb energy.

4.41.1. FMVSS 208: 35 mph Front Impact (0°/30° rigid wall,
offset deformable barrier)

Maximum dash intrusion of less than 20 mm -- and less than 15mm in most areas — when
subjected to the FMVSS 208 35 mph frontal impact indicates acceptable structural
performance in this area. Analyses revealed this is primarily due to minimal intrusion of the
engine bay components into the dash panels.

Some of the crash energy is absorbed by the magnesium dash panel, which is why there
is some intrusion into the passenger compartment, but the majority of the crash energy is
absorbed in the front bumper, bumper brackets, and the right and left main rails. A
secondary load path to the structure is created by the engine and sub-frame, meaning the
sill and body structure have less energy to absorb. The tires don’t contact the sill and the
A-pillar lower remained intact, indicating that most of the impact energy was absorbed by
the front structure.

4.4.1.2. FMVSS 208: 25 mph Offset Deformable Barrier

This is a generally less severe test case than the 35 mph rigid barrier as the barrier can
absorb up to 50 percent of the total impact energy. The test results reflect this as the
maximum dash intrusion is < 6 mm, indicating acceptable performance in this test.

The majority of the crash energy is absorbed in the front bumper, front end module, left
bumper bracket, and left main rail due to the barrier overlap location. The engine and sub-
frame once again create a secondary load path, reducing the energy the sill and body
structure have to absorb.

4.4.1.3. FMVSS 208: 25 mph 30° Flat Barrier — Left Side

Dash intrusion for this load case was < 15 mm, showing acceptable crash performance.
This load case is a mix of the flat rigid wall and offset deformable barrier test as the vehicle
impacts a flat, rigid wall at a 30° offset, with the left side contacting the wall first. The
acceleration pulses are therefore asymmetrical again with the left side absorbing more
crash energy.
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The crash energy is once again mostly absorbed in the front bumper, front end module, left
bumper bracket, and left main rail. The left shotgun inner and left front shock tower also
absorb some of the crash energy as well as the engine and sub-frame. More of the energy
is transmitted and absorbed by the magnesium dash panel in this test case as well, as
indicated by the higher intrusion level.

4.4.1.4. FMVSS 208: 25 mph 30° Flat Barrier — Right Side

As with the left-side barrier impact, dash intrusion levels for the right-side barrier test case
were < 15 mm indicating acceptable structural performance. The right side of the vehicle
contacted the wall first, causing the right side of the front end structure to do more work
than the left with a few minor differences.

The front bumper, right bumper bracket, right main rail, front end module, and dash
reinforcement absorb most of the crash energy. The shotgun inner and shock tower don’t
absorb any of the crash energy in this impact case due to the new load path through the
engine and its ancillary mounting locations. These mounting locations, and therefore load
path, are not present on the left side. As a result of the direct loading through the engine, it
contacts the dash crossmember sooner, transmitting more load.

4.4.2.Observations — FMVSS 210 Seatbelt Anchorages

FMVSS 210 is concerned with seatbelt retention and also specifies certain dimensional
constraints for the relationship between the seatbelts and seats. Designing a full interior
with seats was beyond the scope of this project. The loads were tested on the body
structure anchorages which would be used to attach the rear portion of the seat.

Overall, both the front and rear seatbelt anchorages performed as expected, meeting the
specified requirements. Strains for both systems were elevated due to the lack of modeled
seats, but did not cause the Phase 2 HD BIW to fail. The front and rear anchorages are
broken out below.

4.4.2.1. Front Anchorages

Although the strain in the lower anchorage points (rear, front-seat mounts) is elevated, the
simulation shows acceptable structure for seatbelt retention. The elevated strain in the
lower anchorage points is due to a lack of modeled seats, which were beyond the project
scope, and thus transferred load through only two points instead of four as the front seat
mounts were not defined. This is a worst case analysis as the maijority of the load is
supported by a combination of the composite sandwich floor and the aluminum structure.
The seat will be mounted to a more structural aluminum cross-member under the floor.

This strain around the belt attachment location is artificially high due to the method used to
attach the belts to the structure. Typically in CAE analysis there is higher stress at the
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point of load application than would be seen in reality as the clamping effects of fasteners
between the parts are not modeled.

The upper anchorage location shows there will be localized deformation, but no
detachment of the anchorage. It should be noted that the D-ring attachment on the B-pillar
typically allows for height adjustment and would therefore have a larger reinforcement than
included on the Phase 2 HD body structure. This larger reinforcement would help spread
the load and reduce the deformation and strain seen in this area. The existing structure is
adequate for this purpose.

4.4.2.2. Rear Anchorages

Simulation results show the model has acceptable structure for seatbelt retention and the
analysis predicts the highest strain areas are at the outboard lower-belt attachment
locations. The plastic strain around the D-ring attachment is less than the strain shown in
the front seatbelt pull analysis results. This is partly attributed to the narrower section
which makes it stiffer than the same belt mounting location on the B-pillar.

Approximately 100 mm of rear-seat pan deformation between the two center belt mounting
locations is predicted under this load case. The strain in this area is relatively low (<6
percent), indicating that the mounting plates would not pull through the seat pan when
tested in this configuration. An additional fore/aft reinforcement could be mounted under
the seat pan to reduce the total deformation at the center belt mounting locations.

4.4.3.0bservations — FMVSS 213 Child Restraint Anchorage

This test is less severe (in terms of applied load) on the body structure than the seatbelt
anchorage load case of FMVSS 210. The primary concern of this test is to ensure the child
restraints will restrain a child under crash conditions, meaning the anchorages should not
pull out of the vehicle. While less severe than the load case of FMVSS210, the load is still
higher than required by FMVSS 213 as a 30-kg mass was used instead of the required 21-
kg mass. The model shows acceptable structure for child restraint anchorage with the
added load.

The mounting locations for the child restraints were the same as for the seatbelt pull and
the results indicate there should be no fracture or tearing of these mounting locations
under this load case. This indicates the anchorage could be designed to hold once full
seating and a full vehicle are developed as well.

4.4.4.0bservation — FMVSS 214 Side Impact

The CAE analysis results of the FMVSS 214 side impact test show the Phase 2 HD BIW
sill, B-pillar, and side door beam sub-systems effectively manage the side impact crash
energy. The three FMVSS 214 side impact test results are broken down below. These
tests deal with occupant injury, which is beyond the scope of this project, so a maximum
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allowable intrusion level of 300 mm was instituted. This is defined as the typical distance
between the door panel and most outboard seat surface.

4.4.41. FMVSS 214: 33.5 mph Crabbed Barrier

CAE analysis showed the body structure has acceptable performance when subjected to
the FMVSS 214 crabbed barrier side impact test.

The Phase 2 HD BIW intrusion level was measured at 115 mm, meaning the door panel
would not come into contact with the passenger. This likely prevents any possible injury
caused by contacting the hard surface of the inner door panel as is the primary concern of
the FMVSS 214 tests.

4.44.2. FMVSS 214: 20 mph 75° Side Pole Impact

This test is carried out using two different size dummies — 5" percentile female and 50"
percentile male — and thus seating positions which moves the primary impact location due
to the fact that the pole is lined up with the frontal occupant’s CG.

CAE analysis for the 5" percentile female revealed the pole struck nearly in the middle of
the A- and B-pillars with an intrusion level of 120 mm. This greatly surpasses the Lotus-
defined test requirements with a maximum allowable intrusion of 300mm.

A similar analysis was conducted for the 50™-percentile male with the seat and impact
location moved accordingly. Intrusion for this test was measured at 190 mm, far below the
300 mm allowed indicating acceptable structural performance.

Analyses showed the body structure has acceptable structural performance when
subjected to the load cases of FMVSS 214. The intrusion was measured at 115 mm for the
33.5 MPH crabbed barrier. The intrusion for the 20 mph 75 degree pole test for a 5t
percentile female was 120 mm. The intrusion for the 20 mph 75 degree pole test for a 50™
percentile male was 190 mm. This indicates that the sill, B pillar and side door beam sub-
systems are managing the energy in an effective manner.

4.4.5.0bservation — FMVSS 216 Roof Crush

Simulations predict the Phase 2 HD vehicle will meet roof crush performance requirements
under the specified load case. Only 20 mm of platen displacement was predicted to meet
the 3*vehicle weight requirement. The simulation suggests that the requirement would be
met even if the baseline Toyota Venza curb weight was used (e.g. a 45-percent increase).

The significant difference between the Phase 2 HD structure and that of a similar segment
vehicle is due to the significant reduction in the curb weight (from 1700 kg to 1173 kg for
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the Phase 2 HD model). The body incorporates the structure of a larger segment vehicle
even though the 3 time curb weight is similar to that of a small/medium passenger car.

Based on these results there could be some optimization of both the panel gauges and the
A-pillar section for weight if all other structural requirements are met. Other load cases and
manufacturing requirements would need to be evaluated in parallel to ensure all criteria
would be met.

4.4.6.0bservations — FMVSS 301 Rear Impact

FMVSS 301 deals with the integrity of the fuel system after a rear crash, aiming to prevent
any fuel spillage. The test allows a maximum plastic strain of ten percent in the fuel tank
and system after the crash event.

The maximum plastic strain in the fuel tank/system components is predicted to be less
than 3.5 percent, validating that the fuel system meets FMVSS 301 which allows no more
than 10-percent strain. There was no contact with the body structure or vehicle
components.

The pressure change in the fuel tank is less than 2 percent so the risk of the tank splitting
due to an increase in internal pressure (caused by compressing the outside of the tank) is
predicted to be minimal.

Barrier to vehicle crossover velocity is predicted to occur at 69 ms from the initial contact.

Due to the offset bumper beam, dynamics of the rear impact are not ideal. The ideal failure
mode is an axial crush under load (i.e. pure compression mode), but the offset bumper
beam means the rear bumper armature rotates. This creates a torque which results in a
bending moment into the rear rail, causing it to fail. The rear bumper, left bumper bracket,
left rail, rear end lower panels, and horizontal surfaces of the right rail absorb most of the
energy.

4.4.7.0bservations - lIHS Low Speed — Front

The analyses of these two front impact load cases predict that only the bumper system
components would yield.

The higher levels of plastic strain are predicted to be in the heat affected zones at the
welded joint between the bumper armature and the bumper brackets. In these areas the
material yield strength was reduced by 60 percent (from the un-welded material properties)
to compensate for the annealing that occurs due to welding.

In the “full’ impact case there is deformation of the bumper armature as this flattens under
loading, resulting in lateral loading at the bumper brackets.
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Analysis of the offset impacts predicts there will be minimal damage to the bumper system
because there is less than 75 mm of overlap between bumper armature and the end of the
barrier. This results in a ‘glancing’ impact, where the vehicle is pushed sideways as it
travels forwards due to the curvature of the outer end of the armature.

The styling may be required to change in this area to allow the bumper beam to be moved
outboard and forward in the side contact area to reduce any potential damage. The Phase
1 front end styling moved the front lamps moved inboard and rearward of this contact area
to minimize any possible damage to the lighting system. Developing the full front end
styling, bumper system, lamps and sheet metal was beyond the scope of this project.

4.4.8.0bservations - lIHS Low Speed — Rear

The analyses of these two rear impact load cases predict there will be plastic strain in
components other than the bumper system.

For the ‘full’ load cases there is some body deformation. Modifying the exterior styling to
allow the addition of bumper foam would move the barrier contact point further away from
the body panels, improving performance. Additionally, the barrier displacement could be
reduced by tuning the foam density and thickness.

The ‘offset’ impact analysis indicates a result similar to that predicted for the front ‘offset’
load case. This is due to minimal engagement of the barrier and the curvature of the
armature which is more aggressive than the front. The vehicle ‘slides’ inboard off the
barrier rather than staying perpendicular to the line of travel. The analysis predicts that the
vehicle will move ~50 mm inboard.

This analysis also indicated that the lower rear corner of the body could be damaged by
the upper portion of the barrier. This concern would be addressed by incorporating local
styling changes to the bumper system including reducing the plan view curvature, moving
the bumper armature ends rearward at the outboard ends and increasing the distance
between the bumper and the body panels. This can be done by moving the body panels
forward and inboard relative to the existing bumper or adjusting the bumper relative to the
existing sheet metal. These revisions would create additional clearance to the barrier and
also allow energy absorbing material to be added to the bumper beam.

The rear bumper system is an example of the tradeoffs made between vehicle appearance
and function. Preliminary styling concepts, such as the Phase 1 vehicle, do not necessarily
comprehend all functional requirements even though they are based on ‘best practices’.
Engineering analysis is used to verify the feasibility of the styling relative to functional
requirements. This analysis indicated that a styling adjustment should be made to improve
the rear bumper low speed performance. This is a typical example of using analytical tools
to verify functional performance very early in the styling process. There are no body
structural issues.
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4.4.9.Vehicle-to-Vehicle Crash Results

This section shows results of a simulated impact between the Phase 2 HD vehicle and a
Ford Taurus. This information was requested by the NHTSA to compare the performance
to their metrics. The crash simulation was run so that both vehicles had the same kinetic
energy. The Phase 2 vehicle was run at 40 mph while the Taurus was run at 27 mph; this
speed difference was required because of the much lighter Phase 2 model. These
analyses however, were run by Lotus and may be setup differently than the NHTSA
analyses so no specific comments can be made. NHTSA published their test results
separately on August 30, 2012 (link provided previously).

No crash acceleration or intrusion levels were objectively measured because of the
possible differences in setup between NHTSA and Lotus. What can be observed is that
there is no intrusion into the Lotus model passenger cell. The single vehicle FMVSS test
resulted in a maximum passenger cell intrusion of <22 mm.
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Figure 4.4.9.a: Phase 2 HD vehicle to Ford Taurus crash simulation setup — three-quarter
view
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Figure 4.4.9.b: Phase 2 HD vehicle to Ford Taurus crash simulation setup — side view
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Figure 4.4.9.c: Phase 2 HD vehicle to Ford Taurus crash simulation result — three-quarter
view
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Figure 4.4.9.d: Phase 2 HD vehicle to Ford Taurus crash simulation result — side view
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Figure 4.4.9.e: Phase 2 HD vehicle to Ford Taurus crash simulation result — three-quarter
view, opaque Taurus
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4.4.10.

Summary of Safety Testing Results

Table 4.4.10.a below summarizes the findings from the above design, technical
engineering analysis, and crash test simulations. The table reports specifically on the
study’s objectives to develop and evaluate a mass-reduced vehicle structure relative to
known guidelines and requirements for crashworthiness — both governmental and
voluntary testing, stiffness, and torsional bending. As part of Task 1, the mass-reduced
Phase 2 vehicle model was evaluated for conformance to the existing external data for the

baseline Toyota Venza, for torsional stiffness, and managing impact loads.

As part of Task 2, the mass-reduced vehicle model was evaluated relative to specified
FMVSS requirements as well as the IIHS bumper tests (the IIHS side impact and front and
rear crash tests were not part of the contract). All of the tests were conducted using CAE
analyses and BIW acceleration and intrusion levels. These tests measure dummy
occupant acceleration levels on a physical vehicle typically. Developing a full occupant
restraint system and interior as well as building a physical test vehicle were beyond the
scope of this project. Using vehicle intrusion and acceleration levels shows whether the
vehicle has the potential to meet crash test requirements. As with any theoretical model,

some changes may be required once a physical vehicle is built and tested.

Table 4.4.10.a: Summary of Vehicle Model Testing

Area

Requirement, Guideline, Test

Result of Vehicle
Simulation

Model

Conformance with existing external data for the baseline Venza

Dimensions, interior
volume, utility
maintained

Standard
Operating

Withstand and dampen major customary vehicle loads (e.g. running loads)

Analyses showed
vehicle robustness

Development

Meet best-in-class torsional and bending stiffness

32,900 N

Frontal Impact

Full frontal crash analysis: static stiffness (FMVSS 208) and compatibility of main
body structure and front end energy absorption subsystem including 35-mph, 0-
degree flat barrier; 25-mph, 30-degree flat barrier; 25-mph, 40-percent offset
deformable barrier

Acceptable intrusion
and acceleration
levels

IIHS bumper: 6-mph centerline, 3-mph, 15-percent offset

Acceptable strain
levels

Side Impact

Side impact, door beam intrusion testing (FMVSS 214) including 35-mph, 27-
degree moving deformable barrier; 20-mph, 75-degree pole impact

Acceptable intrusion
and acceleration
levels

Rear Impact

Rear impact, moving deformable barrier (FMBSS 301)

Acceptable intrusion
and acceleration
levels

IIHS bumper: 6-mph centerline, 3-mph, 15-percent offset

Acceptable strain
levels

Rollover Protection

Roof crush (FMVSS 216)

Acceptable intrusion
levels

Restraint Systems

Seatbelt anchorages (FMVSS 210)

Acceptable
deformation levels
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Vehicle Structure

Child restraint systems (FMVSS 213) Acceptable
deformation levels
Front and rear energy management, non-deformation, and chassis frame buckling Acceptable

testing

acceleration, intrusion,
and deformation levels

Vehicle-to-Vehicle
Impacts

35-mph, car-to-car impact with NCAC Ford Taurus; Taurus velocity: 27 mph

Acceptable
acceleration and
intrusion levels

35-mph, car-to-car impact with NCAC Ford Explorer; Explorer velocity: 18 mph

Acceptable
acceleration and
intrusion levels
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4.5. Closures

The analyses presented heretofore included only simulated door beams (see section 4.2.1.2) for
FEA analysis. ARB contracted Lotus Engineering Inc. to determine the effect fully engineered
closures would have on vehicle crash performance. The results of developing closures are presented
in this section.

4.5.1. Objectives

The objectives of this set of analyses were to evaluate the vehicle performance with the addition of
closures (hood, doors, tailgate, and fenders); with the updates to the BIW (revised upper A-
pillar/cowl/front header — changed as a result of the stiffness studies; and location of the rear
bumper armature (translated rearwards to improve the IIHS low speed performance).

The updated model was run using the same load cases as the previous model (as listed below).

. FMVSS 208: Front Impact (0°/30° rigid wall, offset deformable barrier)
. FMVSS 210: Seat Belt Anchorages

. FMVSS 213: Child Restraint Systems

. FMVSS 214: Side Impact (side barrier, side pole)

. FMVSS 216: Roof Crush

. FMVSS 301: Rear Impact (moving deformable barrier)

. IIHS: Low Speed Bumper (front & rear)

The changes made did not have a major impact on the front impact performance or occupant related
load cases. Therefore the vehicle performance already reported for FMVSS 208 is still valid.

This report details the results from the side impact, rear impact, and roof crush load cases only.

4.5.2.Model Updates

The previous CAE model was updated with CAD data that was supplied for the following:

Hood Assembly

Tailgate Assembly

Front and Rear Door Assembly
Fenders and Mounting brackets
BIW Component Updates

Rear Bumper Armature Assembly

Figure 4.5.2.a. highlights the images of the main updated components only.

149



Figure 4.5.2.a: Body-in-White — V27
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Figures 4.5.2.b and 4.5.2.c below shows front and rear isometric views of the closure systems added
to the BIW model. The hood was modeled with local reinforcements for the hinge and latch system
(not shown) for V27.

Figure 4.5.2.b: Front closure view

Figure 4.5.2.c: Rear closure view
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4.5.3.Model Mass/Other Information

Total model weight for the V27 update was increased by 23.34 kg to a curb weight of 1173.34kg vs.
the V26 model primarily due to the increased mass of the body in white which used a higher
percentage of aluminum and less magnesium than the Phase 1 BIW.

4.5.4.Analysis Results

The following sections show analysis results from crash tests that would be significantly affected by
the changes made to the CAE model (V26) in previous sections. This new model with fully
engineered closures is referred to as V27.

4.5.4.1. 33.5-mph Side Impact — Crabbed Barrier

Previously a representation of the door beams and the hinge and latch reinforcements had been
included. With the inclusion of the closure in the model it is possible to monitor the intrusion of the
door inner structure under this load case. The FMVSS214 test is a requirement where the pass/fail is
determined on occupant injury so would require door trim and the restraints to be modeled for
correctness. To ensure that the side airbag could deploy unhindered the door intrusion velocity and
displacement is monitored. Figure 4.5.4.1.a shows the model setup with the barrier in place.

D3PLOT: side_fmvss214_mdblh33p5
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Figure 4.5.4.1.a: Model analysis setup
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Figures 4.5.4.1.b and 4.5.4.1.c below show the vehicle deformation following impact.

D3PLOT side_finvss21 4 miih33sS D3PLOT sick_finvss214_mebh33ss

2z
ol ¥
0100001 010001

D3PLOT si0_frmvas2] 4_matin33ss D3PLOT:sit_fmvan2!4_mobh33cs

Figure 4.5.4.1.b: Vehicle Deformation (0.1s)
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Figures 4.5.4.1.d and 4.5.4.1.e show the vehicle and barrier velocities and the B pillar relative

Figure 4.5.4.1.c: Vehicle Deformation (barrier not shown)
intrusion velocities.
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Figure 4.5.4.1.d: Global Vehicle and Barrier Velocities
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Figures 4.5.4.1.f and 4.5.4.1.g show the B pillar and the front/rear door intrusion displacements.

Figure 4.5.4.1.e: Relative Intrusion Velocities (B-pillar)
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Figure 4.5.4.1.f: Relative Intrusion Displacements (B-pillar)
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Figure 4.5.4.1.g: Relative Intrusion Displacements (Front/Rear Door)
Figure 4.5.4.1.h shows the intrusion for the B pillar at the B-pillar centerline.



0.300 1200

0600

T
0.300

MODEL YZ XE3

T

-0.300 0.000

-0600

H33p5

~-0.800

ide_fmvss214_mdbl

T
. sl

-1.200

DSPL‘

0.100001

0600 0.900 1200

0.300

MODEL ¥Z xE3

-0.900 -0.600 -0.300 0.000

-1.200

=2842

Figure 4.5.4.1.h: B-Pillar Intrusion profile x

Figure 4.5.4.1.1 shows the intrusion displacements for the struck side of the car.
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Figure 4.5.4.1.i: Intrusion levels on Struck-side
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Figure 4.5.4.1.) shows the plastic strain for the struck side of the car.
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Figure 4.5.4.1.j: Plastic Strain in Struck-side Doors

Figure 4.5.4.1 .k shows the energy balance for the struck side of the car.
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Figure 4.5.4.1.k: Energy Balance



Observations - Side Impact MDB

With the inclusion of the doors into the CAE model the time for the cross-over velocity (vehicle is
moving with same velocity as barrier) occurs at 48ms. This is 17ms earlier than without the
closures. This indicates that the vehicle side impact performance is stiffer than previous analyses
predicted.

The intrusion velocity of the B-Pillar is also predicted to have reduced slightly.

The intrusion of the B-Pillar into the vehicle during impact is predicted to be 65mm, which is a
15mm improvement over the previous (#26) model or a reduction of 19% vs. the original model.
The maximum intrusion of the door inner panel is also predicted to be 65mm maximum. This
maximum occurs at the approximate z-height location with the pelvis of the dummy.

One of the reasons for the minimal predicted intrusion under this load case is the location of the
door intrusion beams. These have been located such that there is an overlap with the B-Pillar which
means that when it is loaded in side impact it becomes trapped between the barrier and the B-Pillar.
The B pillar uses hot stamped boron steel material which has extremely high yield strength. This
means that it has more elastic deformation capability than regular steel (i.e. HSLA). Note that
elastic deformation will absorb more energy (per unit displacement) than plastic deformation. At the
forward location of the rear door intrusion beam attachment to the door inner panel, the analysis
predicts that there is material failure of the cast magnesium inner.

With these improved results predicted by the analysis, the ability for the occupant restraints system
to work should not be compromised by the body structure.
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4.5.4.2. 20mph 75° Side Pole Impact — Front (5th Percentile
Female)

The FMVSS214 20mph 75degree pole load case is carried out with a rigid pole lined up with the
occupant head center-of-gravity location (2590.5x/-393.8y) along the direction of travel. It is carried
out with a 5™ %ile female dummy and a 50" %ile male dummy. As the two dummies put the seat in
two different locations the initial impact points are different, requiring two separate analyses be
performed.

As with the moving barrier impact case, the requirement is to monitor the injury of the occupants.
This analysis would be carried out on a full vehicle with closures, dummies, interior and a restraints
system. The updated model (#27) includes the closures so their response (intrusion levels and
velocities) can also be evaluated. Figure 4.5.4.2.a shows the model setup.

D3PLOT: side_fmvss214_polefrto5th

Figure 4.5.4.2.a: 20-mph, 75-degree side-pole impact -- front (5th percentile female) model
setup
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Figures 4.5.4.2.b and 4.5.4.2.c show the vehicle deformation following the pole strike.
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Figure 4.5.4.2.b: Vehicle Deformation (0.1s)
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Figure 4.5.4.2.c: Vehicle deformation from 20-mph, 75-degree side-pole impact -- front (5th
percentile female, pole blanked)
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Figures 4.5.4.2.d and 4.5.4.2.e show the intrusion velocities and displacements for the B pillar and

front door.
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Figure 4.5.4.2.d: Intrusion Velocities (B-Pillar & Front Door)

Figure 4.5.4.2.e: Intrusion Displacements (B-Pillar& Front Door)



Figure 4.5.4.2.f shows the intrusion levels at the centerline of the B pillar.
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Figure 4.5.4.2.f: Section through B-Pillar, x= 2842
Figure 4.5.4.2.g shows the intrusion levels for the struck side of the front door.
D3PLOT: side_fmvss214_polefrtosth Y_DISPLACEMENT
1: Max N2516970 . 24120688402 (Rel N161 162 163)
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Figure 4.5.4.2.g: Intrusion levels on struck side
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Figure 4.5.4.2.h shows the energy balance for the struck side of the front door. The energy balance

show the analysis is valid as the overall energy of the crash is conserved.

h

side_fmvss214

polefrto5t

Time (s)

Sliding Interface Energy - Whole Model

External Work - Whole Model

T.E. - Whole Model

Spring/Damper Energy - Whole Model

HG.E. - Whole Model

K.E. - Whole Model
L.E. - Whole Model
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System Damping Energy - Whole Model

Stonewall Energy - Whole Model

Figure 4.5.4.2.h: Energy Balance




4.5.4.3. 20-mph 75° Side Pole Impact — Front (50th percentile
Male)

The FMVSS214 20-mph, 75-degree pole load-case for the male seating position will put the initial
pole contact point further rearwards (179.5mm) in vehicle than for the 5™ percentile female. Figure
4.5.4.3.a shows the model set-up.

[DSPLOT: side_fmyss214_polefrt5oth

Figure 4.5.4.3.a: 20-mph, 75-degree side-pole impact -- front (50th percentile male) model
setup

Figures 4.5.4.3.b and 4.5.4.3.c show the vehicle deformation after impact.

Figure 4.5.4.3.b: Vehicle Deformation (0. 1s) after impact
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Figure 4.5.4.3.c: Vehicle Deformation (Pole Blanked)

Figures 4.5.4.3.d and 4.5.4.3.e show the intrusion velocities and displacements for the front door
and B pillar.

| | | | side_fmvssz1I4_polefrt50th |
10 1 1 1 I I I I I I
I I I | | | | | |
I I I | | | | | |
I I I | | | | | |
I I | | | | | |
i i I | | | | | ]
8 | | | | | | | | |
I I I | | | | | |
I I I | | | | | |
I [ | | | | | |
I | | | | | |
i I f | | | | | |
6 I~~~ T2l TN i T o P it [t [ [ T T T T T [t —
| | | | | | |
! | | | | | | |
I I I | | | | | |
I I I | | | | | |
I I | | | | | |
& 4 —tb---- N - - -~ [ . | m—— - - m—— - - B B === — = === === === == ] -
= [ I I | | | | | |
= I I | | | | |
= 1 | 1 | | | | |
‘o 1 1 | | | | |
S I I I ) | | | | |
— [ ol e — — — — — — | IS L [ . P - - - - e o~ Il - - I - - e o - - ] —
> 2 ; | | | | | | | |
| I | | | | | |
| I | | | | | |
I I I | | | | | |
I I I | | | | |
1 1 I | | | | |
0 I B [ [ [ T TN T e [ [ [ AN S [ I
I I I | | l | | |
I I I | | | | |
I I I | | i | |
I I I | | | | |
I I I | | |
N T T T CooT T CooT T o s T B
I I I | | | | |
I I I | | | | | |
I I I | | | | | |
I I I | | | | | |
-4 T T T T T T T T T
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Time (s)
Left B-Pillar Upper (C 60) Left Frt Door (rr) at Beltline (C 60)
Left B-Pillar at Beltline (C 60) Left Frt Door (rr) at Pelvis (C 60)
Left B-Pillar Pelvis (C 60)

Figure 4.5.4.3.d: Intrusion Velocities (B-Pillar & Front Door) after 20-mph, 75-degree
side-pole impact - front (50" percentile male)
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Figure 4.5.4.3.e: Intrusion Displacements (B-Pillar & Front Door) after 20-mph, 75-degree
side-pole impact -- front (5 0" percentile male)

Figures 4.5.4.3.f and 4.5.4.3.g show the intrusion displacements for the front door and at the
centerline of the B pillar.
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Figure 4.5.4.3.f: Intrusion levels on struckside after 20-mph, 75-degree side-pole impact --
firont (50" percentile male)
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Figure 4.5.4.3.g: Section through B
impact -- front (50" percentile male)

Figure 4.5.4.3.h shows the plastic strain for the front door.
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Figure 4.5.4.3.h: Plastic Strain in Front Door after 20-mph, 75-degree side-pole impact --
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Figure 4.5.4.3.1 shows the energy balance and that the analysis was valid as no energy was created
nor destroyed.

Energy (kJ)

0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
Time (s)
= K.E. - Whole Model Spring/Damper Energy - Whole Model Sliding Interface Energy - Whole Model
== |LE. - Whole Model HG.E. - Whole Model External Work - Whole Model
Stonewall Energy - Whole Model System Damping Energy - Whole Model T.E. - Whole Model

Figure 4.5.4.3.i: Energy Balance for 20-mph, 75-degree side-pole impact -- front (50"
percentile male)
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Observations - Side Impact Pole

The side pole impact load cases show that for both the 5™ female and the 50™ male load cases the
intrusion is predicted to be at a maximum at similar door locations. Figure 4.5.4.3.1.a shows a
section cut @ 1100z showing the deformation of the 5™ load case (in red) vs. the 50™ (in green).
Intrusion levels at the B-Pillar are different and are a result of the pole location loading directing
into the B-Pillar in the 50" location compared to loading into the door on the 5.

D3PLOT: M1: side_fmvss214_polefrt50th
M2: side_fmvss214_polefito5th

—_—

Figure 4.5.4.3.1.a: 5" percentile female vs. 50" percentile male front door intrusion
comparison

The cast magnesium door inner material required the inner and outer waist rail reinforcements to be
designed to provide extra support. In the 50™ male load case there is some tearing of the door inner
panel predicted by the analysis that is not predicted in the 5™. This material failure was not
previously predicted. The location of the pole in the 50th load case results in more load being
reacted at the rear end of the front door. This is a result of the longer moment arm between the pole
location and the center of gravity for the forward vehicle mass including the engine and
transmission more than offsetting the pole moving closer to the B pillar structure.

In both load cases the rocker is the first substantial load bearing member that the pole contacts
which is supported by a number of cross-members. There is more deformation in this area in the 5t
load case as the pole deforms the rocker between two cross-members whereas in the 50" case one of
the cross-members is directly behind the loaded point in the rocker.
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In both load cases the levels of intrusion are predicted to be larger at the door ~50mm than at the B-
Pillar. Neither load case is predicting dynamic deformation of the interior body structure above
250mm.
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4.5.4.4. Roof Crush

The FMVSS216a roof crush load case evaluates vehicle performance in a ‘roll-over’ crash scenario.
The actual test is carried out quasi-statically to represent a load being applied to the upper A-pillar
joint. The regulation specifies that the vehicle should be able to withstand 3 times its curb weight
without loading the head of a Hybrid III 50" percentile male occupant with more than 222N (501bs).
This analysis includes testing for the 95™ and 99" percentile male occupants.

The previous version (#26) of the CAE model predicted performance levels that were acceptable.
The reasons for performing this analysis on the latest version of the model (#27) were due to the
changes that were made to the A-Pillar/Front Header & Cowl to improve the stiffness performance.
Figure 4.5.4.4.a shows the model setup.

[paLoT:roof_fmvss216 p3pLoT: reof_mvss216

[p3PLOT: roof_fmvas216 P3PLOT: reof_frvas216

Figure 4.5.4.4.a: Roof crush model setup
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Figure 4.5.4.4.b shows the roof deformation for a series of increasing platen displacements.

faeior reof_mvsate [p3PLOT roor_ess216

paeior rar_tmvss21e [P3FLaT. roor_tmwaie

Figure 4.5.4.4.b: Deformation at 0/40/80/150mm of Platen Displacement

Figure 4.5.4.4.c shows the roof deformation relative to 95" and 99™ percentile head clearance
zones.
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Figure 4.5.4.4.c: Deformation in Relation to occupant head clearance zones (95"/99")

@ 0/40/80/150mm of Platen Displacement
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roof_fmvss216

Figures 4.5.4.4.d and 4.5.4.4.e show the roof deformation relative to the FMVSS 216 requirement.
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Figure 4.5.4.4.d: Roof Displacement vs. Applied Force — 3 times Curb Weight
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Figure 4.5.4.4.e: Roof Displacement vs. Applied Force — 3 times Venza Weight
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Figure 4.5.4.4.f shows the roof plastic strain relative to platen displacement.

[p3pLOT: roof_trmvss216- FLASTIC_STRAIN
(M pts)
000

1500
3000

p3pLOT: roof_fmvss216
S39m07E02

PLASTIC_STRAIN
(Max  pts)

090
1500
000

000
1500
000

z
vl %
~
0050000
[P3PLOT reof_fmves21e PLASTIC_STRAIN | [D3PLOT. reof_fmvsa216 PLAGTIC_STRAIN
e S3316367 530935801 (Maapta) | [t 2351636 e spmeTiE 00 (Ml pts)

000
1500
000

Figure 4.5.4.4.f: Plastic Strains @ 0/40/80/150mm of Roof Platen Displacement
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Observations - Roof Crush

The current model is predicting results that are very similar to the previous version of the model
(V26). The analysis predicts that the 3*vehicle weight requirement (FMVSS216a) is achieved
within the first 20mm of platen displacement performance and that 4*vehicle weight requirement
(ITHS — Good Rating) will be achieved within 25mm of platen displacement.

The styling of the upper greenhouse of the vehicle and the rake of the windshield direct the platen
loads through the B-Pillar. This load is reacted in compression which provides a substantially higher
load carrying capacity that at the base of the A-Pillar, which is put into bending. The figure below
shows the location and magnitude of forces in the A & B-Pillars. Figure 4.5.4.4.1.a shows the
relative forces acting on the A and B pillars.
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Figure 4.5.4.4.1.a: Resultant force magnitude in A & B-Pillars from roof crush test
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4.5.4.5. Rear Impact

The FMVSS301 50mph 70-percent overlap rear moving deformable barrier load case primary
function is to ensure the vehicle fuel system integrity is maintained to reduce potential vehicle fires
caused by fuel spillage, during and after impact. The previous model did not indicate that there
would be any issues with the integrity of the fuel tank/filler; the model was re-evaluated under this
load case as there had been a change to the rear bumper system.

Assessment was carried out by looking at the deformation of the body structure around the fuel tank
as well as the fuel tank and the fuel tank/filler. Figure 4.5.4.5.a shows the model setup.

[D3PLOT. r_firvss301_bS0

Figure 4.5.4.5.a: Rear Impact Model Set up
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Figures 4.5.4.5.b and 4.5.4.5.c show the vehicle deformation.
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Figure 4.5.4.5.b: Vehicle Deformation (t=0.12s)
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Figure 4.5.4.5.c: Vehicle Deformation (Barrier Blanked)

179




Figure 4.5.4.5.d shows the vehicle deformation as a function of the event timing.
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Figure 4.5.4.5.d: Vehicle Deformation (@ Oms/40ms/80ms/120ms) after rear impact

Figure 4.5.4.5.e shows the B pillar acceleration levels as a function of the event timing.
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Figure 4.5.4.5.e: Vehicle Acceleration Pulse during rear impact

180



Figure 4.5.4.5.f shows the vehicle & barrier velocities.
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Figure 4.5.4.5.f: Vehicle & Barrier Velocities during rear impact simulation
Figure 4.5.4.5.g shows the fuel tank plastic strain.
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Figure 4.5.4.5.g: Fuel Tank Plastic Strains after rear impact
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Figure 4.5.4.5.h shows the energy balance verifying that the overall energy is held constant.
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Figure 4.5.4.5.h: Rear impact energy balance
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Observations - Rear Impact

The barrier to vehicle cross-over velocity occurs 2ms earlier than previously predicated at ~67ms;
and the vehicle acceleration response also shows a slight increase in the peak accelerations reported
for the struck side of the vehicle.

The reduced time to cross-over velocity and increase in the acceleration response is expected as
there is less compliance in the vehicle; excluding the tailgate results in less stiffness of the rear
aperture, and including the ‘full’ doors with result in less flexing of the door apertures.

There is an area on the fuel tank where there is plastic strain and this is more a modeling induced
strain rather than a real factor, as there are four rigid connections used between the fuel tank straps
and the fuel tank to hold it in place. Rigid elements concentrate the load transfer between the
connected parts to discrete nodes which is somewhat unrealistic in the case of the tank straps as
these would spread the load over a larger area. Plastic strain in the fuel tank is predicted to be 3.6-
percent maximum, which is less than the failure strain for the typical plastic fuel tank material
properties (generic plastic properties used in the CAE model with a yield stress of 25MPa). This is
shown in Figure 4.5.4.5.1 a.
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Figure 4.5.4.5.1.a: Fuel Tank Plastic Strain location after rear impact
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The airbag that was included to monitor the pressure change in the fuel tank indicates a change of
less than 0.3psi (<2 percent); this is the same as predicted for the previous run.

As a result of moving the rear bumper armature rearwards the length of the crush can has increased.
This increase in length increases the moment arm (measured from the rearward face of the bumper
armature to the mounting surface). While this does not noticeably change the mode of deformation,

it does make it harder to resist the rotation of the bumper armature. This rotation is shown in Figure
454.5.1.b.

D3PLOT: )
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Figure 4.5.4.5.1.b: Initial vehicle armature rotation during rear impact

It will be difficult to get to the ideal failure mode (axial crush) using extrusions. The ideal loading
would ensure 100-percent engagement of the vehicle armature with the barrier. The height locations
of vehicle armatures are typically set based upon the requirements for FMVSS Part 581 pendulum.
Extending the rail and bumper armature to get full engagement is not required as the analysis
predict that the vehicle deformation occurs behind the rear wheels.
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4.5.4.6. IIHS Low Speed — Rear

The previous V26 model ITHS rear low speed analysis indicated that in both the 10kph ‘full’
overlap and Skph 15-percent overlap load cases there could be potential for damage to occur to the
body. It was not possible to state that this would be eliminated 100 percent with the inclusion of
bumper foam (which is typically used, but not included in the CAE model).

With the inclusion of the rear tailgate in the V27 model the rear lower edge was the rearward most
point in the vehicle. This indicates that for these IIHS load cases there would be damage to the non-
bumper system components.

The latest version of the CAE model (#27) include a modified bumper beam assembly, where the
curvature of the bumper follows the curvature of the tailgate lower edge and is also the rearward
most point in the vehicle. The model does not include the fascia or foam which would add an
additional 40-50mm.

The CAE performance assessment is based on the extent of any permanent deformation and plastic
strain that is predicted in the structure. Figure 4.5.4.6.a shows the model setup.

[p3FLOT:rr_ihs_center p3pLOT: re_ihs_center

Figure 4.5.4.6.a: Low-speed IIHS impact model setup (‘full’)
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Figure 4.5.4.6.b shows the plastic strain for the impact beam for a center impact.
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Figure 4.5.4.6.b: IIHS low-speed impact element plastic strains (‘full’)
Figure 4.5.4.6.c shows the model setup for an offset impact.
b
o %

Figure 4.5.4.6.c: IIHS low-speed impact model setup (‘offset’)
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Figure 4.5.4.6.d shows the plastic strain for the impact beam for an offset impact.
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Figure 4.5.4.6.d: IIHS low-speed impact element plastic strain (‘offset’)
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4.5.4.6.1. Observations - IIHS Low Speed — Rear

In the “full’ overlap load case the center of the bumper armature is predicted to deform a maximum
of ~85mm during impact and have ~66mm of permanent deformation once the impact event is over.
With the change to the shape and location of the rear bumper armature there is ~125mm of available
space (measured on vehicle centerline) before there would be contact.

The barrier upper ‘rigid’ plane does ‘intrude’ into the bottom edge of the tailgate by ~27mm (see
figure below). Contact was not defined between these parts as the maximum interaction would be
measured during post-processing. Typically bumper systems are comprised of an armature, EA
foam and a plastic fascia. The ARB model does not include these additional items as they are part of
a styled bumper system which was beyond the project scope. This hardware would (i) spread the
load over a wider area of the armature and (ii) impart load onto the bumper armature earlier
therefore slowing the vehicle down sooner. Typical EA foam thickness on vehicle centerline would
be ~75mm. Under this impact case the EA foam would compress to approximately 60% of its
original thickness (~45mm); therefore if the model did include a full bumper system there would be
no direct contact between any bodywork and the barrier and no damage to the body. Figure
4.5.4.6.1.a illustrates the maximum deflection showing barrier intrusion into tailgate.

D3PLOT: mr_iihs_center \‘
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Figure 4.5.4.6.1.a: Maximum deflection showing barrier intrusion into tailgate
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Plastic strain under this loading is contained within the bumper system with the maximum strain
occurring in the heat affected zone (the welded area between the armature and crush can).

In the ‘offset’ impact load case, the analysis predicts that there will be no contact between the
barrier and the vehicle bodywork. The maximum dynamic deflection at the end of the armature is
predicted to be ~86mm and there is sufficient clearance to the body such that there should be not
contact. Deflection at the end of the analysis (200ms) is predicted to be ~72ms. Unlike the 100-
percent overlap case the analysis predicts lateral movement of ~37mm in the vehicle during the
impact as it ‘slides’ along the face of the barrier. During this sliding the barrier remains in contact
will the bumper armature (still 50mm of engagement) until the vehicle starts to rebound. See Figure
4.5.4.6.1.b below.

Y

L s

0.120000

Figure 4.5.4.6.1.b: ‘Deformation’ (@ maximum deflection

As with the 100-percent overlap load case the plastic strain is contained within the bumper system.
As the barrier loads an unrestrained end of the armature, the plastic strains are confined to the
armature and the crush can welded area on the struck side.
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4.5.5.Bill of Materials.

The body structure Bill of Materials (BOM) is shown below in Table 4.5.5.a. The mass is
241.8 kg, which is 37-percent lower than the baseline Toyota Venza body structure. The
total parts count of the Phase 2 HD body is 169, compared to 211 for the Phase 1 HD
body and 269 parts for the baseline Venza body. The direct manufacturing cost of this
Phase 2 HD BIW design is approximately $432. Note that the front end module is not part
of the BIW structure as it is a bolt on part. It is included in the parts count, mass and cost
to provide parity with the baseline Venza BIW which includes this structure. The BIW mass
less the 7.66 kg for these front end parts is 234.1 kg.

Table 4.5.5.a: Bill of Materials

Part Number Part Name Material Thickness BIW Mass (kg)

R

Complete body - less bumpers and fenders 241.8
\

Front End

7305-2400-209 Front end module Magnesium - AM60 4.50 5.85

7305-2400-001 Small crossmember reinforcement Aluminum - 6022-T4 4.00 1.23

7305-2400-002 Large crossmember reinforcement Aluminum - 6022-T4 4.00 0.57
Sub-total 7.66

0909090909090 1
Floor

7306-2400-229 Floor panels (left and right) Composite 7.77

7306-2400-231 Center floor panel Composite 1.81

7307-2400-115 Rear passenger compartment floor panel Composite 3.27
Sub-total 12.85

- _ 0 00 0]

Left-side Bodyside Outer Assembly

7306-2300-185 Rear panel Aluminum - 6022 - T4 1.20 5.15

7306-2300-183 Front panel Aluminum - 6022 - T4 1.20

7306-2300-187 Lower, rear, quarter panel closeout Aluminum - 6022 - T4 2.50 0.41

7306-2300-189 Flange to body panel Aluminum - 6022 - T4 2.50 0.46

7306-2300-191 Tail lamp close out panel Aluminum - 6022 - T4 0.09
Sub-total 6.11

Right-side Bodyside Outer Assembly

7306-2300-186 Rear panel Aluminum - 6022 - T4 1.20 5.16

7306-2300-184 Front panel Aluminum - 6022 - T4 1.20

7306-2300-188 Lower, rear, quarter panel closeout Aluminum - 6022 - T4 2.50 0.41

7306-2300-190 Flange to body panel Aluminum - 6022 - T4 2.50 0.46

7306-2300-192 Tail lamp close out panel Aluminum - 6022 - T4 0.09
Sub-total 6.12

Roof and Header

7306-2200-109 Roof panel Aluminum - 6022 - T4 1.20 9.05
7306-2000-215 Rear roof side rail inner - left Aluminum - 6022 - T6 2.00 0.78
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Left-side D-Pillar Assembly

7306-2000-171 Front roof side rail inner - left Aluminum - 6022 - T6 2.00 0.40
7306-2000-216 Rear roof side rail inner - right Aluminum - 6022 - T6 2.00 0.78
7306-2000-172 Front roof side rail inner - right Aluminum - 6022 - T6 2.00 0.40
7306-2100-101 Front header Aluminum - 6022 - T4 2.50 1.81
7306-2100-103 Center header Aluminum - 6022 - T4 2.50 1.65
7307-2100-104 Rear header Aluminum - 6022 - T6 2.50 1.99
Sub-total 16.86

Right-side D-Pillar Assembly

7307-2110-179 Liftgate reinforcement Aluminum - 6022 - T6 2.50 1.14
7307-2110-105 D-pillar inner Aluminum - 6022 - T6 2.50 1.47
7307-2110-177 Quarter panel inner Aluminum - 6022 - T6 2.50 1.18

Sub-total 3.79

Shotgun Closeouts

7307-2120-180 Liftgate reinforcement Aluminum - 6022 - T6 2.50 1.14
7307-2120-106 D-pillar inner Aluminum - 6022 - T6 2.50 1.47
7307-2120-178 Quarter panel inner Aluminum - 6022 - T6 2.50 1.18

Sub-total 3.79

Lower Left A-Pillar Outer Assembly

7305-1900-159 Shotgun closeout panel - left Aluminum - 6022 - T4 2.50 0.06
7305-1900-160 Shotgun closeout panel - right Aluminum - 6022 - T4 2.50 0.06
Sub-total 0.12

Lower Right A-Pillar Outer Assembly

7305-1930-169 Shotgun outer panel Aluminum - 6013 - T6 2.00 0.94
7305-1930-187 Lower panel Aluminum - 6061 - T6 3.00 3.33
7305-1930-171 Upper hinge reinforcement Mild Steel 3.00 0.15
7305-1930-173 Lower hinge reinforcement Mild Steel 3.00 0.12

Sub-total 4.54

Right Door Aperature Assembly

7305-1940-170 Shotgun outer panel Aluminum - 6013 - T6 2.00 0.94
7305-1940-188 Lower panel Aluminum - 6061 - T6 3.00 3.33
7305-1940-184 Upper hinge reinforcement Mild Steel 3.00 0.15
7305-1940-186 Lower hinge reinforcement Mild Steel 3.00 0.12

Sub-total 4.54

Right B-Pillar Sub-Assembly

7306-1920-190 Upper A-pillar outer panel Aluminum - 6022 - T4 2.50 1.33
7306-1920-192 Outer roof side rail Aluminum - 6013 - T6 2.50 0.86
7306-1920-194 C-pillar striker reinforcement Mild Steel 3.00 0.30
7306-1920-196 C-pillar outer Aluminum - 6013 - T6 2.50 3.24

Sub-total 5.72

Right B-Pillar Outer Sub-Assembly
7306-1924-002 Lower B-pillar outer SSAB Tunnplat Docol® 1400 1.40 5.51
DP High-strength Steel

7306-1924-004 Upper B-pillar outer Aluminum - 6022 - T4 2.50 0.49
7306-1924-006 Upper, inner reinforcement Mild Steel 3.00 0.49
7306-1924-008 Middle, inner reinforcement Mild Steel 3.00 0.23
7306-1924-010 Lower, inner reinforcement Mild Steel 3.00 0.56

Sub-total 7.27
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Right B-Pillar Inner Sub-Assembly

Left Door Aperature Assembly

7306-1926-012 Lower B-pillar inner SSAB Tunnplat Docol® 1400 1.40 2.72
DP High-strength Steel

7306-1915-001 Beltline reinforcement plate Mild Steel 3.18 0.06

7306-1915-002 B-pillar reinforcement Terocore structural 3.00 1.53

7306-1926-014 B-pillar, upper, inner Aluminum - 6013 - T6 2.00 0.18

Sub-total 4.49

Left B-Pillar Sub-Assembly

Left Dash Transmission Assembly

7306-1910-189 Upper A-pillar outer panel Aluminum - 6022 - T4 2.50 1.33
7306-1910-191 Outer roof side rail Aluminum - 6013 - T6 2.50 0.86
7306-1910-193 C-pillar striker reinforcement Mild Steel 3.00 0.30
7306-1910-195 C-pillar outer Aluminum - 6013 - T6 2.50 3.24

Sub-total 5.72

Left B-Pillar Outer Sub-Assembly
7306-1913-001 Lower B-pillar outer SSAB Tunnplat Docol® 1400 1.40 5.51
DP High-strength Steel

7306-1913-003 Upper B-pillar outer Aluminum - 6022 - T4 2.50 0.49
7306-1913-005 Upper, inner reinforcement Mild Steel 3.00 0.49
7306-1913-007 Middle, inner reinforcement Mild Steel 3.00 0.23
7306-1913-009 Lower, inner reinforcement Mild Steel 3.00 0.56

Sub-total 7.27

Left B-Pillar Inner Sub-Assembly
7306-1915-011 Lower B-pillar inner SSAB Tunnplat Docol® 1400 1.40 2.72
DP High-strength Steel

7306-1915-001 Beltline reinforcement plate Mild Steel 3.18 0.06
7306-1915-003 B-pillar reinforcement Terocore structural 3.00 1.53
7306-1915-013 B-pillar, upper, inner Aluminum - 6013 - T6 2.00 0.18

Sub-total 4.49

.,
Cowl

7305-1800-145 Upper cowl panel Magnesium - AM60 4.00 2.52
7305-1700-147 Cowl support Aluminum - 6022 - T4 1.50 1.86

Sub-total 4.38

Right Dash Transmission Assembly

7305-1530-221 Dash-transmission reinforcement Aluminum - 6013 - T6 3.00 1.55
7305-1530-223 Dash-transmission insert Aluminum - 6013 - T6 3.00 0.09
Sub-total 1.64

7305-1520-222 Dash-transmission reinforcement Aluminum - 6013 - T6 3.00 1.55
7305-1520-224 Dash-transmission insert Aluminum - 6013 - T6 3.00 0.09
Sub-total 1.64

Rear Crossmember Assembly

Rear End Panel Assembly
7307-1510-111 Outer panel Aluminum - 6022 - T4 2.50 213
7307-1510-117 Inner panel Aluminum - 6022 - T4 2.50 3.61
Sub-total 5.74

7307-1410-119

Rear compartment crossmember

Aluminum - 6061-T6

3.00

4.26

7307-1410-120

Hanger bracket extrusion

Aluminum - 6061-T6

3.00

0.35
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Right Front Wheelhouse Assembly

Sub-total 4.61

Left Front Wheelhouse Assembly
7305-1310-151 Front shock tower Aluminum - 356-T6 3.00 1.09
7305-1310-161 Front wheelhouse panel Magnesium - AM60 6.00 2.05
Sub-total 3.14

Rear Center Seat Riser Assembly

7305-1320-152 Front shock tower Aluminum - 356-T6 3.00 1.09
7305-1320-162 Front wheelhouse panel Magnesium - AM60 6.00 2.05

Sub-total 3.14

— 0 00000/
Rear Seat Pan Assembly

7306-1200-113 Rear seat panel floor Aluminum - 6022-T4 1.50 3.98
7306-1200-111 Seatbelt anchrage plate - right and left Aluminum - 6022-T4 3.00 0.10
7307-1200-218 Rear frame rail outer transition - right Aluminum - 356-T6 3.00 4.28
7307-1200-217 Rear frame rail outer transition - left Aluminum - 356-T6 3.00 4.28

Sub-total 12.65

7306-1110-101 Rear center seat riser Aluminum - 6022-T4 1.50 1.63
7306-1110-103 Rear seat floor reinforcement - left Aluminum - 6022-T4 2.50 0.28
7306-1000-176 Rear seat riser - right Aluminum - 6022-T4 1.50 0.44
7306-1000-175 Rear seat riser - left Aluminum - 6022-T4 1.50 0.44

Sub-total 2.78

Rear Frame Rail Assembly

Right Front Frame Rail Assembly

7307-1000-139 Rear frame rail - right and left Aluminum - 6061-T6 2.5/2.75 3.81
7307-1000-138 Rear frame rail mounting plate - right and left Aluminum - 6022-T4 2.50 0.28
Sub-total 4.09

7307-1020-136 Front frame rail Aluminum - 6061-T6 2.5/2.75 1.54
7307-1020-224 Front frame rail mounting plate Aluminum - 6022-T4 2.00 0.18
Sub-total 1.71

Right Front Rail Mount Sub-Assembly
7307-1011-001 Front rail mount Aluminum - 6022-T4 2.50 0.09
7307-1011-003 Front rail mount cvr - left and right Aluminum - 6022-T4 2.50 0.12
Sub-total 0.21

Left Front Frame Rail Assembly

7307-1010-135 Front frame rail Aluminum - 6061-T6 2.5/2.75 1.54
7307-1010-223 Front frame rail mounting plate Aluminum - 6022-T4 2.00 0.18
Sub-total 1.7
Left Front Rail Mount Sub-Assembly
7307-1011-001 Front rail mount Aluminum - 6022-T4 2.50 0.09
7307-1011-003 Front rail mount cvr - left and right Aluminum - 6022-T4 2.50 0.12
Sub-total 0.21
0009090909090 1
Transitions
7305-1200-210 Front frame rail outer transition - right Aluminum - 356-T6 3.00 3.1
7305-1200-209 Front frame rail outer transition - left Aluminum - 356-T6 3.00 3.1
7305-0900-138 Front frame rail inner transition - right Aluminum - 356-T6 3.00 3.07
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7305-0900-137

Front frame rail inner transition - left

Aluminum - 356-T6

7307-0900-142

Rear frame rail inner transition - right

Aluminum - 356-T6

7307-0900-141

Rear frame rail inner transition - left

Aluminum - 356-T6

3.00 3.07

3.00 3.41

3.00 3.41
Sub-total 19.18

Small Floor Crossmember Assembly

7306-0830-124

Small outer extrusion - right and left

Aluminum - 6061-T6

7306-0830-125

Small floor crossmember - right and left

Aluminum - 6061-T6

7306-0830-126

Small inner extrusion - right and left

Aluminum - 6061-T6

3.00 0.61
2.50 4.89
3.00 0.54

Sub-total 6.04

Large Floor Crossmember Assembly

7306-0840-010 Large outer extrusion - right and left Aluminum - 6061-T6 3.00 0.51
7306-0840-011 Large floor crossmember - right and left Aluminum - 6061-T6 2.50 2.62
7306-0840-012 Large inner extrusion - right and left Aluminum - 6061-T6 3.00 0.17
7306-0850-000 Fore and aft extrusion - right and left Aluminum - 6061-T6 3.00 1.89
7306-0860-000 Center tunnel bracket Aluminum - 6061-T6 2.50 0.33

Sub-total 5.51

0 0009090909090 0 0 1
Dash Panel

7305-1400-143 Upper dash panel Magnesium - AM60 3.00 3.69
7305-1400-144 Lower dash panel Magnesium - AM60 3.00 5.37
7305-1600-149 Dash panel reinforcement Magnesium - AM60 3.0/2.0 2.85

Sub-total 11.91

Miscellaneous Panels and Reinforcements

7307-1600-183

Rear wheelhouse outer panel - left

Magnesium - AM60

7307-1600-184

Rear wheelhouse outer panel - right

Magnesium - AM60

7307-1600-213

Rear closeout panel - left

Aluminum - 6022 - T4

7307-1600-214

Rear closeout panel - right

Aluminum - 6022 - T4

7305-1500-157

Shotgun inner panel - left

Aluminum - 6013 - T6

7305-1500-158

Shotgun inner panel - right

Aluminum - 6013 - T6

7305-1500-197

A-pillar inner reinforcement panel - left

Aluminum - 6022 - T4

7305-1500-198

A-pillar inner reinforcement panel - right

Aluminum - 6022 - T4

7305-1400-154

Lower A-pillar inner - right

Aluminum - 6022 - T4

7305-1400-153

Lower A-pillar inner - left

Aluminum - 6022 - T4

7307-1400-164

Rear wheelhouse inner - right

Aluminum - 6022 - T4

7307-1400-163

Rear wheelhouse inner - left

Aluminum - 6022 - T4

7305-1500-228

Lower A-pillar inner reinforcement - right

Aluminum - 6022-T4

7305-1500-227

Lower A-pillar inner reinforcement - left

Aluminum - 6022-T4

7307-1500-168

Shock tower reinforcement - right

Aluminum - 6022-T4

7307-1500-167

Shock tower reinforcement - left

Aluminum - 6022-T4

7305-1300-156

Upper A-pillar inner - right

Aluminum - 6022-T4

7305-1300-155

Upper A-pillar inner - left

Aluminum - 6022-T4

7305-1300-166

Rear shock tower - right

Aluminum - 356-T6

7305-1300-165

Rear shock tower - left

Aluminum - 356-T6

7306-0820-124

Rocker sill extension - right

Aluminum - 6061-T6

7306-0810-123

Rocker sill extension - left

Aluminum - 6061-T6

3.00 2.02
3.00 1.86
1.50 0.49
1.50 0.49
2.00 1.05
2.00 1.05
2.00 0.22
2.00 0.22
2.00 0.40
2.00 0.40
2.50 3.95
2.50 3.96
2.00 0.17
2.00 0.17
2.50 0.61
2.50 0.61
2.00 1.60
2.00 1.60
3.00 2.15
3.00 2.15
2.0/2.5 5.82
2.0/2.5 5.82
Sub-total 36.77

Table 4.5.5.b below shows a condensed summary of the full BOM table above, breaking
out the various body components and subsystems. The table exemplifies how an overall
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37-percent mass (141 kg) reduction from the baseline Venza was achieved while individual
components had revised mass reductions. For example, the underbody and floor area
went from the baseline steel to a mostly aluminum structure and resulted in an 18-percent

(21 kg) reduction. The dash panel area was constructed out of magnesium instead of the
baseline steel, which resulted in a 30-percent (5 kg) mass reduction. The new aluminum
roof structure was 39-percent lighter (7.9 kg) than the conventional steel one. Within the

vehicle body sides, each aluminum A-pillar resulted in a 50-percent (9.1 kg) mass

reduction and each HSS B-pillar resulted in a 53-percent (19.7 kg) mass reduction from

the conventional steel versions.

Table 4.5.5.b: Phase 2 HD Vehicle Body Structure

System Subsystem Standard | Percent of Material Mass (kg) Revised Percent Piece
Venza Body T Structure reduction Cost
(kg) Structure Steel Al Mg | Composite | Other Total (kg) from Relative
baseline to Venza
Body complete 403.24 260.8 35%
Windshield 9.15 - - - - - 8 13%
wiper system
Body exterior 11.59 - - - - - 6.55 43%
trim items
Body structure 382.5 241.8 39%
Underbody & 113.65 30% - 79.9 - 12.9 - 92.7 18% 110%
floor
Dash panel 15.08 4% - - 11.9 - - 11.9 21% 141%
Front 25.15 7% - 116 | 55 - - 17.1 32% 167%
structure &
radiator
crossmember
Body side LH 65.22 17% 101 165 | 1.9 - 1.5 33.3 49% 117%
Body side RH 65.22 17% 10.1 165 | 1.9 - 1.5 33.2 49% 117%
Roof 27.83 7% - 16.9 - - - 16.9 39% 298%
Internal 58.35 15% - 24.6 - - - 246 58%
Structure
NVH 8 2% - - - - - 8 0% 100%
Paint 4 1% - - - - - 4 0% 100%
Total 382.5 18 167 27 11 12 241.8 37% 160%

The more prominent changes made between Phase 1 and 2 in order to refine the vehicle

to meet crash test standards are shown in Table 4.5.5.c below. The table lists the baseline

Venza, original Phase 1 HD design, and updated Phase 2 design. Several changes were

made from Phase 1 to Phase 2 such as modifying the B-pillar from aluminum to dual-
phase 1400 HSS because of roof crush and side impact standards. The Phase 1 floor

contained aluminum, magnesium, and significant amounts of composite material, but the
Phase 2 floor has moved to a more aluminum-intensive composite structure for
manufacturing reasons.

Magnesium was used extensively in the front structure, roof, and A-pillar design of the
Phase 1 HD design, but the metal proved too brittle to meet crash standards. The Phase 2
HD model uses primarily aluminum for all these structures. The lower A-pillar inner

however, is integrated into the magnesium dash casting and the move to an aluminum A-
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pillar allowed for an increase in cross-sectional area to stiffen the body and increase
torsional stiffness. Changes were made to the C-pillar design as well, moving from a

magnesium structure to an aluminum and steel structure for the same reasons as the A-

pillar.

Table 4.5.5.c: Summary of changes from Phase 1 HD to Phase 2 HD

Body Subsystem Venza | Phase 1 Phase 2 Phase 2 Reason for
(kg) HD (kg) HD (kg) | Material Shift Change
Underbody/Floor 113.7 83.8 92.7 Mix to mostly Manufacturing
aluminum
Front structure and radiator 25.2 18.6 171 Magnesium to Frontal impact,
crossmember aluminum FMVSS 208
Body-side A-pillar 18.2 12.8 9.1 Magnesium to Roof crush,
aluminum frontal impact
Body-side B-pillar 37.19 17.13 17.48 Magnesium to | Roof crush, side
aluminum and impact
HSS
C-pillar 12.8 10.2 3.5 Magnesium to | Roof crush, side
steel and impact
aluminum
Roof 27.8 16.8 16.9 Magnesium to Roof crush
aluminum
Figure 4.5.5.a below lists all masses in kg.
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Figure 4.5.5.a: Venza, Phase 1, and Phase 2 vehicle body structure by material
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Table 4.5.5.d below shows a comparison of all system masses for the baseline 2009
Venza, the Phase 1 Low Development and High Development models and the Phase 2
model. The bumper mass for the Phase 2 model was adjusted from 15.95 kg to 20.17 kg
to adjust for the increased front and rear bumper masses. These systems were designed
in CAD as part of the Phase 2 study and were engineered as part of the energy absorbing
structure. The bumper beam masses increased by 1.05 kg (front) and 1.39 kg (rear). The
bumper crush cans added an additional 0.86 kg at the front and 0.92 kg at the rear. The
total mass of the Phase 2 model was 1173 kg; this mass was used as the basis for all
analyses performed as part of this study.

Table 4.5.5.d: Venza, Phase 1, and Phase 2 system masses

Area/System Venza Baseline Phase 1 Low Phase 1 High Phase 2 High
Mass (kg) Development Development Mass Development
Mass (kg) (kg) Mass (kg)
Body-in-white 3825 357.4 221.1 241.8
Closures/Fenders 143.02 107.6 83.98 83.98
Bumpers 17.95 15.95 15.95 20.17
Thermal 9.25 9.25 9.25 9.25
Electrical 23.6 16.68 15.01 15.01
Interior 250.6 182.0 153 153
Lighting 9.9 9.9 9.9 9.9
Suspension/Chassis 378.9 275.5 217.0 217.0
Glazing 43.71 43.7 43.71 43.71
Misc. 30.1 22.9 22.9 22.9
Powertrain 410.16 356.2 356.2 356.2
Total excluding powertrain 1290 1041 795 817
Reduction from baseline - 19% 39% 38%
Total including powertrain 1700 1397 1151 1173
Reduction from baseline - 18% 32% 31%

The baseline and Phase 1 mass information was published in 2010 by the International Council on
Clean Transportation in a report titled: An Assessment of Mass Reduction Opportunities for a 2017-
2020 Model Year Vehicle Program. The link to this study is:
http://www.theicct.org/pubs/Mass_reduction_final 2010.pdf
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Figure 4.5.5.b below shows the total vehicle material utilization by mass for the baseline, Phase 1,
and Phase 2 models.
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Figure 4.5.5.b: Venza, Phase 1, and Phase 2 full vehicle material composition

4.5.5.1. Closures Bill of Materials

A separate BOM was constructed for just the fully engineered closures. The total weight increased
to 90.4 kg from the estimated 84.0 kg due to changes in material from magnesium to aluminum.
The full BOM is listed in Table 4.5.5.1.a below.

Table 4.5.5.1.a; Closures BOM

Part Number Part Name Material Thickness Mass (kg)
(mm)

|

. Closues | %04 |

I

Liftgate

7308-2610-001 Liftgate inner Magnesium - AM60 3.00 7.318
7308-2610-002 | Liftgate outer Aluminum - 6063-T4 1.20 5.673
7308-2610-003 | Panel - Spoiler PPO+PA Noryl GTX 3.00 1.034
7308-2610-004 | Liftgate bracket — gas strut anchor - inner Aluminum - 6063-T4 3.00 0.036
7308-2610-005 | Bracket — hinge upper Aluminum - 6063-T4 3.0 0.021
7308-2610-005 | Bracket — liftgate hinge base Aluminum - 6063-T4 3.0 0.021
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| I Sub-total 14.10 ’

Door Front — LH

Door Front — RH

7308-2710-001 Panel - Door outer - LH Aluminum - 6063-T4 1.2 3.28
7308-2810-002 | Panel - Door inner - LH Magnesium - AM60 3.0 4.18
7308-2810-003 | Beam — Reinf't Front Door HSS-950 1.4 1.381
7308-2810-004 | Bracket- Frt. Dr. Hinge support HSS-950 1.4 0.4951
7308-2810-005 | Beam — Reinf.-Frt. Dr. outer HSS-950 1.4 0.4917
7308-2810-006 | Striker Asm.-Striker Plate LCS 3.0 0.0666
7308-2810-007 | Hinge Asm. — Door upper LCS 5.0 0.601
7308-2810-008 | Hinge plate — outer - upper LCS 5.0 0.5448
7308-2810-009 | Hinge plate — inner - upper LCS 4.0 0.1026
7308-2810-010 | Hinge Asm. — Door lower LCS 5.0 0.601
7308-2810-011 Hinge plate — outer - lower LCS 5.0 0.5448
7308-2810-012 | Hinge plate — inner - lower LCS 4.0 0.1026
7308-2810-013 | Striker — Front Door latch reinf’t HSS - 950 1.5 0.361
73082810-014 Panel — Insert Frt Door PPO - Unfilled 3.0 0.9276
Sub-total 13.68

e ) A B

7308-2710-001 Panel - Door outer - RH Aluminum - 6063-T4 1.2 3.28
7308-2810-002 Panel - Door inner - RH Magnesium - AM60 3.0 4.18
7308-2810-003 | Beam — Reinf’t Front Door HSS-950 1.4 1.381
7308-2810-004 | Bracket- Frt. Dr. Hinge support HSS-950 1.4 0.4951
7308-2810-005 | Beam — Reinf.-Frt. Dr. outer HSS-950 1.4 0.4917
7308-2810-006 | Striker Asm.-Striker Plate LCS 3.0 0.0666
7308-2810-007 | Hinge Asm. — Door upper LCS 5.0 0.601
7308-2810-008 | Hinge plate — outer - upper LCS 5.0 0.5448
7308-2810-009 | Hinge plate — inner - upper LCS 4.0 0.1026
7308-2810-010 | Hinge Asm. — Door lower LCS 5.0 0.601
7308-2810-011 Hinge plate — outer - lower LCS 5.0 0.5448
7308-2810-012 | Hinge plate — inner - lower LCS 4.0 0.1026
7308-2810-013 | Striker — Front Door latch reinf't HSS - 950 1.5 0.361
73082810-014 Panel — Insert Frt Door PPO - Unfilled 3.0 0.9276
Sub-total 13.68
Door Rear - LH
7308-2910-001 Panel - Door rear outer - LH Aluminum - 6063-T4 1.2 2.871
7308-2910-002 | Panel - Door rear inner - LH Magnesium AM60 3.0 4.3409
7308-2910-003 | Beam — Reinft Rear Door HSS - 950 1.4 2127
7308-2910-004 | Hinge — Ft Dr Lwr LCS 5.0 0.601
7308-2910-005 | Striker Asm.-Striker Plate LCS 3.0 0.0666
7308-2910-006 | Hinge Asm. — Door upper LCS 5.0 0.601
7308-2910-007 | Hinge plate — outer - upper LCS 5.0 0.5448
7308-2910-008 | Hinge plate — inner - upper LCS 4.0 0.1026
7308-2910-009 | Hinge Asm. — Door lower LCS 5 0.601
7308-2910-010 | Hinge plate — outer - lower LCS 5.0 0.5448
7308-2910-011 Hinge plate — inner - lower LCS 4.0 0.1026
7308-2910-012 | Panel — Insert Frt Door PPO - Unfilled 3.0 0.6951
7308-2910-013 | Striker — latch reinf’t Aluminum 6061 T4 1.4 0.256
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Door Rear - RH

7308-2910-014 | Bracket — rr dr hinge support Aluminum 6063 T4 2.0 0.263
7308-2910-015 | Reinft — rr dr outer Aluminum 6063 T4 2.0 0.649
7308-2910-016 | Reinft —rr drinner Aluminum 6063 T4 2.0 0.649

Sub-total 12.58

Front Fender Outer - LH

7308-3010-001 Panel - Door rear outer - LH Aluminum - 6063-T4 1.2 2.871
7308-3010-002 | Panel - Door rear inner - LH Magnesium AM60 3.0 4.3409
7308-3010-003 | Beam — Reinft Rear Door HSS - 950 1.4 2127
7308-3010-004 | Hinge — Ft Dr Lwr LCS 2.5/2.0 0.364
7308-3010-005 | Striker Asm.-Striker Plate LCS 3.0 0.0666
7308-3010-006 | Hinge Asm. — Door upper LCS 5.0 0.601
7308-3010-007 | Hinge plate — outer - upper LCS 5.0 0.5448
7308-3010-008 | Hinge plate — inner - upper LCS 4.0 0.1026
7308-3010-009 | Hinge Asm. — Door lower LCS 5 0.601
7308-3010-010 | Hinge plate — outer - lower LCS 5.0 0.5448
7308-3010-011 Hinge plate — inner - lower LCS 4.0 0.1026
7308-3010-012 | Panel — Insert Frt Door PPO - Unfilled 3.0 0.6951
7308-3010-013  Striker — latch reinf’t Aluminum 6061 T4 1.4 0.256
7308-3010-014  Bracket — rr dr hinge support Aluminum 6063 T4 2.0 0.263
7308-3010-015 Reinft — rr dr outer Aluminum 6063 T4 2.0 0.649
7308-3010-016  Reinf't — rr dr inner Aluminum 6063 T4 2.0 0.649
Sub-total 12.58

I

Front Fender Outer - RH

7308-3110-001 Panel - Front Fender Outer - LH Aluminum - 6063 - T4 1.2 4.756
7308-3110-002 | Reinft — Fender mount at lamp Aluminum - 6022 - T4 2.5 0.662
7308-3110-003 Brkt — Fender mount mid-upr Aluminum - 6022 - T4 2.5 0.048
7308-3110-004 | Brkt— Fender mount upr Aluminum - 6022 - T4 25 0.07
7308-3110-005 | Brkt— Fender mount Iwr Aluminum - 6022 - T4 25 0.043
7308-3110-006 | Brkt — Fender mount - upr rear Aluminum - 6022 - T4 25 0.053

Sub-total 5.63
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7308-3210-001 Panel - Front Fender Outer - LH Aluminum - 6063 - T4 1.2 4.756
7308-3210-002 | Reinft — Fender mount at lamp Aluminum - 6022 - T4 25 0.662
7308-3210-003 | Brkt — Fender mount mid-upr Aluminum - 6022 - T4 25 0.048
7308-3210-004 | Brkt— Fender mount upr Aluminum - 6022 - T4 25 0.07
7308-3210-005 | Brkt— Fender mount Iwr Aluminum - 6022 - T4 2.5 0.043
7308-3210-006 | Brkt— Fender mount - upr rear Aluminum - 6022 - T4 25 0.053
Sub-total 5.63
-+ o [ ]
Hood
7308-3310-001 Panel - Hood outer Aluminum - 6063 - T4 1.2 4113
7308-3310-002 Panel - Hood inner Aluminum - 6063 - T4 2.50 8.1
7308-3310-003 | Hinge — hood (2x) Aluminum - 6022 - T4 2.50 0.26
Sub-total 12.483




4.5.6.Vehicle Manufacturing

A vehicle assembly process was developed to ensure that the BIW could be assembled
and mass-produced in a cost-effective manner. EBZ Engineering — which designs plants
for VW, Audi, Porsche, Jaguar Land Rover, BMW, Ford of Europe, Tata, Magna, and Opel
— completed the plant design for Lotus Engineering. The EBZ-designed manufacturing
process was used to drive the part design; all parts were analyzed as a function of the
build flow to ensure part-to-part compatibility as well as compatibility with the fixturing and
joining processes. While the assembly techniques used in this study were carried into the
manufacturing process, some OEMs may be reluctant to begin adopting new bonding or
manufacturing methods such as structural adhesives. Automotive manufacturing engineers
are typically conservative due to the risks associated with new processes — if it should fail,
the whole plant will come offline for some time. However, as noted, Ford is instituting a
number of processes and methods used in this study for its next-generation F-150, which
sees production volumes of approximately 400,000 units per year. The study assumed that
an existing facility would be updated rather than build a new plant. This is typical
automotive practice.

The full manufacturing report is included in Appendix A in Sections 7.1 and 7.1.1.

4.5.6.1. Assembly

Vehicle assembly is broken up into 44 different stations across three different
manufacturing areas — a sub-assembly area, underbody line, and framing line. In total,
there are 19 different sub-assembly stations, 14 underbody stations, and 11 framing line
assembly stations. Table 4.5.6.1.a below lists all of the assembly stations, their individual
functions, and the parts involved. A number of idle stations are included to allow for
additional production capacity without major retooling.

Table 4.5.6.1.a: Assembly stations, functions, and parts

Station Assembly Function Parts Involved
Name
SA05 Front and rear bumper assembly Front and rear bumper brackets, mounting plates, beam
SA10 Front frame rail assemblies Frame rail mounting plates, rails, brackets, transitions, rocker extrusions
SA15 L, R pillar sub-assemblies A-pillar upper and lower, inner reinforcements; B-pillar upper and lower,
inner and outers; roof rail, C-pillar striker reinforcement
SA20 Rear end assembly L, R shock towers and reinforcements
SA25 X-member sub-assemblies X-member extrusions, brackets, and reinforcements
SA30 Complete floor X-member assembly X-member sub-assemblies, crossbraces, reinforcements
SA35 Rear end panel and compartment X- Rear inner and outer panels, X-member extrusion and brackets
member assembly
SA40 Side rail assemblies Rail and rocker extrusions, brackets, transitions,
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SA45

L, R rear wheelhouse assemblies

D-pillar inners, quarter panel inners, liftgate reinforcements, wheelhouse
inners

SA50 Dash sub-assembly Dash panel, reinforcements

SA55 Dash assembly Dash sub-assembly, dash reinforcement, cowl panel support

SA60 Rear seat assembly Rear seat risers, floor reinforcements, floor panel

SA65 L, R front wheelhouse assemblies Front wheelhouse panels, shotguns, shock towers

SA70-10 L, R roof, B-pillar bodyside inner Front and rear roof side inners, upper and lower B-pillar inners

assemblies

SA70-20 L, R A-pillar outer assemblies L, R A-pillar upper and lower outers, shotgun outers

SA70-30 L, R C-pillar bodyside inner assemblies L, R roof side rail sub-assembly, C-pillar outer upper

SA75 L, R A-pillar inner sub-assemblies L, R A-pillar upper and lower inners, A-pillar sub-assemblies

SA80 L, R bodyside outer assembly L, R rear quarter panel, tail lamp closeout, bodyside outer, bodyside
outer frame rail, flange

SA85 L, R inner B-Pillar assembly L, R B-pillar sub-assembly, upper and lower inner reinforcements

UB100 Initial underbody assembly Floor crossmember, rear end, rear end panel, side rail assemblies

UB110 Initial underbody assembly Floor crossmember, rear end, rear end panel, side rail assemblies

UB120 Rear wheelhouse and dash buildup Previous underobdy build, dash assembly, dash transmission
reinforcements, rear wheelhouse assemblies

UB130 Idle

UB140 Weld respotting Previous underbody build

UB150 Rear seat and A-pillar buildup Previous underbody build, rear seat assembly, A-pillar assemblies

UB160 Idle

UB170 Front wheelhouse buildup Previous underbody build, front wheelhouse assemblies

UB180 Central flooring Previous underbody build, center floor panels

UB190 Rear. wheelhouse lining and rear rear Previous underbody build, rear wheelhouse outers, rear floor panel

UB200 C\(l)glrclinr%spotting Previous underbody build

UB210 Stud application Previous underbody build

UB220 Camera inspection Previous underbody build

UB230 Elevator to framing Previous underbody build

FR100 Idle

FR110 Bodyside outer buildup Underbody build, L,R bodyside inner assemblies

FR120 Weld respotting Previous framing build

FR130 Stud application Previous framing build

FR140 Bodyside inner buildup Previous framing build, L, R bodyside outer assemblies

FR150 Roof and cowl buildup Previous framing build, cowl upper panel, roof panel, shotgun closeouts

FR160 Weld respotting Previous framing build

FR170 Camera inspection Previous framing build

FR180 Bumper buildup Previous framing build, front end module, front and rear bumper
assemblies

FR190 Surface finishing/reworking Previous framing build

FR200 Idle, electric motorized system
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Five different conveyors are needed to transport the BIWs around the assembly plant. One
conveyor system is used for the sub-assembly area where the parts are loaded onto it by
humans or robots. The sub-assembly area is divided into sections so the parts need to be
moved between stations. A second conveyor is needed for the underbody line, which is
continuous so parts only need to be loaded once. The third conveyor is used for cross-
plant transport between the underbody and framing lines. The underbodies are loaded
onto skids, which are then transported across the plant onto the framing line conveyor on
the skid. Once the BIWs are complete, the skids are returned to the cross transport
conveyor.

The total manufacturing cycle time is 191 seconds after a 15-percent inefficiency factor is
considered as shown in Table 4.5.6.1.b. These inefficiencies stem from the equipment
(five percent), downtime due to organizational problems (five percent), and system
downtime (five percent).

Table 4.5.6.1.b: Cycle time calculations

Item Value Formula
A Vehicles/year 60,000
B Working days/year (365-104-11) 250
Cc Vehicles/day 240 A/B
D Shifts 2
E Hours/shifts 8
F Break/shift 0.5
G Uptime/day (seconds/working day) 54,000 7.5 hrs/shift *2 shifts/day *3600 s/hr
H Gross cycle time (seconds) 225 G/IC
| Inefficiency factor 15%
J Net Cycle Time 191 H*(1-1)
4.5.6.2. Labor

The Phase 2 HD vehicle plant will require a total of 47 workers per shift. Of these 47
workers, 24 will be directly employed by the plant to operate the assembly line. The
remaining 23 will be indirect and consist of 12 logistics workers (material handlers), 10
maintenance workers, and one coordinate measuring machine operator. Table 4.5.6.2.a
below shows the estimated labor costs for the plant (flat year-over-year wages).

Table 4.5.6.2.a: Phase 2 HD BIW estimated labor costs

Assembly Workers

Number 24

Wage $22

Cost per shift $4,224

Benefits (40% of wages) $1,690

Total cost per shift $5,914

Annual cost $2,956,800
e —
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Maintenance Workers

Number 11

Wage $35

Cost per shift $3,080

Benefits (40% of wages) $1,232
Total cost per shift $4,312
Annual cost $2,156,000

Logistics Workers

Number 12

Wage $18

Cost per shift $1,728

Benefits (60% of wages) $1,037

Total cost per shift $2,765

Annual cost $1,382,400

Total labor cost per shift $12,990
Annual labor cost $6,495,200

Labor cost per vehicle $108

Table 4.5.6.2.b below shows the estimated cost increase per vehicle if the workers receive
3-percent annual raises. By the eighth year (the last year used in the financial analysis),
this adds a total of $17.30 to the cost of each vehicle.

Table 4.5.6.2.b: Phase 2 HD BIW estimated labor cost increases with 3% annual raises

3% Annual Raises

Year| 1 2 3 4 5 6 7 8
Assembly Workers| $22.00 $22.66 $23.34 $24.04 $24.76 $25.50 $26.27 $27.06
Maintenance Workers| $35.00 $36.05| $37.13 $38.25 $39.39 $40.57 $41.79 $43.05]
Logistics Workers| $18.00 $18.54 $19.10 $19.67 $20.26 $20.87 $21.49 $22.14
Cost increase per shift $0 $271 $550 $838 $1,134 $1,439 $1,753 $2,076]
Annual labor cost increase $0| $135,480] $275,024] $418,755 $566,798| $719,282| $876,340, $1,038,110
Cost per vehicle increase $0 $2.26 $4.58 $6.98 $9.45 $11.99 $14.61 $17.30

These wages are in line with current industry trends towards lower labor costs, with GM
targeting a 40-percent reduction in labor costs by 2020
(http://www.gminsidenews.com/forums/f12/how-small-car-helping-rewrite-labor-costs-u-s-
plant-104321/). VW is already approaching these labor costs in the U.S. at its assembly
plant in Chattanooga, Tennessee.

4.5.6.3. Investment and Manufacturing Costs

Constructing a new plant to tool and manufacture the Phase 2 HD BIW is considerably
less expensive than building a new plant partially due to the materials and manufacturing
techniques used. Low-volume tooling was used due to the Toyota Venza volume of 60,000
units per year. Table 4.5.6.3.a below highlights the costs for the tooling necessary to
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produce the BIW, which is approximately $28.1 million compared to the $70 million

estimated by Intellicosting for the Toyota Venza (low volume) tooling.

Table 4.5.6.3.a: Phase 2 HD BIW tooling cost

Part Number Part Name Process Tool Type Tool Tool Inspection Fixture
Cost Count Cost Count
Front End
7305-2400-001 Small crossmember Stamping | Complete progressive die $104,559 1 $1,500 1
reinforcement
7305-2400-002 Large crossmember Stamping [ Complete progressive die $114,797 1 $1,700 1
reinforcement
Bodyside Outer Assembly
7306-2300-185 Left, outer bodyside Stamping | Transfer dies $77,900 1
panel
Rough blank (through) $78,788 1
Draw (toggle) $221,338 1
Trim and developed trim $179,543 1
Trim and developed trim $170,360 1
Finish form, flange, and $221,641 1
restrike
Cam finish form, finish trim, $323,575 1
flange, and restrike
End of arm tooling $20,000
7306-2300-186 Right, outer bodyside Stamping | Transfer dies $77,900 1
panel
Rough blank (through) $78,788 1
Draw (toggle) $221,338 1
Trim and developed trim $179,543 1
Trim and developed trim $170,360 1
Finish form, flange, and $221,641 1
restrike
Cam finish form, finish trim, $323,575 1
flange, and restrike
End of arm tooling $20,000
7306-2300-187 Lower, left rear Stamping | Line dies on common shoe $11,500 1
quarter closeout panel (hand transfer)
7306-2300-188 Lower, right rear Form (double attached) $48,094 1 $11,500 1
quarter closeout panel
Trim and developed trim $54,449 1
Finish form and flange $64,348 1
(double pad)
Finish trim and separate $42,106 1
Flange and restrike (double $62,632 1
pad and double unattached)
Common Shoe $19,984
7306-2300-189 Left flange to body Stamping | Complete progressive die (2 $195,951 1 $18,000 1
out, 1 left and 1 right)
7306-2300-190 Right flange to body $18,000 1
7306-2300-191 Left tail lamp closeout | Stamping | Complete progressive die (2 $80,703 1

panel

out, 1 left and 1 right)

7306-2300-192

Right tail lamp
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closeout panel

7306-2300-XXX Left, upper rear Stamping | Progressive blank die (2 out, $92,887 1 $3,500
closeout panel 1 left and 1 right)
7306-2300-XXX | Right, upper rear Form and flange (double pad) $43,265 1 $3,500
closeout panel
Restrike and cam flange $36,986 1
Common shoe $10,378
_.
Roof
7306-2200-109 | Roof panel | Stamping | Lines with robotic transfer $77,500
Draw $173,807 1
Trim and developed trim $198,072 1
Finish form, flange, and $208,060 1
restrike
End of arm tooling $9,000
7306-2100-101 Front header (bow 1) | Stamping | Coil fed transfer die $14,800
Cutoff and draw $57,820 1
Trim $64,302 1
Finish form and flange $65,305 1
Finish trim $60,365 1
Restrike $64,736 1
Master shoes $47,361
End of arm tooling $12,500
7306-2100-103 | Center header (bow 2) | Stamping | Complete progressive die | $127,928 | 1] $6,500 |
7307-2100-104 | Rear header (bow 3) | Stamping | Transfer dies $27,500
Draw $52,969 1
Form $51,038 1
Form $51,038 1
Trim and pierce $70,184 1
Finish form, flange, and $55,997 1
restrike
Common shoes $40,773
End of arm tooling $15,000
7306-2000-215 Left, rear roof side rail | Stamping | Transfer dies $19,400
inner
7306-2000-216 Right, rear roof side Draw (double attached) $77,254 1 $19,400
rail inner
Trim, developed trim, and $101,937 1
partial separate
Finish form, flange, and $115,242 1
restrike
Finish trim and separate $70,324 1
Common shoes $59,758
End of arm tooling $12,800
7306-2000-171 Left, front roof side rail | Stamping | Transfer dies $20,500
inner
7306-2000-172 Right, front roof side Rough developed blank $75,651 1 $20,500
rail inner
Form (double attached) $86,347 1
Trim, developed trim, and $114,175 1
partial separate
Finish form, flange, and $129,433 1
restrike
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Finish trim and separate

$97,949

D-pillar Assembly

Master shoes $40,671
End of arm tooling $16,000
7305-1900-159 Left shotgun closeout | Stamping | Complete progressive die $37,190 1 $600
7305-1900-160 Right shotgun $600
closeout

A-pillar Assembly

7307-2110-179 Left liftgate Stamping | Line dies on common shoe $6,800
reinforcement (hand transfer)
7307-2120-180 Right liftgate Form (double attached) $52,567 1 $6,800
reinforcement
Trim and developed trim $64,216 1
Trim and developed trim $63,082 1
Finish form and flange $73,414 1
(double pad)
Restrike and separate $69,770 1
Common shoe $27,234
7307-2110-105 Left D-pillar inner Stamping | Transfer dies $18,900
7307-2120-106 Right D-pillar inner Rough blank $56,788 1 $18,900
Draw (double attached) $81,398 1
Redraw $82,579 1
Trim and developed trim $91,616 1
Trim, developed trim, and $85,274 1
separate
Finish form and restrike $93,307 1
(double unattached)
Master shoes $62,202
End of arm tooling
7307-2110-177 Left quarter panel Stamping | Transfer dies $6,200
inner
7307-2120-178 Right quarter panel Draw (double attached) $72,014 1 $6,200
inner
Trim and developed trim $73,368 1
Trim and developed trim $69,069 1
Finish form, flange, and $75,455 1
restrike (double pad)
Cam trim, trim, and separate $81,170 1
Master shoes $49,982
End of arm tooling $10,500

7305-1930-169 Left shotgun outer Stamping | Transfer dies $22,500
panel
7305-1940-170 Right shotgun outer Rough blank die (2 out, 1 left | $127,161 1 $22,500
panel and 1 right)
Form $77,416 1
Finish form and flange $112,533 1
Trim $124,796 1
Flange and restrike $74,492 1
Master shoes $45,023
End of arm tooling $14,400
7305-1930-187 Left, lower A-pillar Stamping | Line dies with robotic transfer $16,000
outer
7305-1940-188 Right, lower A-pillar Blank (flip/flop left/right) $102,114 1 $16,000
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outer

Door Aperture Assembly

Form (double unattached) $115,352 1
Trim and developed trim $105,079 1
Trim and developed trim $118,609 1
Finish form and flange $80,009 1
Restrike $131,158 1
End of arm tooling $7,500
7305-1930-171 Left, A-pillar, upper Stamping | Complete progressive die $13,902 1 $350
hinge reinforcement
7305-1940-184 Right, A-pillar, upper $350
hinge reinforcement
7305-1930-173 Left, A-pillar, lower Stamping [ Complete progressive die $13,596 1 $350
hinge reinforcement
7305-1940-186 Right, A-pillar, lower $350
hinge reinforcement
7305-1500-227 Left, lower, A-pillar Stamping [ Complete progressive die $54,462 1 $900
reinforcement
7305-1500-228 Right, lower, A-pillar
reinforcement
7305-1400-153 Left, lower A-pillar Stamping | Line dies on common shoe $4,400
inner (hand transfer)
7305-1400-154 Right, lower A-pillar Draw $55,162 1 $4,400
inner
Restrike $58,268 1
Trim and partial separate $51,334 1
Cam trim, trim, and separate $66,797 1
Common shoe $18,367
7305-1300-155 Left, upper A-pillar Stamping | Line dies on common shoe $28,000
inner (hand transfer)
7305-1300-156 Right, upper A-pillar Progressive developed blank $139,832 1 $28,000
inner (double attached)
Form and flange $67,679 1
Flange and restrike (double $68,126 1
pad)
Extrude and separate $55,145 1
Common shoe $16,962

partial separate

7306-1910-189 Left, A-pillar outer Stamping | Transfer dies $19,500
upper
7306-1920-190 Right, A-pillar outer Draw (double attached) $105,668 1 $19,500
upper
Trim, developed trim, and $128,641 1
partial separate
Finish form, flange, and $135,645 1
restrike
Finish trim and separate $97,420 1
Master shoes $40,392
End of arm tooling $12,000
7306-1910-191 Left, roof side rail Stamping | Transfer dies $16,000
outer
7306-1920-192 Right, roof side rail Draw (double attached) $79,668 1 $16,000
outer
Trim, developed trim, and $105,077 1
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Finish form, flange, and
restrike

$105,767

Finish trim and separate $89,247 1
Master shoes $41,042
End of arm tooling $16,000
7306-1910-193 Left, C-pillar striker Stamping [ Complete progressive die (2 $34,332 1 $650
reinforcement out, 1 left and 1 right)
7306-1920-194 Right, C-pillar striker $650
reinforcement
7306-1910-195 Left C-pillar outer Stamping | Line dies with robotic transfer $39,000
7306-1920-196 Right C-pillar outer Rough blank (double $93,644 1 $39,000
attached)
Draw (double attached) $151,092 1
Trim and developed trim $167,760 1
Trim and developed trim $165,870 1
Finish form, flange, and $205,755 1
restrike (double pad)
Separate and cam set $144,189 1
flanges
End of arm tooling $15,000
7306-1913-001 Left, lower B-pillar Stamping | Line dies with robotic transfer $32,500
outer
7306-1924-002 Right, lower B-pillar Rough blank (flip/flop $101,111 1 $32,500
outer left/right)
Draw (double unattached) $149,138 1
Redraw $152,991 1
Trim and pierce $174,868 1
Trim and pierce $167,712 1
Finish form, flange, and $179,334 1
restrike
End of arm tooling $15,000
7306-1913-003 Left, upper B-pillar Stamping | Transfer dies $5,900
outer
7306-1924-004 Right, upper B-pillar Draw (double attached) $46,469 1 $5,900
outer
Rough trim and developed $50,711 1
trim
Rough trim and developed $48,596 1
trim
Finish form, flange, and $55,535 1
restrike
Cam trim, trim, and separate $75,051 1
Master shoes $29,621
End of arm tooling $12,000
7306-1913-005 Left, upper, B-pillar Stamping | Complete progressive die (2 $72,875 1 $1,250
inner reinforcement out, 1 left and 1 right)
7306-1924-006 Right, upper, B-pillar $1,250
inner reinforcement
7306-1913-007 Left, middle, B-pillar Stamping | Complete progressive die (2 $32,508 1 $600
inner reinforcement out, 1 left and 1 right)
7306-1924-008 Right, middle, B-pillar $600
inner reinforcement
7306-1913-009 Left, lower, B-pillar Stamping [ Complete progressive die (2 $81,191 1 $950
inner reinforcement out, 1 left and 1 right)
7306-1924-010 Right, lower, B-pillar $950
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inner reinforcement

Dash and Cowl Structure

7306-1915-011 Left, lower B-pillar Stamping | Line dies with robotic transfer $15,500
inner
7306-1926-012 Right, lower B-pillar Rough blank (flip/flop $891,730 1 $15,500
inner left/right)
Draw (double unattached) $85,677 1
Trim and pierce $119,560 1
Trim and pierce $119,560 1
Finish form, extrude, and $99,233 1
restrike (double pad)
End of arm tooling $16,000
7306-1915-001 Left/right B-pillar Stamping | Complete progressive die $16,934 1 $500
beltline reinforcement
7306-1915-013 Left, upper B-pillar Stamping | Complete progressive die (2 $97,237 1 $3,300
inner out, 1 left and 1 right)
7306-1926-014 Right, upper B-pillar $3,300
inner

7305-1800-145 Upper cowl panel Cast Casting mold $141,000 1 $23,400
magnesium
Trim die $60,561 1
7305-1700-147 Cowl panel support Stamping | Transfer dies $18,500
Draw $74,731 1
Trim and developed trim $92,078 1
Trim, developed trim, and $112,671 1
cam trim
Finish form, flange, and $95,243 1
restrike
Common shoes $20,631
End of arm tooling $10,000
7305-1600-149 Dash panel Cast Casting mold $216,000 1 $31,600
reinforcement magnesium
Trim die $132,513 1
7307-1600-183 Left, rear wheelhouse | Cast Casting mold $250,000 1 $43,800
outer panel magnesium
Trim die $142,164 1
7307-1600-184 Right, rear Cast Casting mold $240,000 1 $41,400
wheelhouse outer magnesium
panel
Trim die $138,966 1
7307-1600-213 Left, rear closeout Stamping | Complete progressive die (2 $192,307 1 $9,600
panel out, 1 left and 1 right)
7307-1600-214 Right, rear closeout $9,600
panel
7305-1500-157 Left, shotgun panel Stamping | Transfer dies $28,500
inner
7305-1500-158 Right, shotgun panel Rough blank die (2 out, 1 left $133,440 1 $28,500
inner and 1 right)
Form $87,170 1
Finish form and flange $117,563 1
Trim $132,094 1
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panel

Flange and restrike $77,572 1
Master shoes $48,895
End of arm tooling $14,400
7305-1500-197 Left, upper A-pillar Stamping | Complete progressive die (2 $137,042 1 $2,250
reinforcement out, 1 left and 1 right)
7305-1500-198 Right, upper A-pillar $2,250
reinforcement
7305-1530-221 Left, dash Stamping | Line dies (hand transfer) $21,500
transmission
reinforcement
7305-1530-222 Right, dash Draw (double unattached) $93,191 1 $21,500
transmission
reinforcement
Second draw $96,656 1
Rough trim and developed $88,494 1
trim
Developed trim and cam $87,500 1
developed trim
Form and flange $88,188 1
Form and flange $82,126 1
Finish trim, pierce, and cam $93,594 1
pierce
Cam flange and restrike $81,087 1
7305-1530-223 Left, dash Stamping [ Complete progressive die (2 $62,424 1 $950
transmission insert out, 1 left and 1 right)
7305-1520-224 Right, dash $950
transmission insert
7305-1400-143 Upper dash panel Cast Casting mold $206,000 1 $52,700
magnesium
Trim die $129,768 1
7305-1400-144 Left lower dash panel | Cast Casting mold $317,000 1 $36,000
magnesium
7305-1400-145 Right lower dash Trim die $230,467 1 $36,000

restrike (double pad)

Rear End
7307-1510-111 I Rear end outer panel | Stamping | Line dies with robotic transfer $43,500
Draw $74,912 1
Trim and developed trim $81,087 1
Trim and developed trim $81,016 1
Finish form and flange $83,914 1
Finish form, flange, and $85,112 1
restrike
Finish trim and pierce $82,672 1
End of arm tooling $18,000
7307-1510-117 Rear end inner panel Stamping | Line dies with robotic transfer $39,500
Draw $84,640 1
Rough trim and developed $92,852 1
trim
Redraw $80,037 1
Developed trim $89,698 1
Developed trim and pierce $91,062 1
Finish form, flange, and $95,070 1
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End of arm tooling | $18,000 | | |
7307-1400-119 Rear compartment Extrude Extrusion tooling $49,416 2 $12,000 1
crossmember
Trim jig $3,115 1
7307-1410-120 Extrusion hangar Extrude Extrusion tooling $49,986 2 $1,250 1
bracket
Trim jig $2,041 1
7307-1400-163 Left, rear wheelhouse | Stamping | Line dies with robotic transfer $38,500 1
inner panel
7307-1400-164 Right, rear Draw (double attached) $146,206 1 $38,500 1
wheelhouse inner
panel
Trim and developed trim $163,555 1
Trim and developed trim $163,555 1
Finish form, flange, and $238,243 1
restrike (double pad)
Finish trim and separate $117,380 1
End of arm tooling $15,000
7307-1500-167 Left, rear shock tower | Stamping | Line dies on common shoes $3,100 1
reinforcement (hand transfer)
7307-1500-168 Right, rear shock Draw (double attached) $38,164 1 $3,100 1
tower reinforcement
Trim and rough trim $44,667 1
Developed trim $39,082 1
Cam developed trim $56,093 1
Finish form and flange $42,219 1
Aerial cam flange $64,149 1
Separate and restrike $42,620 1
Common shoes $28,685
7305-1300-165 Left, rear shock tower | Die cast Casting mold $126,000 1 $26,000 1
Trim die $75,977 1
7305-1300-166 Right, rear shock Die cast Casting mold $132,000 1 $26,000 1
tower
Trim die $75,977 1
Front Wheelhouse
7305-1310-151 | Left front shock tower | Die cast Casting mold $119,000 1 $27,500 1
Trim die $79,812 1
7305-1320-152 Right front shock Die cast Casting mold $125,000 1 $27,500 1
tower
Trim die $79,812 1
7305-1310-161 Left front wheelhouse | Cast Casting mold $141,000 1 $21,900 1
panel magnesium
Trim die $80,095 1
7305-1320-162 Right front Cast Casting mold $148,000 1 $21,900 1
wheelhouse panel magnesium
Trim die $80,095 1
Rear Seat
7306-1200-113 | Rear seat floor panel | Stamping | Line dies with robotic transfer | | | $33,800 | 1
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Draw $93,535 1
Trim $114,717 1
Finish form and restrike $77,468 1
End of arm tooling $9,000
7306-1200-111 Rear seatbelt Stamping [ Complete progressive die $26,206 1 $650
anchorage plate
7307-1200-217 Left, rear, outer frame | Die cast Casting mold $192,000 1 $28,500
rail transition
Trim die $116,537 1
7307-1200-218 Right, rear, outer Die cast Casting mold $199,000 1 $28,500
frame rail transition
Trim die $116,537 1
7306-1110-101 Center rear seat riser | Stamping | Complete progressive die | $216,500 | 1] $29,800 |
7306-1110-103 Left, rear seat floor Stamping | Complete progressive die $58,424 1 $2,600
reinforcement
7306-1000-175 Left rear seat riser Stamping | Line dies with robotic transfer $21,500
7306-1000-176 Right rear seat riser Rough blank (flip/flop $53,598 1 $21,500
left/right)
Form (double unattached) $61,333 1
Trim and developed trim $80,561 1
Trim and developed trim $80,561 1
Finish form and flange $97,654 1
Restrike $91,442 1
End of arm tooling $16,000
Frame Rails
7307-1000-139 Right/left rear frame Extrude Extrusion tooling $46,850 2 $8,600
rail
Trim jig $2,918 1
7307-1000-138 Right/left rear frame Stamping | Complete progressive die $36,086 1 $650
rail mounting plate
7307-1020-135 Left front frame rail Extrude Extrusion tooling $46,850 2 $6,500
7307-1020-136 Right front frame rail Trim jig $2,506 1
7307-1020-223 Left frame rail Stamping | Complete progressive die $43,803 1 $850
mounting plate
7307-1020-224 Right frame rail
mounting plate
7307-1011-001 Left/right front rail Stamping | Complete progressive die $43,627 1 $1,450
mounting
7307-1011-003 Left/right front rail Stamping | Complete progressive die (2 $59,154 1 $1,250
mounting cover out)
7305-0900-137 Left, front, inner frame | Die cast Casting mold $184,000 1 $25,500
rail transition
Trim die $113,428 1
7305-0900-138 Right, front, inner Die cast Casting mold $190,000 1 $25,500
frame rail transition
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Trim die | $113,428 1] [
7307-0900-141 Left, rear, inner frame | Die cast Casting mold $195,000 1 $28,500
rail transition
Trim die $117,447 1
7307-0900-142 Right, rear, inner Die cast Casting mold $201,000 1 $28,500
frame rail transition
Trim die $117,447 1
7306-0810-123 Left rocker sill Extrude Extrusion tooling $51,412 2 $31,750
extrusion
7306-0810-124 Right rocker sill Trim jig $3,655 1
extrusion
7305-1200-209 Left front frame rail Die cast Casting mold $179,000 1 $25,500
outer transition
Trim die $111,602 1
7305-1200-210 Right front frame rail Die cast Casting mold $185,000 1 $25,500
outer transition
Trim die $111,602 1
Floor
7306-0830-124 Left/right, small outer Extrude Extrusion tooling $53,122 2 $1,500
floor extrusion
7306-0840-010 Left/right, large outer Trim jig $2,363 1 $1,600
floor extrusion
7306-0830-125 Left/right, small floor Extrude Extrusion tooling $46,280 2 $15,900
crossmember
Trim jig $3,115 1
7306-0830-126 Left/right, small inner Extrude Extrusion tooling $53,122 2 $1,600
floor extrusion
7306-0840-012 Left/right, large inner Trim jig $2,041 1 $1,750
floor extrusion
7306-0840-011 Left/right, large floor Extrude Extrusion tooling $47,134 2 $17,300
crossmember
Trim jig $3,331 1
7306-0850-000 Left/right, fore/aft floor | Extrude Extrusion tooling $44,854 2 $17,600
extrusions
Trim jig $3,223 1
7306-0860-000 Center tunnel bracket | Stamping | Complete progressive die $25,733 1 $650

Annual (amortized over 3 years) $9,373,468
Per BIW (amortized over 3 years) $156
Annual (amortized over 5 years) $5,624,081
Per BIW (amortized over 5 years) $94
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In addition to estimating tooling cost, Intellicosting estimated the total piece cost for the
Phase 2 HD BIW at $1930 — an increase of $723 compared to the Toyota Venza estimate
as shown in Tables 4.5.6.3.b below.

Table 4.5.6.3.b: Toyota Venza and Phase 2 HD BIW piece costs

Phase 2
Category Venza HD
Material $907.94 | $1,282.05
Variable $67.34 | $157.05
Fixed $52.59 | $160.04
Direct $23.04 $59.13
Profit $83.02 | $147.22
SG&A $52.55 | $100.04
Freight $20.84 $25.01
Total $1,207.32 | $1,930.54

A summary of the total manufacturing costs per year can be found in Table 4.5.6.3.c below
— they are broken down by year as the capital costs are amortized over five and seven
years while capital maintenance costs are per annum based on the suggested
amortization schedule from EBZ. Year eight represents the full amortization of capital
expenditures and is only the annual maintenance cost. Eight years does however, exceed
the typical vehicle life cycle. The reason for EBZ’s augmented amortization schedule is
that the CMM isn’t dependent on a vehicle lifecycle like the manufacturing equipment is
and can simply be reprogrammed for the next vehicle body produced at the plant. The
plant must be retooled to produce a different vehicle. A more detailed analysis can be
found in section 10.4 of Appendix A. Interest was taken into account here to provide cost
parity with the Toyota Venza. This is the only area in which interest was taken into account
simply to provide a direct cost comparison. Normally, interest and depreciation would be
taken into account in determining model line costs, but only the BIW cost comparison is of
interest in this report. A full financial workup — including depreciation, dispersion of funds
across vehicle model lines, and varying interest levels available to automakers — is beyond
the scope of this study.

Table 4.5.6.3.c: Phase 2 HD BIW manufacturing costs

Category Year 1 Year2 | Year3 | Year 4 Year 5 Year 6 Year7 | Year 8
Capital Costs (mils) $11.01 | $11.01 | $11.01 | $11.01 $11.01 $1.09 $1.09 $0.74
Labor $6.50 $6.50 $6.50 $6.50 $6.50 $6.50 $6.50 $6.50
Utilities $2.94 $2.94 $2.94 $2.94 $2.94 $2.94 $2.94 $2.94
Interest $2.52 $2.52 $2.52 $2.52 $2.52 $2.52 $2.52 $2.52
Freight $1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50 $1.50
SG&A (mils) $1.43 $1.43 $1.43 $1.43 $1.43 $0.74 $0.74 $0.71
Annual Total $25.89 | $25.89 | $25.89 | $25.89 $25.89 $15.28 | $15.28 | $14.91
BIW Total $432 $432 $432 $432 $432 $255 $255 $248
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Table 4.5.6.3.d below shows the total cost to produce each BIW including manufacturing
costs, piece costs, and tooling costs. The costs are broken out by the number of years of
tooling amortization and per year due to the amortization schedules.

Table 4.5.6.3.d: BIW cost based on recommended amortization schedule with tooling

Category Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8
Piece cost $1,930 $1,930 $1,930 $1,930 $1,930 $1,930 $1,930 $1,930
Manufacturing cost $432 $432 $432 $432 $432 $255 $255 $248
Tooling Costs Amortized Over 3 Years
Annual tooling cost (mils) $9.37 $9.37 $9.37 $0.00 $0.00 $0.00 $0.00 $0.00
Tooling cost per BIW $156 $156 $156 $0.00 $0.00 $0.00 $0.00 $0.00
Total BIW Cost $2,517 $2,517 $2,517 $2,357 $2,357 $2,184 $2,184 $2,177
Tooling Costs Amortized Over 5 Years
Annual tooling cost (mils) $5.62 $5.62 $5.62 $5.62 $5.62 $0.00 $0.00 $0.00
Tooling cost per BIW $94 $94 $94 $94 $94 $0.00 $0.00 $0.00
Total BIW Cost $2,455 $2,455 $2,455 $2,455 $2,455 $2,184 $2,184 $2,177

In addition to conducting an analysis based on EBZ’s recommended amortization

schedule, all vehicle assembly costs were amortized over straight three and five year

periods. In Table 4.5.6.3.d above, only the tooling costs were amortized over the three and
five year periods. These results are shown in Table 4.5.6.3.e below. The net effect was a

constant BIW cost over the three and five year periods with small cost increases in both

instances — the greatest difference is less than $500.

Table 4.5.6.3.e:

Straight 3- and 5-year amortization schedule

Category 3 Year Amortization 5 Year Amortization
Piece cost $1,930 $1,930
Capital costs per BIW $301 $186
Labor per BIW $108 $108
Tooling cost per BIW $156 $94
Utilities per BIW $49 $49
Interest per BIW $42 $42
Freight per BIW $25 $25
SG&A per BIW $24 $24
BIW Total $2,634 $2,457

Table 4.5.6.3.f below details the cost breakdown within the actual body structure —
underbody, dash panel, front structure, bodysides, etc. The piece cost for each section is
shown along with the assembly, tooling, paint, and NVH costs.
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Table 4.5.6.3.f: Assembly cost breakdown by body section

System or Baseline Venza Phase 2 Incremental Cost
Subsystem n - - -
Baseline Estimated Phase 2 Material Build Total Incremental Percentage
Mass (kg) Cost Mass (kg) Cost Cost Cost Cost Increase/Decrease
Body structure 382.5 241.8
- | Underbody & floor 113.65 $170 92.7 $133 $107 $274 $104 61%
- | Dash panel 16.97 $81 11.9 $111 $27 $157 $77 94%
- | Front structure 32.45 $124 171 $45 $18 $71 -$53 -43%
- | Left bodyside 79.5 $224 33.3 $339 $30 $424 $200 89%
- | Right bodyside 79.5 $224 33.2 $338 $30 $422 $198 89%
- | Roof 27.83 $74 16.9 $85 $5 $103 $29 40%
- | Internal structure 20.6 $310 246 $211 $95 $350 $40 13%
NVH 8 $110 8 - - $110 $0 0%
Paint 4 $540 4 - - $540 $0 0%
Assembly - $612 - - - $432 -$180 -29%
Tooling - $389 - - - $156 -$233 -60%
Total 382.5 $2,858 241.8 $1,261 $312 | $3,040 $182 6%

A sensitivity analysis comparing a number of production volumes can be found in Table
4.5.6.3.9 below. A further production volume analysis can be found in Appendix A, section
7.1.1.

Table 4.5.6.3.9: Manufacturing sensitivity analysis

Production Category Year 1 Year2 | Year3 | Year4 | Year5 | Year6 | Year7 | Year 8
Capital costs (mils) $11.01 | $11.01 | $11.01 | $11.01 | $11.01 $1.09 $1.09 $0.74

Labor (mils) $6.50 $6.50 $6.50 $6.50 $6.50 $6.50 $6.50 $6.50

Utilities (mils) $2.94 $2.94 $2.94 $2.94 $2.94 $2.94 $2.94 $2.94

Interest (mils) $2.52 $2.52 $2.52 $2.52 $2.52 $2.52 $2.52 $2.52

60k Freight (mils) $150 | $150 | $150 | $150 [ $150 | $1.50 | $1.50 | $1.50
SG&A (mils) $1.43 $1.43 $1.43 $1.43 $1.43 $0.74 $0.74 $0.71

Annual Total (mils) $25.89 | $25.89 | $25.89 | $25.89 | $25.89 | $15.28 | $15.28 | $14.91

BIW Total $432 $432 $432 $432 $432 $255 $255 $248

Capital costs (mils) $11.01 | $11.01 | $11.01 | $11.01 | $11.01 $1.09 $1.09 $0.74

Labor (mils) $9.74 $9.74 $9.74 $9.74 $9.74 $9.74 $9.74 $9.74
Utilities (mils) $5.12 $5.12 $5.12 $5.12 $5.12 $5.12 $5.12 $5.12
Interest (mils) $2.52 $2.52 $2.52 $2.52 $2.52 $2.52 $2.52 $2.52
100k Freight (mils) $2.50 $2.50 $2.50 $2.50 $2.50 $2.50 $2.50 $2.50
SG&A (mils) $1.81 $1.81 $1.81 $1.81 $1.81 $1.12 $1.12 $1.09
Annual Total (mils) $32.71 | $32.71 | $32.71 | $32.71 | $32.71 | $22.09 | $22.09 | $21.72
BIW Total $327 $327 $327 $327 $327 $221 $221 $217
Cost Decrease 24% 24% 24% 24% 24% 13% 13% 12%
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4.5.7.Cost Discussion

This discussion covers the cost evaluation methods used for both the Phase 1 and Phase
2 studies. Phase 1 only covered a basic analysis while Phase 2 went into far greater detail
including full tooling and assembly analyses, conducted with assistance from Intellicosting
and EBZ Engineering. The basics of the Phase 1 study are provided before delving into
the Phase 2 study and some of the cost saving technology behind the Phase 2 HD BIW
itself.

4.5.7.1. Phase 1 Cost Study

The Lotus Phase 1 study projected potential cost savings in a number of areas outside the
body structure to partially offset the more expensive low-mass body structure. These non-
BIW system cost reductions occurred because a substantial amount of mass was
eliminated by using less material, parts integration allowing fewer components overall,
and, in some cases, less expensive materials.

The cost weighting factors used for the cost analyses are the values published in the
Phase 1 report; this chart is shown in Figure 4.5.7.1.a below.

Body
Powertrain 18%
23%

Misc. Closures/Fenders
- \

Bumper System
Therma&%
. . 1%
Suspension/Chassis
13% .
Electrical
7%

Lighting
1%

Interior
22%

Figure 4.5.7.1.a: Estimated Vehicle System Costs
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Table 4.5.7.1.a summarizes the Phase 1 study total vehicle cost; the body structure piece
cost was estimated at 135 percent, or 35-percent higher than the baseline Venza BIW
estimated piece cost. The average cost for non-body systems was estimated at 96
percent. The estimated weighted cost for the Phase 1 total vehicle, less powertrain, was
103 percent.

Table 4.5.7.1.a: Phase 1 HD Estimated Vehicle Cost Increase

Cost
factor

Cost Weighting
factor

Weighted Cost
factor

Body

135.0%

18.0%

24.3%

Non-Body

Totals

96.0%

82.0%

100.0%

78.7%

- @ @ 0 1

103.0%

Cost Differential

3.0%

The cost differentials for the various components and systems in the Phase 1 design can
be converted into overall vehicle costs based on an average approximation of the indirect
costs incurred by automakers and included in the selling price of a vehicle, such as the
Toyota Venza. The 2009 Toyota Venza had a base invoice price of $23,500. Dividing this
cost by Toyota’s cost-to-price markup factor yields an estimated direct manufacturing cost
to produce the Venza. Generally, estimating automobile industry direct costs from retail
prices is done with a retail price equivalent (RPE) factor to account for the cost of
production overhead, warranty, research and development, administrative, marketing,
dealers, etc. Industry averages for this RPE factor typically range from 1.45-1.50 and a
peer-reviewed study prepared for U.S. EPA indicates that Toyota’s RPE is 1.48 (Rogozhin
et al, 2009). As a result, the direct manufacturing cost for the 2009 Toyota Venza is
estimated to be $15,878 (i.e. $23,500 divided by 1.48).

The system costs for the 2009 Venza are estimated in Table 4.5.7.1.b; these values are
based on the Estimated Vehicle System Costs shown in Figure 4.5.7.1.a and the
estimated diirect manufacturing cost derived above.

Also in the table are the resulting Phase 1 HD design’s estimated incremental costs based
primarily on the 35-percent increase for the body structure cost (estimated at $1,000) and
the cost decreases in closures, fenders, electrical, interior, suspension, and chassis
components (savings of over $600). The BIW estimated cost is based on a 35 percent cost
increase for piece cost, tooling, assembly, paint, and NVH materials. Detailed tooling and
assembly cost analyses were beyond the scope of the Phase1 project.

The net result of the Phase 1 HD vehicle was a $342 vehicle cost increase; the powertrain
cost is not included in this number.
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Table 4.5.7.1.b: Estimated direct manufacturing costs of the Toyota Venza baseline and
Phase 1 High Development vehicle design

Area/System Baseline 2009 Toyota Venza Lotus Phase 1 High Development Vehicle
Mass (kg) Cost (%) Cost ($) Mass (kg) Mass Cost Cost ($) Incremental
reduction factor cost ($)
(k)
Body 382.5 18 2858 221.1 161.4 135% 3858 1000
Closures/Fenders 143.02 10 1588 84 59 76% 1207 -381
Bumpers 17.95 2 318 16 2 103% 327 9
Thermal 9.25 1 159 9.3 0 100% 159 0
Electrical 23.6 7 1111 15 8.6 96% 1067 -44
Interior 250.6 22 3493 152.8 97.8 96% 3354 -139
Lighting 9.9 1 159 9.9 0 100% 159 0
Suspension/Chassis 378.9 13 2064 217 161.9 95% 1961 -103
Glazing 43.71 476 437 0 100% 476 0
Miscellaneous 30.1 0 22.9 7.2 99% 0 0
Powertrain 410.16 23 3652 356.2 54 - - -
,,.-""F
Total (excl. 1290 - 12,226 792 498 103% 12,568 342
powertrain)
Total (incl. 1700 15,878 1148
powertrain)

4.5.7.2. Phase 2 Cost Study

The following BIW cost discussion presents the comparison of the baseline, Phase 1, and
Phase 2 BIWs including a comparison of the piece cost and the costs based on the
detailed manufacturing report done as part of the Phase 2 study.

Assembled body costs for the Venza BIW are not public information, thus the costs for the
2009 Toyota Venza BIW were estimated using the methodology above (taken from the
Phase 1 report). The full assembled body is estimated at 18 percent of the RPE value,
giving a body cost of $2858. This value is an estimate as the cost will vary by OEM and by
platform as well as by the country the body is assembled in, the country of origin for the
body parts and commodity price fluctuations for the materials.

Lotus contracted Intellicosting, a Detroit area company experienced in automotive
component costing, to analyze all costs related to this study. Intellicosting does not apply
recovery for scrap material in their calculations / methodology. Identical labor rates were
used for both the baseline BIW and the Phase 2 BIW costing.

Intellicosting is widely used internationally by both OEMs and their suppliers. An example
of the Intellicosting methodology is included in section 7.4 in the Appendix.

Intellicosting valued the Venza piece cost at $1,207, leaving $1,651 for the assembly,
paint, tooling, and NVH costs. Paint and body NVH costs were determined through
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industry research and are estimated at $540 while body specific NVH materials were
estimated at $39. Tooling costs per BIW were determined by amortizing the $70 million
tooling cost (estimated by Intellicosting) over three years of production at 60,000 units
annually. This brings the tooling cost per BIW to $389. The remaining $683 is the
estimated assembly cost.

Intellicosting also developed detailed piece costs for the Phase 2 HD BIW, which were
$1930.54. This gives a 160-percent piece-cost increase relative to the 2009 Toyota Venza
BIW ($1930.54/$1207.32). Paint and NVH materials were estimated at $540 and $39 for
the Phase 2 HD BIW as well. Tooling cost and assembly cost for the Phase 2 BIW are
both substantially lower than for the Venza at $156 and $432 respectively due to the
significantly decrease parts count (166 for the Phase 2 HD versus 419 for the Venza).

The part-by-part cost analysis for both bodies is included in Section 7.3, Appendix C.
Table 4.5.7.2.a below details the costs associated with producing a complete BIW for the

baseline Venza, Phase 1, and Phase 2 bodies.

Table 4.5.7.2.a: Assembled BIW analysis

Category Venza Phase 1 Phase 2 Actual
Piece cost $1,207 $1,629 $1,930
Relative piece cost 100% 135% 160%
Assembly $683 $922 $432
Paint $540 $729 $540
Tooling $389 $525 $156
NVH $39 $53 $39
Total $2,858 $3,858 $3,008
Difference relative to Venza $0 $1,000 $239

Table 4.5.7.2.b below breaks down the cost further with just the assembly, paint, tooling,
and NVH cost analysis. These costs are approximately $484 less for the Phase 2 HD
design than for the baseline Venza. The cost increase for the Phase 2 BIW relative to the
Venza is 108% ($3,098/$2,858).

Table 4.5.7.2.b: Assembly, paint, tooling, and NVH cost analysis

Category Venza Phase 1 (135% SF) Phase 2 Actual
Assembly $683 $922 $432
Paint $540 $729 $540
Tooling $389 $525 $156
NVH $39 $53 $39
Total $1,651 $2,228 $1,167
Difference relative to Venza $0 $578 -$484

Table 4.5.7..2.c below shows the piece cost for the baseline Venza, Phase 1, and Phase 2
vehicles and the assembly, paint, tooling, and NVH costs in sub-categories. The Phase 2
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piece costs are $723 more than the Venza primarily because of the more advanced
materials used. This cost increase is partially offset by the $484 savings in assembly and
tooling. The total BIW cost increase is $239, or 8 percent higher than the Venza cost.

Table 4.5.7.2.c: Piece, assembly, tooling, paint, and NVH sub-category costs

Category

Venza

Phase 1

Phase 2

Piece cost

$1,207

$1,629

$1,930

Difference to Venza

Assembly, Tooling, Paint, NVH

$0

$1,651

$422

$2,228

$723

$1,167

Difference to Venza

Total difference

$0

0

$578

$1,000

-$484

$239

The assembly and tooling cost savings relative to the Venza help offset the 160-percent
piece cost increase. See section 4.4.12.3 “Investment and Manufacturing Costs” and
Section 10 of Appendix A for a detailed breakdown. The assembly and tooling costs used
in this section are based on EBZ’s suggested amortization schedule unless otherwise
noted.

The complete, assembled body for Phase 1 is more expensive than the developed Phase
2 body because a single scaling factor was used. The relative Phase 1 BIW piece cost was
estimated to be 135-percent more than the baseline Venza; this value was used as a
scaling factor to estimate the costs of assembly, paint, tooling, and NVH materials.

The actual manufacturing and tooling costs are significantly lower than the scaled Phase 1
costs and are also lower than the estimated assembly and tooling costs for the baseline
Venza. This is due primarily to the reduced part count. These reduced costs helped offset
the 160-percent piece cost increase. Paint and NVH materials were left unchanged from
the Venza cost, which were estimated through industry research. The estimated Phase 2
assembled and painted body costs are $239 greater than the estimated assembled Venza
body costs.

To compare a variety of possible amortization schedules, an analysis with both the three

and five year straight amortization (tooling and manufacturing) schedules was also done.
This analysis is shown in Table 4.5.7.2.d below.

Table 4.5.7.2.d: Amortization schedule comparison

Category EBzZ 3 Year 5 Year
Recommended | Amortization | Amortization
Piece cost $1,930 $1,930 $1,930
Capital costs per BIW $184 $301 $186
Labor per BIW $108 $108 $108
Tooling cost per BIW $156 $156 $94
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Utilities per BIW $49 $49 $49
Interest per BIW $42 $42 $42
Freight per BIW $25 $25 $25
SG&A per BIW $24 $24 $24
BIW Total $2,518 $2,635 $2,458

The results show a slight increase in BIW cost when amortized over three years ($117
more) and a slight decrease over five years ($60 less). This is a straight amortization
schedule; these costs would be constant over the specified time period instead of
decreasing as with the EBZ recommended amortization schedule. None of the three
amortization schedules is depreciated.

An analysis was done to determine the cost impact of the Phase 2 BIW on the total vehicle
costs. The summary of findings is based on the Phase 1 analysis (for non-body
components) and the Phase 2 analysis (for the body structure). Table 4.5.7.2.e below lists
the values calculated for this analysis.

Table 4.5.7.2.e: Phase 2 Estimated Vehicle Cost Increase

Cost factor | Cost Weighting factor Weighted Cost factor
Complete body 108% 18% 19.4%
Non-body 95% 82% 77.9%
Totals 100% 97.3%
Cost Differential -2.7%

The resultant full vehicle (less powertrain) is estimated to cost 2.7% less than the baseline
Venza based on a 5% cost savings from non-body components and an eight-percent
increase from the body structure.

Table 4.5.7.2.f below shows the cost breakdown for the various body and non-body
systems of the Venza and Phase 2 HD designs. As shown in the table, the estimated
incremental cost of the body is $239 (108 percent) higher than the baseline Venza.
Including the cost savings from the closures, fenders, electrical, interior, suspension, and
chassis components (estimated savings of over $600), the net result of the full Phase 2 HD
vehicle is actually an estimated $419 decrease in total vehicle cost. Note: the Phase 1
report has details on these topics, including derivation of the estimated cost factors.

Table 4.5.7.2.f: Estimated direct manufacturing costs of the Toyota Venza baseline and
Phase 2 HD vehicle designs

Area/System Baseline 2009 Toyota Lotus Phase 2 High Development Vehicle
Venza
Mass Cost Cost Mass Mass Total Cost Incremental
(kg) (%) %) (kg) reduction system cost %) cost ($)
(kg) factor
Body 382.5 18% 2858 241.8 140.7 108% 3097 239
Closures/Fenders 143 10% 1588 84 59 76% 1207 -381
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Bumpers 17.95 2% 318 2 2 103% 327 9
Thermal 9.25 1% 159 9.3 0 100% 159 0
Electrical 23.6 7% 1111 15 8.6 96% 1067 -44
Interior 250.6 22% 3493 153 97.8 96% 3354 -139
Lighting 9.9 1% 159 9.9 0 100% 159 0
Suspension/Chassis 378.9 13% 2064 217 161.9 95% 1961 -103
Glazing 43.71 3% 476 43.7 0 100% 476 0
Miscellaneous 30.1 0% 0 22.9 7.2 99% 0 0
Powertrain 410.2 23% 3652 356 54 - - -
Total (excl. powertrain) 1290 - 12,226 817 527 96.6% 11,807 -419
(wt’d cost
factor)
Total (incl. powertrain) 1700 - 15,878 1163 - - - -

Another analysis was performed to determine the sensitivity of the vehicle cost (less
powertrain) to the percent contribution of the body to the vehicle cost makeup. The cost
weighting factor was varied from 16 percent to 20 in two-percent (2%) increments to
account for the vehicle body constituting a larger or smaller percentage of the total vehicle
cost. For this sensitivity analysis, all other factors were the same as in Table 4.5.7.2.c.
Table 4.5.7.2.g below shows very little variation (less than 0.6%) based on the body
contribution to the full vehicle. This is because both the body and non-body components
are estimated to be very close to the cost of the actual Venza systems. The non-body
incremental cost factor is 95.0%, i.e., the average cost reduction for all non-body systems,
less powertrain, is 5.0%. This number differs from the total non-powertrain number of
96.6% because it does not include the weighted BIW incremental cost factor.

Table 4.5.7.2.9: Phase 2 full vehicle sensitivity study

Incremental Low Cost Central Estimate High Cost
Cost Factor

Cost Weighted Cost Weighted Cost Weighted
Portion Cost Factor Portion Cost Factor Portion | Cost Factor

Body 108.0% 16.0% 17.3% 18.0% 19.4% 20.0% 21.6%

Non-body 95.0% 84.0% 79.8% 82.0% 77.9% 80.0% 76.0%
\

— 100.0% 97.1% 100.0% 97.4% 100.0% 97.6%
\

Cost differential for total -2.9% -2.6%
vehicle
Incremental vehicle cost - - -$460 - -$419 - -$378

The non-body cost factors in Tables 4.5.7.2.f and 4.5.7.2.g are based on estimates
generated in the Phase 1 report. The numbers were a result of near 40% mass reductions
while using similar, or in some cases, reduced cost materials for many of the components.
A total vehicle, less powertrain, cost reduction of 3.4% is required to achieve a total vehicle
savings, less powertrain, of $419 for a body costing 8% more than the all steel baseline
body.
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The low mass body requires a new assembly plant to build it. The details of the assembly
plant are included in the Appendix. It was assumed that an existing facility was updated
with the required Phase 2 BIW hardware, i.e., there was no cost included for constructing a
new building. Amortizing the cost of the new assembly plant into the BIW cost over a three
year period increases the BIW cost factor by 10% over the non-amortized body cost, from
108% to 118%.

Combining Tables 4.5.7.2.a and Table 4.5.7.2.d yields a final amortized BIW cost. These
costs are shown in Table 4.5.7.2.h.

Table 4.5.7.2.h: Fully Amortized Body in White Cost

Category EBZ 3 Year 5 Year
Recommended | Amortization | Amortization

Piece cost $1,930 $1,930 $1,930
Capital costs per BIW $184 $301 $186
Labor per BIW $108 $108 $108
Tooling cost per BIW $156 $156 $94
Utilities per BIW $49 $49 $49
Interest per BIW $42 $42 $42
Freight per BIW $25 $25 $25
SG&A per BIW $24 $24 $24
BIW Assembly Labor $432 $432 $432
Paint $540 $540 $540
NVH $39 $39 $39
BIW Total $3,529 $3,646 $3,469
% Cost Relative to Non 114% 118% 112%
Amortized Phase 2 BIW Phase 2

The cost for the BIW amortized over a three year period was substituted for the non-
amortized BIW cost factor and the incremental vehicle costs were recalculated. Table
4.5.7.2.i below lists the total vehicle costs using the three year amortized BIW cost. The
nominal estimate is $133 less than the baseline vehicle.

Table 4.5.7.2.i: Phase 2 full vehicle sensitivity study

Incremental Low Cost Nominal Estimate High Cost
Cost Factor Cost Weighted Cost Weighted Cost Weighted
Portion Cost Factor Portion Cost Factor Portion | Cost Factor
Body 118.0% 16.0% 18.9% 18.0% 21.2% 20.0% 23.6%
Non-body 95.0% 84.0% 79.8% 82.0% 77.9% 80.0% 76.0%
\
[ Toms[ [ f000% | e ] 1000% | 02% ] i000% [ soo%
\
Cost differential for total - - -1.3% - -0.8% - -0.4%
vehicle
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I Incremental vehicle cost I - I - | -$206 I - | -$133 I - | -$60 I

A final cost analysis was done to determine the effect that having no cost reduction benefit
for the mass reduced non-BIW systems, i.e., the non-body cost factor went from 95.0% to
100.0%. Table 4.5.7.2.j below lists the total vehicle costs using the three year amortized
BIW cost and cost parity for all non-body systems less powertrain. The Nominal Estimate
is $514 more expensive than the baseline vehicle.

Table 4.5.7.2.j: Phase 2 full vehicle sensitivity study — Non-BIW Cost parity

Incremental Low Cost Nominal Estimate High Cost
Cost Factor Cost Weighted Cost Weighted Cost Weighted
Portion Cost Factor Portion Cost Factor Portion | Cost Factor
Body 118.0% 16.0% 18.9% 18.0% 21.2% 20.0% 23.6%
Non-body 100.0% 84.0% 84.0% 82.0% 82.0% 80.0% 80.0%

Cost differential for total
vehicle

Incremental vehicle cost - - $457 - $514 - $572

4.5.7.3. Closures Piece Costs

CARB and EPA authorized a study in which Lotus would develop fully engineered closure systems.
The piece and tooling costs are listed in Table 4.5.7.3 below. The hood is costed as a bolt-on fixed
assembly without a hinge/latch reinforcement system. This approach eliminates the mass of hinges,
springs, latch mechanism and hood inner reinforcements and maximizes the section strength of the
front end. A fluid fill and check access panel is part of the front bumper assembly.

Table 4.5.7.3: Closure piece and tooling costs

Part Number Part Name Material Tooling Cost Piece Cost
\
\
Liftgate
7308-2610-001 Liftgate inner Magnesium - AM60 384,000 67.44
7308-2610-002 Liftgate outer Aluminum - 6063-T4 1,478,763 52.20
7308-2610-003 Panel - Spoiler PPO+PA Noryl GTX 316,000 5.71
7308-2610-004 Liftgate bracket — gas strut anchor - inner Aluminum - 6063-T4 65,667 0.78
7308-2610-005 Bracket — hinge upper Aluminum - 6063-T4 63,433 1.28
7308-2610-005 Bracket — liftgate hinge base + studs & pins Aluminum - 6063-T4 60,737 2.77
Sub-total 2,368,600 130.18
Door Front - LH
7308-2710-001 Panel - Door outer - LH Aluminum - 6063-T4 1,338,772 51.90
7308-2810-002 Panel - Door inner - LH Magnesium - AM60 231,500 42.26
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Door Front — RH

7308-2810-003 Beam — Reinf't Front Door HSS-950 179,054 5.36
7308-2810-004 Bracket- Frt. Dr. Hinge support HSS-950 153,292 2.73
7308-2810-005 Beam — Reinf.-Frt. Dr. outer HSS-950 147,578 4.96
7308-2810-006 Striker Asm.-Striker Plate LCS 43,012 2.31
7308-2810-007 Hinge Asm. — Door upper LCS 88,188 19.67
7308-2810-008 Hinge plate — outer - upper LCS 88,188 19.67
7308-2810-009 | Hinge plate — inner - upper LCS 44,293 3.16
7308-2810-010 | Hinge Asm. — Door lower LCS 88,188 19.67
7308-2810-011 Hinge plate — outer - lower LCS 88,188 19.67
7308-2810-012 | Hinge plate — inner - lower LCS 44,293 3.16
7308-2810-013 Striker — Front Door latch reinf't HSS - 950 71,084 0.90
73082810-014 Panel — Insert Frt Door PPO - Unfilled 191,000 5.08
Sub-total 2,796,630 200.50

Door Rear - LH

7308-2710-001 Panel - Door outer - RH Aluminum - 6063-T4 1,338,772 51.90
7308-2810-002 Panel - Door inner - RH Magnesium - AM60 231,500 42.26
7308-2810-003 Beam — Reinf’t Front Door HSS-950 179,054 5.36
7308-2810-004 Bracket- Frt. Dr. Hinge support HSS-950 153,292 2.73
7308-2810-005 Beam — Reinf.-Frt. Dr. outer HSS-950 147,578 4.96
7308-2810-006 Striker Asm.-Striker Plate + wear pin LCS 0 2.31
7308-2810-007 Hinge Asm. — Door upper LCS 0 19.67
7308-2810-008 Hinge plate — outer - upper LCS 0 19.67
7308-2810-009 | Hinge plate — inner - upper LCS 0 3.16
7308-2810-010 | Hinge Asm. — Door lower LCS 0 19.67
7308-2810-011 Hinge plate — outer - lower LCS 0 19.67
7308-2810-012 | Hinge plate — inner - lower LCS 0 3.16
7308-2810-013 Striker — Front Door latch reinft HSS - 950 71,084 0.90
73082810-014 Panel — Insert Frt Door PPO - Unfilled 177,000 5.08
Sub-total 2,298,280 200.50
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7308-2910-001 Panel - Door rear outer - LH Aluminum - 6063-T4 1,171,834 45.43
7308-2910-002 Panel - Door rear inner - LH Magnesium AM60 231,500 42.26
7308-2910-003 Beam — Reinf't Rear Door HSS - 950 186,220 5.36
7308-2910-004 Striker Asm.-Striker Plate LCS 0 2.31
7308-2910-005 Hinge Asm. — Door upper LCS 0 19.67
7308-2910-006 Hinge plate — outer - upper LCS 0 19.67
7308-2910-007 Hinge plate — inner - upper LCS 0 3.16
7308-2910-008 Hinge Asm. — Door lower LCS 0 19.67
7308-2910-009 | Hinge plate — outer - lower LCS 0 19.67
7308-2910-010 | Hinge plate — inner - lower LCS 0 3.16
7308-2910-011 Panel — Insert Frt Door PPO - Unfilled 175,000 3.91
7308-2910-012 | Striker — latch reinf't Aluminum 6061 T4 167,009 8.91
7308-2910-013 | Bracket — rr dr hinge support Aluminum 6063 T4 75,353 6.15
7308-2910-014 Reinf't — rr dr outer Aluminum 6063 T4 87,020 6.05
7308-2910-015 Reinft — rr dr inner Aluminum 6063 T4 172,463 6.05
Sub-total 2,266,399 211.43




Door Rear - RH

Front Fender Outer - LH

7308-2910-001 Panel - Door rear outer - LH Aluminum - 6063-T4 1,171,834 45.43
7308-2910-002 Panel - Door rear inner - LH Magnesium AM60 231,500 42.26
7308-2910-003 Beam — Reinf't Rear Door HSS - 950 186,220 5.36
7308-2910-004 Striker Asm.-Striker Plate LCS 0 2.31
7308-2910-005 Hinge Asm. — Door upper LCS 0 19.67
7308-2910-006 Hinge plate — outer - upper LCS 0 19.67
7308-2910-007 Hinge plate — inner - upper LCS 0 3.16
7308-2910-008 Hinge Asm. — Door lower LCS 0 19.67
7308-2910-009 | Hinge plate — outer - lower LCS 0 19.67
7308-2910-010 | Hinge plate — inner - lower LCS 0 3.16
7308-2910-011 | Panel — Insert Frt Door PPO - Unfilled 161,000 3.91
7308-2910-012  Striker — latch reinf’t Aluminum 6061 T4 0 8.91
[ 7308-2910-013  Bracket — rr dr hinge support Aluminum 6063 T4 75,353 6.15
7308-2910-014  Reinft — rr dr outer Aluminum 6063 T4 87,020 6.05
[ 7308-2910-015  Reinft —rr dr inner Aluminum 6063 T4 172,463 6.05
Sub-total 2,085,390 211.43

7308-3110-001

Panel - Front Fender Outer - LH

Aluminum - 6063 - T4

1,184,952

32.42

Sub-total

Front Fender Outer - RH

1,184,952

32.42

4.5.7.4. Phase 2 HD BIW Technology

These analyses show that a holistic, total vehicle approach to weight reduction can
minimize potential cost increases for utilizing a significantly lighter multi-material body
structure as the vehicle basis. Additionally, a holistic approach needs to be taken to

maximize the mass decompounding effect.

The Phase 2 BIW mass target was a maximum of 267.8 kg; this target was based on a
total vehicle mass 30% lighter than the baseline Toyota Venza. This resulted in a

maximum allowable BIW mass of 267.8 kg (382.5 x 0.70).

The total vehicle target was 1699.7 kg x 0.70, or 1189.8 kg. The Phase 1 High

Development system masses were used for all areas but the BIW.

7308-3210-001 Panel - Front Fender Outer - LH Aluminum - 6063 - T4 1,184,952 32.42
Sub-total 1,184,952 32.42
- r 0 1]
Hood
7308-3310-001 Panel - Hood outer Aluminum - 6063 - T4 809,306 43.83
7308-3310-002 Panel - Hood inner Aluminum - 6063 - T4 962,759 81.77
Sub-total 1,772,065 125.60

Due to changes necessary for crash and structural performance, the Phase 2 BIW mass is
greater than the projected Phase 1 mass. A 42.2-percent mass reduction was estimated in
the Phase 1 report while the Phase 2 mass reduction is 37.8 percent. The Phase 2 BIW
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mass of 241.8 kg (see BOM in Table 4.4.12.a for the mass summary) is 25.9 kg less than
the Phase 2 mass requirement.

The fully assembled BIW costs for the baseline Venza, the Phase 1 HD BIW and the
Phase 2 BIW are listed in Table 4.5.7.c. The Phase 2 project included detailed studies for
tooling and assembly costs as well as BIW piece cost analyses for both the baseline
Venza and the Phase 2 body. Independent experts in each field were utilized to analyze
these areas.

The Phase 2 HD complete body (assembled, painted with NVH material added) is 108%
more expensive than the baseline Venza BIW vs. the projected 135% cost from the Phase
1 report. This reduction is a direct result of lowering the parts count by 250 — Phase 2 BIW:
169 parts; 2009 Venza: 419 parts. Sixty (60) percent of the baseline parts have been
eliminated through component integration and design changes. There are fewer tools
required to make the body parts, the BIW assembly line is less complex and there are
fewer assembly operations required to join the parts. This contributes to reduced BIW
costs.

The joining process also contributed to lower costs. Friction spot joining for the aluminum
components requires less energy than RSW (resistance spot welding) and is a less costly
joining process. Kawasaki Robotics estimates a RSW is five times the cost of a friction
spot joint. Even though the amount saved per weld is relatively small on an absolute basis,
the total savings can be significant depending on the number of welds. As an example, the
2011 Jeep Grand Cherokee body has over 5,400 spot welds (http://www.jaxcjdr.com/2011-
jeep-grand-cherokee.htm).

A friction spot joint can utilize a smaller flange than RSW due to the reduced diameter of
the flow drill relative to a welding head. This means that a significant material can be
removed by reducing the flange width. A typical flange width is 25 to 30 mm for the RSW
process. A 20 mm flange was used for the low mass body panels.

Additionally, the continuous beads of structural adhesive assist in creating a stiffer body
structure by bonding 100 percent of the panel surfaces together. This increases the body
stiffness with little mass penalty; the mass of the structural adhesive for the Phase 2 BIW
is 1.4 kg.

Friction spot joining occurs in the plastic region of the material and does not change the
material properties. Structural adhesives do not degrade the parent material properties.
Resistance spot welds affect the parent material properties because the material changes
phase during the welding process. The combination of the greatly reduced FSJ vs. RSW
cost (Kawasaki estimates an FSJ is 1/20™ the total cost of a RSW:
http://www.khi.co.jp/english/robot/product/fsj.html - p.3)and the increased body stiffness
achieved by using continuous adhesive bonding rather than by adding material to the
structure helps to lower BIW assembly costs.
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4.5.8. Application of Results to Other Vehicle Classes

Task 4 of Lotus Engineering Inc.’s contract with the California Air Resources Board
stipulated that Lotus investigate the application of the study results to other vehicle classes
using the concepts in the above study. This section presents the data for scalability broken
down into the eight previously defined vehicle systems: body-in-white, closures and
fenders, interior, chassis and suspension, front and rear bumpers, thermal (HVAC),
glazing, and electrical and lighting. Powertrain was not included in Phase 2 of this report,
but can be scaled as well.

The vehicles discussed in this section are the standard micro car/A-segment, mini car/B-
segment, small car/C-segment, midsize car/D-segment, and large car/E-segment
passenger cars; small, midsize, and fullsize SUVs; minivans; and compact and fullsize
pickup trucks.

4.5.8.1. Body-in-White

A variety of materials and methods were investigated as part of the Phase 2 D vehicle
body-in-white development. These materials and construction methods — primarily the use
of modularization and the expanded use of lightweight materials — are all applicable
outside of the specified Toyota Venza CUV-class vehicle. This section discusses the
materials and manufacturing techniques used in engineering the Phase 2 HD vehicle.

It is important to note that Ford has made public that the 2014 F-150 pick-up body
structure will be a riv-bonded all aluminum structure. The sales for the F-150 series are
approximately 400,000 annually. This will be the highest volume aluminum body structure
in production and is approximately an order of magnitude greater than any current
production aluminum body such as those used on the Audi A8 and the Jaguar XJ
(sources: July 27, 2012, 12:01 AM Wall Street Journal Blog and
http://www.edmunds.com/car-reviews/top-10/top-10-best-selling-vehicles-for-2011.html).

4.5.8.1.1. Modularization

Modularization is the process of integrating a variety of components into a larger sub-
system, or module. The Phase 2 BIW reduced the part count from the baseline Toyota
Venza’s 269 individual parts to 169 parts. Modularization can be applied across a wide
variety of vehicle classes to lighten the vehicle, decrease vehicle parts count, and improve
production efficiency thereby decreasing production costs.

The scalability of this concept is already being applied to low-volume, niche vehicles, as

mentioned in the Phase 1 report. Bentley’s 2011 Mulsanne uses a single stamping for the
A- and C-pillars, roof, and rear-quarter panels. The Lotus Evora also uses a modular
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structure, with three different aluminum sub-sections for the chassis — front, passenger
cell, and rear. The Dodge Nitro uses a modular door assembly that integrates the interior
trim panel, window regulator assembly, audio, and electrical. A modular design has no
adverse effects on vehicular safety; structural analyses will drive the design to the
appropriate level of function required for the model.

This simplification technique can be applied to every vehicle class from heavy-duty, full-
size pickup trucks to micro cars for effective weight loss.

4.5.8.1.2. Materials

Lotus also utilized advanced, lightweight materials in designing the Phase 2 HD vehicle.
These materials, like modularization, can be scaled to nearly any vehicle class. A number
of lightweight materials are being utilized throughout the automotive industry already,
including high strength steels, aluminum, magnesium and composite materials. These
materials were used in the Phase 2 body structure.

Lightweight material selection needs to be based on vehicle requirements such as
durability cycle and cargo and towing capacity. For example, body-on-frame, full-size
pickup trucks and some SUVs are required to tow extremely heavy loads and haul
thousands of pounds of cargo. Due to the structural requirements associated with these
conditions, materials such as aluminum are not used to replace the steel used to construct
the frame. Non-ferrous materials such as aluminum, magnesium and composite materials
can be used for non-frame components such as the body structure, closures and panel
reinforcements.

Lotus worked collaboratively with Alcoa (aluminum material data and test coupons), Allied
Composites (PET sandwich floor panels and material data), Henkel (galvanic coatings,
structural adhesives, nylon B pillar reinforcements, coupon treatment and joining, coupon
laboratory testing and material data), Kawasaki (Friction Spot Joining of coupons), and
Meridian (magnesium material data and test coupons). Additionally, the above suppliers
participated in the design process to ensure conformance to “best practices” for their
respective materials. The materials and processes used for the Phase 2 BIW are all
currently available and used for automotive and non-automotive products.

4.5.8.1.3. Aluminum Extrusions and Stampings

Lightweight metals such as aluminum are being used in BIWs from large luxury cars such
as the Jaguar XJ to sports cars such as the Lotus Evora and Exige S (V6), which show the
variability in design. Jaguar’s use of an aluminum body structure allowed the British firm to
reduce the curb weight of its flagship XJ large sedan around 200 kilograms (440 pounds)
compared to other large luxury vehicles*. Other examples of the scalability of aluminum
extrusions include Audi’'s Space Frame architecture, which is scaled and utilized in
everything from the small A4 to the large A8. Aston Martin also uses the scalability of
aluminum in its DB9 and Rapide sports cars, which are based on its VH (vertical
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horizontal, named for the ability to lengthen and shorten it in both dimensions) architecture.
Evidence of the scalability of aluminum stampings can be found in the Bentley Mulsanne’s
roof, fenders, and a number of aluminum hoods such as that on the Ford Mustang.

As mentioned in the materials section, aluminum cannot be used for some structural
components of heavier duty vehicles such as full-size pickup trucks. Aluminum extrusions
aren’t generally suitable for use in pickup truck frames due to the significant differences in
stiffness as shown by the Young’s Moduli in section 4.2.2. The Young’s Modulus for steel
is greater than 210,000 MPa and is 70,000 MPa for aluminum, showing steel’s greater
resistance to bending under load.

4.5.8.1.4. Magnesium Castings

The magnesium castings used in the Phase 2 HD vehicle can be scaled as well and have
been used in high-end vehicles such as BMWSs, Chevrolet Corvettes, and Dodge Vipers.
BMW uses magnesium in its engine blocks for weight reduction, the Corvette Z06’s front
cradle is made from cast magnesium which is 35-percent lighter than the previous cast
aluminum structure*, and the Viper’s dash module is cast from magnesium which reduced
mass by 68 percent compared to the previous steel casting. The Ford Flex uses a
magnesium front end structure which supports the radiator and condenser. The Phase 2
BIW utilizes magnesium castings for the front end structure, the front of dash and the rear
wheelhouse area.

4.5.8.1.5. High Strength Steel

High strength steels require little modification to put into use on vehicles as the
manufacturing techniques are nearly identical to those already in place throughout the
automotive industry. The weight savings comes through the ability to use less material to
make the same strength part; high strength steels are already beginning to be used
extensively in production vehicles. As an example, the Mercedes Benz E class uses over
70% HSS. The Phase 2 body incorporates steel B pillars. Light- and heavy-duty pickup
trucks incorporate high-strength steel into frames in order to increase the strength of the
frame while simultaneously reducing weight by using less material than for a comparable
conventional steel frame.

4.5.8.1.6. Composites

Composite materials are used in the Phase 2 HD floor and rear load floor. Composite
materials such as carbon fiber reinforced plastic are currently extensively used in
motorsports and high-end sports cars. Until recently, the materials and manufacturing
techniques were too expensive for widespread use in the automotive industry. Examples of
composite usage include entire carbon fiber monocoques in Formula 1 cars, Lamborghini’s
Sesto Elemento concept made entirely from the composite, the carbon fiber monocoque in
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the production McLaren MP4-12C, Volkswagen XL1 concept, and smaller items such as
the roof on BMW’s M3 and M6. Carbon fiber suppliers including Plasan, SGL, Toray, and
Fiberforge are delivering carbon composite components for the automotive industry. BMW
recently announced its upcoming i3 electric city car’s passenger cell will be made from
carbon fiber as well — the first truly mass produced passenger cell to be made from carbon.

Carbon fiber is acceptable for use in production vehicles that see relatively small loads, but
may not be acceptable for use in load-bearing components of heavier-duty vehicles such
as pickup trucks. Carbon fiber has been shown to withstand high loads on vehicles such
as Formula 1 cars, but these racing parts are extremely expensive to produce and do not
need to meet the durability cycles required for production vehicles. The durability of carbon
fiber under high loads — such as those seen in a pickup truck — is unknown. Carbon fiber
usage on low volume, lower stress vehicles in non-structural areas, such as body panels,
will lead the way for integration into mainstream passenger cars. Much development work
is being done to reduce the cost of carbon fiber parts for higher volume production. Globe
Machine Mfg. Company, a Tacoma, Washington based firm, has production machinery
capable of 17 minute cycles for large automotive panels, a substantial reduction from the
typical autoclave process cycle time.

4.5.8.1.7. Scalability Summary

It is possible to lighten BIW structures of vehicles of all classes using the materials and
methods described above, but it is unlikely the same weight savings will be achieved in
smaller vehicle classes. This is partially due to simple dimensional constraints such as the
seats — which must be large enough to hold a 95"-percentile American male — and the
relationship between the driver, pedals and steering wheel. Other constraints include crash
protection, which due to the smaller crumple zone, typically requires the use of thicker (and
thus heavier) steel to make the vehicles safe. Conversely, this may also allow
manufacturers to realize a greater mass reduction in vehicles larger than the Venza. Table
4.5.8.1.7.a lists the potential relative mass reductions based on specific density and the
projected curb weight mass savings relative to the baseline Toyota Venza.

All of the vehicles mentioned in this section, with the exception of the concept vehicles,
meet or exceed federal safety standards and use different ratios of the same materials
used in the Phase 2 HD vehicle. The wide variety of vehicle classes and sizes mentioned
using these materials demonstrates that when properly engineered, the materials and
manufacturing methods can be scaled while maintaining safety. Composites have proven
to be exceptionally safe in motorsports, with the structures designed and tested to
withstand the extreme forces of high speed collisions. Aluminum extrusions and castings
can be selectively used in crumple zones to deform and absorb energy while high strength
steel can be used in areas that need to remain rigid and intact in the event of an accident.

Vehicle requirements may mean that not all of the lightening methods used to create the
Phase 2 HD vehicle can be applied to every vehicle, such as larger, BOF pickup trucks
and SUVs. They require high towing and cargo capacities, necessitating the use of
heavier-duty materials, such as described in the materials portion of this section. While the
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same multi-material unibody construction can’t be used for vehicles such as the Chevrolet
Silverado or Suburban — which can tow up to 10,700 and 8500 pounds in half-ton, light-
duty specification and the heavy-duty, full-ton Silverado pickup can tow up to 21,700
pounds when properly equipped — the same methods used for the interior, glazing, HVAC
system, and electrical system can be applied. The chassis lightening methods cannot be
fully utilized and the suspension must be built for heavy-duty applications, which means it
can'’t be fully lightened either.

An example of capacity decrease from body-on-frame construction to unibody construction
is the new Ford Explorer. For 2011, Ford switched the Explorer to unibody construction for
weight savings purposes, decreasing the BIW mass by 58 kg and decreasing maximum
towing capacity by 2400 pounds to 5000 pounds. Both the 2011 Jeep Grand Cherokee
and 2011 Dodge Durango are unibody vehicles as well and can tow 7400 pounds each,
but weigh around 5200 pounds each so equipped compared to 4400 pounds for the
Explorer, demonstrating the necessary, structural, heavy reinforcements to allow the
greater capacity.

The Toyota Yaris BIW shown in Figure 4.5.8.1.7.a below is an example of a mini car body
structure, for which the Phase 2 BIW weight reduction does not scale directly. This is due
to the previously mentioned dimensional constraints, such as those between the B-pillar
and dashboard, which can only decrease so far in order to maintain a comfortable driving
position and relationship to the dashboard for safety. This means that the Yaris and Phase
2 HD vehicle will have a similar amount of material between the driver's seat and
dashboard. The small crumple zone ahead of the firewall can also be seen in this picture,
which would have to be reinforced on this size car to maintain crash worthiness and would
add weight. This BIW weighs 228 kg, which is approximately the same mass as the
significantly larger Phase 2 HD BIW.
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Figure 4.5.8.1.7.a: Toyota Yaris body-in-white structure

The Toyota Corolla BIW pictured in Figure 4.5.8.1.7.b is another example of a small car for
which the weight savings may not reach the Phase 2 level. The same dimensional
constraints as with the mini car apply. Reducing the BIW mass is still possible. The Corolla
BIW weighs 289 kg, which is significantly heavier than the larger Phase 2 HD body.

Figure 4.5.8.1.7.b: Toyota Corolla body-in-white structure

The Audi A4 BIW structure pictured below in Figure 4.5.8.1.7.c is an example of a midsize
car as defined by the EPA. It weighs 306 kg or approximately 25 percent more than the
Phase 2 HD vehicle. Midsize cars are projected to approach the weight savings of the
Phase 2 HD vehicle. The crumple zone is larger, which allows for thinner, lighter material
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to absorb the crash energy. An extreme analogy to clarify this point is that if a vehicle had
a 50-foot long crumple zone, the energy could be absorbed by foam rather than metal. The
proportion of weight in the BIW between the driver’'s seat and dashboard also decreases
relative to the body weight increase.

Figure 4.5.8.1.7.c: Audi A4 body-in-white structure

Audi’'s A7 BIW structure pictured below in Figure 4.5.8.1.7.d could realize a potential
weight reduction close to the 40 percent of the Phase 2 HD BIW for the reasons given for

the A4 BIW. The A7 BIW structure currently weighs 349 kg, over 100 kg more than the
Phase 2 HD BIW.

Figure 4.5.8.1.7.d: Audi A7 body-in-white-structure

Body-in-white data for all of the vehicles listed above, along with the BIW volumes,
densities, and specific densities are shown in Table 4.5.8.1.7.a below. Length, width, and
height are given in inches and are used with a shape factor to calculate the BIW volume in
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cubic feet. The shape factor is based on the bodystyle, i.e. sedan, wagon, SUV, etc., and
is shown in Table 4.5.8.1.7.b. The density is then determined by dividing the BIW mass in
kg by the BIW volume. Specific density is determined by dividing an example BIW density
by the Phase 2 HD density, thus the Phase 2 HD BIW specific density is equal to 1.0 and
is unitless.

Table 4.5.8.1.7.a: Body-in-white specific densities
Vehicle Mass (kg) | Weight (Ibs.) BIW Dimensions

ARB Phase 2 HD BIW 260.8 573.8 Length (in.): | 180.04
Width (in.): 75.79

Height (in.): 53.94

Volume (cu. ft.): | 374.67

Density (kg/cu. ft.): 0.70
Specific Density (unitless): 1.00

Toyota Yaris BIW 228.0 501.6 Length (in.): | 133.07
Width (in.): 66.93

Height (in.): 51.57

Volume (cu. ft.): | 232.79

Density (kg/cu. ft.): 0.98
Specific Density (unitless): 1.41

Toyota Corolla BIW 289.0 635.8 Length (in.): [ 160.71
Width (in.): 49.09

Height (in.): 84.33

Volume (cu. ft.): | 315.20

Density (kg/cu. ft.): 0.92
Specific Density (unitless): 1.32

Audi A4 BIW 306.0 673.2 Length (in.): | 168.50
Width (in.): 69.69
Height (in.): 48.43

Volume (cu. ft.): | 272.52

Density (kg/cu. ft.): 1.12
Specific Density (unitless): 1.61
Audi A7 BIW 349.4 768.7 Length (in.): | 174.41

Width (in.): 74.80

Height (in.): 48.03

Volume (cu. ft.): | 304.41

Density (kg/cu. ft.): 1.15
Specific Density (unitless): 1.65

Table 4.5.8.1.7.b: Shape factors

Sedans: | ((Wheelbase*Height) + ((Length - Wheelbase)*0.5 *Height))*Width
SUVs and Hatchbacks: | ((0.33*(Length - Wheelbase)*Height) + (Wheelbase*Height) + (0.67*(Length -

Volume =
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Wheelbase)*0.5*Height))*Width
Trucks: | ((Bed Length*0.5*Height) + (0.5*(Length - Bed Length)*Height) + (0.5*(Length -
Bed Length)*0.5*Height))*Width

4.5.8.2. Closures

Lotus Engineering investigated a wide variety of materials to use to construct lightweight
vehicular closures. Theses closures have already become a focal point for mass reduction
due to the relative lack of complexity and ease of integration. A number of lightweight
materials and manufacturing methods are already in production, including the use of a
magnesium casting for the Lincoln MKT rear hatch. Lotus used low-mass materials to
lighten vehicular closures and their fixtures, which can be scaled to nearly any vehicle
class.

For example, the magnesium used in the tailgate can be used in non-structural
components because the metal is too brittle to withstand crash events. Current
thermoplastic body panels have limits on how large they should be manufactured due to
thermal expansion characteristics.

4.5.8.2.1. Injection Molding

Injection molded plastics are currently used in industries ranging from toy making to the
automotive industry. The wide variety of applications for injection-molded parts can already
be seen in industry. Lotus applied modularization to a number of door components —
including the structural B pillar reinforcements and window-glass channel — to allow for
further weight savings. The scalability of modularization and castings was discussed in the
previous section.

4.5.8.2.2. Mild Steel Castings

Lotus’ closure designs call for the use of mild steel castings — a material and
manufacturing technique already in use in vehicles that meet or exceed federal safety
standards — for the majority of the door hinges. These parts have proven performance in
vehicle crashworthiness. Thus, scaling the use of mild steel castings and injection molding
to save weight will have no adverse effect on vehicle safety.

4.5.8.2.3. Scalability Summary

Although closures are already a focal point for mass reduction, increased weight savings
are possible and unlike the BIW, likely proportionally scalable between vehicle classes.

This is due to the use of modularization and increased use of lightweight materials in the
Phase 2 HD vehicle while typical closures in every vehicle class are primarily constructed
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from heavier mild steel. Closures are also relatively unaffected by safety limitations as the
majority of the vehicle crash structure is engineered into the BIW. High strength steel side
door beams have been refined to the point where they are lightweight and effective.
Closures are dimensionally limited in that they should provide relative ease of access to
the vehicle, i.e. doors should allow passengers to get into and out of the vehicle relatively
easily, trunks/tailgates should provide adequate storage access, and the hood should
provide an adequate opening for maintenance access.

4.5.8.3. Front and Rear Bumpers

Bumpers are engineered to pass federal vehicle safety requirements and simple beams
with energy absorbing materials and stylized cosmetic fascias are generally adequate to
pass these tests. Current bumpers are generally constructed from steel extrusions,
although some are aluminum and magnesium. Lotus chose to use aluminum extrusions for
the front and rear beams as it reduced vehicle mass and remained within the cost target.
Aluminum extrusions are easily scalable as previously discussed in the BIW section and
are already in use on vehicles that meet federal safety requirements, including the
standard Toyota Venza rear bumper system.

4.5.8.4. Glazing (Windshield, Backlight, Doors, Sunroof, Fixed
Panels)

Lotus investigated the possibility of using silicate treated polycarbonate when analyzing
glazing options for the Phase 2 HD vehicle, but concluded the material may not be ready
for widespread use on vehicle glazing by the 2020 time frame. This represented a
conservative approach, but utilizing standard vehicle glass ensures the technology is
readily scalable and that the vehicles will meet or exceed federal safety standards.

4.5.8.5. Interior

The scalability of the Phase 2 HD vehicle interior is based primarily on engineering and
design concepts as vehicle interiors have different requirements. For example, Venza
customers don’t have the same interior expectation as either a Mercedes-Benz S-Class
customer or a Lotus Exige customer. The primary engineering and design techniques used
— systems integration, and seat, infotainment and instrument panel redesign — can be
scaled to a variety of vehicles.

4.5.8.5.1. Seats

Different vehicle classes have different seat requirements — compare the lightweight
bucket seats in the Lotus Exige to the 16-way power seats in the Mercedes-Benz S-Class
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— but all can be lightened through the use of new, lightweight foam and different
construction techniques such as using a foam suspension rather than metal. Seat
scalability is already in use today as seats of a wide variety of shapes, sizes, and comfort
levels appear in every vehicle on the road. Seats can also be carried across to a number
of vehicles within a manufacturer’s lineup, reducing development costs and providing
greater economies of scale.

4.5.8.5.2. Electronic Transmission and Parking Brake Controls

Fully electronic transmission and parking brake controls are two ways to reduce weight in
any vehicle and are independent of vehicle size. These technologies are being applied to a
variety of vehicles. Ferrari, Mercedes-Benz, and Jaguar all use fully electronic
transmission controls. Vehicles as small as GMC’s Granite concept have used these
technologies. It is important to note that electronic transmission systems work best with
transmissions engineered for electronic actuation as the mass saved by eliminating the
mechanical linkage will be added back when a servo-actuator is added. Electronic parking
brakes eliminate the need for a mechanical linkage and can be integrated into an existing
touch screen. Audi currently uses electronic parking brakes on vehicles such as its S4
sedan.

4.5.8.5.3. Instrument Panel

Instrument panels (IPs), for the most part, are currently designed using hardware tailored
to each vehicle. Replacing the standard physical instrument panel with an OLED display
reduces weight and can be scaled to every vehicle. Displays like this are currently used on
high-end cars such as the Jaguar XJ, but are beginning to appear in mainstream cars such
as the Ford Edge.

A similar system could be used to reduce the weight of the infotainment display. A
transparent OLED (organic LED) touchscreen near the windshield could replace the
navigation display and be scaled to any vehicle. Radio functions could then be controlled
via personal music devices such as an iPod touch — as in the Ferrari F430 Scuderia — or
an iPad. Capacitive touch sensitive buttons as in the Chevrolet Volt help to slightly reduce
weight and can be scaled to any vehicle as well. This is shown in the emergence of touch
sensitive consumer goods and the Jaguar XF and XJ, where even the dome lights and
glovebox are controlled via touch sensitivity.

The engineering and construction technique used to create the IP and dash panel can also
be scaled to other vehicle classes. The Phase 2 IP would integrate seamlessly into the
cast magnesium dash panel, with integrated support brackets to ensure that it would meet
federal safety standards. The gauge cluster in front of the driver is primarily supported by
the collapsible, cast magnesium steering column, which is a primary connection to the
vehicle. This design approach is scalable to other vehicles.
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4.5.8.5.4. Center Console

Lotus simplified the number of parts required to create the center console, creating a
design that can be scaled to virtually any center console design. This approach means that
fewer parts need to be redesigned and retooled for manufacturing. The composite center
console design can be scaled as shown by examples of the scalability and variability of
composite design in the BIW section. The plastic material used for the center storage bin
can also be scaled up or down as it's used in a wide variety of automotive and non-
automotive products. The foam and leather used for the top of the armrest can also be
scaled up or down as described in the seats section.

4.5.8.5.5. Noise Insulation

Active noise cancellation can be used to replace standard noise insulating materials and
can be scaled to smaller and larger vehicle classes very easily. Noise cancellation
eliminates heavy noise insulating materials by utilizing the sound system and microphones
already built into the vehicle. This technology is currently used on the Chevrolet Equinox
where General Motors tuned the software to cancel out the harsh engine noise at low RPM
to allow the engine to idle lower and achieve a higher fuel economy rating. It is also used
on high-end headphones to eliminate ambient noise and on airplanes to reduce wind noise
while flying. This demonstrates the applicability of this technology to vehicles of all shapes
and sizes and its ability to reduce the amount of heavy noise insulating material necessary
by tuning it to cancel out wind, road, engine, and other ambient noise.

4.5.8.5.6. Interior Trim

Lotus primarily looked at system integration and elimination in order to reduce the weight
of the Venza’s interior trim for the Phase 2 HD vehicle. This means that the interior trim
weight reductions can be scaled to a wide variety of vehicle classes. Carpeting can be
removed from any vehicle and replaced by a varying size floormat as in the Phase 2 HD
vehicle and evidenced by vehicles such as the Lotus Exige and Ferrari F430 Scuderia.
Both have bare aluminum floors with floor mats. A similar technique is used to decorate
wood and tile floors in houses, where the owner places a rug on a hardwood floor.

Other interior trim, such as sunvisors and pillar panels can be scaled. Faurecia, an
innovative Tier 1 interior supplier (BMW, Audi, GM, etc.), and Trexel, the MuCell (an air
injected plastic) supplier, are working on new, lighter coverings that can be scaled just as
easily as the plastics currently used. Door panel mass has also been significantly reduced
in the Phase 2 HD vehicle by merging the door panel trim with the inner door structure; this
concept can be applied to any vehicle. Additionally, the physical door handle and
connections were removed and replaced by lightweight capacitive switches molded into
the door module itself. This is similar to the door module and electronic locking
mechanisms already in use in the Aston Martin lineup, Chevrolet Corvette, Cadillac CTS
Coupe, and Nissan GT-R. These can be used on any size vehicle.
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4.5.8.5.7. HVA/C Ducting

Lotus looked at a number of options to reduce the mass of the heating, ventilation, and air-
conditioning systems for the Phase 2 HD vehicle. These systems are all very well
developed and further mass reductions are extremely difficult. Mass reductions of the
ducting system used to deliver the heated or cooled air to the passenger compartment can
be achieved using new materials and are scalable. A MuCell foamed plastic technology
was incorporated that offered reduced mass and improved thermal performance. MuCell
foamed plastic parts can replace traditional vehicle ducting and are readily scalable.

4.5.8.6. Chassis and Suspension

A wide variety of components are included under the chassis and suspension category
including wheels and tires, brakes, steering, and the suspension system. These
components have been a focal point of mass reduction in order to reduce unsprung vehicle
weight and correspondingly increase ride and handling performance.

4.5.8.6.1. Suspension and Steering

The selected suspension and steering components can be scaled to a variety of vehicle
classes using materials and manufacturing technologies previously discussed. The
Venza'’s standard springs were replaced with high strength steel units, which are used on
high-end BMWs. Lotus also replaced the Venza's standard steel upper-spring seat with a
glass-filled nylon unit, which is used on the Mazda5. Lightweight cast magnesium, which
was previously discussed in the BIW section, was used for the front sub-frame; a
magnesium sub-frame is used on the Corvette Z06. A simple and easily scalable hollow
stabilizer bar — used on a wide variety of performance vehicles for weight savings —
replaced the solid steel unit on the Venza.

The Venza’s cast iron suspension knuckles were replaced with cast aluminum knuckles
such as those offered on current Chrysler minivans. Lotus used a design similar to that on
the Alfa Romeo 147 for the rear knuckles and one similar to the Volkswagen Passat’s for
the front knuckles, both of which are more compact and lighter than the stock Venza's.

Lotus utilized foam reinforced front lower-control arms to reduce the weight of the Phase 2
HD suspension. These are single piece stampings and as such, can be scaled using
similar techniques to those previously described in the BIW section.

4.5.8.6.2. Braking System
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Lotus evaluated a number of braking solutions for use on the Phase 2 HD vehicle including
the electronic parking brake mentioned earlier. This system eliminates the physical
connection hardware and uses a solenoid actuated integrated parking brake caliper rather
than a specific parking brake mechanism to reduce weight.

The hybrid powertrain of the Phase 2 HD vehicle necessitated the use of a hydraulic brake
pump rather than a vacuum driven brake pump. This type of pump is already in use on
hybrids such as the Toyota Prius and the Ford Escape. The brake rotors themselves are
new dual cast rotors (cast aluminum hub with cast iron outer ring) rather than single piece
cast iron rotors. Brembo designed the brakes and they are currently available.

Lotus also chose to use Brembo’s fixed aluminum front calipers, which are cast from
aluminum to save weight over traditional cast iron calipers. The fixed caliper design also
offers additional weight savings. Brembo already produces this style of caliper in a variety
of sizes for different vehicle classes. The rear brakes on the Phase 2 HD vehicle use
floating aluminum calipers, which are already in production.

4.5.8.6.3. Tires and Wheels

The tire and wheel technologies chosen for the Phase 2 HD vehicle are scalable based on
wheel diameters. Wheels made from a variety of materials — cast steel allo;/s, cast
aluminum alloys, and even forged aluminum alloys and forged magnesium’ — are currently
offered in all sizes and styles. The cast aluminum alloy wheels chosen for the Phase 2 HD
vehicle are currently manufactured in sizes as small as 15 inches as on the Toyota Prius
up to sizes over 19 inches as on the Audi R8. Tires are also easily scalable as shown by
the varying widths and side profile heights currently offered by tire manufacturers.

Lotus also eliminated the spare tire due to the availability of light weigh options in
production now including run-flat tires and tire repair kits. The spare tire can be removed
and either run-flat tires or a tire repair kit added to replace the spare tire on virtually any
passenger car or truck. A spare tire is an option on the Dodge Challenger and not
available on the Chevrolet Cruze Eco with a manual transmission.

4.5.8.7. Electrical

The electrical harnesses on the Phase 2 HD vehicle use thinwall, plastic-coated, copper-
clad aluminum wiring. Copper-clad aluminum wiring is already in production while thinwall
is currently being evaluated for production use and further weight savings. This technology
can easily be applied to most vehicles. This is evidenced by the 2011 Toyota Yaris’ use of
CCA aluminum wiring harness manufactured by Sumitomo Electric Industries.
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4.5.8.8. Powertrain

Phase 2 of Lotus’ contract with the CARB did not require the evaluation of vehicle
powertrains, but they are very scalable. This is evidenced by the wide variety of vehicles
on the road today with a broad range of powertrain offerings. Vehicles today come with
everything from V-8s coupled to eight-speed automatic transmissions to hybrids and pure
electric vehicles. Vehicles can be engineered to accept a wide variety of powertrains as
evidenced by the Chevrolet Volt series hybrid utilizing the Chevrolet Cruze body platform.
Other OEM'’s, such as Toyota, an industry leader in producing hybrid vehicles, use a
similar strategy for most of their hybrid vehicles, designing mainstream ICE platforms to
accept larger battery packs, smaller gas tanks, downsized internal combustion engines
and an electric drive motor. This allows the Phase 2 HD vehicle to be equipped with a
standard ICE powertrain, a pure electric drive system or a hybrid powertrain. A similar
vehicle would be Mercedes-Benz’'s S-Class, which is offered with powertrain options
ranging from twin-turbo V-12s to a hybrid-electric setup with a plug-in hybrid concept being
displayed at recent car shows.
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4.5.8.9. Competitive Set Study

Lotus compiled data for a wide variety of vehicle classes — micro cars, small cars, midsize
cars, large cars, small SUVs, midsize SUVS, large SUVs, compact pickup trucks, and
small pickup trucks — as part of the development of the Phase 2 HD vehicle. This data
provides the length, front and rear tracks, heights, wheelbases, weights, footprints, and

specific densities of the major vehicle classes. This information is shown on Table

4.5.8.9.a below and a full list of vehicles with more detailed information can be found in
Appendix B. Vehicle classes are listed in both EPA and EU classifications.

Table 4.5.8.9.a: Average vehicle class information

Vehicle Class | Example Length Front Rear Height Wheelbase Weight Footprint Specific
Vehicle (in.) Track | Track (in.) (in.) (Ibs.) (sq. ft.) Density
(in.) (in.) (unitless)
Mini car/ | Toyota 161.6 58.0 58.0 59.2 98.5 2550.0 39.69 1.46
Subcompact | Yaris
Small car/ | Toyota 176.0 59.9 60.0 58.3 103.9 2950.0 43.29 1.52
Compact | Corolla
Midsize car | Toyota 191.0 61.7 61.6 57.8 109.5 3320.0 46.89 1.63
Camry
Large car | Toyota 199.4 63.0 62.9 59.1 113.4 3860.0 49.59 1.73
Avalon
Small SUV | Toyota 174.4 61.5 61.6 66.8 103.3 3540.0 44.15 1.52
Rav4
Midsize SUV/ | Toyota 191.0 63.6 63.6 66.9 111.8 4320.0 49.37 1.61
Crossover | Venza
Fullsize SUV | Toyota 202.8 66.7 67.4 74.2 117.7 5560.0 54.77 1.67
(BoF) | Sequoia
Fullsize SUV | Ford Flex 201.5 66.3 66.3 69.0 118.5 4820.0 54.52 1.56
(unibody)
Minivans | Toyota 202.0 66.9 66.8 69.0 119.4 4440.0 55.38 1.45
Sienna

The specific density in Table 4.5.8.9.a provides a direct comparison to the Phase 2 HD
vehicle and demonstrates the potential for mass savings across each vehicle class. This is
due to the definition of specific density, which is shown in Table 4.5.8.9.b below. This
specific density shows just how much more mass there is per unit volume, giving an idea
of the potential weight savings as shown in greater detail in section 4.5.8.10. Volumes of
each vehicle were calculated using a shape factor as described by the equations in Table
4.5.8.9.b below as well as footprint and basic density calculations.

Table 4.5.8.9.b: Vehicle volume calculations based on shape factors

Definitions
Footprint = | Length*0.5*(Front Track + Rear Track)
Volume = | Sedans: | ((Wheelbase*Height) + ((Length - Wheelbase)*0.5 *Height))*Width
SUVs and Hatchbacks: | ((0.33*(Length - Wheelbase)*Height) + (Wheelbase*Height) + (0.67*(Length - Wheelbase)*0.5*Height))*Width
Trucks: | ((Bed Length*0.5*Height) + (0.5*(Length - Bed Length)*Height) + (0.5*(Length — Bed
Length)*0.5*Height))*Width
Density = | Weight/Volume
Specific Density = | Density/ARB Phase 2 Density
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4.5.8.10. Summary and Projected Weight Savings

The data presented in this section shows the scalability of the engineering and
manufacturing techniques implemented to reduce vehicle weight. This section also
includes— with one exception— an analysis indicating that automakers have been reducing
vehicle weight, and a review of potential opportunities to further reduce vehicle mass at
minimal cost. This is shown in the comparison between body-on-frame vehicles and
unibody vehicles, as all of the body-on-frame vehicles, with the exception of the Honda
Ridgeline, are heavier, and correspondingly denser than their unibody counterparts. The
Ridgeline is an outlier as it’s the only unibody pickup truck currently on sale and also offers
significantly more standard content than unibody compact pickup trucks. Examples of the
Ridgeline’s added content are the full center console and adjustable front bucket seats; a
simple bench seat layout (without a console) is standard on all other compact pickup
trucks. Other, more luxurious features, some of which aren’t available on other compacts
pickups, add to the weight and density of the Ridgeline. All of the vehicles shown were
also base vehicles, which are typically two-door pickups while the Ridgeline is only
available in a four-door version. More unibody, compact pickup trucks need to be available
in order to further evaluate the use of a unibody structure in compact pickups, but the
comparison of unibody and body-on-frame large SUVs shows the difference in structure.
All fullsize pickup trucks currently utilize body-on-frame construction so a comparison
between unibody and body-on-frame is not possible.

An objective means of measuring the potential weight savings for each vehicle class
relative to the baseline Venza was created by developing a mathematical relationship
based on relative specific densities and the mass reduction for the Phase 2 HD model vs.
the baseline Venza. These values established the baseline figures and were used to
create the following equation to quantify the potential relative weight savings:

Speci fieDensity
*

PWS = | ) % 32.4
1.62

Where: PWS = projected weight savings
Specific Density = vehicle density/Phase 2 HD total vehicle density
1.62 = baseline [Venza] specific density
32.4 = Phase 2 HD curb weight reduction as a percentage

Table 4.5.8.10.a below shows the potential weight savings across vehicle classes and also
indicates that the 32.4-percent total vehicle weight savings will not scale directly across
vehicle classes, particularly vehicles smaller than the Venza. Any vehicle with a PWS of
less than 32.4 percent indicates that it has less mass savings potential than the Venza.
Any vehicle with a PWS of greater than 32.4 percent indicates that it has more mass
savings potential than the Venza. Smaller vehicles have less potential, e.g., the microcar
has potential for a 28-percent weight savings. This analysis shows that a significant weight
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savings can be achieved in every vehicle class by applying the methods and materials
described in this study and in the Phase 1 report.

Table 4.5.8.10.a: Projected total vehicle weight savings by vehicle class

Averages:
Density (Ibs./ft3): k] Specific Density (unitless): t Projected Weight Savings |
Micro cars: 7.91 0.00 Micro cars:[{ 1.40| 0.00 28.01%
Mini Cars: 8.23] 0.43 Mini Cars:] 1.46] 0.08 29.13%
Small Cars: 8.61 0.53 Small Cars:| 1.52| 0.09 30.48%
Midsize Cars: 9.19] 0.24 Midsize Cars:] 1.63| 0.04 32.54%
Midsize Luxury Cars:| 10.17] 0.28 Midsize Luxury Cars:| 1.80] 0.05 36.02%
Large Cars: 9.75] 0.38 Large Cars:{ 1.73] 0.07 34.51%
Large Luxury Cars| 10.25] 0.46 Large Luxury Cars| 1.81] 0.08 36.29%
Small SUVs: 8.56] 0.37 Small SUVs:[{ 1.52] 0.07 30.30%
Midsize SUVs: 9.10] 0.42 Midsize SUVs:| 1.61[ 0.07 32.23%
Midsize Luxury SUVs: 9.56] 0.21 Midsize Luxury SUVs:[ 1.69] 0.04 33.86%
Large BoF SUVs: 9.46] 0.18 Large BoF SUVs:[ 1.67] 0.03 33.49%
Large Unibody SUVs: 8.78| 0.08 Large Unibody SUVs:[{ 1.56] 0.01 31.10%
Small BoF Pickups:] 10.03] 0.49 Small BoF Pickups:| 1.78] 0.08 35.53%
Small Uni Pickups:] 10.37] 0.00 Small Uni Pickups:| 1.84 0.00 36.71%
Large Pickups: 9.29] 0.35 Large Pickups:] 1.64[ 0.06 32.88%
Minivans: 8.17 0.17 Minivans:| 1.45] 0.03 28.93%

Based on the above analysis of the various vehicle dimensions and densities in a number
of vehicle classes, the results of the Phase 2 HD design can be [roughly] scaled to other
vehicle classes. Table 4.5.8.10.b below gives an estimation of how the mass and cost
factors scale to other vehicle classes.

Table 4.5.8.10.b: Estimated mass and cost factors for various vehicle classes

Example Original Vehicle Projected Original Body Mass Projected Vehicle
Vehicle Class Vehicle Vehicle Mass Reduced Body Reduction Reduced Cost
Mass (kg) Reduction Vehicle Mass (kg) Body Mass Factor
Mass (kg) (kg)
Mini car/ Toyota 1113.5 29.1% 789.1 228.0 36.9% 143.9 131.5%
Subcompact Yaris
Small car/ Toyota 1251.2 30.5% 869.6 289.0 34.6% 189.0 120.7%
Compact Corolla
Midsize car | Ford Fusion 1555.4 32.5% 1049.9 305.0 41.4% 178.7 112.0%
Large car Ford 1803.7 34.5% 1181.4 372.5 41.6% 217.5 102.0%
Taurus
Small SUV Toyota 1632.7 30.3% 1138.0 310.0 36.3% 197.5 111.9%
Rav4
Midsize SUV/ | Phase 2 HD 1700.0 32.4% 1150.0 382.5 38.5% 260.8 106.0%
Crossover
Large pickup | Ford F-150 2406.4 32.9% 1614.7 2751 38.0% 170.6 155.5%
(BoF)
Minivans Toyota 2091.0 28.9% 1486.7 428.0 43.0% 244.0 131.1%
Sienna

This information was compiled using the specific densities compiled in Table 4.5.8.10.a as
well as the projected weight savings. A separate BIW specific density and projected weight
savings were also calculated for every example vehicle in Table 4.5.8.10.b using the same
formulas. This information was then used to project the reduced vehicle and reduced BIW
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mass. The cost factor was determined by converting the known cost of the Phase 2 HD
vehicle into a $/kg figure and using the following formula:

OF — _rli't'r!rf!r't'j‘!r_ﬂ-_';:{.-e.-e * :_’"r.J.u;‘.pt'rf.'_q
Vehiclel nvoice

Where: CF = Cost Factor
Reduced Mass = Reduced Vehicle Mass
Cost per kg = Cost per kg for Phase 2 HD vehicle
Vehicle Invoice = Example Vehicle MSRP divided by RPE

4.6. Conclusions

This engineering study successfully achieved its objectives of developing and modeling the
structure and crashworthiness of an over 30-percent mass-reduced vehicle through a
holistic vehicle redesign. The Phase 2 vehicle design began with a 2009 Toyota Venza
crossover vehicle and integrated relatively large quantities of advanced materials (e.g.
aluminum, advanced high-strength steels, magnesium, and composites) and advanced
designs and bonding techniques to achieve a substantial vehicular mass reduction.
Vehicle body mass was reduced by 37 percent (141 kg) which contributed to a total vehicle
mass reduction of 31 percent (527 kg) once the other vehicle systems (interior,
suspension, closures, chassis, etc.) were optimized in a holistic redesign. Additionally, this
mass reduction was achieved using a parallel-hybrid drivetrain; a lighter, non-hybrid
drivetrain may reduce vehicle mass further while maintaining or improving performance
relative to the baseline CUV.

This project uses emerging technologies, advanced materials, state-of-the-art
manufacturing and bonding techniques, and innovative design to develop a low-mass
model that has the potential to meet functional, crashworthiness, and structural integrity
requirements for a passenger vehicle. The study developed a mass-reduced vehicle and
evaluated it for body stiffness and crash performance relative to a variety of U.S. federal
impact requirements and IIHS guidelines. This work indicates that a 30-percent lighter
crossover vehicle has the potential to meet regulatory and consumer safety demands
without compromising size, utility, or performance.

The mass-reduced design is found to result in a significant increase in the cost of the
vehicle. The estimation of the direct manufacturing costs for the low mass vehicle body
design suggests that the body structure itself would be 37 percent lighter (i.e. 141 kg) at a
60 percent plus cost (i.e. $723) increase over the baseline vehicle body. When
considering the comprehensive vehicle redesign including the body and non-body vehicle
components, this vehicle design achieves a 32-percent mass reduction at a total direct
incremental manufacturing cost decrease of around $342 per vehicle because significant
cost savings can be achieved from mass reductions in the interior, suspension, chassis,
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interior, and closures areas. Therefore the study illustrates how a holistic, total vehicle
approach to system mass and cost reductions can help offset the additional cost of a 37
percent mass reduced body structure. This study also estimates how these mass
reductions and costs scale to other vehicle classes, finding that roughly similar mass-
reduction and associated costs can be applied to other models ranging from subcompact
cars to full-sized light trucks.

This study’s findings also indicate that the 30-percent mass-reduced vehicle can be cost-
effectively mass-produced in the 2020 timeframe with known materials and techniques. It
is estimated with high confidence that the assembly and tooling costs of the new mass-
reduced body design would have greatly reduced costs due to the substantial reduction in
parts required, from 419 parts in the baseline Venza, to 169 parts in the low-mass design.
By factoring in the manufacturability of the materials and designs into the fundamental
design process, it is expected that, not only will this type of design be production-ready in
2020, but it also has the potential for wide commercialization in the 2025 timeframe.

4.7. Recommendations

A multi-material body structure should be built and tested to evaluate its structural
characteristics for stiffness and modals (frequency response) using non-destructive testing
methods.

Additionally, it is recommended that a low mass vehicle be constructed using the Lotus
designed BIW, be fitted with components duplicating the non-body system masses and
then be evaluated for FMVSS impact performance by NHTSA.
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6. List of Inventions Reported and Copyrighted Materials
Produced

There were no inventions or copyrighted materials produced as a result of this contract.
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Appendices

7.1,

Appendix A: Manufacturing Report

Purpose of Study:

This study provides an overview about the
characteristics of a Body Shop to build annually
60,000 bodies of the LWV (Light Weight Vehicle).

Due to the premature stage of the program we will not
enter into the level of detail as typically done.

In areas of uncertainty we will make assumptions
and/or suggestions.

Jeff Wrobel

Supervisor Process &
Simulation

EBZ Engineering, Inc.
110 South Blvd. W, Suite
100

Rochester Hills, MI
48307

(248) 299-0500

March 1, 2011
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General Assumptions

Two-shift operation

Highly automated production system

Single model, no derivatives

New bonding technology, friction stir bonding (FSB)

Materials: aluminum, magnesium, high strength steel, composites
Only BIW considered in manufacturing study

Cycle time is 191 seconds at 85-percent body shop efficiency
Transportation time is 13 seconds (underbody line, framing line)
Planned SOP: 2020

N
o

Process & Layout
21 Efficiencies

Three main factors drive assembly plant efficiency. These factors are the efficiency of
workers and technical equipment, downtime in plant operation due to organizational
problems, and other system related downtimes. Together, these factors account for the
overall plant efficiency.

2.1.1 Equipment Efficiencies

These inefficiencies are relatively small but are always present and need to be accounted
for. Workers are assumed to operate at 100% efficiency and technical equipment generally
has an efficiency factor of 99% or higher. When all equipment efficiencies are combined in
a complex manufacturing system of up to 20 connected stations, the efficiency factor drops
to 95%.

2.1.2 Downtime due to Organizational Problems

There are downtimes inherent to any assembly plant. Organizational problems caused by
logistics, environment, or political (strike) events account for part of these down times. Due
to the unpredictable nature of these problems, the total reduction in efficiency varies and is
more difficult to predict. Overall, they can account for a 5 — 90% reduction.

2.1.3 Overall System Related Downtime
Further downtimes occur due to overall system related downtime. Interaction between the
different zones of the plant creates inefficiencies, which in turn reduces the total efficiency

factor by an additional 5%.
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2.1. Total Efficiency
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Figure A.1: Total efficiency

2.2 Assembly Sequence Per Station

The assembly sequence is broken up into 44 different stations on three lines — sub-
assembly (SA), underbody assembly (UB), and framing line (FR). There are 19 sub-
assembly stations, 14 underbody assembly stations, and 11 framing line assembly
stations. This eases the assembly process, minimizes the area necessary for the final
assembly line, and allows for sub-assemblies to be built elsewhere and shipped to the final
assembly location, maximizing usable factory space.

Table 2.2.a below lists every assembly station by name and notes the function and parts
involved.

Table 2.2.a: Assembly line stations, functions, and parts

Station Assembly Function Parts Invovled
Name
SA05 Front and rear bumper assembly Front and rear bumper brackets, mounting plates, beam
SA10 Front frame rail assemblies Frame rail mounting plates, rails, brackets, transitions, rocker extrusions
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SA15 L, R pillar sub-assemblies A-pillar upper and lower, inner reinforcements; B-pillar upper and lower,
inner and outers; roof rail, C-pillar striker reinforcement

SA20 Rear end assembly L, R shock towers and reinforcements

SA25 X-member sub-assemblies X-member extrusions, brackets, and reinforcements

SA30 Complete floor X-member assembly X-member sub-assemblies, crossbraces, reinforcements

SA35 Rear end panel and compartment X- Rear inner and outer panels, X-member extrusion and brackets

member assembly

SA40 Side rail assemblies Rail and rocker extrusions, brackets, transitions,

SA45 L, R rear wheelhouse assemblies p-pillar inners, quarter panel inners, liftgate reinforcements, wheelhouse
inners

SA50 Dash sub-assembly Dash panel, reinforcements

SA55 Dash assembly Dash sub-assembly, dash reinforcement, cowl panel support

SA60 Rear seat assembly Rear seat risers, floor reinforcements, floor panel

SA65 L, R front wheelhouse assemblies Front wheelhouse panels, shotguns, shock towers

SA70-10 L, R roof, B-pillar bodyside inner Front and rear roof side inners, upper and lower B-pillar inners

assemblies

SA70-20 L, R A-pillar outer assemblies L, R A-pillar upper and lower outers, shotgun outers

SA70-30 L, R C-pillar bodyside inner assemblies L, R roof side rail sub-assembly, C-pillar outer upper

SA75 L, R A-pillar inner sub-assemblies L, R A-pillar upper and lower inners, A-pillar sub-assemblies

SA80 L, R bodyside outer assembly L, R rear quarter panel, tail lamp closeout, bodyside outer, bodyside
outer frame rail, flange

SA85 L, R inner B-Pillar assembly L, R B-pillar sub-assembly, upper and lower inner reinforcements

UB100 Initial underbody assembly Floor crossmember, rear end, rear end panel, side rail assemblies

uB110 Initial underbody assembly Floor crossmember, rear end, rear end panel, side rail assemblies

UB120 Rear wheelhouse and dash buildup Previous underobdy build, dash assembly, dash transmission
reinforcements, rear wheelhouse assemblies

UB130 Idle

UB140 Weld respotting Previous underbody build

UB150 Rear seat and A-pillar buildup Previous underbody build, rear seat assembly, A-pillar assemblies

UB160 Idle

UB170 Front wheelhouse buildup Previous underbody build, front wheelhouse assemblies

UB180 Central flooring Previous underbody build, center floor panels

UB190 Rear wheelhouse lining and rear rear Previous underbody build, rear wheelhouse outers, rear floor panel

UB200 {/I\c/’glrclinr%spotting Previous underbody build

UB210 Stud application Previous underbody build

UB220 Camera inspection Previous underbody build

UB230 Elevator to framing Previous underbody build

FR100 Idle

FR110 Bodyside outer buildup Underbody build, L,R bodyside inner assemblies

FR120 Weld respotting Previous framing build

10/11/2012
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FR130 Stud application Previous framing build

FR140 Bodyside inner buildup Previous framing build, L, R bodyside outer assemblies

FR150 Roof and cowl buildup Previous framing build, cowl upper panel, roof panel, shotgun closeouts

FR160 Weld respotting Previous framing build

FR170 Camera inspection Previous framing build

FR180 Bumper buildup Previous framing build, front end module, front and rear bumper
assemblies

FR190 Surface finishing/reworking Previous framing build

FR200 Idle, electric motorized system

2.3 Timing Sheets Per Station

Cycle time was determined using the number of vehicles produced per year; the number of
working days, shifts, and breaks per shift to determine total plant uptime; which was then
used to determine a gross cycle time of 225 seconds. With an inefficiency of 15-percent,
the net cycle time is 191 seconds. Table 2.3.a below shows the cycle time calculation.

Table 2.3.a: Net cycle time calculation

Item Value Formula
A Vehicles/year 60,000
B Working days/year (365-104-11) 250
Cc Vehicles/day 240 A/B
D Shifts 2
E Hours/shifts 8
F Break/shift 0.5
G Uptime/day (seconds/working day) 54,000 7.5 hrs/shift *2 shifts/day *3600 s/hr
H Gross cycle time (seconds) 225 G/IC
| Inefficiency factor 15%
J Net Cycle Time 191 H*(1-1)

Individual station timing sheets are listed below in Tables 2.3.b-2.3.ap. These timing
sheets show the full assembly time necessary for each station and the timing of each step.

10/11/2012
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Table 2.3.b: Station SA0S timing sheet

Dssaription vty | e | o | | ey | 5 I o 5 o vs 2 a5 a0 35 d0 45 s 55 a0 65 70 e ee s a0 s tan 08 110 415 120 135 120 195 10 155 15 58 e ses 170 175 160 30 10
Fromt Bumper Assemly
2 |Operator obtains Front RH Sub Assembly oo |12 ] 21| I
3 [Operator abtains Front Lk Sub Assembly 21 12 aa | |1
4 Operator walks to chute . 33| 12| 45 [
& [porato iapose of Fromt RH Sub Assembly n e s [ o [ 5e
6 [Operator aispose of Front L Sub Assembly in chute 55| 10| 65 I
7 [Operator waike to foture SA05-10 B 65 | 06 | 71 I
8 |Operator obtains Rear RH Sub Assembly 7| 12 | es 1
9 |Oporator obtains Rear LH Sub Assembly 53| 12| 95 [
12 [Operator disposs of Rear LH Sub Assembly n chute 1| 1o [12n ]
13 |operator walks to container . 21| 21 |14z []
16 |operator waike to fxture SA05-10 B 62| oo | 168 1
17 |Operator loads 15t Front Bumper Mounting Plate 16| 12 | 180 1
15 [Operator toads 2nd Front Bumper Mounting Plate 50| 12 | 102 1
10 [Oporatorwalks to R Fron: Bumper Mouriing Brackel . o2 ve [210
20 |operator obtains R Front Bumper Mounting Bracket 210] 10 | 220 1
21 |Operator walks to LH Front Bumper Mounting Bracket p 220 06 | 226 [
22 |Operator obtains LH Front Bumper Mounting Bracket 226| 10 | 236 1
23 [Operator walks to ixture SA05-10 . 255 24 [200 [
24 [Operator toads Ri Front Bumper Mounting Bracket 50| 12 [272 ]
25 [oporator toads LH Front Bumper Mounting Bracket 272] 12 204 [
26 |Oporator walks to container : 204 12 | 296 1
27 [Oporator cbians 15 Rear Bumper Mouning Piate 298| 10 308
26__|Operator obtains 2nd Rear Bumper Mounting Plate 306] 10 [316 I
25 |Operator walks 4" to ixture SAG5-10 3 36| 12 | sze 1
50 [Operator loads 15t Front Bumper Mounting Piate 25| 12 [30 [
32 |Operator walks 1o R Front Bumper Mounting Bracket . ERED ]
35 |Operator obtains R Front Burmper Mounting Bracket 570 10 |00 T
34 [Operator walks 1o LH Front Bumper Mounting Bracket B 30| 06 |06 1
35 |Operator obtains LH Front Bumper Mounting Bracket 356| 10 |96 1
36 |operator walks to fxture SA05-10 o 96| 2.4 | 420 ]
37 [Operator loads R Front Bumper Mouniing Bracket 20| 12 |42 1
38 |Operator toads LF Front Bumper Mounting Bracket 2| 12 |aaa 1
35 [Operator waike o paim butions 7 i | 21 ]
40 [Operator depross paim buttons w5 | 10 1
41 [5A05-10 operator side Safety Door closes 475 a0 | s05 C
42 50510 obot s Satey Dwor apens w05 | 50 [s58
45 [obot 5A0SR10 roates o frtre SA0510 5| 15 550 1
[ T o e
e e ot rroces
48 |Robot SAOSR10 rotatos to cloar SA05-10 T2ro| 15 o ]
50 [5A05-10 operator s Safety Door pons 25| 50 1209 O
o [oversor watks w somr sA0520 = 75| 50 505 B
52 [Operator obtaims Front Bumper Sub Assembly 07| 24 |61 ]
57 [Oporatorwabk to tatre 5A0520 . o7 1o 05 1
55 [Operstor obais Rear Bumper Sub Assemy was| 24 [100 [
55 |operator walke  container [ 00| 18 | 727 ]
60 |Operator diopose of Rear Bumper Sub Assembly 727] 18 | 745 (]
52 [Oporator cbians Beam Roar Bumper e T
65 |Oporator walks to container . 025 24 |7 L]
a5 [Opersor aviins Beam Front Bumper w7 | 75 [s02
75 [Oporator oads Rear R 5ub Assarmiy sas| 15 o1
74 [Oporato foscs Rear i 5ub Assarly 1| 75 [o78 T
79 [Oporator loads Front RH Sub Assembly To12| 15 [027] (]
80 [operator toads Front LH Sub Assembly 1027 15 [1042) [
1 [Oporator walks 0 pam butions . Toe2] 21 103
DET At BN ERET ]
e o LT ontpleces s [1559] 279 [1955]
7 18503, 005, 41,8, it e
(427.116.903.905. 416) 11mm por socond swos| 203|270 482
[Staton Gyie Time Tora[eie
Walk summary inear oot
e Summary e mmy 0
rrcton sir Summary 5
e Summary tinear ) 5
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Table 2.3.c: Station SA10 timing sheet

Description | e | e | | | s | o
Front Rail Assombly
1 |operator walks to xure SA10-30 . oo 12|12 |0
2 |operator obains 1st Front Rail Sub Assembly 12|18 a0
5 |operator obains 2nd Front Rai Sub Assembly 50 |18 [ 48
4 [Operator walks to table . we|12|e0] [N
5 |Operator dispose of 1st Front Rail Sub Assembly onto table oo | 15| 75| |1
& |Operator dispose of 2nd Front Rall Sub Assembiy onto table 75| 15| 90 1
7 |operator wakks o contaier for Flange : 50 |06 | 96
8 |operator obains 1st Fange 95 | 10 [ 108 [
5 operator obains 2nd Fiange 15| 10 116 1
10 [Operator walks o fiure SA10-30 . 6| 12 [ 128 1
11 [Operator oads 1stFlange to fxure 28] 12 [ 140
12 |Operator loads 2nd Fiange to fixture 10| 12 [ 152
13 [Operator walks to fixture SA10-20 2 152 06 [ 158 1
14 |Operator obtains 1st Front Rail Sub Assembly 158| 12 | 170 1
15 Operator walks to fixture SA10-30 2 17.0| 06 | 17.6 I
16 |Operator oads st Front Rail Sub Assembly 76| 18 [ 194
17 [Operator walks to fixure SA10.20 2 194] 06 | 200
18__|Operator obtains 2nd Front Rail Sub Assembly 00| 12 212 1
19 [Operator walks to fixure SA10-30 2 212] 05 218 1
20 [Operator oads 2nd Front Rail Sub Assembly 218] 18 236
21_|Operator walks to containerfor Front Ral 7 236] 21 257 I
22 |Operator obtains st Front Ral 257] 12 260 1
23 |Operator obtains 2nd Front Rai 269] 12 201
24 |Operator walks to fxure SA10.20 ’ 1] 21 302
25 |Operator loads 1st Front Rail w02| 18 [ 320 L
26 |Operator loads 2nd Front Rail s20| 18 338 i
27 [Operator walks to fxture SA10-10 2 338] 06 [ 344
28 |Operator obtain 15t Mount Assembly aia] 12 356 A
29 |Operator obtains 2nd Mount Assembly as6] 12 |68 |
30 [Operator walks to fxture SA10-10 2 a68] 06 374
31 |Operator loads 1st Mount Assembly a74] 15 |80
52 |Operator loads 2nd Mount Assembly a89| 15 |04
33__|Operator walks to containerfo Front Rail Mount s a04] 18 422 N
34 |Operator obtain st Front Rai Mount a22| 12 |44
35 |Operator obtains 2nd Front Rail Mount a3a] 12 [aas
36 |Operator walks to fxture SA10-10 s aas| 15 [0
57 _|Operator loads 1st Front Rai Mount a61] 15 [a76
38 |Operator loads 2nd Front Rail Mount a76] 15 [0
39 Operator walks to container for Front Mount Cover 5 49.1| 15 | 506 n
40 Operator obtains 1st Front Mount Cover 506 1.0 | 516
4 Operator obtains 2nd Front Mount Cover 516 1.0 | 526
42 Operator walks to fixture SA10-10 5 526 1.5 | 54.1
43 Operator loads 1st Front Mount Cover 54.1| 15 | 556
44 Operator loads 2nd Front Mount Cover 556 1.5 | 57.1
45 Operator walks to container for Front Mount Cover 5 57.1| 15 | 586 L]
46 Operator obtains 3rd Front Mount Cover 586 1.0 | 596
47 Operator obtains 4th Front Mount Cover 596 1.0 | 60.6
48 Operator walks to fixture SA10-10 5 606 1.5 | 62.1 L]
49 [Operator loads 3rd Front Mount Gover o21] 15 [ ess ¥
50 Operator loads 4th Front Mount Cover 636 1.5 | 65.1
51 Operator walks to palm buttons 4 661 21 [67.2
52 [operator depress paim buttons 672] 10 | 682 ]
53 SA10 operator side Safety Door closes 682 3.0 | 71.2 .
54 Robot SA10R10 rotates to fixture SA10-30 72| 15 | 727 I
P o
Gbot it S 2 FronT R ploEas
56 |(s8.2. 58.2. 32.5, 32.5) 11mm per second 1815 | 89.2 | 16.5105.7|
57 Robot SA10R10 rotates to fixture SA10-20 105.7] 1.5 |107.2] I
. Z‘Z"S‘;?é??fﬁ?‘ifseﬁ?? o 2 Front Ral preces w0 11072l 5 [1131 ||
5 [FOPOrSATORT Welds 3 beads o TSTFroRTRAT Pieces =0 1311 59 [1790] ||
(32:5.525) 11mm per second
60 Robot SA10R10 rotates to fixture SA10-10 119.0] 1.5 |120.5]
RaBoT SATORTO Welds 7 boads o TotFront Mourt Covar
o1 (90.0, 90.0, 90.0, 90.0) 11mm per second 36001205 327 [ 1532
52 505.500.500.500) 1 imm persasona o 1502 027 | 1800
63 Robot SAO5R10 rotates to clear SA05-20 186.0| 1.5 |187.5]
64 SA10 operator side safety door opens 187.5| 3.0 | 190.5]
65 Operator walks to table 1 68.2| 0.3 | 68.5
66 Operator obtains 1st Front Rail Sub Assembly 685 1.8 | 70.3
67 Operator obtains 2nd Front Rail Sub Assembly 703 1.8 | 721
68 Operator walks to container for 1st Front Rail Sub Assembly 8 721 24 | 745
69 Operator dispose of 1st Front Rail Sub Assembly to container 745 18 [ 763
70 Operator walks to container for 2nd Front Rail Sub Assembly 4 763| 1.2 | 775
71 Operator dispose of 2nd Front Rail Sub Assembly to container 775| 1.8 | 79.3
72 Operator walks to 8 79.3| 24 | 817
Walk Summary (linear feet) 99
Glue Summary (linear mm) 0
Friction Stir Summary 0
Hem Summary (linear mm) 0
MIG Summary (linear mm) 1213
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Table 2.3.d: Station SA15 timing sheet

2 |Operator obtains Reint. A-Pillar Upper 18| 12|30 |1

3 [Operator obtains Reinf. A-Pillar Lower 30| 12 | 42 |

5 [operator dispose of A-Pillar Upper 60| 10| 70 T

6 [Operator dispose of A-Pillar Lower 70 | 10 | 80 T

7 operator obtains Upper Hinge Piate 80| 10 | 90 T

10 |Operator loads Upper Hinge Piate 18] 12 | 130 T

11 |Operator loads Lower Hinge Plate 130] 12 | 142 |

13 |Operator walks to container B-Plllar Inner o 162 18 | 180 L

16 |Operator walks to fixture SA15-10 o 23| 24 | 237 L

19 [ovoratorabane 5 i rer ars| e [207 T

20 |Operator walks to fixture SA15-10 s 237 24 | 261 1.

24 [Operator dispose of B-Pillar Outer 317] 18 | 38 T

31 |Operator walks to container C-Pillar Latch 2 465 06 | 47.1 T

32 |Operator obtains C-Pillar Latch 471 12 483 T

33 |Operator walks to container B-Pillar Upper Outer 2 483 06 | 489 T

36 |Operator loads C-Pilar Latch 525| 15 | 540 |

42 |Operator walks to container A-Pillr Upper . 60| 18 | 678 L]

43 |Operator obtains A-Pillar Upper 67.8| 10 | 688 T

44 |Operator walks to container A-Pillar Lower 2 688 | 0.6 | 60.4 T

47 |Operator loads A-Pillar Lower 728| 12 | 740 ]

50 |Operator depress palm buttons 767| 10 [ 777 T

56 [rorg ST apoy adhesie o B PTer et P 209 05 [o1s T

57 |Robot SA15R10 rotates to B-Pillar Outer o19] 15 | 034 ]

T s o B R

50 :?:Ah?;ms:ﬁkmapply:'d:::wsmE—Pnlaruumr e 957 | 08 | 966 I

P b;;;«:ﬁ:g?ﬂ%::lyﬂ:ﬂ:::wemB—Pmarcu«er w006 97.5| 1.5 | 991 I

o [ e oo o] o s I

64 |Robol SA5R1O rotates to clear 1016] 15 |103.1 ]

70 |Fixture clamps close. 107.1] 1.0 [108.1 T

T [ S SN g el s U e " 005l 20 Tiare .
73 |Robot SA15R20 repositions 1216] 15 1231 |
T i " Pt vy P .
77 |Robot SA15R20 repositions 1516| 15 |153.1 ]
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Table 2.3.e: Station SA20 timing sheet

Walk | Glue MG time [sec] seconds
Description (feet) | (mm) | 77 |FVACL ) | St em® 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190
Rear Compartment Crossmember
1 |Operator unloads Rear Compartment XMbr Asm to bin 00| 80 [ 80 i
2 |Operator loads (3) parts to staging fixture 80 | 180 260 ﬁ
3 |Operator loads XMbr to GEO fixture 260| 6.0 | 320 i
4 |Operator depress palm button 320 15 | 335 1
5 Robot SA20R10 unloads (3) parts from staging fixture 335) 180 | 515 _
6 |Robot SA20R10 applies PED adhesive to (3) parts 2715 515|186 | 70.1
7 |Robot SA20R10 loads (3) parts to GEO fixture 70.1| 18.0 | 88.1
8 Robot SA20R10 changes Gripper to RivTac Gun 88.1| 15.0 [103.1 _
9 |Robot SA20R10 Riviac (28 spots) 2 1031 56.0 | 159.1
10 |Robot SA20R10 changes Rivtac Gun to Gripper 159.1 15.0 | 174.1
Station Cycle Time 191.0(191.0
[Walk Summary (inear feet) 4
Glue Summary (linear mm) 2715
Friction Stir Summary 0
RIVTAC Summary 28
MIG Summary (linear mm) 0

Table 2.3.f: Station SA25 timing sheet

Description wak | Gue | gy fopaof MG | | tmelsed seconds
(rea) | (m) (om) A [om 5 1015 20 25 30 35 40 45 50 55 60 65 70 75 B0 8 90 95 100 105 10 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190
Crossmember to Tunnel Assembly
1 |Operator loads (2) "T" Rails to Station SA25-10 00 | 100 100
2 |Operator loads Extrusion and XMbr to Sta SA25-10 (8 times) 10.0| 720 | 820 !_
3 |Operator depress plam buttons 820| 15 | 835 1
4 [Tool Closes (Sta SA25-10) 835| 30 | 865
4 |operator loads (8) nuts and bolts 835 6401475
5 |Operator obtains Nut Runner and Runs (8) Nuts 147.5( 230 | 1705
6 |Operator loads (6) parts to Sta SA25-20 1705 200 | 190.5
7 |Robot SA25R20 Ioads XMbr Sub Asm to Sta SA25-20 00 | 80 | so IR
8 |Robot SA25R20 changes Gripper to Friction Stir Unit 80 | 150 [ 230 [ ]
9 [Robot SAZ5R20 FSJ (22 spots) in Sta SA25-20 2 230|660 890 . ]
10 |Robot SA25R20 FSJ (16 spots) in Sta SA25-10 16 89.0 [ 5201410
11 |Robot SA25R20 changes FSJ to Gripper 141.0( 150 | 156.0
12 Robot SA25R20 unloads XMbr Sub Asm 173.0] 10.0 | 183.0 -_ B
13 |Robot SA25R10 Rivtac (16 spots) ® 141.0| 320 |173.0
14 |Tool Opens 1830( 20 |1850
Station Cycle Time 191.0(191.0
Walk Summary (linear feet) 0
Glue Summary (inear mm) 0
Friction Stir Summary 8
RIVTAC Summary 16
MIG Summary (inear mm) 0
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LOTUS ARB LWV PROGRAM

Table 2.3.g: Station SA30 timing sheet

Crossmember Sub-Assembly
1 Robot UB100R10 loads Xmbr Sub Asm from Sta SA25-20 00| 80 | 80
2 Tool Closes 8.0 | 30 | 110
3 Operators load Brkts (2 each) 11.0| 7.0 | 180 i
4 |operators load boltand nut (12 each) 180 9601140 [
5 Operators obtain Nut Runner 114.0| 15 |1155 I
6 Operators Run Bolts (12 each) 115.5) 36.0 [151.5 ’ﬁ
7 Operator depress palm buttons 151.5] 1.5 |153.0 I
8 Tool Opens 153.0] 2.0 |155.0
9 Operators load (4) XMbr each to Bolt Up table 153.0( 16.0 [169.0
10 Operators load (4) XMbr Inserts each to XMbr on Bolt Up table| 169.0| 14.0 | 183.0 “ BE
1 Robot UB100R10 unloads XMbr Sub Asm from Sta SA30-10 155.0| 8.0 |163.0
12 Robot UB100R10 loads XMbr Sub Asm to UB100 163.0] 9.0 |172.0
13 Robot UB100R10 unloads XMbr Sub Asm from Sta SA25-20 172.0] 9.0 |181.0
Station Cycle Time 191.0(191.0
Walk Summary (linear feet) 0
Glue Summary (linear mm) 0
Friction Stir Summary 0
Hem Summary (linear mm) 0
MIG Summary (linear mm) 0
Table 2.3.h: Station SA35 timing sheet
Description waik | Gue | oo | Hew [ g | | tmelsed seconds
(feet) | (mm) (mm) | (mm) Az | sum 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190
[Wheel House Crossmember
1 Operator loads 5 parts 0.0 | 30,0 300 ﬁ
2 Operator depress palm buttons 300 15 [ 315 I
3 Robot SA35R10 picks 2 parts and applies adhesive 3700 31.5) 26,5 | 58.0 ﬁ
4 Robot SA35R10 loads 2 parts back to SA35 58.0 | 12.0 | 70.0
5 Robot SA35R10 stores end effector and picks up Friction Stir 70.0 | 15.0 | 85.0
6 Robot SA35R10 friction Stir 30 locations 30 85.0 | 90.0 [175.0
7 Robot SA35R10 stores friction stir and picks up end effector 175.0| 15.0 | 190.0
8 Operator unloads 1 part 175.0( 6.0 [181.0
9 Operator unloads 1 part 181.0| 6.0 |187.0 B
Station Cycle Time 191.0(191.0

(Walk Summary (inear feet)

Glue Summary (linear mm)

3700

Friction Stir Summary

Hem Summary (inear mm)

MIG Summary (inear mm)

10/11/2012
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Table 2.3.i: Station SA40 timing sheet

Description e el I e B B e e A
Siderail Asm RH
1 |Operator 1 loads Transition Frt Rail Inr and Otr 00 [ 160 160
2 [operator 1 loads Sill Body Side Inr 160 80 [ 240
3 [Operator 1 loads Transiion RR Rail Inr and Otr 2.0 160 400
4 [Operator 1 oads Frt and Rear Rails 400 16.0 [ 560
5 |Operator 1 press palm butions 560| 1.5 | 575 []
6 |Robot SA40R20 applies Adhesive (4530mm) 4520 575|252 827 [ ]
7 [ Tool Closes 827| 80 (907
8 [Robots SA40R10 & SA40R30 apply Riviacs (25 spols each) 2 907 | 75.0 | 165.7]
9 [Tool Opens 165.7 50 |1707]
10 MH robot unloads Siderail sub asm from Station 40 170.7| 8.0 |178.7|
11 |MH robot loads Siderail sub asm to Station UB100 178.7| 80 1867 [ BN
Siderail Asm LH
1 Operator 2 loads Transition Frt Rail Inr and Otr 640 16.0 | 80.0
2 [operator 2 oads Sl Body Side Inr 800 80 | 880
3 [operator 2 loads Transition RR RailInr and Otr 880 16.0 | 104.)
4 Operator 2 loads Frt and Rear Rails 104.0| 16.0 | 120.0|
5 |operator 2 press paim buttons 1200| 15 [1215
6 |Robot SA40R20 applies Adhesive (4530mm) 450 121.5| 252 | 146.7 |
7 [ Tool Closes 146.7| 8.0 |154.7| ‘
8 [Robots SA4OR10 & SA4OR30 apply Rivtacs (25 spots each) s 165.7| 24.0 | 1897 R |
5 |RObots SARORTO & SA4OR30 apply Riviacs (25 5pofs ach) . 5o (5100510
10 Tool Opens 510 5.0 | 56.0
11 |MH robot unloads Siderail sub asm from Station 40 560 80 | 640
12 |WH robot loads Siderail sub asm to Station UB 100 640 80 | 720
13 |Operator 2 loads Rr Compt C/M and Panel Rr End 121.5| 16.0 | 137.5 “
Station Cycle Time 191.0{191.0]
Walk Summary (inear fect) 0
Glue Summary (linear mm) 9060
Friction Stir Summary 100
Hem Summary (inear mm) 0
MIG Summary (inear mm) o

Table 2.3.j: Station SA45 timing sheet

Description watk | Gue | oo | vem [ wie [ | tmelsec) seconds
(feet) | (mm) (mm) | (mm) 7z | em® 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190
Rear Wheelhouse R/L
1 |Operator loads 4 parts 00 | 180|180 ﬁ
2 |Operator depress plam buttons 180 15 [ 195 []
3 |Robot SA45R10 picks 2 parts and applies adhesive 1800 195] 170 365 [ ]
4 Robot SA45R10 loads 2 parts back to SA45-10 365 10.0 | 46.5 ﬁ
5 |Robot SA45R10 changes gripper to FSJ 465|150 | 615 [ ]
6 |Robot SA45R10 FSJ (30) % 615 90.0 |151.5 ]
7 Robot SA45R10 change FSJ to gripper 151.5( 15.0 [166.5 -
8 [Robot SA45R10 unloads SA45-10 166.5 80 |1745
9 |Robot SA45R10 loads UB-120 conveyor 1745 80 (1825 1
Station Cycle Time 191.0(191.0
Walk Summary (linear feet) 0
Glue Summary (linear mm) 1800
Friction Stir Summary 30
Hem Summary (linear mm) 0
MIG Summary (iinear mm) 0
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Table 2.3.k: Station SA50, SA55 timing sheet

waik | Gue e e sec] seconds
Station Description oy | o | 739 | 57 |ty | ot [T} 5 10 15 2 25 % 35 40 45 S0 55 G 65 T 75 60 8 S0 6 100 105 o 115 120 125 1 135 140 15 150 15 160 65 170 175 130 165 190
sass Dash Assembly
1 |Robot SASOR10 picks completed assembiy from SASS-10 00| 65] 65
2 [Robot SASOR10 loads completed assembly to UB-120 shute 65 | 65 | 120
3 |operatorloads dash reinf and cow ower to SAS5-10 65 | 120 185
4 |operator depress paim buttons 185 1.0 [ 195 | ‘ l
SA50 Dash Sub Assembly
5 Robot SA50R10 rotates to SA50-10 and picks dash sub asm. 130| 95 | 225
6  |Robot SAS0R10 ped apply adhesive to dash sub asm. 3600 225 18.0 | 405 ”
7 Robot SA50R10 rotates to SA55-10 and loads dash sub asm 405| 7.5 | 480
8 |Operator loads 3 parts (2 dash lowers and dash upper) 195|240 435 |
9 |Operator depress paim buttons 435 10 | 445 ]
10 Robot SA50R10 picks both dash lower halves from SA50-10 480 95 | 575
11 |Robot SASOR10 pod apply adhesive s 75| 59 | 634 [ ]
12 |Robot SASOR10 pod apply adhesive s o34 | 27 | 661 []
13 Robot SA50R10 loads both dash lower halves to SA50-10 66.1| 9.5 | 756
14 SA50-10 fixture clamps, pre loader, dumps and pins extend 756 | 5.0 | 80.6
SA55 Dash Assembly ‘ ‘
15 |SAS5-10 fixture clamps, pre loader, dumps and pins extend 480 20 | 500 |
16 [Robot SAS0R20 appiies 10 self peircing rivets 0 500 300 800
16 |Robot SASOR10 tool change end effector for SPR unit 756 | 15.0 ] 906
17 [Robot SASOR10 rotates to fxture SAS5-10 206 40 [ 46 []
17 [Robot SASOR10 applies 24 self peircing rivels 2 946 | 75.0 | 1696
18 [Robot SASOR10 tool change SPR unitfor end effector 160.6] 15.0 [ 184.6 Il
18 |Robot SASOR10 rotates to clear position at SAS5-10 1846] 4.0 [1886 Il
SAS0 Dash Sub Assembly
Robot SA50R20 rotates to fixture SA50-10 80.0| 3.0 | 83.0 i
Robot SAS0R20 applies 22 self peircing rivets 2 83.0 | 66.0 | 149.0]
Robot SA50R20 rotates to fixture SA55-10 149.0| 3.0 [152.0
SAS55 Dash Sub Assembly
Robot SASOR20 applies 11 self peircing rivets " 152.0] 33.0[185.0 [ R
Robot SA50R20 rotates to clear position 185.0| 2.0 [187.0 I
[ Walk Summary (inear feet) 0
Glue Summary (inear mm) 5310
Friction Stir Summary 0
Self Piercing Rivet Summary 68
MIG Summary (inear mm) o
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Table 2.3.1: Station SAG0 timing sheet

Rear Seat Asm
1 [operatorloads (3) parts to Stage 1 00 | 150 150 IR
2 [operator depress paim button 150 15 [ 165 ]
3 [Operatorloads (3) parts to Stage 2 165 150 315 ﬁ
4 [Operator depress paim button 315] 15 | 330 L
5 [Robot SABOR10 unloads (1) part and applies ped adhesive 240 165 100 265
6 |Robot SABOR10 loads (1) part to Stage 1 265| 60 | 325
7 [ Tool Closes 325| 3.0 | 355
8 [Robot SABOR10 changes gripper to FSJ gun 325|150 475
9 [Robot SABOR10 FSU Rear Seat Risers in Stage 1 s 475|180 [ 655
10 |Robot SABOR10 FSJ Rear Seat Asm in Stage 2 = 655 | 87.0 | 152.5]
11 |Robot SABOR10 changes FSJ gun to Gripper 1525 15.0 [ 167.5
12 [Robot SABOR10 loads Riser Rear Seat to Stage 2 167.5 12.0 [ 1795
13 |Robot SABOR20 unloads (1) part and applies ped adhesive 275 330] 200 530
14 Robot SA60R20 loads (1) part to Stage 2 53.0| 6.0 | 59.0
15 [Tool Closes 590 30 | 620
16 |Robot SABOR20 changes gripper to FSJ gun 590150 740
17 |Robot SABOR20 FSJ Rear Seat Asm in Stage2 7 740 8101550
18 |Robot SABOR20 changes FSJ gun to Gripper 155.0| 15.0 [ 170,
19 [Robot SABOR20 loads Rear Seat Asm to UB150 conveyor 170.0| 16.0 | 186.0
Station Cycle Time 191.0(191.0|
Walk Summary (linear feet) 0
Glue Summary (inear mm) 2715
Friction Stir Summary 62
Hem Summary (linear mm) 0
MIG Summary (inear mm) o
Table 2.3.m: Station SA65 timing sheet
Front Wheelhouse Asm RIL
1 [opeator loads (2) parts to presentation fixture 00 [ 160 160
2 [operatoroad (1) part to SAG5 160 80 [ 240
3 [operator depress paim button 240 15 | 255 [
. ::zgn SAB5R10 applies adhesive (o Frt W/H and 10ads (o 0 255 | 156 | 414 ’ﬁ
5 [Robot SAB5R10 changes gripper to gripper 41.1] 150 [ 56.1 [ ]
o [T SAEERTO wplls adhesive o St and Bads o - w1l 135 700
7 Tool Closes 70.0| 3.0 | 73.0
8 |Robot SABSR10 changes gripper to Rivet gun 700150 850
9 [Robot SAGSR10 Rivets (21 Spots) 2 850 63.0 | 148.0
10 [Tool Opens 148.0| 3.0 |151.0]
11 |Robot changes Rivet gun to gripper 148.0| 15.0 | 163.0
12 |Robot loads Frt W/H Asm to presentation fixture 163.0| 12.0 | 175.0
13 |Robot SAB5R10 change gripper o gripper 175.0| 15.0 | 190.0|
Station Cycle Time 191.0[191.0

Walk Summary (inear feet)

Glue Summary (linear mm)

1100

Friction Stir Summary

Self Piercing Rivet Summary

MIG Summary (inear mm)

10/11/2012
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Table 2.3.n: Station SA70 timing sheet

Body Side Inner
1 |Operator Loads 4 parts to SA70-10 00 | 180 180 TN
2 |Operator walks to SA70-20 and loads 2 parts to SA70-20 180 150 | 33.0 [ ]
3 |Operator loads 3 parts to SA70-30 330 135|465 [ ]
. ggi‘;arg Ag;s‘lgad assist and obtains sub assembly from 265 | 150 | 615 -
5 |Operator walks to SA70-50 and loads sub assembly 615 18.0| 79.5 [ |
T
7 :?C;Z:‘IlSDA;l\)_,RO[ZL;DEGS 1 part to SA70-10 and 350 15.0 | 50.0
8 |Robot SA7OR10 picks 1 part from station (A-Plr Otr Upr) 500 6.0 | 56.0
o Ef:g:jiﬁzos'?/:;)&agghes 'Ped adnesive then loads part back 56.0] 110 670 ﬁ
w z;rnztn ﬁA?DRm ‘drop end effector to storage and pick Friction 670 160 | 830 _
11 [Robot SA70R10 Friction St join 10 locations SA70-10 0 83.0 | 30.0 1130 [ ]
12 |Robot SA70R10 Friction St join 12 locations SA70-20 12 113.0| 36.0 [ 149.0
13 |Robot SA70R10 Friction St join 6 locations SA70-30 6 149.0| 18.0 167.0
14 [Robot SA70R10 drop Friction Stir unit and pick up end effector| 167.0( 16.0 | 183.0 [__ 10N
15 |Robot SA7OR10 picks sub assembly out of station SA70-20 1830 7.0 [190.0 |
16 |Robot SA70R10 drops sub assembly in station SA70-30 1900| 7.0 [197.0
1 00| 70 | 7o I
2 |Robot SA70R20 picks sub assembly from station SA70-30 70| 60 [ 130 [ ]
3 Robot SA70R20 drop sub assembly in station SA70-40 13.0| 6.0 | 19.0 i
4 |Robot SA70R30 pick B-Pillar Outer Asm from SA70-40 190 60 | 250
s E:zo; asctzggsg :%p_\zopea ‘adhesive and » 0 20| 80 | 330
o I;:‘)rbsln ﬁA?ORZD drop end effector (o storage and pick Friction 1901 150 | 320
7 Robot SA70R20 Friction Stir 10 locations in station SA70-40 8 340240 58.0
8 |Robot SA70R30 picks sub assembly from station SA70-50 330| 7.0 | 400
s [ e o
10 Robot SA70R30 load sub assembly into SA70-40 630 6.0 | 69.0
" g::m SATOR30 drop end effector {0 storage and pick Weld 590 160 50
12 |Robot SA70R20 Friction Stir 25 locations in station SA70-40 30 69.0 | 90.0 |159.0
13 |Robot SA70R30 resistance weld 30 locations in SA70-40 2 85.0 | 80.0 | 165.0
14 |Robot SA70R30 drop Weld Gun and pick up end effector 165.0( 16.0 |181.0
15 |Robot SA70R30 pick assembly from SA70-40 181.0| 60 [187.0
16 |Robot SA70R30 ped weld 6 resistance spots 6 00 | 150 | 150
17 [Robot SA70R30 unload to vision stand 150 7.0 | 220
18 |Robot SA70R40 inspects 50 points with camera 220 {1500|172.0
19 |Robot SA70R50 inspects 50 points with camera 22.0{1500]172.0
20 Robot SA70R60 unloads panel and drops into container 172.0] 14.0 | 186.0
Station Cycle Time 191.0(191.0
Walk Summary (linear feet) 4
Glue Summary (linear mm) 3400
Friction Stir Summary 66
Spot Weld Summary (linear mm) 38
MIG Summary (linear mm) 0

10/11/2012

A-14



dJ\J L U LOTUS ARB LWV PROGRAM

Table 2.3.0: Station SA75 timing sheet

A-PIr Sub Asm
1 |Operator loads (3) parts to Stage 2 00 | 120 120 NN
2 |Operator loads (2) parts to Stage 1 120 120 [ 240
3 |Operator unloads Sub Asm from fixture 240| 60 | 300
4 Operator loads (2) parts to fixture 30.0| 6.0 | 36.0
5 |Operator depress palm buttons 360| 15| 375 1
6 |Robot SA75R10 applies ped adhesive to Stage 1 part 520 375 1456 | 52.1 [ ]
7 Robot SA75R10 applies ped adhesive to Stage 2 part 165 521 128 | 64.9
8 |Robot SA75R10 applies ped adhesive to Insert Dash Trans 130 649 127|776
9 |Robot SA75R10 change gripper to FSJ gun 776|150 | 926 [ ]
10 [Robot SA75R10 FSJ in Stage 1 (3 spots RIL) 3 926| 90 |1016 [ |
11 [Robot SA75R10 FSJ in Stage 2 (15 spots RIL) 15 101.6] 45.0 | 146.6 ]
12 [Robot SA75R10 FSJ in Stage 2 (5 spots RIL) 5 146.6( 15.0 | 1616 [ |
13 [Robot SA75R10 change FSJ gun to gripper 161.6( 15.0 |176.6 n
14 Robot SA75R10 unloads Stage 2 asm to presentation fixture 176.6] 12.0 | 188.6 B
Station Cycle Time 191.0[191.0
[Walk Summary (inear feet) 0
Glue Summary (linear mm) 815
Friction Stir Summary 23
Hem Summary (inear mm) 0
MIG Summary (inear mm) 0
Table 2.3.p: Station SA80 timing sheet
Body Side Outer / D-Pillar
1 |Fixture rotates 180°, fixture clamps openiclose 00| 80 | so NI
2 |Operator unloads Body Side Outer with load assist 80 | 180 260 [~ ]
3 |Operator deposit Bodyside Outer into container 260| 60 | 320 [ ]
4 |Operator loads 5 parts to rotate fixture 320 60.0 | 920 [ ]
5 |Operator depress paim bution 920| 10 | 930 1
s »:::;:S:somo ‘Unloads Bodyside Outer and moves to ped 80 | 100 180 i
B 'To;?l)smsomo apply ped adhesive (499.3, 33.1, 63.9, 166.5, o 80| 44 | 224 i
8 |Robot SABOR10 loads panel back into fixture 224 80 | 304
9 |Fixture dumps, preloaders and clamps index. 304| 70 | 374
10 Robot SAB0R20 Braze Outer panel surfaces together 1000 | 37.4| 6.0 | 43.4
11 [ SABORTD rops ond ofetor & Sorage and ks up 374|160 | 534
12 [Robot SABOR10 rotates through 12 friction stir locations 2 534360 | 894
13 |Fixture dumps, preloaders and clamps index 894| 60 | 954
14 :;:;‘ofABDR‘D drops friction stir to storage and picks up end 89.4 | 16.0 | 105.4
Station Cycle Time 191.0[191.0
Walk Summary (inear feet) 0
Glue Summary (linear mm) 871
Friction Stir Summary 12
Hem Summary (inear mm) 0
Braze Summary (linear mm) 100
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Table 2.3.q: Station SA85 timing sheet

wak | Gue | o | weid [ me | | tmelsec] seconds
(feet) | (mm) Spots | (mm) 7 | omd 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190

Description

Front Wheelhouse Asm RIL

2 |Operator loads 4 LH parts 220 220 | 440 [ ]

3 |operator depress pam button 440| 1.0 | 450 1
4 |Fixture clamps extend 450| 20 | 470 ]
5 [Robot SABSR10 welds 16 RH spots ® 470|480 | 850
6 |Robot SABSR10 welds 16 LH spots 1 470 480 | 050
7 Fixture clamps retract 95.0| 2.0 | 97.0
8 |Operator unioads RH Asm 95.0 [ 100|105
9 |Operator unloads LH Asm 105.0( 100|115
Station Cycle Time 191.0(191.0|
[ Walk Summary (linear feet) 0
Glue Summary (inear mm) 0
Friction Stir Summary o
Weld Spot Summary 32
MIG Summary (linear mm) o

Table 2.3.r: Station UB100 timing sheet

Walk | Glue Hem | mic time [sec] seconds
Description toot) [ (mm) | P | mm) | om) | M T oo 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 85 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190
Underbody (Loose Load Station)

1 [Transfer advances asm into Station 00 | 13.0] 130
2 |Robot UB100R10 unloads C/M Sub Asm from Sta 30 00| 80| 80

3 |Robot UB100R10 loads C/M Sub Asm to UB100 80| 90 | 170
4 |Robot UB100R10 unloads C/M Sub Asm from Sta 25.2 17.0 [ 9.0 | 26.0
5 |Robot UB100R10 loads C/m Sub Asm to Sta 30 260 9.0 [ 350
6  |Robot UB100R10 changes Gripper to Gripper 350 15.0 [ 50.0
7 |Robot UB100R10 obtains and loads Side Rail Asm RH 50.0 | 20.0 [ 70.0
8 |Robot UB100R10 obtains and loads Side rail Asm LH 70.0 | 20.0 [ 90.0
9 |Robot UB100R10 changes Gripper to Gripper 90.0 | 15.0 [105.0

10 |Operator loads (2) parts

11 |Operator depress palm button

Station Cycle Time

Walk Summary (inear feet) 0

Glue Summary (linear mm) 0

Friction Stir Summary 0

Hem Summary (inear mm) 0

MIG Summary (inear mm) 0

Table 2.3.s: Station UB110 timing sheet

Underbody Geo Station (Rails and Crossmembers)
1 [Transfer advances asm into Station 00| 130130
2 |Robots UBT10R10 and UB110R20 apply adhesive 1325 130 200 330
3 [Tool Closes 330 100 430
4 |Robots UBT10R30 thru UB110R40 FSJ (18 spots RIL) 430 54.0 | 97.0
5 [Tool Opens 970 5.0 |1020]

Station Cycle Time 191.0(191.0)

Walk Summary (iinear feet) 4

Glue Summary (linear mm) 2650

Friction Stir Summary 0

Hem Summary (linear mm) 0

MIG Summary (linear mm) 0
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Table 2.3.t: Station UB120 timing sheet

Underbody Geo Station (Dash and UBRR W/H Asm)
1 [Transfer advances asm into Station 00 | 130 130 ﬁ
2 [Tool Closes 130 30 [ 160
3 'Emg:mmo and UBT20R20 apply PED adhesive 1o RR o o0 1781 2ea
a ::bni UB120R10 and UB120R20 Load RR W/H Asms to 18.1] 100 [ 281 i
s Z?Jt:‘m UBT20R10 and UB120R20 change gripper to Rivtac 261 | 15.0 | 431 ﬁ
6 |Robot UB120R10 and UB120R20 Rivtac (13 spots RIL) 431 260 | 60.1
7 Robot UB120R10 and UB120R20 change gripper to Rivet Gun| 69.1[ 15.0 | 84.1
8 [Robot UB120R10 and UB120R20 Rivet (7 spots RIL) 84.1 [ 21.0 | 1051
o [CopotUBTEIRO and UBT20R20 e Rivet Gt 0511 150 201
10 'EEO[ 'UB120R30 obtains and applies PED adhesive to Dash 440 181 42 | 223 i
9 |Robot UB120R30 loads Dash Asm to Body a7.1| 80 | 451 i
to [P USTEORAD iais and apples PED sdisie o D - 511110 204 ‘
" Robot UB120R40 loads Dash Reinfs to Body 291 80 [ 371
12 [Tool Closes 4s.1| 30 [ 481
15 |[oneUBTZORa0 nd UBTZORAD e Gipper o Rt w51 [ 150 e01
14 [Robot UB120R30 and UB120R40 Rivtac (28 spots RIL) 60.1 [ 56.0 | 116.1
15 :&:fr)‘ul 'UB120R30 and UB120R40 change Rivtac Gun to Rivet 116.1] 15.0 [131.1
16 [Robot UB120R30 and UB120R40 Rivet (8 spots RIL) 1811 24.0 |155.1
17 [Tool Opens 1551 3.0 |158.1
18 z?lzilelr]EWZDRSU and UB120R40 change Rivet Gun to 155.1] 15.0 [170.1
Station Cycle Time 191.0{191.0)
Walk Summary (inear feet) 0
Glue Summary (linear mm) 4255
Friction Stir Summary 0
Hem Summary (inear mm) 0
MIG Summary (linear mm) o
Table 2.3.u: Station UB130 timing sheet
Description ooty |y | 79 | (o | oy | 5 :‘e [S:‘m 5 10 15 20 25 30 35 40 45 50 55 60 65 70 mseecum:: 9 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190
Underbody Idle Station
1 [Transfer advances asm into Station 00 | 130
Station Cycle Time 191.0|
Walk Summary (inear feet) 0
Glue Summary (inear mm) 0
Friction Stir Summary o
Hem Summary (linear mm) 0
MIG Summary (linear mm) o
Table 2.3.v: Station UB140 timing sheet
Underbody Sub Asm (Respot Station)
1 [Transfer advances asm into Station 00 [ 130 [ 130 [N
2 [ Tool Closes 13.0| 3.0 | 16.0
3 |Robot UB140R10 (35 Spots) 16.0 | 105.0[ 121.0] -
4 |Robot UB140R20 (35 Spots) 16.0 | 105.0{ 121.0] E::::::::::::::::::::
5 Robot UB140R30 (35 Spots) 16.0 | 105.0| 121.0|
6 |Robot UB140R40 (35 Spots) 16.0 [105.0[ 121.9 -
7 |Tool Opens 121.0[ 3.0 |124.
[Walk Summary (linear feet) 0
Glue Summary (inear mm) 0
Friction Stir Summary o
Hem Summary (linear mm) 0
MIG Summary (linear mm) o
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Table 2.3.w: Station UB150 timing sheet

Underbody Geo Station (RR Seat and UBA-PIr Asm)
1 Transfer advances asm into Station 0.0 | 13.0] 13.0 ﬁ
2 [ Tool Closes 13.0| 3.0 | 16.0
3 I;::‘o;\l;rT 50R10 obtains and applies Ped adhesive to RR 4530 00 | 207 307
4 Robot UB150R10 loads RR Seat Asm to Body 30.7 | 10.0 | 40.7
5 Robot UB150R10 changes Gripper to FSJ Gun 40.7 | 15.0 | 55.7
6 Robot UB150R10 and UB150R10 FSJ (13 spots RIL) 55.7 | 39.0 | 94.7
7 Robot UB150R10 changes FSJ Gun to Gripper 94.7 | 15.0 [109.7|
8 ::::;\}::;0521?:)::: UB150R40 obtain and apply ped 580 307 a9 | 356
9 Robot UB150R30 and UB150R40 load A-PIr asms to Body 356 8.0 | 436
10 [ Tool Closes 436| 3.0 | 466
11 :&:lr)‘ui UB150R30 and UB150R40 change Gripper to Rivtac 436 150 | 586
12 Robot UB150R30 and UB150R40 RivTac (10 spots R/L) 586 | 20.0 | 78.6
13 D;t[:lz(;lelerSDRSO and UB150R40 change Rivtac Gun to 786 150 | 936
14 [ Tool Opens 109.7| 3.0 |112.7|
Station Cycle Time 191.0(191.0|
Walk Summary (linear feet) 0
Glue Summary (linear mm) 5690
Friction Stir Summary o
Hem Summary (linear mm) 0
MIG Summary (linear mm) 0
Table 2.3.x: Station UB160 timing sheet
Underbody Sub Asm (Idle Station)
1 Transfer advances asm into Station 0.0 | 13.0] 13.0
Station Cycle Time 191.0(191.0|
Walk Summary (linear feet) 0
Glue Summary (linear mm) 0
Friction Stir Summary 0
Hem Summary (linear mm) 0
MIG Summary (linear mm) 0
Table 2.3.y: Station UB170 timing sheet
Walk | Glue Hem | mic time [sec] seconds
Description (feet) | mm) | P | (mm) | (mem) | St om] 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 5 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190
Underbody Sub Asm (Frt W/H, Pnl Fir Ctr R/L and Pnl RR
Closeout R/L Load)
1 Transfer advances asm into Station 0.0 | 13.0] 13.0 ﬁ
2 Tool Closes 130| 3.0 | 16.0 i
3 ::::;‘35(10722?,3/?25?17DR40 obtain and apply PED 600 00 | 110] 110
4 Robot UB170R30 and UB170R40 load Frt W/H to Body 16.0 | 10.0 | 26.0
5 z::ol 'UB170R30 and UB170R40 change Gripper to Rivtac 260 15.0 | 41.0
6 Robot UB170R30 and UB170R40 RivTac (37 spots R/L) 41.0| 74.0 | 115.0|
7 (R;izzlel;JBﬂORSO and UB170R40 change Rivtac Gun to 115.0| 15.0 | 130.0]
8 Robot UB170R10 and UB170R20 obtain Pnl RR Closeout 0.0 8.0 8.0 i
9 s;bg«‘:izx‘omu ‘and UBT70R20 apply Ped Adhesive to Pl 100 80 | 85 | 165 i
10 Robot UB170R10 and UB170R20 load Pnl RR Closeout 16.5| 8.0 | 245
1 [ Tool Closes 245| 3.0 | 275
12 Robot UB170R10 and UB170R20 change Gripper to FSJ Gun 245200445
13 Robot UB170R10 and UB170R20 FSJ (12 spots R/L) 445 36.0 | 80.5
14 Tool Opens 805| 3.0 | 835 .
15 Robot UB170R10 and UB170R20 change FSJ Gun to Gripper 80.5| 15.0 [ 95.5
1 Operators load (2) parts to Presentation fixtures 8.0 | 16.0 [ 24.0 ﬁ
2 Operators depress palm button
Station Cycle Time
Walk Summary (linear feet) 0
Glue Summary (linear mm) 3400
Friction Stir Summary 0
Hem Summary (linear mm) 0
MIG Summary (linear mm) 0
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Table 2.3.z: Station UB180 timing sheet

Description

wak | Gue | o | HEm | ma | | tmelsec] seconds
(feet) | (mm) (mm) | (mm) | ¥ [T oumd 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190

Underbody Sub Asm (Pnl Floor Center RIL)

Transfer advances assembly into Station

00 | 130 130

2 |Robot UB180R20 obtains Panel Floor Center RIL 00 | 160 160
3 |Robot UB18OR20 applies PED adhesive to Floor Panels 13200 16.0 [ 76.0 | 92.0
4 Robot UB180R20 loads and holds Panel Floor Center R/L 92.0 | 10.0 [102.0| i
5 |Robot UB180R10 applies Flow Screws (8 places) 102.0| 40.0 | 142.0] ﬁ
6 [Robot UB180R20 release Panels 142.0( 10.0 |152.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ﬁ
7 Operator loads (2) panels to presentation fixture 16.0 | 18.0 =

Station Cycle Time 191.0

Walk Summary (inear feet) 0

Glue Summary (linear mm) i

Friction Stir Summary °

Hem Summary (inear mm) 0

MIG Summary (inear mm) 0

Table 2.3.aa: Station UB190 timing sheet
Walk | Glue Hem | MiG time [sec] seconds.
Description teot) | (mm) | P! | (mm) | @m) | M oo 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 9 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 165 190

Underbody Geo Station (RR W/H Otr, Pnl Fir Ctr and Pnl

Fir RR)
1 |Transfer advances assembly into Station 00 | 130130 ﬁ
2 [ Tool Closes 13.0| 3.0 | 16.0
3 |Fopot UBTS0RI0 and UBTO0RZ0 btai and aply PED o~ 00 | 157 157
4 |Riobot UB190R10 and UB190R20 load RR W/H Ofr to Body 16.0| 100 [ 260
5 Robot UB190R10 and UB190R20 change Gripper to FSJ Gun 260 15.0[ 410
6 |Robot UB190R10 and UB190R20 FSJ (21 spots RIL) 410 63.0 | 104.0
7 |Robot UB190R10 and UB190R20 change FSJ Gun to Gripper 104.0[ 15.0 | 119.0
8 Robot UB190R30 obtain Pnl FIr Rear 00| 80| 80 i
9 zz‘rz‘ UBT90R30 obtain and apply PED adhesive to Pl FIr 2900 80 | 145 | 225 ﬁ
10 [Robot UB190R30 loads Pnl Fir Rear to Body 225|120 345
11 [Robot UB190R30 changes Gripper to Rivtac Gun 345|150 | 495 ‘
12 |Robot UB190R40 obtains Pri Fir Ctr 00| 80 | so [N ‘ ‘ ‘
13 [Robot UB190R40 apply PED adhesive to Pri Fir Cir 2650 157 [ 133 | 289
14 [Robot UB190R40 loads Pnl Fir Cir to Body 345 10.0 | 445
15 [Tool Closes 45| 30 | 475
15 [Robot UB190R40 changes Gripper to Riviac Gun 445150 595
16 [Robot UB190R30 and UB190R40 Rivtac (22 spots RIL) 595 | 6.0 |125.5
17 :c:lzilelrJBT 90R30 and UB190R40 changes Rivtac Gun to 1255| 15.0 | 140.5]
18 [Tool Opens 140.5( 3.0 |1435] [ ]
19 |Operators load (2) parts to presentation fixtures 80 | 160 240 ﬁ
20 Operators depress palm buttons

Station Cycle Time

[Walk Summary (inear feet)

Glue Summary (linear mm)

8610

Friction Stir Summary

Hem Summary (inear mm)

MIG Summary (inear mm)
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Table 2.3.ab: Station UB200 timing sheet

Underbody Respot Station
W) STA THA LE

1 |Transfer advances asm into Station 00 | 130 130 NN
2 [Tool Closes 130 30 [ 160
3 Robot UB200R10 Respot (35 Spots) 16.0 [ 105.0] 121.0)
4 |Robot UB200R20 Respot (35 Spots) 16.0 |105.0( 121.0]
5 |Robot UB200R30 Respot (35 Spots) 16.0 |105.0( 121.0]
6 [Robot UB200R40 Respot (35 Spots) 16.0 |105.0{ 121.0]
7 [Tool Opens 121.0] 3.0 |124.0]

Station Cycle Time 191.0(191.0]

Walk Summary (inear feet) 0

Glue Summary (linear mm) 0

Friction Stir Summary 0

Hem Summary (inear mm) 0

MIG Summary (inear mm) 0

Table 2.3.ac: Station UB210 timing sheet

Walk | Glue vem | wmis time [sec] seconds
Description (teet) | (mm) | 7Y | (mm) [ (mm) | % [T om] S 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 65 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190
Underbody Stud Apply Station
1 |Transfer advances asm into Station 00 [ 130 130
2 [Tool Closes 130 30 | 160

3 [Robot UB210R10 Applies Studs (25 Spots)

16.0 [125.0141.0)

4 [Robot UB210R20 Applies Studs (25 Spots)

16.0 [ 125.0]141.0)

5  |Robot UB210R30 Applies Studs (25 Spots)

16.0 [ 125.0] 141.0)

6 |Robot UB210R40 Applies Studs (25 Spots)

16.0 [ 125.0141.0)

7 |Tool Opens

141.0| 3.0 |144.0)

Station Cycle Time

191.0[191.¢

Walk Summary (inear feet)

Glue Summary (linear mm)

Friction Stir Summary

Hem Summary (linear mm)

MIG Summary (linear mm)

Table 2.3.ad: Station UB220 timing sheet

Description

Walk | Glue Hem | mie time [sec] seconds
Fsy start
(feet) | (mm) (mm) | (mm) 7o T oom] 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 60 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190

Underbody Vision Station

1 [Transfer advances asm into Station

00 [ 130 [ 130 [N

2 |Tool Closes

130 3.0 | 160

3 |Robot UB220R10 Vision Check (50 locations)

16.0 [ 150.0| 166.0)

4 |Robot UB220R20 Vision Check (50 locations)

16.0 [ 150.0| 166.0)

5 |Tool Opens

166.0| 3.0 |169.0]

Station Cycle Time

191.0[191.0

(Walk Summary (inear feet)

Glue Summary (linear mm)

Friction Stir Summary

Hem Summary (inear mm)

MIG Summary (inear mm)

10/11/2012

A-20



LOTUS ARB LWV PROGRAM

Table 2.3.ae: Station UB230 timing sheet

Underbody Elevator to EMS
1 Transfer advances asm into Station 0.0 | 13.0
2 [Tool closes and carrier rotates 90° 13.0] 10.0
3 Transfer advances asm 23.0| 13.0
Station Cycle Time 191.0|
Walk Summary (linear feet) 0
Glue Summary (linear mm) 0
Friction Stir Summary 0
Hem Summary (linear mm) 0
MIG Summary (linear mm) 0
Table 2.3.af: Station FR100 timing sheet
Walk | Glue Hem | mie time [sec] seconds
Description (foet) | mm) | P | (mm) | (mem) | St 72 [som] 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190
Framing (Idle Station)
1 Transfer advances asm into Station 0.0 | 13.0
Station Cycle Time 191.0
Walk Summary (linear feet) 0
Glue Summary (linear mm) 0
Friction Stir Summary 0
Hem Summary (linear mm) 0
MIG Summary (linear mm) 0
Table 2.3.ag: Station FR110 timing sheet
Framing Geo Station (Bodyside Inr to Underbody)
1 [ Transfer advances assembly to next station 0.0 | 13.0] 13.0
2 Robots FR110R10 and FR110R20 unload B/S Inr from Rack 00| 80 | 80
3 Robots FR110r10 and FR10R20 apply PED adhesive to B/S 3500 80 | 17.5] 255
4 Robot FR110R30 obtains Roof Bows 00| 80| 80
5 Robot FR110R30 loads Roof Bows 13.0] 120 25.0
6 Robot FR110R30 changes Gripper to FSJ Gun 25.0 | 15.0 | 40.0
7 Robots FR110R10 and FR110R20 load B/S Inrs to Framer 255|200 | 455
8 [ Tool Closes 4551100 | 555
9 :;csbso;s‘::)ﬂORSD, FR110R40, FR110R70, FR110R80 FSJ 555 75.0 | 1305
10 Robot FR110R50 and FR110R60 Rivtac (25 spots) 55.5 | 50.0 [105.5
1 Tool Opens 130.5] 5.0 |1355
12 Robot FR110R30 changes FSJ Gun to Gripper 130.5| 15.0 | 1455
Station Cycle Time 191.0(191.0
Walk Summary (linear feet) 0
Glue Summary (linear mm) 7000

Friction Stir Summary

Hem Summary (linear mm)

MIG Summary (linear mm)
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Table 2.3.ah: Station FR120 timing sheet

escrton P ] I P - -
Framing (Respot Station)
Transfer advances asm into Station 00 | 130 130 [N
Tool Closes 130 30 [ 160
Robot FR120R10 Respot (35 Spots) 16.0 [ 105.0]121.0)
Robot FR120R20 Respot (35 Spots) 16.0 |105.0{ 121.0]
Robot FR120R30 Respot (35 Spots) 16.0 |105.0( 121.0]
Robot FR120R40 Respot (35 Spots) 16.0 |105.0{ 121.0]
[Tool Opens 121.0] 3.0 |124.0]
Station Cycle Time 191.0(191.0)
[Walk Summary (inear feet) 0
Glue Summary (linear mm) 0
Friction Stir Summary 0
Hem Summary (inear mm) 0
MIG Summary (inear mm) 0

Table 2.3.ai: Station FR130 timing sheet

Description

Walk | Glue Hem | mic time [sec] seconds

toot) [ (mm) | P | (mm) | (mm) | S [ 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190

Framing Stud Apply Station

Transfer advances asm into Station

00 | 13.0] 130

Tool Closes

130 3.0 | 160

Robot FR130R10 Applies Studs (25 Spots)

16.0 [ 125.0]141.0)

Robot FR130R20 Applies Studs (25 Spots)

16.0 [ 125.0]141.0)

S

Robot FR130R30 Applies Studs (25 Spots)

16.0 [ 125.0]141.0)

Robot FR130R40 Applies Studs (25 Spots)

16.0 [125.0]141.0)

[========================

Tool Opens

141.0| 3.0 |144.0)

Station Cycle Time

191.0[191.¢

Walk Summary (iinear feet)

Glue Summary (linear mm)

Friction Stir Summary

Hem Summary (linear mm)

MIG Summary (linear mm)

Table 2.3.aj: Station FR140 timing sheet

Descrpion W | | 7o [ | | o T} 5 0 w5 20 25 w0 95w s s s o e e 50 s 100 105 110 11 0 1 o 6 e s T v 0 5 0 75 80 185 0
Framing Geo Station (Bodyside Otr to Underbody)
Transfer advances assembly to next station 00 | 130130
Robots FR140R30 and FR140R40 unload B/S Otr from Rack 00| 80 [ 80
Robots FR140R30 and FR140R40 apply PED adhesive to B/S 2200 80 | 11.0 [ 190
Robots FR140R30 and FR140R40 load B/S to fixture 19.0| 20.0 | 39.0 _
Fixture clamps, dumps and pins extend 390 10.0 | 49.0
:Eb;;sl:c::izgsmo‘ FRI40R20, FR140R50, FR140R60 friction] » 200 750 [12.0
Fixture clamps, dumps and pins retract 124.0( 5.0 [129.0
Station Cycle Time 191.0[191.0
Walk Summary (linear feet) 4
Glue Summary (linear mm) 4400

Friction Stir Summary

100

Hem Summary (inear mm)

MIG Summary (inear mm)
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Table 2.3.ak: Station FR150 timing sheet

Roof, Cowl Top and Shotgun Flange Geo
1 Transfer advances asm into Station 00 | 130] 130 ﬁ
2 Robot FR150R30 loads roof panel 13.0] 80 | 21.0
3 Fixture clamps, slides and pins extend. 210 80 | 290
4 ::l:;i:R!SDRiD rotates and picks Cowl Top and Shotgun 210 110 320
5 1R;;1bé71g;gsgof:g?;gla;;s;g;ough ped adhesive apply (1472, 3134 320] 157 | 477
6 ::?‘(;LFRBORSD rotates and loads Cowl Top and Shotgun 477|150 627
7 Fixture clamps, slides and pins extend. 627 | 5.0 | 67.7
8 Robot FR150R 10 friction stir join 47 locations a7 29.0 [141.0(170.0|
9 Robot FR150R20 friction stir join 47 locations 47 29.0 [141.0(170.0|
10 Robot FR150R50 apply 35 self peirce rivets 35 67.7 [105.0[172.7|
" Robot FR150R40 apply 35 self peirce rivets 35 67.7 [105.0(172.7|
12 Fixture clamps, slides and pins retract. 172.7| 8.0 |180.7|
13 Robot FR150R30 rotates and picks Roof Outer Panel 62.7 | 14.0 | 76.7
| e e e | o7 00 [ons
S e i I
16 Robot FR150R30 rotates to clear position for roof load 145.1] 5.0 |150.1
17 Operator walks with Roof Outer Panel on load assist 0.0 6.0 6.0
18 Operator load Roof Outer Panel to presentation table 6.0 | 9.0 | 150
19 Operator dispose of assist and walk to Cowl Top Container 150] 80 | 23.0
20 Operator Ioadﬁiﬁ?:{\ Top and Shotgun Flange plates to 230 22.0 | 450
21 Operator depress palm buttons and walk to load assist 450| 6.0 | 51.0
22 Operator obtains Roof Outer from container, with assist 51.0| 9.0 | 60.0 T
[ 1] |
Station Cycle Time 191.0(191.0;
Walk Summary (linear feet) 0
Glue Summary (linear mm) 16816
Friction Stir Summary 94
Self Pierce Rivets 70
MIG Summary (linear mm) 0
Table 2.3.al: Station FR160 timing sheet
Framing (Respot Station)
1 Transfer advances asm into Station 00 | 130] 130 ﬁ
2 Tool Closes 13.0] 3.0 | 16.0
3 Robot FR160R10 Respot (35 Spots) 16.0 | 105.0] 121.0|
4 Robot FR160R20 Respot (35 Spots) 16.0 | 105.0] 121.0|
5 Robot FR160R30 Respot (35 Spots) 16.0 | 105.0{ 121.0|
6 Robot FR160R40 Respot (35 Spots) 16.0 [ 105.0]121.0)
7 [ Tool Opens 121.0] 3.0 |124.0|
Station Cycle Time 191.0(191.0;
Walk Summary (linear feet) 0
Glue Summary (linear mm) 0
Friction Stir Summary 0
Hem Summary (linear mm) 0
MIG Summary (linear mm) 0
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Table 2.3.am: Station FR170 timing sheet

Framing (Vision Station)
1 |Transfer advances asm into Station 00 | 130
2 [Tool Closes 130( 30
3 Robot FR17010 Vision Check (50 locations) 16.0 | 150.0
4 |Robot FR17020 Vision Check (50 locations) 16.0 |150.0
5 |Tool Opens 166.0| 3.0

Station Cycle Time 191.0

Walk Summary (linear feet) 0

Glue Summary (linear mm) 0

Friction Stir Summary 0

Hem Summary (linear mm) 0

MIG Summary (linear mm) 0

Table 2.3.an: Station FR180 timing sheet

i Walk | Glue HEM | mic time [sec] seconds
Description Fs) start
(feet) | (mm) (mm) [ mm) Az | sum® 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190
Framing Bolt Up Station (Frt/RR Bumper and Rad Supt)
1 |Transfer advances assembly to next station 00 | 130130
2 |Operators 1& 2load Front Bumper to Manipulator 00| 60| 60
3 |Operators 1 &2 load Module Front to Manipulator 60 | 60 [ 120
4 |Operators 1 &2 position manipulator to Body 120 60 [ 180 [ ]

5 |Operators 1&2 run bolts to Module Front (4 RIL) 18.0| 450 [ 630 [ ]
6 |Operators 1&2 run bolts to Front Bumper (4 RIL) 630 450 |108.0 [ ]

7 |Operators 1 &2 remove manipulator 1080| 35 [111.5 [ |
8 |Operators 1 &2 walk to rear of body 1115 60 (1175 [ |
9 |Operators 1 &2load Rear Bumper to manipulator 1175 60 (1235 [ |
10 |Operators 1 &2 position manipulator to Body 1235 60 (1295
11 |Operators 1 & 2 run bolts to Rear Bumper (4 RIL) 1205| 45.0 [174.5
12 |Operators 1 & 2 remove manipulator 1745 35 [178.0
13 |Operators 1 &2 press button 1780| 15 (1795 |
Station Cycle Time 191.0(191.0
Walk Summary (linear feet) 4
Glue Summary (linear mm) 0
Friction Stir Summary 0
Hem Summary (linear mm) 4
MIG Summary (linear mm) 0

Table 2.3.a0: Station FR190 timing sheet

Walk | Glue Hem | mic time [sec] seconds
et | (mm) | P | (mm) | om) | M oo 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 0 85 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175 180 185 190

Description

Framing (Surface Finish Station)

1 [Transfer advances asm into Station 00 | 13.0

2 |Operators inspect and repair 13.0|150.0

Station Cycle Time 191.0

[Walk Summary (inear feet) 0

Glue Summary (linear mm) 0

Friction Stir Summary 0

Hem Summary (inear mm) 0

MIG Summary (inear mm) 0

Table 2.3.ap: Station FR200 timing sheet

Walk | Glue HeM | miG time [sec] seconds.
Description (toet) | (om) | S | o) [ mm) [ S Tl 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 8 85 9 95 100 105 110 115 120 125 130 135 140 145 150 15 160 165 170 175 180 185 180
Framing (ldle Station)
1 [Transfer advances asm into Station 00 | 130
Station Cycle Time 191.0
Walk Summary (iinear feet) 4
Glue Summary (linear mm) 0
Friction Stir Summary 0
Hem Summary (linear mm) 0
MIG Summary (linear mm) 0
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2.4 Tool Content Per Station

In order to build the Phase 2 HD vehicle, a number of tools are required at each station
ranging from the basic loose parts to advanced robots. The tools needed at each station
are listed in Tables 2.4.a-2.4.ao below with a summary of all the necessary tools listed in

Table 2.4.ap.

Table 2.4.a: Station SA05 tool content
SA05
Description Quantity SI-::g:je
Loose Parts Load 10
Operators 1
MIG Weld (value in millimeters) 1952 976

ROBOTS

130 kg robot w/ riser, dress, and controller

JOINING TECHNOLOGY

MIG head, feeder, and controller

Power and interface panel -- single door

4' wide roll up door

4' wide hinged access door

60" long by 12" wide sheet metal chute

Operator palm buttons

Vent hood

4-post base 30" x 60"

Part present switches

Round 4-way locating pin w/ adjustment blocks

Round 2-way locating pin w/ adjustment blocks

Round 2-way retract locating pin w/ adjustment blocks

Rectangular locating pin w/ adjustment blocks (inside tube)

200mm self-contained indexing slide

8
8
Round 4-way retract locating pin w/ adjustment blocks 2
2
4
2

Power clamp units (w/ riser, backup, finger & adjustment) 16

Large weldments for slide mounting
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Rough locators 32

Table 2.4.b: Station SA10 tool content

SA10
oy . Single
Description Quantit
P y Hand

Loose Parts Load 14
Operators 1
MIG Weld (value in millimeters) 1213 606.5

ROBOTS
130 kg robot w/ riser, dress, and controller 1

JOINING TECHNOLOGY

MIG head, feeder, and controller 1

Power and interface panel -- single door 1
4' wide roll up door 4
4' wide hinged access door 1
60" long by 12" wide sheet metal chute 1
Operator palm buttons 2
Perimeter guard (walls/fences) 1
4-post base 30" x 70" 1
4-post base 32" x 32" 22
Part present switches 18
Round 4-way locating pin w/ adjustment blocks 6
Round 2-way locating pin w/ adjustment blocks 2
Round 4-way retract locating pin w/ adjustment blocks 2
Round 2-way retract locating pin w/ adjustment blocks 2
50mm self-contained indexing slide 4
200mm self-contained indexing slide 20
Small weldments for slide mounting 4
Large weldments for slide mounting 38
60" wide horizontal lightscreen 1
Rest unit (w/ riser, rest blocks and adjustment) 1
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Table 2.4.c: Station SA15 tool content

ROBOTS

SA15
Description Quantity Single
Hand
Loose Parts Load 40 20
Operators 1
Adhesive (value in millimeters) 4150 2075
Self Piercing Rivet Spot 46 23

165 kg robot w/ riser, dress, and controller

130 kg robot w/ riser, dress, and controller

JOINING TECHNOLOGY

Rivet Head, feeder, and controller

Adhesive Nozzle, Pump, and Heater

Power and interface panel -- double door

4' wide hinged gate

Operator palm buttons

60" wide horizontal lightscreen

4-post base 48" x 60" 4
Part present switches 20
Round 4-way locating pin w/ adjustment blocks 10
Round 2-way locating pin w/ adjustment blocks 10
200mm self-contained indexing slide 4

Power clamp units (w/ riser, backup, finger & adjustment) 14
Large weldments for slide mounting 1

Rough locators 28

84" tall vertical lightscreen

Large capacity rotate table

Large frame (mounting to rotate table)

Rest unit (w/ riser, rest blocks and adjustment)

A-27




10/11/2012

LOTUS ARB LWV PROGRAM

Table 2.4.d: Station SA20 tool content

ROBOTS

SA20
Description Quantity Single
Hand
Loose Parts Load 7
Operators 1
Adhesive (value in millimeters) 2715
Rivtac Spots 28

165 kg robot w/ riser, dress, and controller

Tool Changer (robot side)

Tool Changer (tool side)

JOINING TECHNOLOGY

Rivtac Unit, feeder, and controller

Adhesive Nozzle, Pump, and Heater

END EFFECTORS

End effector (medium)

End effector storage stand

Power and interface panel -- single door

Operator palm buttons

60" wide horizontal lightscreen

4-post base 40" x 80" 2
Part present switches 16
Round 4-way locating pin w/ adjustment blocks 2
Round 2-way locating pin w/ adjustment blocks 1
Round 4-way retract locating pin w/ adjustment blocks 2
Round 2-way retract locating pin w/ adjustment blocks 2
Power clamp units (w/ riser, backup, finger & adjustment) 8
Rough locators 30

84" tall vertical lightscreen
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Table 2.4.e: Station SA25 tool content

SA25
Description Quantity Single
Hand
Loose Parts Load 32
Friction Stir Joining 38
Operators 1
Rivtac Spots 16

ROBOTS
165 kg robot w/ riser, dress, and controller 2
Tool Changer (robot side) 1
Tool Changer (tool side) 2

JOINING TECHNOLOGY

FSJ unit with controller 1

Rivtac Unit, feeder, and controller 1

END EFFECTORS

End effector (large) 1

End effector storage stand 2

Operator palm buttons 1
4-post base 48" x 60" 1
Part present switches 36
Round 4-way locating pin w/ adjustment blocks 2
Round 2-way locating pin w/ adjustment blocks 2
Power clamp units (w/ riser, backup, finger & adjustment) 22
Rough locators 36

60" wide horizontal lightscreen

84" tall vertical lightscreen 1
Staging Table 1
Nut runner 2
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Table 2.4.f: Station SA30 tool content

SA30

Description Quantity Single
Hand
Loose Parts Load 4
Operators
Operator palm buttons 2
4-post base 48" x 60" 1
Part present switches 13
Round 4-way locating pin w/ adjustment blocks 2
Round 2-way locating pin w/ adjustment blocks 2
Power clamp units (w/ riser, backup, finger & adjustment) 14
Rough locators 16
60" wide horizontal lightscreen 1
84" tall vertical lightscreen 1
Rest unit (w/ riser, rest blocks and adjustment) 8
Frame for adhesive nozzle mount (pad) 2
Nut runner 2
Table 2.4.g: Station SA35 tool content

SA35

Description Quantity Single
Hand

Loose Parts Load 5
Friction Stir Joining 30
Operators SHARE
Adhesive (value in millimeters) 3700

ROBOTS
165 kg robot w/ riser, dress, and controller 1
Tool Changer (robot side) 1
Tool Changer (tool side) 2

JOINING TECHNOLOGY

FSJ unit with controller | 1 |
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Adhesive Nozzle, Pump, and Heater

END EFFECTORS

End effector (large) 1

End effector storage stand 2

Power and interface panel -- single door 1
Operator palm buttons 1
4-post base 40" x 80" 1
Part present switches 8
Round 4-way locating pin w/ adjustment blocks 3
Round 2-way locating pin w/ adjustment blocks 3
Round 4-way retract locating pin w/ adjustment blocks 1
Round 2-way retract locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 7
Rough locators 12

60" wide horizontal lightscreen 1
84" tall vertical lightscreen 1
Large frame (mounting to rotate table) 1
Rest unit (w/ riser, rest blocks and adjustment) 4
Pivoting dump (w/ mtg bracket, shocks, stops & cylinder 1

Table 2.4.h: Station SA40 tool content

SA40

Description Quantity Single
Hand
Loose Parts Load 14 7
Operators 2 1
Adhesive (value in millimeters) 9060 4530
Rivtac Spots 50 25
- ]

ROBOTS

130 kg robot w/ riser, dress, and controller 4
JOINING TECHNOLOGY

Rivtac Unit, feeder, and controller 2
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Adhesive Nozzle, Pump, and Heater 1
END EFFECTORS
End effector (large) 1
Operator palm buttons 1
Part present switches 10
Round 4-way locating pin w/ adjustment blocks 3
Round 2-way locating pin w/ adjustment blocks 3
Round 4-way retract locating pin w/ adjustment blocks 4
Round 2-way retract locating pin w/ adjustment blocks 4
50mm self-contained indexing slide 4
200mm self-contained indexing slide
Power clamp units (w/ riser, backup, finger & adjustment) 8
Small weldments for slide mounting 4
Large weldments for slide mounting
Rough locators 28
I
60" wide horizontal lightscreen 1
84" tall vertical lightscreen 1
Rest unit (w/ riser, rest blocks and adjustment) 2
Large base 70" x 180" 1
Pivoting dump (w/ mtg bracket, shocks, stops & cylinder 4

Table 2.4.i: Station SA45 tool content

SA45
Description Quantity Single
Hand
Loose Parts Load 8 4
Friction Stir Joining 60 30
Operators 2 1
Adhesive (value in millimeters) 3600 1800
ROBOTS
165 kg robot w/ riser, dress, and controller 1
Tool Changer (robot side) 1
Tool Changer (tool side) 2

10/11/2012 A-32



@ LULUS LOTUS ARB LWV PROGRAM

BN
nING

JOINING TECHNOLOGY

FSJ unit with controller 1

Adhesive Nozzle, Pump, and Heater 1

END EFFECTORS

End effector (large) 1
End effector storage stand 2
Power and interface panel -- single door 1
Operator palm buttons 1
4-post base 40" x 80" 1
Part present switches 14
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Round 4-way retract locating pin w/ adjustment blocks 3
Round 2-way retract locating pin w/ adjustment blocks 3
Power clamp units (w/ riser, backup, finger & adjustment) 8
Rough locators 12
84" tall vertical lightscreen 1
Rest unit (w/ riser, rest blocks and adjustment) 8
Frame for adhesive nozzle mount (pad) 1
Conveyor (W/pins locators and rests) 1
Pivoting dump (w/ mtg bracket, shocks, stops & cylinder 1

Table 2.4.j: Station SA50 tool content

SA50
Description Quantity Single
Hand
Loose Parts Load 3
Operators SHARE
Adhesive (value in millimeters) 1710
Self Piercing Rivet Spot 22

ROBOTS

165 kg robot w/ riser, dress, and controller 2

Tool Changer (robot side) 1
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Tool Changer (tool side)

JOINING TECHNOLOGY

Rivet Head, feeder, and controller 2

Adhesive Nozzle, Pump, and Heater 1

END EFFECTORS

End effector (large) 1

End effector storage stand 2

Operator palm buttons 1
4-post base 40" x 80" 1
Part present switches 6
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Round 4-way retract locating pin w/ adjustment blocks 2
Round 2-way retract locating pin w/ adjustment blocks 2
Power clamp units (w/ riser, backup, finger & adjustment) 8
Rough locators 8
60" wide horizontal lightscreen 1
84" tall vertical lightscreen 1
Rest unit (w/ riser, rest blocks and adjustment) 4
Frame for adhesive nozzle mount (pad) 1

Table 2.4.k: Station SA55 tool content

SA55
Description Quantity Single
Hand
Loose Parts Load 3
Operators SHARE
Adhesive (value in millimeters) 3600
Self Piercing Rivet Spot 46

Operator palm buttons 1
4-post base 40" x 80" 1
Part present switches 6
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Round 4-way locating pin w/ adjustment blocks 2
Round 2-way locating pin w/ adjustment blocks 2
Round 4-way retract locating pin w/ adjustment blocks 1

Round 2-way retract locating pin w/ adjustment blocks 1

Power clamp units (w/ riser, backup, finger & adjustment) 8
Rough locators 12

I

Rest unit (w/ riser, rest blocks and adjustment) 6

Table 2.4.1: Station SAG60 tool content

SA60
Description Quantity Single
Hand
Loose Parts Load 6
Friction Stir Joining 62
Operators 1
Adhesive (value in millimeters) 2715

ROBOTS
165 kg robot w/ riser, dress, and controller 2
Tool Changer (robot side) 2
Tool Changer (tool side) 4

JOINING TECHNOLOGY

FSJ unit with controller

Adhesive Nozzle, Pump, and Heater

END EFFECTORS

End effector (medium)

End effector storage stand

Operator palm buttons

4-post base 48" x 60"

4-post base 40" x 80"

Part present switches 18
Round 4-way locating pin w/ adjustment blocks 6
Round 2-way locating pin w/ adjustment blocks 6
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Power clamp units (w/ riser, backup, finger & adjustment) 15

Rough locators 22

60" wide horizontal lightscreen 2
84" tall vertical lightscreen 2
Rest unit (w/ riser, rest blocks and adjustment) 8
Frame for adhesive nozzle mount (pad) 1
Conveyor (W/pins locators and rests) 1

Table 2.4.m: Station SA65 tool content

SA65
Description Quantity Single
Hand
Loose Parts Load 6 3
Operators 2 1
Adhesive (value in millimeters) 2200 1100
Self Piercing Rivet Spot 42 21

ROBOTS
165 kg robot w/ riser, dress, and controller 1
Tool Changer (robot side) 1
Tool Changer (tool side) 3

JOINING TECHNOLOGY

Rivet Head, feeder, and controller 1

Adhesive Nozzle, Pump, and Heater 1

END EFFECTORS

End effector (small)

End effector (medium) 2

End effector storage stand 3

Power and interface panel -- single door

Operator palm buttons 1
4-post base 48" x 60" 2
4-post base 30" x 60" 1
Part present switches 10
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Round 4-way locating pin w/ adjustment blocks

Round 2-way locating pin w/ adjustment blocks

-

84" tall vertical lightscreen

Round 4-way retract locating pin w/ adjustment blocks 2
Round 2-way retract locating pin w/ adjustment blocks 2
Power clamp units (w/ riser, backup, finger & adjustment) 8
Rough locators 22

Rest unit (w/ riser, rest blocks and adjustment)

Table 2.4.n: Station SA70 tool content

SA70

Description Quantity Single
Hand

Loose Parts Load 18 9
Friction Stir Joining 132 66
Operators 2 1
Adhesive (value in millimeters) 6800 3400
Resistance Weld Spots 76 38

JOINING TECHNOLOGY

ROBOTS
165 kg robot w/ riser, dress, and controller 12
Tool Changer (robot side) 6
Tool Changer (tool side) 12

END EFFECTORS

FSJ unit with controller 4
Weld Gun, Weld Timer, Water Saver 2
Adhesive Nozzle, Pump, and Heater 4

End effector (large)

End effector storage stand

Power and interface panel -- double door 4
4' wide hinged gate 4
Operator palm buttons 6
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4-post base 60" x 120" 6
4-post base 48" x 60" 6
Part present switches 52
Round 4-way locating pin w/ adjustment blocks 12
Round 2-way locating pin w/ adjustment blocks 12
Round 4-way retract locating pin w/ adjustment blocks 14
Round 2-way retract locating pin w/ adjustment blocks 14
Power clamp units (w/ riser, backup, finger & adjustment) 72
Rough locators 84
I

60" wide horizontal lightscreen 8
84" tall vertical lightscreen 10
Rest unit (w/ riser, rest blocks and adjustment) 68
Frame for adhesive nozzle mount (pad) 4
Robot mounted camera inspection equipment, with 4
controller

Overhead rails with balancer 2

Table 2.4.0: Station SA75 tool content

SA75
Description Quantity Single
Hand
Loose Parts Load 12 6
Friction Stir Joining 46 23
Operators SHARE 1
Adhesive (value in millimeters) 1630 815
ROBOTS
130 kg robot w/ riser, dress, and controller 1
Tool Changer (robot side) 2
Tool Changer (tool side) 4

JOINING TECHNOLOGY

FSJ unit with controller 2

Adhesive Nozzle, Pump, and Heater 1

END EFFECTORS

End effector (medium) | 2 |
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End effector storage stand

Operator palm buttons

60" wide horizontal lightscreen

4-post base 30" x 60" 2
Part present switches 10
Round 4-way locating pin w/ adjustment blocks 5
Round 2-way locating pin w/ adjustment blocks 5
Power clamp units (w/ riser, backup, finger & adjustment) 5
Rough locators 12

84" tall vertical lightscreen

Rest unit (w/ riser, rest blocks and adjustment)

Frame for adhesive nozzle mount (pad)

Table 2.4.p: Station SA80 tool content

SA80

Description Quantity Single
Hand

Loose Parts Load 10 5
Friction Stir Joining 24 12
Operators 1 1
Adhesive (value in millimeters) 1742 871

ROBOTS
165 kg robot w/ riser, dress, and controller 1
Tool Changer (robot side) 1
Tool Changer (tool side) 2

JOINING TECHNOLOGY
FSJ unit with controller 1
Adhesive Nozzle, Pump, and Heater 1
END EFFECTORS
End effector (medium) 1
End effector (large) 1
End effector storage stand 2
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Power and interface panel -- single door 1
Operator palm buttons 1
4-post base 48" x 60" 2
4-post base 30" x 60" 1
Part present switches 8
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Round 4-way retract locating pin w/ adjustment blocks 3
Round 2-way retract locating pin w/ adjustment blocks 3
50mm self-contained indexing slide 2
200mm self-contained indexing slide 1
Power clamp units (w/ riser, backup, finger & adjustment) 8
Rough locators 22
84" tall vertical lightscreen 1
Rest unit (w/ riser, rest blocks and adjustment) 16
Frame for adhesive nozzle mount (pad) 1
Conveyor (W/pins locators and rests) 1

Table 2.4.q: Station SA85 tool content

SA85
Description Quantity Single
Hand
Loose Parts Load 8 4
Operators 1
Resistance Weld Spots 32 16
ROBOTS
165 kg robot w/ riser, dress, and controller 1

JOINING TECHNOLOGY

Weld Gun, Weld Timer, Water Saver 1

Power and interface panel -- single door 1
4' wide hinged gate 1
Operator palm buttons 1
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4-post base 30" x 60" 1
Part present switches 8
Round 4-way locating pin w/ adjustment blocks 4
Round 2-way locating pin w/ adjustment blocks 4
Power clamp units (w/ riser, backup, finger & adjustment) 8
Rough locators 16
60" wide horizontal lightscreen
84" tall vertical lightscreen 1
Rest unit (w/ riser, rest blocks and adjustment) 4

Table 2.4.r: Station UB100 tool content

uB100
Description Quantity Single
Hand
Loose Parts Load 5
Operators SHARE
ROBOTS
165 kg robot w/ riser, dress, and controller 1

Robot 7th Axis Slide

JOINING TECHNOLOGY

End effector (large) 2

Operator palm buttons 1
Part present switches 10
Round 4-way locating pin w/ adjustment blocks 2
Round 2-way locating pin w/ adjustment blocks 2
Round 4-way retract locating pin w/ adjustment blocks 3
Round 2-way retract locating pin w/ adjustment blocks 3
Power clamp units (w/ riser, backup, finger & adjustment) 16
Large weldments for slide mounting 4
Rough locators
_
Rest unit (w/ riser, rest blocks and adjustment)
Large base 70" x 180" 1
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Pivoting dump (w/ mtg bracket, shocks, stops & cylinder 2

Table 2.4.s: Station UB110 tool content

UB110
Description Quantity Single
Hand
Operators 0
Friction Stir Joining 36
Adhesive (value in millimeters) 2650

ROBOTS
165 kg robot w/ riser, dress, and controller 4
Tool Changer (robot side) 2
Tool Changer (tool side) 4

JOINING TECHNOLOGY

Rivet Head, feeder, and controller 2
FSJ unit with controller 1
Adhesive Nozzle, Pump, and Heater 1

END EFFECTORS

End effector (small)

End effector (medium) 3

End effector (large)

End effector storage stand 4

Power and interface panel -- double door 1
Part present switches 10
Round 4-way locating pin w/ adjustment blocks 5
Round 2-way locating pin w/ adjustment blocks 5
Power clamp units (w/ riser, backup, finger & adjustment) 22

Rest unit (w/ riser, rest blocks and adjustment)

Large base 70" x 180" 1
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Table 2.4.t: Station UB120 tool content

UB 120
Description Quantity Single
Hand
Loose Parts Load
Operators
Friction Stir Joining 40
Adhesive (value in millimeters) 11300
Rivtac Spots 14
Self Piercing Rivet Spot 60

ROBOTS
165 kg robot w/ riser, dress, and controller 4
Tool Changer (robot side) 4
Tool Changer (tool side) 8

JOINING TECHNOLOGY

Rivet Head, feeder, and controller 2
FSJ unit with controller 2
Adhesive Nozzle, Pump, and Heater 2

END EFFECTORS

End effector (medium) 4

End effector storage stand 8

Part present switches 12
Round 4-way locating pin w/ adjustment blocks 3
Round 2-way locating pin w/ adjustment blocks 3
Round 4-way retract locating pin w/ adjustment blocks 3
Round 2-way retract locating pin w/ adjustment blocks 3
Power clamp units (w/ riser, backup, finger & adjustment) 26

84" tall vertical lightscreen

Rest unit (w/ riser, rest blocks and adjustment) 8

Large base 70" x 180" 1
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Table 2.4.u: Station UB130 tool content

uB130
Description Quantity Single
Hand
Operators 0
Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
Rough locators 6
Large base 70" x 180" 1
Table 2.4.v: Station UB140 tool content
uB140
Description Quantity Single
Hand
Operators 0
Friction Stir Joining 140 70
ROBOTS
165 kg robot w/ riser, dress, and controller 4
JOINING TECHNOLOGY
FSJ unit with controller 4
Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
Rough locators 6

Large base 70" x 180" 1
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Table 2.4.w: Station UB150 tool content

uB150

Description Quantity Single
Hand

Loose Parts Load
Operators
Friction Stir Joining 52 26
Adhesive (value in millimeters) 5850
Rivtac Spots 22

ROBOTS
165 kg robot w/ riser, dress, and controller 4
Tool Changer (robot side) 2
Tool Changer (tool side) 6

JOINING TECHNOLOGY

Rivet Head, feeder, and controller 2
FSJ unit with controller 2
Adhesive Nozzle, Pump, and Heater 2

END EFFECTORS

End effector (medium)

End effector storage stand

Part present switches

[«

Round 4-way locating pin w/ adjustment blocks

Round 2-way locating pin w/ adjustment blocks

Round 4-way retract locating pin w/ adjustment blocks

Nl N w]| w| o

Round 2-way retract locating pin w/ adjustment blocks

Power clamp units (w/ riser, backup, finger & adjustment)

Rest unit (w/ riser, rest blocks and adjustment)

Large base 70" x 180"
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Table 2.4.x: Station UB160 tool content

UB160
Description Quantity Single
Hand
Operators 0
Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
Rough locators 6
- ]
Large base 70" x 180" 1

Table 2.4.y: Station UB170 tool content

uB170
Description Quantity Single
Hand
Loose Parts Load 6
Operators
Friction Stir Joining 76
Adhesive (value in millimeters) 16500

ROBOTS
165 kg robot w/ riser, dress, and controller 4
Tool Changer (robot side) 4
Tool Changer (tool side) 9

JOINING TECHNOLOGY

Rivet Head, feeder, and controller 2
FSJ unit with controller 2
Adhesive Nozzle, Pump, and Heater 2

END EFFECTORS

End effector (small) 2
End effector (medium) 2
End effector storage stand 9
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Part present switches 14
Round 4-way locating pin w/ adjustment blocks 5
Round 2-way locating pin w/ adjustment blocks 5
Round 4-way retract locating pin w/ adjustment blocks 2
Round 2-way retract locating pin w/ adjustment blocks 2
Power clamp units (w/ riser, backup, finger & adjustment) 32
Rest unit (w/ riser, rest blocks and adjustment) 10
Large base 70" x 180" 1

Pivoting dump (w/ mtg bracket, shocks, stops & cylinder 4

Table 2.4.z: Station UB180 tool content

uB180
Description Quantity Single
Hand
Loose Parts Load 2
Operators 0
Adhesive (value in millimeters) 6600
Flow Screw 8
ROBOTS
165 kg robot w/ riser, dress, and controller 1
130 kg robot w/ riser, dress, and controller 1

JOINING TECHNOLOGY

Adhesive Nozzle, Pump, and Heater 1

END EFFECTORS

End effector (large) 1

Part present switches

Round 4-way locating pin w/ adjustment blocks

Round 4-way retract locating pin w/ adjustment blocks

6
3
Round 2-way locating pin w/ adjustment blocks 3
2
2

Round 2-way retract locating pin w/ adjustment blocks

Power clamp units (w/ riser, backup, finger & adjustment) 20
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Rest unit (w/ riser, rest blocks and adjustment) 2
Large base 70" x 180" 1
Pivoting dump (w/ mtg bracket, shocks, stops & cylinder 6
Robot mounted screw head driver, with feeder and 1
controller

Table 2.4.aa: Station UB190 tool content

uB190
Description Quantity Single
Hand

Loose Parts Load 4

Friction Stir Joining 42

Operators 0

Adhesive (value in millimeters) 9800

Rivtac Spots 44

ROBOTS
165 kg robot w/ riser, dress, and controller 4
Tool Changer (robot side) 4
Tool Changer (tool side) 8

JOINING TECHNOLOGY

FSJ unit with controller 2
Rivtac Unit, feeder, and controller 2
Adhesive Nozzle, Pump, and Heater 2

END EFFECTORS

End effector (small) 2
End effector (medium) 1
End effector storage stand 8

-
o

Part present switches

Round 4-way locating pin w/ adjustment blocks

Round 2-way locating pin w/ adjustment blocks

Round 4-way retract locating pin w/ adjustment blocks

Nl N W w

Round 2-way retract locating pin w/ adjustment blocks
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Power clamp units (w/ riser, backup, finger & adjustment) 20

Rest unit (w/ riser, rest blocks and adjustment) 2
Large base 70" x 180" 1
Pivoting dump (w/ mtg bracket, shocks, stops & cylinder 6

Table 2.4.ab: Station UB200 tool content

UB200
Description Quantity Single
Hand
Friction Stir Joining 140 70
Operators 0
ROBOTS
165 kg robot w/ riser, dress, and controller 4

JOINING TECHNOLOGY

FSJ unit with controller

4-post base 60" x 120"

Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
Rough locators 6

Table 2.4.ac: Station UB210 tool content

uB210
Description Quantity Single
Hand
Operators 0
Clinch Studs 100
ROBOTS
130 kg robot w/ riser, dress, and controller 4

4-post base 60" x 120" 1
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Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
Rough locators 6
Clinch Stud Head, Feeder and Controller

Table 2.4.ad: Station UB220 tool content

UB220
Description Quantity Single
Hand
Operators 0
Camera Inspection Points 100 50
ROBOTS
130 kg robot w/ riser, dress, and controller 2

Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
Rough locators 6
Large base 70" x 180" 1
Robot mounted camera inspection equipment, with 2
controller

Table 2.4.ae: Station FR100 tool content

FR100
Description Quantity Single
Hand
Operators 0
Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
Rough locators 6
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Large base 70" x 180"

Table 2.4.af: Station FR110 tool content

FR110

Description Quantity Single
Hand

Loose Parts Load 5
Friction Stir Joining 100 50
Operators 1
Adhesive (value in millimeters) 7000 3500
Rivtac Spots 50 25

ROBOTS
165 kg robot w/ riser, dress, and controller 8
Tool Changer (robot side) 1
Tool Changer (tool side) 2
Robot 7th Axis Slide 2

JOINING TECHNOLOGY

FSJ unit with controller 4
Rivtac Unit, feeder, and controller 2
Adhesive Nozzle, Pump, and Heater 2

END EFFECTORS

End effector (large) 2

End effector storage stand

Part present switches 12
Round 4-way locating pin w/ adjustment blocks 4
Round 2-way locating pin w/ adjustment blocks 4
Round 4-way retract locating pin w/ adjustment blocks 2
Round 2-way retract locating pin w/ adjustment blocks 2
200mm self-contained indexing slide 6
Power clamp units (w/ riser, backup, finger & adjustment) 35
Rough locators 12
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Rest unit (w/ riser, rest blocks and adjustment)

Frame for adhesive nozzle mount (pad) 2
Large base 70" x 180" 1
Pivoting dump (w/ mtg bracket, shocks, stops & cylinder 6

Table 2.4.ag: Station FR120 tool content

FR120
Description Quantity Single
Hand
Friction Stir Joining 100 50
Operators
ROBOTS
165 kg robot w/ riser, dress, and controller 4

JOINING TECHNOLOGY

FSJ unit with controller

Part present switches

Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4

Rough locators

Large base 70" x 180"

Table 2.4.ah: Station FR130 tool content

FR130
Description Quantity Single
Hand
Operators 0
Clinch Studs 100
ROBOTS
130 kg robot w/ riser, dress, and controller 4
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4-post base 60" x 120" 1
Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
Rough locators 6
- ]
Clinch Stud Head, Feeder and Controller 4

Table 2.4.ai: Station FR140 tool content

FR140
Description Quantity Single
Hand
Loose Parts Load 2
Friction Stir Joining 100 50
Operators 0
Adhesive (value in millimeters) 4400 2200

ROBOTS

165 kg robot w/ riser, dress, and controller 6

Robot 7th Axis Slide 2

JOINING TECHNOLOGY

FSJ unit with controller 4

Adhesive Nozzle, Pump, and Heater 2

END EFFECTORS

End effector (large)

Part present switches 6
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Round 4-way retract locating pin w/ adjustment blocks 2
Round 2-way retract locating pin w/ adjustment blocks 2
Power clamp units (w/ riser, backup, finger & adjustment) 28
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Rest unit (w/ riser, rest blocks and adjustment) 6
Frame for adhesive nozzle mount (pad) 2
Large base 70" x 180" 1
Pivoting dump (w/ mtg bracket, shocks, stops & cylinder 6

Table 2.4.aj: Station FR150 tool content

FR150

Description Quantity Single
Hand

Loose Parts Load 4
Friction Stir Joining 94 47
Operators 1
Adhesive (value in millimeters) 16816
Self Piercing Rivet Spot

ROBOTS

165 kg robot w/ riser, dress, and controller 5

Robot 7th Axis Slide

JOINING TECHNOLOGY

Rivet Head, feeder, and controller 2

FSJ unit with controller 2

Adhesive Nozzle, Pump, and Heater

END EFFECTORS

End effector (large) 1

Part present switches 8
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Round 4-way retract locating pin w/ adjustment blocks 3
Round 2-way retract locating pin w/ adjustment blocks 3

Power clamp units (w/ riser, backup, finger & adjustment)

Rest unit (w/ riser, rest blocks and adjustment)

Frame for adhesive nozzle mount (pad) 2

Large base 70" x 180" 1
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Pivoting dump (w/ mtg bracket, shocks, stops & cylinder 6

Table 2.4.ak: Station FR160 tool content

FR160
Description Quantity Single
Hand
Friction Stir Joining 140 70
Operators 0
ROBOTS
165 kg robot w/ riser, dress, and controller 4

JOINING TECHNOLOGY

FSJ unit with controller 4

Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
Rough locators 6

Large base 70" x 180" 1

Table 2.4.al: Station FR170 tool content

FR170
Description Quantity Single
Hand
Operators 0
Camera Inspection Points 100 50
ROBOTS
130 kg robot w/ riser, dress, and controller 2

Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
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" INEERING

Rough locators 6

Large base 70" x 180" 1
Robot mounted camera inspection equipment, with 2
controller

Table 2.4.am: Station FR180 tool content
FR180

Description Quantity Single
Hand

Loose Parts Load

Operators

Operator palm buttons 2
Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
Rough locators 12

Large base 70" x 180"

Nut runner

Load Assist

Operator Platform (10" x 20")

Nl N N B

Overhead rails with balancer

Table 2.4.an: Station FR190 tool content
FR190

Description Quantity Single
Hand

Operators 2

Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
Rough locators 6
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Large base 70" x 180" 1

Operator Platform (10' x 20') 2

Table 2.4.a0: Station FR200 tool content

FR200
Description Quantity | Single
Hand
Operators 0
Part present switches 2
Round 4-way locating pin w/ adjustment blocks 1
Round 2-way locating pin w/ adjustment blocks 1
Power clamp units (w/ riser, backup, finger & adjustment) 4
Rough locators 6
Large base 70" x 180" 1
Table 2.4.ap: Total station tool content
Total
Description Quantity
Loose Parts Load 239
Friction Stir Joining 1452
Operators 24
Adhesive (value in millimeters) 124538
Clinch Studs 200
Resistance Weld Spots 108
Rivtac Spots 246
Self Piercing Rivet Spot 286
Flow Screw 8
MIG Weld (value in millimeters) 3165
Camera Inspection Points 200
ROBOTS
165 kg robot w/ riser, dress, and controller 82
130 kg robot w/ riser, dress, and controller 21
Tool Changer (robot side) 34
Tool Changer (tool side) 72
Robot 7th Axis Slide 6
- ]

A-57




10/11/2012

LOTUS ARB LWV PROGRAM

JOINING TECHNOLOGY

Rivet Head, feeder, and controller 14
FSJ unit with controller 47
Rivtac Unit, feeder, and controller 8
MIG head, feeder, and controller 2
Weld Gun, Weld Timer, Water Saver 3
Adhesive Nozzle, Pump, and Heater 30
END EFFECTORS
End effector (small) 4
End effector (medium) 21
End effector (large) 20
End effector storage stand 74
Power and interface panel -- single door 8
Power and interface panel -- double door 6
4" wide roll up door 8
4' wide hinged access door 2
4' wide hinged gate 6
60" long by 12" wide sheet metal chute 3
Operator palm buttons 28
Perimeter guard (walls/fences) 1
Vent hood 2
4-post base 60" x 120" 9
4-post base 48" x 60" 17
4-post base 40" x 80" 7
4-post base 30" x 60" 7
4-post base 30" x 70" 1
4-post base 32" x 32" 22
Part present switches 405
Round 4-way locating pin w/ adjustment blocks 113
Round 2-way locating pin w/ adjustment blocks 108
Round 4-way retract locating pin w/ adjustment blocks 57
Round 2-way retract locating pin w/ adjustment blocks 57
Rectangular locating pin w/ adjustment blocks (inside tube) 4
50mm self-contained indexing slide 10
200mm self-contained indexing slide 33
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Power clamp units (w/ riser, backup, finger & adjustment) 546
Small weldments for slide mounting 8
Large weldments for slide mounting 45
Rough locators 510
60" wide horizontal lightscreen 20
84" tall vertical lightscreen 25
Large capacity rotate table 1
Large frame (mounting to rotate table) 2
Rest unit (w/ riser, rest blocks and adjustment) 226
Staging Table 1
Frame for adhesive nozzle mount (pad) 17
Conveyor (W/pins locators and rests) 3
Large base 70" x 180" 22
Pivoting dump (w/ mtg bracket, shocks, stops & cylinder 42
Nut runner 8
Load Assist 2
Clinch Stud Head, Feeder and Controller 8
Operator Platform (10’ x 20") 4
Robot mounted camera inspection equipment, with controller 8
Overhead rails with balancer 4
Robot mounted screw head driver, with feeder and controller 1

2.5 Conveyor Concept

There are a total of five different conveyors in the factory — one each for the sub-
assemblies, underbody line, the cross transport, framing line, and after the framing line,
which isn’t included in this study.

2.5.1 Sub-Assemblies

There are two methods of transport on the sub-assembly conveyor line. The parts are
loaded onto the actual conveyor belt by robots or human operators. Once on the assembly
line, the parts are handled by robots.

2.5.2 Underbody Line

Like the sub-assembly line, there are two methods of transport on the underbody line.
Parts are loaded onto the line by robots and transferred by forklifts.
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2.5.3 Cross Transport

One primary method of transportation will be used to transport the fully-built underbodies
to the framing line. The underbodies will be loaded onto pallets and transported on a
conveyor belt to the framing line (2.5.4 below). These pallets are used on the framing line
as well. An elevator and overhead return recycle the pallets and are further discussed in
2.5.4 below.

2.5.4 Framing Line

The underbodies remain on the pallets used in the cross transport process and are moved
along the framing line by power rollers. A total of 50 pallets are used in the system. Once
framing is complete, the assembled frames are removed and the pallets are lifted up to an
overhead return line by an elevator. A second elevator just before the cross transport line
lowers the pallets back to the cross transport line.

2.5.5 After Framing Line

After the framing line, there is an elevator to raise the fully-built BIWs to an electric
motorized system for further vehicle buildup. This was not included in the scope of this
manufacturing study.

2.6 Buffer Concept

In order to help prevent assembly line delays, each of the main lines will be disconnected
with buffers. A maximum buffer of 10 parts, roughly 32 minutes worth of production, will
help to prevent any delays. The buffer is designed to be approximately half full on average
as this allows the worker to fill the buffer up when production after the buffer halts and to
empty it when production prior to the buffer stops.

2.7 Station Layouts

This section provides a detailed layout of each assembly station at the plant in Figures
2.7.a-2.7.as with a full plant overview in Figure 2.7.at. All the necessary bins, racks, parts,
machinery, conveyors, and workers are shown.
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Figure 2.7.n: Station SA70, right-side assembly layout
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Flgure 2.7.u: Statlon uB110 assembly Iayout
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3.0 Facility

The total area required for the body shop is 190,000 ft?, divided up into areas with different
functions. A room will be allocated in the body shop to house the coordinate-measuring
machine (CMM). The CMM is a specialized device that measures the geometric
characteristics of an object and is used to test the dimensions of parts against their design
intent. Other areas include a break room, locker room and restrooms, maintenance area,
tool shop for repairs, and a logistic preparation area.

4.0 Labor Requirements

The body shop will require a well-trained work force to operate. This work force is
categorized into direct and indirect workers. Direct workers handle assembly line tasks and
other jobs directly linked to manufacturing. The body shop will require 24 direct workers
per shift.

Indirect workers will also be required. They will perform tasks such as maintenance (10
workers per shift), logistics work (12 workers per shift), and there will be one CMM
operator per shift.

A total of 47 workers will be required per shift.

5.0 Logistic Concept

This section will discuss the basic logistics of the plant. These logistics need to be factored
in to prepare the plant to operate smoothly.

5.1 Main Features

All part bins and racks will be sized according to the size of the parts stored helping to
ensure parts are stored in the proper location and maximizing usable space. There will be
enough part bins to store parts for one week of production — approximately 1200 parts.
This includes a two-day supply in the plant, two days for transportation, and one day at the
supplier’s plant.

Table 5.1.a below shows the total bins and racks necessary for storage and gives the total
cost.
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Table 5.1.a: Total bins and racks

Part Number Part Name Length Width | Height Rack Price/ | Rack/1200 Price of
(mm) (mm) (mm) [ Vol. (m3) | Rack Units Racks
7305-0900-137 L, inner front frame rail transition 803 223 344 0.062 $360 50 $18,000
7305-0900-138 R, inner front frame rail transition 803 223 344 0.062 $360 50 $18,000
7305-1100-220 R, upper dash reinforcement 398 270 382 0.041 $360 33 $11,880
7305-1100-221 L, upper dash reinforcement 398 270 382 0.041 $360 33 $11,880
7305-1110-101 Center, rear seat riser 1,423 93 208 0.027 $530 39 $20,670
7305-1130-145 Cowl panel 1,577 135 327 0.070 $270 57 $15,390
7305-1130-147 Cowl panel reinforcement 1,578 216 280 0.096 $360 80 $28,800
7305-1200-209 L, outer front frame rail transition 854 191 309 0.050 $530 71 $37,630
7305-1200-210 R, outer front frame rail transition 854 191 309 0.050 $530 7 $37,630
7305-1300-155 L, upper, A-pillar inner panel 551 70 524 0.020 $270 36 $9,720
7305-1300-156 R, upper, A-pillar inner panel 551 70 524 0.020 $270 36 $9,720
7305-1300-165 L, rear shock tower 486 302 325 0.048 $360 39 $14,040
7305-1300-166 R, rear shock tower 486 302 325 0.048 $360 39 $14,040
7305-1310-151 L, front shock tower 366 278 281 0.029 $270 50 $13,500
7305-1310-152 R, front shock tower 366 278 281 0.029 $270 50 $13,500
7305-1310-161 L, front wheelhouse panel 444 255 308 0.035 $530 50 $26,500
7305-1310-162 R, front wheelhouse panel 444 255 308 0.035 $530 50 $26,500
7305-1400-153 L, lower A-pillar outer panel 362 187 245 0.017 $270 29 $7,830
7305-1400-154 R, lower A-pillar outer panel 362 187 245 0.017 $270 29 $7,830
7305-1500-157 L, shotgun inner panel 885 53 369 0.017 $270 31 $8,370
7305-1500-158 R, shotgun inner panel 885 53 369 0.017 $270 31 $8,370
7305-1500-197 L, upper, A-pillar inner 152 81 144 0.020 $270 3 $810
reinforcement bracket
7305-1500-198 R, upper, A-pillar inner 152 81 144 0.020 $270 3 $810
reinforcement bracket
7305-1500-227 L, lower, A-pillar inner 143 96 100 0.010 $270 2 $540
reinforcement bracket
7305-1500-228 R, lower, A-pillar inner 143 96 100 0.010 $270 2 $540
reinforcement bracket
7305-1600-149 Dash panel reinforcement 1,464 306 611 0.274 $530 80 $42,400
7305-1600-183 L, rear outer wheelhouse panel 1,059 350 723 0.268 $530 80 $42,400
7305-1600-184 R, rear outer wheelhouse panel 1,059 350 723 0.268 $530 80 $42,400
7305-1900-159 L, shotgun closeout panel 102 3 90 0.000 $50 $100
7305-1900-160 R, shotgun closeout panel 102 3 90 0.000 $50 $100
7305-1930-169 L, shotgun outer panel 866 301 369 0.096 $360 80 $28,800
7305-1930-170 R, shotgun outer panel 866 301 369 0.096 $360 80 $28,800
7305-2100-104 Rear roof header 889 99 259 0.023 $530 32 $16,960
7305-2200-109 Roof panel 2,031 186 1,370 0.517 $660 100 $66,000
7306-0810-123 L, rocker sill extrusion 1,563 132 178 0.037 $530 11 $5,830
7306-0820-124 R, rocker sill extrusion 1,563 132 178 0.037 $530 11 $5,830
7306-0830-124 R, front floor bracket 90 57 53 0.000 $65 8 $522
7306-0830-124 L, front floor bracket 90 57 53 0.000 $65 8 $522
7306-0830-124 R, floor bracket 90 57 53 0.000 $65 8 $522
7306-0830-124 L, floor bracket 90 57 53 0.000 $65 8 $522
10/11/2012 A-88




r\\ |9 LOTUS ARB LWV PROGRAM

7306-0830-125 L, front floor X-member 603 51 51 0.002 $65 44 $2,873
7306-0830-125 R, front floor X-member 603 51 51 0.002 $65 44 $2,873
7306-0830-125 L, rear floor X-member 603 51 51 0.002 $65 44 $2,873
7306-0830-125 R, rear floor X-member 603 51 51 0.002 $65 44 $2,873
7306-0830-126 Front floor X-member transition 274 45 100 0.001 $65 34 $2,220
7306-0830-126 Rear floor X-member transition 274 45 100 0.001 $65 34 $2,220
7306-0840-010 L, mid floor bracket 200 62 53 0.001 $50 57 $2,850
7306-0840-010 R, mid floor bracket 200 62 53 0.001 $50 57 $2,850
7306-0840-011 L, mid floor X-member 602 51 152 0.005 $360 4 $1,440
7306-0840-011 R, mid floor X-member 602 51 152 0.005 $360 $1,440
7306-0840-012 Mid floor transition X-member 276 146 100 0.004 $360 $1,080
7306-1000-175 L, rear seat riser 768 94 148 0.011 $200 11 $2,200
7306-1000-176 R, rear seat riser 768 94 148 0.011 $200 11 $2,200
7306-1110-103 L, rear seat floor reinforcement 350 44 97 0.001 $200 1 $200
7306-1110-104 R, rear seat floor reinforcement 350 44 97 0.001 $200 1 $200
7306-1130-143 Dash panel 1,501 587 785 0.692 $660 133 $87,780
7306-1200-113 Rear seat floor panel 1,396 68 815 0.077 $360 63 $22,680
7306-1910-189 L, upper, A-pillar outer panel 1,255 60 511 0.039 $200 39 $7,800
7306-1910-190 R, upper, A-pillar outer panel 1,255 60 511 0.039 $200 39 $7,800
7306-1910-195 L, C-pillar outer 1,392 163 863 0.196 $530 60 $31,800
7306-1910-196 R, C-pillar outer 1,392 163 863 0.196 $530 60 $31,800
7306-1913-001 L, B-pillar quarter panel 1,306 69 197 0.018 $200 18 $3,600
7306-1920-191 L, roof side rail outer panel 963 129 143 0.018 $200 18 $3,600
7306-1920-192 R, roof side rail outer panel 963 129 143 0.018 $200 18 $3,600
7306-1924-002 R, B-pillar quarter panel 1,306 69 197 0.018 $200 18 $3,600
7306-2000-171 L, roof side rail inner panel 1,203 48 470 0.027 $530 22 $11,660
7306-2000-172 R, roof side rail inner panel 1,203 48 470 0.027 $360 22 $7,920
7306-2000-215 L, rear roof side rail inner panel 951 155 186 0.027 $360 22 $7,920
7306-2000-216 R, rear roof side rail inner panel 951 155 186 0.027 $360 36 $12,960
7306-2100-101 Front header panel 1,344 179 183 0.044 $530 13 $6,890
7306-2100-103 Center roof header 1,154 59 162 0.011 $200 11 $2,200
7306-2300-185 L, body side outer panel 3,289 380 1,340 1.675 $790 240 $189,600
7306-2300-186 R, body side outer panel 3,289 380 1,340 1.675 $790 240 $189,600
7306-2300-187 L, rear quarter panel closeout 292 143 247 0.010 $200 10 $2,000
7306-2300-188 R, rear quarter panel closeout 292 143 247 0.010 $200 10 $2,000
7306-2300-189 L, outer liftgate flange channel to 610 79 96 0.005 $200 5 $1,000
7306-2300-190 gc,)?iter liftgate flange channel to 610 79 96 0.005 $200 5 $1,000
7306-2300-191 E??gar body taillamp closeout 173 97 127 0.002 $270 4 $1,080
7306-2300-192 R, rear body taillamp closeout 173 97 127 0.002 $270 4 $1,080
7306-2400-229 L, center floor panel 1,252 710 60 0.053 $530 16 $8,480
7306-2400-230 R, center floor panel 1,252 710 60 0.053 $530 16 $8,480
7306-2400-231 Rear X-member component 934 185 155 0.027 $360 22 $7,920
7307-0900-141 L, rear frame rail inner transition 1,006 182 290 0.053 $530 16 $8,480
7307-0900-142 R, rear frame rail inner transition 1,006 182 290 0.053 $530 16 $8,480
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7307-1000-139 L, rear frame rail 700 70 129 0.006 $270 11 $2,970
7307-1000-140 R, rear frame rail 700 70 129 0.006 $270 11 $2,970
7307-1020-135 L, front frame rail 574 70 133 0.005 $270 9 $2,430
7307-1020-136 R, front frame rail 574 70 133 0.005 $270 9 $2,430
7307-1020-223 L, frame rail mounting plate 236 20 134 0.001 $65 17 $1,110
7307-1020-224 R, frame rail mounting plate 236 20 134 0.001 $65 17 $1,110
7307-1200-217 L, rear frame rail outer transition 1,006 198 273 0.054 $530 16 $8,480
7307-1200-218 R, rear frame rail outer transition 1,006 198 273 0.054 $530 16 $8,480
7307-1400-163 L, rear inner wheelhouse panel 1,378 240 697 0.231 $530 7 $37,630
7307-1400-164 R, rear inner wheelhouse panel 1,378 240 697 0.231 $530 71 $37,630
7307-1500-111 Rear end outer panel 1,396 290 405 0.164 $530 50 $26,500
7307-1500-167 L, rear shock tower reinforcement 277 126 262 0.009 $200 $1,800
7307-1500-168 R, rear shock tower reinforcement 277 126 262 0.009 $200 $1,800
7307-1510-117 Rear end panel 1,495 367 398 0.218 $660 41 $27,060
7307-1600-213 L, rear wheelhouse inner panel 529 20 300 0.003 $200 3 $600
7307-2110-105 L, D-pillar inner panel 984 89 326 0.028 $360 23 $8,280
7307-2110-106 R, D-pillar inner panel 984 89 326 0.028 $360 23 $8,280
7307-2110-177 L, D-pillar quarter panel inner 516 220 331 0.038 $360 31 $11,160
7307-2110-179 L, liftgate reinforcement panel 653 151 364 0.036 $360 29 $10,440
7307-2110-180 R, liftgate reinforcement panel 653 151 364 0.036 $360 29 $10,440
7307-2120-178 R, D-pillar quarter panel inner 516 220 331 0.038 $360 31 $11,160
L, B-pillar reinforcement 450 73 139 0.005 $200 $1,000
R, B-pillar reinforcement 450 73 139 0.005 $200 $1,000
L, B-pillar upper brace 354 165 224 0.013 $360 11 $3,960
R, B-pillar upper brace 354 165 224 0.013 $360 11 $3,960
L, B-pillar bracket inner 193 89 129 0.002 $270 $1,080
R, B-pillar bracket inner 193 89 129 0.002 $270 4 $1,080
L, B-pillar inner panel 1,152 130 504 0.076 $530 23 $12,190
R, B-pillar inner panel 1,152 130 504 0.076 $530 23 $12,190
Rear floor panel 932 126 714 0.084 $530 25 $13,250
R, rear wheelhouse inner panel 529 20 300 0.003 $270 6 $1,620
L, rear shock tower reinforcement 348 129 277 0.012 $200 13 $2,600
R, rear shock tower reinforcement 348 129 277 0.012 $200 13 $2,600
7305-2400-209 Front module 1,200 507 250 0.152 $530 46 $24,380
7305-2410-000 Front bumper 1,630 300 300 0.147 $530 44 $23,320
7305-2430-000 Rear bumper 1,630 300 300 0.147 $530 44 $23,320
Sub-Total 3,946 $1,707,720
Contingency 20% $341,544
Forklift $200,000
Other $50,000
Total $2,299,264
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The preparation area will be located close to the assembly line and will provide a
connection from the line to the warehouse. Aisles in the plant will be organized and sized
to fit their function. Main aisles will be 15 feet wide, logistic aisles will be 12 feet wide, and
maintenance aisles will be 6.5 feet wide. All aisles will be two-way to ensure more efficient
traffic flow.

Figure 5.1.a below shows the forklifts necessary in the factory.
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Figure 5.1.a: Forklift factory scope

Other logistic concepts include shooter technology employed for small parts and forklifts
used for transportation.
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Shooter Technology

Figure 5.1.b: Shoot technology used to transport small parts

5.2 Staff Needed

The staff requirement has been incorporated into the labor requirements section of this
report (section 4.0). The total number of workers needed for logistics work is 12 forklift
drivers per shift.

6.0 Quality Concept
6.1  Philosophy

Ensuring quality products isn’t relegated to a sole person, but rather, it's the responsibility
of everyone at the plant. Each team member working at the plant is responsible for
maintaining quality work in order to build the highest quality product. Team members are
responsible for stopping the assembly line when a defect is noticed and must report the
defect for quality measurement and analysis.

There will be a quality control team that analyzes the product to determine quality, defines
methods to improve quality, and trains the factory workers on how to build vehicles that
meet the defined quality. All of the reported defects will be documented for analysis and
further quality refinement.
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Figure 6.1.a below shows the quality management concept and responsibilities of each
team member.

6.1. Quality Management Concept

ashanbeal,

Assembly Line Team
Machine Operator
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Figure 6.1.a: Plant quality management concept

6.2 Quality Assurance Methods

In order to measure and assess product quality, there will be two different quality checks.
One check will be performed ‘in-line’ as the vehicles are moving down the assembly line
and the other will be performed ‘off-line’ once the vehicle or part is assembled.

6.2.1 In-Line Quality Check

There will be four in-line vision stations equipped with cameras to provide quality data and
monitor processes. Each vision station is equipped with two cameras attached to robotic
arms to increase the visible area. A single camera can track 50 different locations on the
part at each station, giving the capability to track 100 different locations per station
simultaneously.

Table 6.2.1.a below gives the names of each station, the location, and the part of the
vehicle being monitored.
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Table 6.2.1.a: Vision quality stations, location, and part monitored

Station Location Vehicle Part Monitored
Name
UB-220 End of underbody line Underbody

SA-70L End of left-hand bodyside line | Left-hand bodyside
SA-70R End of right-hand bodyside line | Right-hand bodyside
FR-170 End of framing line Vehicle frame

6.2.2 Off-Line Quality Check

In order to analyze and improve the manufacturing quality and overall quality of the end
product, the body shop is equipped with a coordinate-measuring-machine room. The room
contains three coordinate measuring machines (CMM) — two with one ten-foot robotic arm
and the third has two, 20-foot arms. The CMMs take measurements along the X, Y, and Z
axes of the part and are accurate to around one micron, ensuring a high degree of
accuracy. These extremely accurate measurements are then used to determine the
precision of the manufacturing process and quality of the parts. A method such as Six
Sigma can then be used to further refine and improve the precision of the manufacturing
process.

These off-line quality checks will be performed on one underbody per shift (two inspections
per day) and on one full BIW per two shifts (one per day).
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7.0 Maintenance Concept

As with any maintenance concept, the idea is to perform preventative maintenance to
ensure as much uptime as possible in the plant to increase output and avoid costly delays.
Preventative maintenance also helps to ensure better quality products as it will keep the
machines and tools in optimum operating condition. Preventative maintenance can also
help reduce overall maintenance costs as it can help reduce breakdowns and emergency
maintenance.

Maintenance schedules will initially be determined using historical data to project the
lifespan, wear rate, and mis-calibration rate of machinery and tools. Based on the historical
data, daily, weekly, monthly, quarterly, and yearly maintenance schedules will be
determined. As the plant becomes operational and runs, data will be collected to refine the
maintenance schedules in a continuous improvement process. The data will be collected
by examining the machines in person and with the proper analytical tools if necessary.
This way, damaged areas or areas of faster or slower wear can be determined and the
maintenance schedules adjust accordingly. Through these examinations, remaining tool
and machine lifetimes can be determined and planned for financially and with expected
plant downtime.

Electronic problems will be minimized using diagnostic tools and debugging software to
find and eliminate problems as they occur.

There will of course be unexpected maintenance necessary when a machine or tool fails
unexpectedly and these situations will be handled accordingly.

Figure 7.0.a below shows the plant layout and anticipated maintenance personnel
necessary and the specific areas of the plant they would be responsible for.
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Figure 7.0.a: Maintenance personnel and coverage
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8.0 Environmental Assumptions

In keeping with the environmentally friendly idea behind the lightweight Phase 2 HD
vehicle, the plant was designed to minimize the impact on the environment. Some of the
concepts noted here are already being implemented, including on a number of EBZ-
designed plants in Europe. Subaru’s manufacturing facility in Indiana is also a noteworthy
environmentally friendly automotive plant that creates electrical power (through burning) or
recycles all waste. This section explains several of the environmentally friendly designs
chosen for the plant. These options however, were not used in the cost portion of the
analysis; rather, current widely available energy sources were used to provide a direct
comparison.

8.1 Solar Panels

Solar panels are a great way for automotive manufacturing plants to produce their own
energy as the panels can easily be integrated into the plant’s large roof structure. This
means that the solar panels require no additional land for installation and instead make
use of a normally vacant space. With the correct location, the solar panels will receive
regular exposure to the sunlight for optimum performance, which allows for freedom in
plant location as it can be more remotely situated due to its in-house power supply. Once
the initial investment on the solar panels is paid off, they will provide nearly free energy as
they require little maintenance.

There are however, a number of disadvantages to using solar panels such as the high
initial investment. A number of States, along with the Federal Government however, will
refund the entire cost of purchasing and installing solar panels, and with solar renewable
energy credits and the possible positive impact on the electrical grid (sell energy back to
the utility companies), solar panels are highly desired. As the solar panels require sun to
gather energy, they do not operate at night and their performance can be reduced by air
pollution and cloud cover which means a high-energy battery or capacitor would be
required in the event of such situations or the plant would pull energy from the grid.

8.2 Wind Turbines

Another clean way of producing power is using wind turbines, which like the solar panels,
can be installed on the roof of the manufacturing facility, maximizing usable space and
eliminating the need for extra land. The wind turbines to be installed on the plant’s roof
however, must be small scale in order for the plant to support them.

Like the solar panels, wind turbines have a few disadvantages. They do not operate with
no wind (the plant’s location should minimize this) and require a high initial investment.
This however, will be refunded by the state of Washington through taxes and the possible
positive energy impact could make them profitable.
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8.3 Biomass Power

Rather than disposing of biomass and shipping it to a landfill, employees will be instructed
to dispose of it in designated receptacles. The contents of these receptacles will then be
burned for power generation, eliminating some of the waste normally destined for landfills
and generating power as well.

8.4 Water Recycle

Rain water normally goes unused and is returned to the ground, but this essentially free
water can be very useful and help to reduce costs if captured. The plant will utilize a rain
water recycle where the water is captured on the roof of the plant along with other various
structures and locations on site and then used for cooling and in toilets. Gray water (used
sink water, drinking fountains, etc.) is typically sent to a water treatment plant and treated,
but this water is partially clean and fit for reuse in toilets.

8.5 Lighting

In order to reduce energy consumption at the plant, the lighting will all be LEDs. Using
LEDs will decrease lighting energy costs and will also decrease maintenance costs as
high-quality LEDs have a lifespan of over 100,000 hours. These LED lighting fixtures will
last for over 25 years operating 16 hours per day and 250 days per year.

8.6 Recycling, Reusables, and Returnables

There will be designated recycling and returnable bins for employees and nearly every
material in the plant will either be recycled or reused to further reduce the amount of waste
generated. Glass, plastic, metal, and paper recycling bins will be available for employees
to recycle their own materials.

Materials and components in the plant itself will be reused wherever possible. This
includes items as large as recycling normally scrap steel and plastic to make other
components to items as small as saving protective plastic covers on items like air
conditioning compressors. Covers like those — along with styrofoam protective pieces — will
be saved and shipped back to suppliers for reuse. After the parts have been reused a
certain number of times and reached their usable life, they will be recycled.

The pallets used in the manufacturing process will be reused and rebuilt if damaged. If the
part isn’'t salvageable, it will be shredded and turned into muich.
8.7 Living Roof

The roof of the Phase 2 HD vehicle plant will be a ‘living roof,” where sedum plants are

installed on the roof to help insulate the building. The energy-generating solar panels and
wind turbines will be installed around the sedum plants. In addition to helping insulate the
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plant, the sedum plants will scrub carbon dioxide from the air and emit oxygen, improving
the atmosphere. These roofs are already in use on plants such as Ford’s Rouge River
Plant and Rolls-Royce’s Goodwood facility.

8.8 Solvent Recovery

Solvent recovery both saves the environment and saves the plant from dealing with toxic
waste disposal, which will recover the initial investment over a number of years. This
system captures and breaks down all paint solvents into basic components, which are then
reused.

8.9 Plant Surroundings

The Phase 2 HD vehicle plant will be built around the existing natural habitat rather than
flattening hundreds of acres to build the plant. Some land will have to be cleared to
construct the factory, but a wildlife conservation area will be built up after the factory is
constructed to replace any of the habitat displaced and to redevelop previously deforested
land.
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9.0 Investment/Costs

All of the necessary costs to get the factory up and running, build the BIWs, and operate
the factory on a daily basis are covered in this section. These costs include capital costs,
labor costs, utilities, SG&A, interest payments, and freight. The initial BIW cost analysis is
done assuming production of 60,000 vehicles per year, but a sensitivity analysis was
conducted based on production of 100,000, 200,000, and 400,000 vehicles per year.

9.1 Capital Costs

Capital costs for the Phase 2 HD BIW plant are broken up into seven main areas — sub-
assembly line, underbody line, framing line, tool shop, transport conveyors, storage bins
and racks, and the coordinate measuring machine. Tables 9.1.a-9.1.p below detail the
investment necessary for the assembly lines and tool shop. The investment for bins and
racks was detailed in section 6.1 and is a total of $2.3 million, transport conveyors cost
$3.5 million, and the CMM is $2.4 million. All of these investments are amortized over 5
years except the CMM, which is amortized over 7 years.

Table 9.1.a: Sub-assembly tooling costs

Tooling
Station Mechanical Controller Purchased | Construction | Controller Testing Total
Costs Costs Items Cost Labor Installation
SA05 $18,270 $4,140 $28,200 $64,800 $10,500 $6,000 $131,910
SA10 $16,620 $4,140 $24,000 $50,460 $8,460 $5,400 $109,080
SA15 $30,360 $8,100 $58,500 $86,550 $22,200 $12,000 $217,710
SA20 $23,100 $4,200 $21,000 $33,300 $13,500 $5,700 $100,800
SA25 $33,720 $9,600 $53,000 $87,600 $19,500 $9,000 $212,420
SA30 $21,000 $10,500 $20,000 $38,280 $16,300 $4,200 $110,280
SA35 $24,900 $7,200 $27,000 $60,000 $20,700 $10,500 $150,300
SA40-R $35,100 $5,700 $38,700 $79,140 $25,200 $14,100 $197,940
SA40-L $38,700 $79,140 $25,200 $14,100 $157,140
SA45 $26,400 $5,400 $32,000 $68,400 $14,940 $7,800 $154,940
SA50-55 $42,000 $6,600 $36,000 $102,900 $29,700 $12,900 $230,100
SA60 $37,800 $10,200 $41,000 $115,920 $29,400 $12,600 $246,920
SAB5-R $34,300 $6,750 $55,200 $88,500 $19,500 $10,400 $214,650
SAB5-L $55,200 $88,500 $19,500 $10,400 $173,600
SA70-R $121,800 $19,800 $190,000 $281,040 $108,000 $68,000 $788,640
SA70-L $190,000 $281,040 $108,000 $68,000 $647,040
SA75-R $22,800 $5,100 $39,200 $75,420 $21,000 $11,500 $175,020
SA75-L $39,200 $75,420 $21,000 $11,500 $147,120
SA80 $27,000 $6,240 $73,000 $136,020 $31,500 $17,100 $290,860
SA85 $16,500 $5,500 $18,500 $44,500 $8,500 $8,000 $101,500
Totals $531,670 $119,170 $1,078,400 $1,936,930 $572,600 $319,200 | $4,557,970

Table 9.1.b: Sub-assembly capital tooling costs
Capital Tooling
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Description Mechanical | Controller Purchased Construction Total

Costs Costs Items Cost Labor
Safety fence, gates, curtains $55,600 $19,800 $281,200 $136,130 $492,730
Robot simulation, programming, dress $197,100 $306,400 $115,500 $42,280 $661,280
System layout and installation drawing $67,200 $67,200
Weld controllers $49,500 $1,080 $50,580
Weld guns $55,500 $2,340 $57,840
E/E changers $629,350 $68,880 $698,230
Tip dresser/torch cleaner $1,800 $17,500 $7,500 $26,800
Air/water headers and valves $229,720 $46,800 $276,520
Electronics and cables for operation $329,000 $502,000 $188,000 $1,019,000
Dispensing equipment $1,200,000 $51,200 $1,251,200
Gravity conveyors $6,600 $900 $7,500
Balconies and overhead structure $0
Transfer system $72,000 $27,000 $99,000
Welding robots (mig/braze) $204,000 $6,300 $210,300
Materials handling robots $1,650,000 $62,700 $1,712,700
Spir units $90,000 $1,200 $91,200
Dispensing robots $80,000 $4,200 $84,200
Tri-axis trunnion units $18,000 $3,500 $21,500
Rivtac system $700,000 $8,400 $708,400
Manipulators/load assists $30,400 $39,400 $32,000 $101,800
FSJ system $1,200,000 $10,800 $1,210,800
DC nut runners B/UP style $112,000 $6,000 $118,000
Vision system $600,000 $20,000 $620,000
System lighting $82,000 $50,700 $132,700
Index tables $16,000 $112,000 $46,000 $174,000
Pedestal welders $60,000 $4,500 $64,500
Total $368,100 $655,200 $8,106,270 $828,410 $9,957,980
Table 9.1.c: Sub-assembly miscellaneous costs
Miscellaneous Costs
Description Cost Remarks
Crating and loading $71,500
Freight $200,000
Training @ EBZ USA One, eight-hour training day included. More time quoted on request
Operation and maintenance $38,500
manuals
20-hour test run $36,500
30-piece capability study $550,000 Dependent on product availability. Includes dimensional assemblies
and weld integrity testing

300-piece test-part buy-off $234,000 Dependent on product availability
12-month warranty Included
Installation $731,000 Complete system integration in customer plant using EBZ personnel
Installation supervision $58,000 Supervision only using EBZ personnel
Startup assistance $386,000 Includes two weeks with EBZ personnel, excluding expenses
Design Processing Cycle charts, weld studies, and miscellaneous process activities
Total $2,305,500

Table 9.1.d: Grand total sub-assembly investment
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Total tooling cost $4,557,970
Total capital tooling cost $9,957,980
Total miscellaneous item cost $2,305,500
Grand total $16,821,450

Table 9.1e: Underbody tooling costs

Tooling
Station Mechanical Controller Purchased Construction Controller Testing Total
Costs Costs Items Cost Labor Installation
uB100 $14,160 $3,900 $6,500 $58,500 $6,300 $8,700 $98,060
UB110 $54,000 $7,500 $80,500 $123,900 $33,660 $17,100 $316,660
uB120 $76,200 $17,400 $98,400 $196,740 $61,800 $20,160 $470,700
UB130 $4,500 $2,500 $6,500 $17,500 $3,200 $4,400 $38,600
UB140 $27,000 $3,750 $31,000 $47,500 $13,500 $12,500 $135,250
UB150 $50,290 $11,500 $64,900 $129,400 $41,000 $14,000 $311,090
UB160 $4,500 $2,500 $6,500 $17,500 $3,200 $4,400 $38,600
UB170 $62,100 $14,100 $82,000 $156,000 $50,700 $16,500 $381,400
UB180 $26,400 $4,500 $18,500 $43,080 $18,720 $9,600 $120,800
UB190 $67,800 $14,400 $93,000 $174,000 $52,980 $18,000 $420,180
UB200 $27,000 $3,750 $31,000 $47,500 $13,500 $12,500 $135,250
UB210 $27,000 $3,750 $31,000 $47,500 $13,500 $12,500 $135,250
UB220 $18,000 $3,750 $31,000 $47,500 $13,500 $12,500 $126,250
Totals $458,950 $93,300 $580,800 $1,106,620 $325,560 $162,860 $2,728,090
Table 9.1.f: Underbody capital tooling costs
Capital Tooling
Description Mechanical Controller Purchased Construction Total
Costs Costs Items Cost Labor
Safety fence, gates, curtains $52,200 $17,500 $235,000 $105,000 $409,700
Robot simulation, programming, dress $207,900 $323,400 $126,000 $49,680 $706,980
System layout and installation drawing $58,800 $58,800
Weld controllers $0
Weld guns $0
E/E changers $506,550 $55,440 $561,990
Tip dresser/torch cleaner $0
Air/water headers and valves $129,250 $157,000 $286,250
Electronics and cables for operation $166,000 $242,000 $79,200 $487,200
Dispensing equipment $675,000 $28,000 $703,000
Gravity conveyors $0
Balconies and overhead structure $0
Transfer system $31,500 $5,500 $143,000 $206,700 $386,700
Welding robots (mig/braze) $0
Materials handling robots $1,980,000 $75,600 $2,055,600
Spir units $360,000 $4,800 $364,800
Dispensing robots $0
Seventh axis units $81,000 $5,100 $86,100
Rivtac system $400,000 $4,800 $404,800
Manipulators/load assists $0
FSJ system $2,400,000 $21,600 $2,421,600
DC nut runners B/UP style $0
Vision system $300,000 $10,000 $310,000
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System lighting $31,000 $20,000 $51,000
Index tables $0
Pedestal welders $0
Flow screw drive units $35,500 $6,500 $42,000
Stud insertion units $125,000 $16,000 $141,000
Totals $350,400 $512,400 $7,769,300 $845,420 $9,477,520

Table 9.1.g: Underbody miscellaneous costs

Miscellaneous Costs

Description Cost Remarks
Crating and loading $46,800
Freight $78,000
Training @ EBZ USA One, eight-hour training day included. More time quoted on request
Operation and maintenance manuals $25,000
20-hour test run $14,500
30-piece capability study $345,000 Dependent on product availability. Includes dimensional assemblies
and weld integrity testing
300-piece test-part buy-off $155,000 Dependent on product availability
12-month warranty Included
Installation $485,000 Complete system integration in customer plant using EBZ personnel
Installation supervision $45,000 Supervision only using EBZ personnel
Startup assistance $125,000 Includes two weeks with EBZ personnel, excluding expenses
Design Processing Cycle charts, weld studies, and miscellaneous process activities
Total $1,319,300
Table 9.1.h: Grand total underbody investment

Total tooling cost $2,728,090

Total capital tooling cost $9,477,520

Total miscellaneous item cost $1,319,300

Grand total $13,524,910

Table 9.1.i: Framing tooling costs
Tooling
Station Mechanical | Controller Purchased Construction Controller Testing Total
Costs Costs Items Cost Labor Installation

FR100 $1,800 $1,200 $4,500 $3,200 $2,400 $1,800 $14,900
FR110 $91,140 $20,160 $187,200 $205,000 $84,600 $28,500 $616,600
FR120 $18,000 $3,750 $31,000 $47,500 $13,500 $12,500 $126,250
FR130 $27,000 $3,750 $31,000 $47,500 $13,500 $12,500 $135,250
FR140 $59,220 $13,080 $103,000 $139,320 $54,900 $21,000 $390,520
FR150 $43,800 $8,400 $84,000 $132,000 $35,520 $21,600 $325,320
FR160 $18,000 $3,750 $31,000 $47,500 $13,500 $12,500 $126,250
FR170 $18,000 $3,750 $31,000 $47,500 $13,500 $12,500 $126,250
FR180 $21,000 $10,500 $20,000 $38,280 $16,300 $4,200 $110,280
FR190 $15,600 $2,400 $36,000 $57,600 $8,500 $3,600 $123,700
FR200 $1,800 $1,200 $4,500 $3,200 $2,400 $1,800 $14,900
Totals $315,360 $71,940 $563,200 $768,600 $258,620 $132,500 $2,110,220

Table 9.1.j: Framing capital tooling costs
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Capital Tooling

Description Mechanical | Controller Purchased Construction Total
Costs Costs Items Cost Labor
Safety fence, gates, curtains $25,200 $8,500 $114,000 $51,000 $198,700
Robot simulation, programming, dress $102,600 $159,600 $115,500 $44,800 $422,500
System layout and installation drawing $46,000 $46,000
Weld controllers $0
Weld guns $0
E/E changers $30,700 $3,360 $34,060
Tip dresser/torch cleaner $0
Air/water headers and valves $86,000 $103,000 $189,000
Electronics and cables for operation $135,000 $198,000 $64,250 $397,250
Dispensing equipment $375,000 $15,500 $390,500
Dispensing equipment - mastic $57,500 $3,200 $60,700
Gravity conveyors $0
Balconies and overhead structure $0
Transfer system $0
Welding robots (mig/braze) $0
Materials handling robots $1,815,000 $69,300 $1,884,300
Spir units $180,000 $2,400 $182,400
Dispensing robots $0
Seventh axis units $405,000 $25,500 $430,500
Rivtac system $200,000 $2,400 $202,400
Manipulators/load assists $21,600 $26,400 $24,000 $72,000
FSJ system $1,800,000 $16,200 $1,816,200
DC nut runners B/UP style $112,000 $6,000 $118,000
Vision system $300,000 $10,000 $310,000
System lighting $29,000 $18,000 $47,000
Inexable dunnage systems $120,000 $10,800 $130,800
Stud insertion units $125,000 $16,000 $141,000
Surface buffers $14,000 $8,000 $22,000
Hi-lite lamps $28,050 $10,890 $38,940
Totals $195,400 $303,100 $6,131,150 $504,600 $7,134,250
Table 9.1.k: Framing miscellaneous costs
Miscellaneous Costs
Description Cost Remarks

Crating and loading $62,000

Freight $102,000

Training @ EBZ USA

One, eight-hour training day included. More time quoted on request

Operation and maintenance manuals

$33,000

20-hour test run

$21,000

30-piece capability study

$460,000 Dependent on product availability. Includes dimensional assemblies
and weld integrity testing

300-piece test-part buy-off

$202,000 Dependent on product availability

12-month warranty

Included

Installation

$626,000 Complete system integration in customer plant using EBZ personnel

Installation supervision

$59,000 Supervision only using EBZ personnel

Startup assistance

$155,000 Includes two weeks with EBZ personnel, excluding expenses

Design Processing

Cycle charts, weld studies, and miscellaneous process activities

Total

$1,720,000

10/11/2012

A-104




‘\' AiJ A LOTUS ARB LWV PROGRAM

.

Table 9.1.1: Grand total framing investment

Total tooling cost $2,110,220
Total capital tooling cost $7,134,250
Total miscellaneous item cost $1,720,000
Grand total $10,964,470

Table 9.1.m: Tool shop tooling

Tooling
Description Mechanical | Controller | Purchased | Construction Controller Testing Total
Costs Costs Items Cost Labor Installation
Perishable tooling quality $53,500 $53,500
Perishable tooling maintenance $115,000 $115,000
Totals $0 $0 $168,500 $0 $0 $0 $168,500

Table 9.1.n: Tool shop capital tooling

Capital Tooling
Description Mechanical | Controller Purchased Construction Total
Costs Costs Items Cost Labor
CMM DCC 20-foot dual arm $600,000 $600,000
CMM DCC 10-foot single arm $800,000 $800,000
System layout $3,500 $3,500
Miscellaneous quality-check equipment $45,000 $45,000
Boring mill $165,000 $165,000
Vertical bridgeport $40,000 $40,000
Surface grinder $15,000 $15,000
Welders $26,500 $26,500
Saws $15,000 $15,000
Drill/insertion press $15,000 $15,000
Tables $15,000 $15,000
Granite tables $15,000 $15,000
CNC milling center $105,000 $105,000
Miscellaneous $65,000 $65,000
Totals $3,500 $0 $1,921,500 $0 $1,925,000

Table 9.1.0: Tool shop miscellaneous tooling

Miscellaneous Costs

Description Cost Remarks

Crating and loading

Freight $45,000

Training @ EBZ USA One, eight-hour training day included. More time quoted on
request

Operation and maintenance manuals

20-hour test run

30-piece capability study Dependent on product availability. Includes dimensional
assemblies and weld integrity testing

300-piece test-part buy-off Dependent on product availability

12-month warranty Included

Installation $280,000 Complete system integration in customer plant using EBZ
personnel

10/11/2012 A-105




v AJ\J 1L U LOTUS ARB LWV PROGRAM
Installation supervision $15,000 Supervision only using EBZ personnel

Startup assistance Includes two weeks with EBZ personnel, excluding expenses

Design Processing
Total

Cycle charts, weld studies, and miscellaneous process activities

$340,000

Table 9.1.p: Grand total tool shop investment

Total tooling cost $168,500
Total capital tooling cost $1,925,000
Total miscellaneous item cost $340,000
Grand total $2,433,500

Table 9.1.q below gives the total capital investment required for the Phase 2 HD BIW
plant.

Table 9.1.q: Total capital investment

Category Amount
Sub-assembly $16,821,450
Underbody $13,524,910
Framing $10,964,470
Conveyors $3,548,000
Tool shop $2,433,500
CMM $2,432,500
Bins and racks $2,300,000
Maintenance $743,870
Total $52,768,700

Breaking the capital investment into per annum costs requires looking at the amortization
schedule. All of the capital costs except the CMM and maintenance costs are amortized
over five years while the CMM is amortized over seven and maintenance is per year. The
CMM is amortized over seven years as it's not dependent on vehicle life cycle and can
simply recalibrated for a different vehicle body. The plant must be retooled to produce a
new body.

The amortized costs are shown in Table 9.1.r below per year and BIW. Year eight
represents the cost of annual maintenance supplies only. Eight years however exceeds
the typical vehicle life cycle.

Table 9.1.r: Per BIW and year amortized capital costs

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8
Annual $11,009,836 $11,009,836 $11,009,837 $11,009,837 $11,009,838 $1,091,370 $1,091,370 $743,870
Per BIW $183 $183 $183 $183 $183 $18 $18 $12

In addition to EBZ’s recommended amortization schedule, two others were evaluated —
straight three and five year amortizations. Like the EBZ recommended schedule, neither is
depreciated. The major change by using a straight depreciation schedule is a constant
BIW cost over the amortization period. There is also a slight cost increase due to the
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condensed time frame. Both the three and five year amortized capital costs are shown
below in Table 9.1.s.

Table 9.1.s: Capital costs amortized over three and five years

Capital cost total $52,768,700
3 year amortization annual cost $18,085,480
3 year amortization BIW cost $301
5 year amortization annual cost $11,148,836
5 year amortization BIW cost $186

9.2 Labor Costs

Labor costs for the Phase 2 HD BIW plant include the assembly, maintenance, and
logistics workers that operate the factory on a daily basis to produce vehicles. These
workers receive an hourly pay, with a 30-minute lunch break as well as benefits. Table
9.2.a below details the labor costs for the plant.

Table 9.2.a: Phase 2 HD BIW plant labor costs
Assembly Workers

Number $24

Wage $22

Cost per shift $4,224

Benefits (40% of wages) $1,690
Total cost per shift $5,914
Annual cost $2,956,800

Maintenance Workers

Number $11

Wage $35

Cost per shift $3,080

Benefits (40% of wages) $1,232
Total cost per shift $4,312
Annual cost $2,156,000

Logistics Workers

Number $12

Wage $18

Cost per shift $1,728

Benefits (60% of wages) $1,037
Total cost per shift $2,765
Annual cost $1,382,400

Total labor cost per shift $12,990
Annual labor cost $6,495,200
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Table 4.5.6.2.b below shows the estimated cost increase per vehicle if the workers receive
3-percent annual raises. By the eighth year (the last year used in the financial analysis),

this adds a total of $17.30 to the cost of each vehicle.

Table 4.5.6.2.b: Phase 2 HD BIW estimated labor cost increases with 3% annual raises

3% Annual Raises

Year| 1 2 3 4 5 6 7 8
Assembly Workers| $22.00 $22.66 $23.34 $24.04 $24.76 $25.50 $26.27 $27.06
Maintenance Workers| $35.00 $36.05 $37.13 $38.25 $39.39 $40.57 $41.79 $43.05
Logistics Workers| $18.00 $18.54 $19.10 $19.67 $20.26 $20.87 $21.49 $22.14
Cost increase per shift| $0 $271 $550 $838 $1,134 $1,439 $1,753 $2,076
Annual labor cost increase $0| $135,480| $275,024| $418,755| $566,798| $719,282| $876,340, $1,038,110
Cost per vehicle increase $0 $2.26 $4.58 $6.98 $9.45 $11.99 $14.61 $17.30

These wages are in line with current industry trends towards lower labor costs, with GM

targeting a 40-percent reduction in labor costs by 2020. VW is already approaching these
labor costs in the U.S. at its assembly plant in Chattanooga, Tennessee
((http://www.gminsidenews.com/forums/f12/how-small-car-helping-rewrite-labor-costs-u-s-

plant-104321/).

9.3 Utilities

Utilities are part of normal plant operation and include various water and electricity
requirements, both for standard operations such as lighting and toilets as well as
production equipment. Table 9.3.a below details the utility costs per assembly station.

Table 9.3.a: Utility costs by assembly station

Station High Low Cooling Welding Indoor Power Production Inert Gas
Pressure Pressure Water Power Requirement Equipment Consumption
Flow Rate Flow Rate Flow Requirement (kW) Power (dm3/s)
(dm3/s) (dm3/s) Rate (kW) Requirement
(dm3/s) (kW)
SA05 0.00 7.91 0.24 0.00 0.00 1.10 0.68
SA10 0.00 11.16 0.24 0.00 0.00 1.10 0.42
SA15 0.00 15.27 0.48 0.00 0.00 3.30 0.00
SA20 11.17 10.52 0.40 0.00 0.00 11.55 0.00
SA25 0.00 0.29 0.48 0.00 0.00 0.55 0.00
SA30 11.17 10.36 0.16 0.00 0.00 1.65 0.00
SA35 11.17 2.30 0.40 0.00 0.00 12.10 0.00
SA40 0.00 24.91 0.72 0.00 0.00 23.10 0.00
SA45 11.17 6.90 0.40 0.00 0.00 12.10 0.00
SA50 11.17 5.57 0.64 0.00 0.00 14.30 0.00
SA55 0.00 6.28 0.00 0.00 0.00 0.00 0.00
SA60 22.34 12.59 0.80 0.00 0.00 23.65 0.00
SA65 11.17 8.12 0.40 0.00 0.00 14.30 0.00
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SA70-10 22.34 5.29 0.80 0.00 0.00 28.60 0.00
SA70-20 22.34 15.11 0.56 0.00 0.00 28.60 0.00
SA70-30 22.34 8.13 0.80 0.00 0.00 28.60 0.00
SA75 22.34 15.11 0.56 0.00 0.00 28.60 0.00
SA80 22.34 8.13 0.80 0.00 0.00 28.60 0.00
SA85 22.34 9.25 0.56 0.00 0.00 24.20 0.00
SA sub-total 223.40 183.20 9.44 0.00 0.00 286.00 1.10
SA cost $0.011 $0.009 $0.006 $0.000 $0.000 $0.060 $0.033
e —
uB100 22.34 24.67 0.32 0.00 0.00 5.50 0.00
UB110 44.68 5.67 1.60 0.00 0.00 20.35 0.00
uB120 44.68 24.14 1.60 0.00 0.00 11.00 0.00
UB130 0.00 5.66 0.00 0.00 0.00 4.40 0.00
UB140 44.68 17.83 1.60 0.00 0.00 32.45 0.00
UB150 0.00 6.23 0.00 0.00 0.00 8.80 0.00
uB160 44.68 0.06 1.60 0.00 0.00 28.60 0.00
UB170 0.00 4.01 0.96 0.00 0.00 8.80 0.00
uB180 0.00 19.09 1.12 0.00 0.00 33.00 0.00
UB190 0.00 0.76 1.28 0.00 0.00 10.45 0.00
uB200 0.00 0.00 1.60 0.00 0.00 8.80 0.00
UB210 0.00 5.63 0.96 0.00 0.00 48.40 0.00
uB220 0.00 0.00 0.48 0.00 0.00 8.80 0.00
UB sub-total 201.06 113.756 13.12 0.00 0.00 229.35 0.00
UB cost $0.010 $0.006 $0.007 $0.000 $0.000 $0.034 $0.000
— — 0 0 00 0 0 0 0 000 1
FR100 0.00 5.66 0.00 0.00 0.00 4.40 0.00
FR110 0.00 43.90 2.56 0.00 0.00 45.10 0.00
FR120 0.00 5.69 1.60 0.00 0.00 33.00 0.00
FR130 0.00 17.08 0.48 0.00 0.00 44.00 0.00
FR140 0.00 16.70 1.60 0.00 0.00 61.60 0.00
FR150 0.00 16.33 1.28 0.00 0.00 28.05 0.00
FR160 0.00 19.50 1.60 0.00 0.00 48.40 0.00
FR170 0.00 4.55 0.96 0.00 0.00 8.80 0.00
FR180 0.00 4.55 0.00 0.00 0.00 7.70 0.00
FR190 0.00 4.55 0.00 0.00 0.00 7.70 0.00
FR200 0.00 1.1 0.00 0.00 0.00 4.40 0.00
FR210 0.00 4.55 0.00 0.00 0.00 11.55 0.00
FR sub-total 0.00 14417 10.08 0.00 0.00 304.70 0.00
FR cost $0.000 $0.006 $0.007 $0.000 $0.000 $0.055 $0.000
e
Transport 0.00 0.00 0.00 0.00 0.00 41.80 0.00
system
Transport $0.000 $0.000 $0.000 $0.000 $0.000 $0.009 $0.000

system cost

Grand total 424.46 44112 32.64 0.00 0.00 861.85 1.10
Cost per $0.02 $0.02 $0.02 $0.00 $0.00 $0.16 $0.03
second

Cost per hour $75.60 $75.60 $72.00 $0.00 $0.00 $568.80 $118.80

Utility costs per hour

$910.80

Utility costs per day

$13,662.00

Utility costs per year

$3,415,500.00
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Utility costs per BIW $56.93

9.4 Investment Summary

This section presents a total overview of the necessary investment for the Phase 2 HD
BIW plant. The costs are broken down annually and per BIW. Table 9.4.a below lists the
annual and per BIW in white costs associated with the plant and manufacturing based on
the first year of production only as capital costs vary per year, shown in Table 9.1.r.

Table 9.4.a: Investment summary per annum and BIW
60k per Year (First Year Only)

Category Type Amount
Sub-assembly capital tooling $9,957,980
Underbody capital tooling $9,477,520
Framing capital tooling $7,134,250
Sub-assembly tooling $4,557,970
Conveyors $3,548,000
Underbody tooling $2,728,090
Coordinate measuring machine $2,432,500
) Miscellaneous sub-assembly $2,305,500
Capital Bins and racks $2,300,000
Framing tooling $2,110,220
Tool shop capital tooling $1,925,000
Miscellaneous framing $1,720,000
Miscellaneous underbody $1,319,300
Maintenance $743,870
Miscellaneous tool shop $340,000
Tool shop tooling $168,500
Capital sub-total $52,768,700
Amortized annual capital cost $11,009,836
Per BIW $183

I
Assembly workers $2,957,000
Annual Labor Maintenance workers $2,156,000
Logistics workers $1,382,500
Annual labor sub-total $6,495,500
Labor per BIW $108
I

Annual Utilities $2,937,600
Utilities per BIW $49
Interest per BIW $42
Freight per BIW $25
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Annual SG&A | Estimated as 7% of costs less freight and interest $1,431,006
SG&A per BIW $24

Annual Total | $25,893,942
Total per BIW $432

Table 9.4.b below shows the costs to produce the parts needed per BIW broken up into
various sub-categories such as variable, fixed, and direct costs per Intellicosting.

Table 9.4.b: Intellicosting BIW costs

Cost Summary
Material $1,260.63
Variable $135.63
Fixed $138.62
Direct $37.71
Profit $125.81
SG&A $78.63
Freight $25.01
Total $1,802.01

9.5 Sensitivity Analysis

A sensitivity analysis was conducted as part of the manufacturing study to determine the
effect producing more vehicles — 100,000, 200,000, and 400,000 units per year — has on
BIW cost. Increasing production to 100,000 units per year from 60,000 only requires the
addition of a third shift with no changes to the plant. Increasing production to 100,000 units
per year decreases the cost per BIW by 24 percent, around $105. Table 9.5.a below
details the effect of increasing BIW production by 40,000 units per year.

Table 9.5.a: Cost for producing 100,000 Phase 2 HD BIWs per year

100k per Year (First Year Only)

Category Type Amount
Sub-assembly capital tooling $9,957,980
Underbody capital tooling $9,477,520
Framing capital tooling $7,134,250
Sub-assembly tooling $4,557,970
Conveyors $3,548,000
Underbody tooling $2,728,090
Coordinate measuring machine $2,432,500

Capital Miscellaneous sub-assembly $2,305,500
Bins and racks $2,300,000
Framing tooling $2,110,220
Tool shop capital tooling $1,925,000
Miscellaneous framing $1,720,000
Miscellaneous underbody $1,319,300
Maintenance $743,870
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Miscellaneous tool shop $340,000
Tool shop tooling $168,500
Capital sub-total $52,768,700
Amortized annual capital cost $11,009,836
Per BIW $110

Annual Utilities

Assembly workers $4,435,200
Annual Labor Maintenance workers $3,234,000
Logistics workers $2,073,600
Annual labor sub-total $9,742,800
Labor per BIW $97

$5,123,250

Utilities per BIW

Annual Interest

$51

$2,520,000

Interest per BIW

Annual Freight

$25

$2,500,000

Freight per BIW

Annual SG&A

Estimated as 7% of costs less freight and interest

$25

$1,811,312

SG&A per BIW

$18

Annual Total $32,707,198
Total per BIW $327
Cost decrease 24%

Table 9.5.b below compares the annual capital, annual total manufacturing, and per BIW
manufacturing costs for production of 60,000 and 100,000 BIWs per year. This includes

the amortized capital costs and affected SG&A costs. Year eight represents only paying

the annual maintenance capital costs.

Table 9.5.b: Manufacturing cost comparison, 60,000 vs. 100,000 BIWs

Production Category Year1 | Year2 | Year3 | Year4 | Year5 | Year6 | Year7 | Year 8
Capital costs (mils) $11.01 | $11.01 | $11.01 | $11.01 | $11.01 | $1.09 $1.09 $0.74
Labor (mils) $6.50 $6.50 $6.50 $6.50 $6.50 $6.50 $6.50 $6.50
Utilities (mils) $2.94 $2.94 $2.94 $2.94 $2.94 $2.94 $2.94 $2.94
Interest (mils) $2.52 $2.52 $2.52 $2.52 $2.52 $2.52 $2.52 $2.52

60k Freight (mils) $150 | $150 | $1.50 | $150 | $1.50 | $1.50 | $1.50 | $1.50
SG&A (mils) $1.43 $1.43 $1.43 $1.43 $1.43 $0.74 $0.74 $0.71
Annual Total (mils) $25.89 | $25.89 | $25.89 | $25.89 | $25.89 | $15.28 | $15.28 | $14.91
BIW Total $432 $432 $432 $432 $432 $255 $255 $248
Capital costs (mils) $11.01 | $11.01 | $11.01 | $11.01 | $11.01 [ $1.09 $1.09 $0.74

100k Labor (mils) $9.74 $9.74 $9.74 $9.74 $9.74 $9.74 $9.74 $9.74
Utilities (mils) $5.12 $5.12 $5.12 $5.12 $5.12 $5.12 $5.12 $5.12
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Interest (mils) $2.52 | $2.52 | $2.52 | $2.52 | $2.52 | $2.52 | $2.52 | $2.52
Freight (mils) $2.50 $2.50 $2.50 $2.50 $2.50 $2.50 $2.50 $2.50
SG&A (mils) $1.81 $1.81 $1.81 $1.81 $1.81 $1.12 $1.12 $1.09
Annual Total (mils) $32.71 | $32.71 | $32.71 | $32.71 | $32.71 | $22.09 | $22.09 | $21.72
BIW Total $327 $327 $327 $327 $327 $221 $221 $217
Cost Decrease 24% 24% 24% 24% 24% 13% 13% 12%
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9.6 Tooling Costs

There are costs associated with purchasing the tooling to produce the individual parts used
in the manufacturing process. Table 9.6.a below details these tooling costs, which total
approximately $28.1 million for the Phase 2 HD BIW. Tooling for a similar Toyota Venza
BIW costs around $70 million according to Intellicosting (estimate based on low volume
tooling to support 60,000 units/yr.).

Table 9.6.a: Phase 2 HD BIW tooling costs

Part Number Part Name Process Tool Type Tool Tool Inspection Fixture
Cost Count Cost Count
.
Front End
7305-2400-001 Small crossmember Stamping | Complete progressive die $104,559 1 $1,500 1
reinforcement
7305-2400-002 Large crossmember Stamping | Complete progressive die $114,797 1 $1,700 1
reinforcement
Bodyside Outer Assembly
7306-2300-185 Left, outer bodyside Stamping | Transfer dies $77,900 1
panel
Rough blank (through) $78,788 1
Draw (toggle) $221,338 1
Trim and developed trim $179,543 1
Trim and developed trim $170,360 1
Finish form, flange, and $221,641 1
restrike
Cam finish form, finish trim, $323,575 1
flange, and restrike
End of arm tooling $20,000
7306-2300-186 Right, outer bodyside Stamping | Transfer dies $77,900 1
panel
Rough blank (through) $78,788 1
Draw (toggle) $221,338 1
Trim and developed trim $179,543 1
Trim and developed trim $170,360 1
Finish form, flange, and $221,641 1
restrike
Cam finish form, finish trim, $323,575 1
flange, and restrike
End of arm tooling $20,000
7306-2300-187 Lower, left rear Stamping | Line dies on common shoe $11,500 1
quarter closeout panel (hand transfer)
7306-2300-188 Lower, right rear Form (double attached) $48,094 1 $11,500 1
quarter closeout panel
Trim and developed trim $54,449 1
Finish form and flange $64,348 1
(double pad)
Finish trim and separate $42,106 1
Flange and restrike (double $62,632 1
pad and double unattached)
Common Shoe $19,984
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7306-2300-189 Left flange to body Stamping | Complete progressive die (2 $195,951 1 $18,000 1
out, 1 left and 1 right)
7306-2300-190 Right flange to body $18,000 1
7306-2300-191 Left tail lamp closeout | Stamping | Complete progressive die (2 $80,703 1
panel out, 1 left and 1 right)
7306-2300-192 Right tail lamp
closeout panel
7306-2300-XXX Left, upper rear Stamping | Progressive blank die (2 out, $92,887 1 $3,500 1
closeout panel 1 left and 1 right)
7306-2300-XXX Right, upper rear Form and flange (double pad) $43,265 1 $3,500 1
closeout panel
Restrike and cam flange $36,986 1
Common shoe $10,378
.
Roof
7306-2200-109 I Roof panel | Stamping | Lines with robotic transfer $77,500 1
Draw $173,807 1
Trim and developed trim $198,072 1
Finish form, flange, and $208,060 1
restrike
End of arm tooling $9,000
7306-2100-101 Front header (bow 1) | Stamping | Coil fed transfer die $14,800 1
Cutoff and draw $57,820 1
Trim $64,302 1
Finish form and flange $65,305 1
Finish trim $60,365 1
Restrike $64,736 1
Master shoes $47,361
End of arm tooling $12,500
7306-2100-103 | Center header (bow 2) | Stamping | Complete progressive die | $127,928 | 1] $6,500 | 1
7307-2100-104 | Rear header (bow 3) | Stamping | Transfer dies $27,500 1
Draw $52,969 1
Form $51,038 1
Form $51,038 1
Trim and pierce $70,184 1
Finish form, flange, and $55,997 1
restrike
Common shoes $40,773
End of arm tooling $15,000
7306-2000-215 Left, rear roof side rail | Stamping | Transfer dies $19,400 1
inner
7306-2000-216 Right, rear roof side Draw (double attached) $77,254 1 $19,400 1
rail inner
Trim, developed trim, and $101,937 1
partial separate
Finish form, flange, and $115,242 1
restrike
Finish trim and separate $70,324 1
Common shoes $59,758
End of arm tooling $12,800
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7306-2000-171 Left, front roof side rail | Stamping | Transfer dies $20,500
inner
7306-2000-172 Right, front roof side Rough developed blank $75,651 1 $20,500
rail inner
Form (double attached) $86,347 1
Trim, developed trim, and $114,175 1
partial separate
Finish form, flange, and $129,433 1
restrike
Finish trim and separate $97,949 1
Master shoes $40,671
End of arm tooling $16,000
7305-1900-159 Left shotgun closeout Stamping | Complete progressive die $37,190 1 $600
7305-1900-160 Right shotgun $600
closeout

D-pillar Assembly

A-pillar Assembly

7307-2110-179 Left liftgate Stamping | Line dies on common shoe $6,800
reinforcement (hand transfer)
7307-2120-180 Right liftgate Form (double attached) $52,567 1 $6,800
reinforcement
Trim and developed trim $64,216 1
Trim and developed trim $63,082 1
Finish form and flange $73,414 1
(double pad)
Restrike and separate $69,770 1
Common shoe $27,234
7307-2110-105 Left D-pillar inner Stamping | Transfer dies $18,900
7307-2120-106 Right D-pillar inner Rough blank $56,788 1 $18,900
Draw (double attached) $81,398 1
Redraw $82,579 1
Trim and developed trim $91,616 1
Trim, developed trim, and $85,274 1
separate
Finish form and restrike $93,307 1
(double unattached)
Master shoes $62,202
End of arm tooling
7307-2110-177 Left quarter panel Stamping | Transfer dies $6,200
inner
7307-2120-178 Right quarter panel Draw (double attached) $72,014 1 $6,200
inner
Trim and developed trim $73,368 1
Trim and developed trim $69,069 1
Finish form, flange, and $75,455 1
restrike (double pad)
Cam trim, trim, and separate $81,170 1
Master shoes $49,982
End of arm tooling $10,500

7305-1930-169

Left shotgun outer
panel

Stamping

Transfer dies

$22,500
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7305-1940-170 Right shotgun outer Rough blank die (2 out, 1 left | $127,161 1 $22,500
panel and 1 right)
Form $77,416 1
Finish form and flange $112,533 1
Trim $124,796 1
Flange and restrike $74,492 1
Master shoes $45,023
End of arm tooling $14,400
7305-1930-187 Left, lower A-pillar Stamping | Line dies with robotic transfer $16,000
outer
7305-1940-188 Right, lower A-pillar Blank (flip/flop left/right) $102,114 1 $16,000
outer
Form (double unattached) $115,352 1
Trim and developed trim $105,079 1
Trim and developed trim $118,609 1
Finish form and flange $80,009 1
Restrike $131,158 1
End of arm tooling $7,500
7305-1930-171 Left, A-pillar, upper Stamping | Complete progressive die $13,902 1 $350
hinge reinforcement
7305-1940-184 Right, A-pillar, upper $350
hinge reinforcement
7305-1930-173 Left, A-pillar, lower Stamping | Complete progressive die $13,596 1 $350
hinge reinforcement
7305-1940-186 Right, A-pillar, lower $350
hinge reinforcement
7305-1500-227 Left, lower, A-pillar Stamping | Complete progressive die $54,462 1 $900
reinforcement
7305-1500-228 Right, lower, A-pillar
reinforcement
7305-1400-153 Left, lower A-pillar Stamping | Line dies on common shoe $4,400
inner (hand transfer)
7305-1400-154 Right, lower A-pillar Draw $55,162 1 $4,400
inner
Restrike $58,268 1
Trim and partial separate $51,334 1
Cam trim, trim, and separate $66,797 1
Common shoe $18,367
7305-1300-155 Left, upper A-pillar Stamping | Line dies on common shoe $28,000
inner (hand transfer)
7305-1300-156 Right, upper A-pillar Progressive developed blank $139,832 1 $28,000
inner (double attached)
Form and flange $67,679 1
Flange and restrike (double $68,126 1
pad)
Extrude and separate $55,145 1
Common shoe $16,962

Door Aperture Assembly

7306-1910-189

Left, A-pillar outer
upper

Stamping

Transfer dies

$19,500
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7306-1920-190 Right, A-pillar outer Draw (double attached) $105,668 1 $19,500
upper
Trim, developed trim, and $128,641 1
partial separate
Finish form, flange, and $135,645 1
restrike
Finish trim and separate $97,420 1
Master shoes $40,392
End of arm tooling $12,000
7306-1910-191 Left, roof side rail Stamping | Transfer dies $16,000
outer
7306-1920-192 Right, roof side rail Draw (double attached) $79,668 1 $16,000
outer
Trim, developed trim, and $105,077 1
partial separate
Finish form, flange, and $105,767 1
restrike
Finish trim and separate $89,247 1
Master shoes $41,042
End of arm tooling $16,000
7306-1910-193 Left, C-pillar striker Stamping | Complete progressive die (2 $34,332 1 $650
reinforcement out, 1 left and 1 right)
7306-1920-194 Right, C-pillar striker $650
reinforcement
7306-1910-195 Left C-pillar outer Stamping | Line dies with robotic transfer $39,000
7306-1920-196 Right C-pillar outer Rough blank (double $93,644 1 $39,000
attached)
Draw (double attached) $151,092 1
Trim and developed trim $167,760 1
Trim and developed trim $165,870 1
Finish form, flange, and $205,755 1
restrike (double pad)
Separate and cam set $144,189 1
flanges
End of arm tooling $15,000
7306-1913-001 Left, lower B-pillar Stamping | Line dies with robotic transfer $32,500
outer
7306-1924-002 Right, lower B-pillar Rough blank (flip/flop $101,111 1 $32,500
outer left/right)
Draw (double unattached) $149,138 1
Redraw $152,991 1
Trim and pierce $174,868 1
Trim and pierce $167,712 1
Finish form, flange, and $179,334 1
restrike
End of arm tooling $15,000
7306-1913-003 Left, upper B-pillar Stamping | Transfer dies $5,900
outer
7306-1924-004 Right, upper B-pillar Draw (double attached) $46,469 1 $5,900
outer
Rough trim and developed $50,711 1
trim
Rough trim and developed $48,596 1
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inner

Dash and Cowl Structure

Finish form, flange, and $55,535 1
restrike
Cam trim, trim, and separate $75,051 1
Master shoes $29,621
End of arm tooling $12,000
7306-1913-005 Left, upper, B-pillar Stamping | Complete progressive die (2 $72,875 1 $1,250
inner reinforcement out, 1 left and 1 right)
7306-1924-006 Right, upper, B-pillar $1,250
inner reinforcement
7306-1913-007 Left, middle, B-pillar Stamping | Complete progressive die (2 $32,508 1 $600
inner reinforcement out, 1 left and 1 right)
7306-1924-008 Right, middle, B-pillar $600
inner reinforcement
7306-1913-009 Left, lower, B-pillar Stamping | Complete progressive die (2 $81,191 1 $950
inner reinforcement out, 1 left and 1 right)
7306-1924-010 Right, lower, B-pillar $950
inner reinforcement
7306-1915-011 Left, lower B-pillar Stamping | Line dies with robotic transfer $15,500
inner
7306-1926-012 Right, lower B-pillar Rough blank (flip/flop $891,730 1 $15,500
inner left/right)
Draw (double unattached) $85,677 1
Trim and pierce $119,560 1
Trim and pierce $119,560 1
Finish form, extrude, and $99,233 1
restrike (double pad)
End of arm tooling $16,000
7306-1915-001 Left/right B-pillar Stamping | Complete progressive die $16,934 1 $500
beltline reinforcement
7306-1915-013 Left, upper B-pillar Stamping [ Complete progressive die (2 $97,237 1 $3,300
inner out, 1 left and 1 right)
7306-1926-014 Right, upper B-pillar $3,300

- 0 0 00

7305-1800-145 Upper cowl panel Cast Casting mold $141,000 1 $23,400
magnesium
Trim die $60,561 1
7305-1700-147 Cowl panel support Stamping | Transfer dies $18,500
Draw $74,731 1
Trim and developed trim $92,078 1
Trim, developed trim, and $112,671 1
cam trim
Finish form, flange, and $95,243 1
restrike
Common shoes $20,631
End of arm tooling $10,000
7305-1600-149 Dash panel Cast Casting mold $216,000 1 $31,600
reinforcement magnesium
Trim die $132,513 1
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7307-1600-183 Left, rear wheelhouse | Cast Casting mold $250,000 1 $43,800
outer panel magnesium
Trim die $142,164 1
7307-1600-184 Right, rear Cast Casting mold $240,000 1 $41,400
wheelhouse outer magnesium
panel
Trim die $138,966 1
7307-1600-213 Left, rear closeout Stamping | Complete progressive die (2 $192,307 1 $9,600
panel out, 1 left and 1 right)
7307-1600-214 Right, rear closeout $9,600
panel
7305-1500-157 Left, shotgun panel Stamping | Transfer dies $28,500
inner
7305-1500-158 Right, shotgun panel Rough blank die (2 out, 1 left $133,440 1 $28,500
inner and 1 right)
Form $87,170 1
Finish form and flange $117,563 1
Trim $132,094 1
Flange and restrike $77,572 1
Master shoes $48,895
End of arm tooling $14,400
7305-1500-197 Left, upper A-pillar Stamping | Complete progressive die (2 $137,042 1 $2,250
reinforcement out, 1 left and 1 right)
7305-1500-198 Right, upper A-pillar $2,250
reinforcement
7305-1530-221 Left, dash Stamping | Line dies (hand transfer) $21,500
transmission
reinforcement
7305-1530-222 Right, dash Draw (double unattached) $93,191 1 $21,500
transmission
reinforcement
Second draw $96,656 1
Rough trim and developed $88,494 1
trim
Developed trim and cam $87,500 1
developed trim
Form and flange $88,188 1
Form and flange $82,126 1
Finish trim, pierce, and cam $93,594 1
pierce
Cam flange and restrike $81,087 1
7305-1530-223 Left, dash Stamping | Complete progressive die (2 $62,424 1 $950
transmission insert out, 1 left and 1 right)
7305-1520-224 Right, dash $950
transmission insert
7305-1400-143 Upper dash panel Cast Casting mold $206,000 1 $52,700
magnesium
Trim die $129,768 1
7305-1400-144 Left lower dash panel | Cast Casting mold $317,000 1 $36,000
magnesium
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7305-1400-145 Right lower dash Trim die $230,467 1 $36,000

panel

Rear End
7307-1510-111 Rear end outer panel Stamping | Line dies with robotic transfer $43,500
Draw $74,912 1
Trim and developed trim $81,087 1
Trim and developed trim $81,016 1
Finish form and flange $83,914 1
Finish form, flange, and $85,112 1
restrike
Finish trim and pierce $82,672 1
End of arm tooling $18,000
7307-1510-117 Rear end inner panel Stamping | Line dies with robotic transfer $39,500
Draw $84,640 1
Rough trim and developed $92,852 1
trim
Redraw $80,037 1
Developed trim $89,698 1
Developed trim and pierce $91,062 1
Finish form, flange, and $95,070 1
restrike (double pad)
End of arm tooling $18,000
7307-1400-119 Rear compartment Extrude Extrusion tooling $49,416 2 $12,000
crossmember
Trim jig $3,115 1
7307-1410-120 Extrusion hangar Extrude Extrusion tooling $49,986 2 $1,250
bracket
Trim jig $2,041 1
7307-1400-163 Left, rear wheelhouse | Stamping | Line dies with robotic transfer $38,500
inner panel
7307-1400-164 Right, rear Draw (double attached) $146,206 1 $38,500
wheelhouse inner
panel
Trim and developed trim $163,555 1
Trim and developed trim $163,555 1
Finish form, flange, and $238,243 1
restrike (double pad)
Finish trim and separate $117,380 1
End of arm tooling $15,000
7307-1500-167 Left, rear shock tower | Stamping | Line dies on common shoes $3,100
reinforcement (hand transfer)
7307-1500-168 Right, rear shock Draw (double attached) $38,164 1 $3,100
tower reinforcement
Trim and rough trim $44,667 1
Developed trim $39,082 1
Cam developed trim $56,093 1
Finish form and flange $42,219 1
Aerial cam flange $64,149 1
Separate and restrike $42,620 1
Common shoes $28,685
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7305-1300-165 Left, rear shock tower | Die cast | Casting mold $126,000 1 $26,000 1
Trim die $75,977 1
7305-1300-166 Right, rear shock Die cast Casting mold $132,000 1 $26,000 1
tower
Trim die $75,977 1
Front Wheelhouse
7305-1310-151 | Left front shock tower | Die cast | Casting mold $119,000 1 $27,500 1
Trim die $79,812 1
7305-1320-152 Right front shock Die cast | Casting mold $125,000 1 $27,500 1
tower
Trim die $79,812 1
7305-1310-161 Left front wheelhouse | Cast Casting mold $141,000 1 $21,900 1
panel magnesium
Trim die $80,095 1
7305-1320-162 Right front Cast Casting mold $148,000 1 $21,900 1
wheelhouse panel magnesium
Trim die $80,095 1
0 0000000/
Rear Seat
7306-1200-113 | Rear seat floor panel | Stamping | Line dies with robotic transfer $33,800 1
Draw $93,535 1
Trim $114,717 1
Finish form and restrike $77,468 1
End of arm tooling $9,000
7306-1200-111 Rear seatbelt Stamping [ Complete progressive die $26,206 1 $650 1
anchorage plate
7307-1200-217 Left, rear, outer frame | Die cast Casting mold $192,000 1 $28,500 1
rail transition
Trim die $116,537 1
7307-1200-218 Right, rear, outer Die cast Casting mold $199,000 1 $28,500 1
frame rail transition
Trim die $116,537 1
7306-1110-101 Center rear seat riser | Stamping | Complete progressive die | $216,500 | 1] $29,800 | 1
7306-1110-103 Left, rear seat floor Stamping | Complete progressive die $58,424 1 $2,600 1
reinforcement
7306-1000-175 Left rear seat riser Stamping | Line dies with robotic transfer $21,500 1
7306-1000-176 Right rear seat riser Rough blank (flip/flop $53,598 1 $21,500 1
left/right)
Form (double unattached) $61,333 1
Trim and developed trim $80,561 1
Trim and developed trim $80,561 1
Finish form and flange $97,654 1
Restrike $91,442 1
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floor extrusion

Frame Rails
7307-1000-139 Right/left rear frame Extrude Extrusion tooling $46,850 $8,600 1
rail
Trim jig $2,918
7307-1000-138 Right/left rear frame Stamping | Complete progressive die $36,086 $650 1
rail mounting plate
7307-1020-135 Left front frame rail Extrude Extrusion tooling $46,850 $6,500 1
7307-1020-136 Right front frame rail Trim jig $2,506
7307-1020-223 Left frame rail Stamping | Complete progressive die $43,803 $850 1
mounting plate
7307-1020-224 Right frame rail
mounting plate
7307-1011-001 Left/right front rail Stamping | Complete progressive die $43,627 $1,450 1
mounting
7307-1011-003 Left/right front rail Stamping | Complete progressive die (2 $59,154 $1,250 1
mounting cover out)
7305-0900-137 Left, front, inner frame | Die cast Casting mold $184,000 $25,500 1
rail transition
Trim die $113,428
7305-0900-138 Right, front, inner Die cast Casting mold $190,000 $25,500 1
frame rail transition
Trim die $113,428
7307-0900-141 Left, rear, inner frame | Die cast Casting mold $195,000 $28,500 1
rail transition
Trim die $117,447
7307-0900-142 Right, rear, inner Die cast Casting mold $201,000 $28,500 1
frame rail transition
Trim die $117,447
7306-0810-123 Left rocker sill Extrude Extrusion tooling $51,412 $31,750 1
extrusion
7306-0810-124 Right rocker sill Trim jig $3,655
extrusion
7305-1200-209 Left front frame rail Die cast Casting mold $179,000 $25,500 1
outer transition
Trim die $111,602
7305-1200-210 Right front frame rail Die cast | Casting mold $185,000 $25,500 1
outer transition
Trim die $111,602
00000000/
Floor
7306-0830-124 Left/right, small outer Extrude Extrusion tooling $53,122 $1,500 1
floor extrusion
7306-0840-010 Left/right, large outer Trim jig $2,363 $1,600 1
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7306-0830-125 Left/right, small floor Extrude Extrusion tooling $46,280 $15,900 1
crossmember
Trim jig $3,115
7306-0830-126 Left/right, small inner Extrude Extrusion tooling $53,122 $1,600 1
floor extrusion
7306-0840-012 Left/right, large inner Trim jig $2,041 $1,750 1
floor extrusion
7306-0840-011 Left/right, large floor Extrude Extrusion tooling $47,134 $17,300 1
crossmember
Trim jig $3,331
7306-0850-000 Left/right, fore/aft floor | Extrude Extrusion tooling $44,854 $17,600 1
extrusions
Trim jig $3,223
7306-0860-000 Center tunnel bracket Stamping | Complete progressive die $25,733 $650 1

Totals | $

26,017,503.00 | 253

2,102,900.00 121

Annual (amortized over 3 years) $9,373,468
Per BIW (amortized over 3 years) $156
Annual (amortized over 5 years) $5,624,081
Per BIW (amortized over 5 years) $94
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10.0 Closures Manufacturing Report

A study was done to investigate the impact of higher volumes on the manufacturing cost of the low mass
multi-material body. The volume was increased from 60,000 units per year to 400,000 units per year. The
results of this study, including the complete plant layout and financial assessments, are detailed in the
following sections. The general findings are summarized below.

The per unit cost of amortizing the required new BIW manufacturing facility over a five year time period
dropped from $176 per unit ($52,768,700 BIW plant cost amortized over 5 years of production @ 60,000
units/year) to $85 per unit ($171,653,707 for two 200,000 units/year BIW plants amortized over 5 years of
production @ 400,000 units per year). The labor cost is $116 per unit for the 400,000 units per year volume
(listed in section 8.1.4.) vs. $108 per unit for the 60,000 units per year volume ($6,495,200 from Table 9.2.a
divided by 60,000 units per year). The cycle time to build one body in white decreased from 190 seconds
(60,000 units/year) to 70 seconds (400,000 units/year). The higher labor cost was due to the proportionally
greater number of employees (> 190/70 cycle time ratio) required to support the increased capacity plant.

The full study can be found below.
Purpose of Study:

This study provides an overview about the characteristics of a Body Shop to build annually 400,000
units/year of the LWV (Light Weight Vehicle).

Due to the premature stage of the program we will not enter into the level of detail as typically done.
In areas of uncertainty we will make assumptions and/or suggestions.

The assumption was made that it is advisable to split the 400,000 annual volume into two separate identical
plants:

Plant A 200,000/yr
Plant B 200,000/yr

In the following we list the advantages of such “fractional”
split production:

e Higher feasibility

o Respond to change in demand by slowing
down one plant only

e Easier model change
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o Rebuild plant A, phase out Plant B >no
interruption

e Local advantages

o US West Coast — East Coast

o US - Mexico
o US-China
o US-—Europe

o Under one roof (same facility)
e Downtime risk reduction

o Strike, power outage, storm

In the following we display results and findings based on:
Plant A = 200,000 units/year

In the summary section, pages XX-YY, we summarize all published
figures to their volume for:

Plants A&B = 400,000 units/year
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Mike Leslie

October 17, 2011
Supervisor Process & Simulation
EBZ Engineering, Inc.
110 South Blvd. W, Suite 100
Rochester Hills, M| 48307
(248) 299-0500
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AGENDA

1. General Assumptions

2. Process & Layout

2.1. Efficiencies

2.2. Timing Sheets

2.3. Tool Content

2.4. Conveyor Concept
2.5. Buffer Concept
2.6. Station Layouts
2.7. Body Shop Layout
2.8. Body Shop Layout

3. Facility
4, Labor Requirements

5. Logistic Concept

6. Quality Concept

7. Maintenance Concept
8. Investment/Costs
Attachments

A. Tool Content
Station_Tool _Content_02-28-11.xls

B. Station Layouts
Lotus_ARB_LWYV_Station_Layout_02-28-11.ppt

C. System Layout
Lotus LWV _Layout_02-28-11.dxf
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1. General Assumptions

. Two identical Green Field Plants in USA, each producing 200,000
units/year

° 2-shift operation, 10 hr/shift

. Highly automated production system

. Single model, no derivatives

] New bonding technology FSB (FRICTION STIR BONDING)

° Materials aluminum, magnesium, High Strength Steel, composites
. No closures considered in study, BIW only

. Cycle time is 70.4 seconds at 85% body shop efficiency

o Transportation time is 13 seconds (Underbody Line, Framing Line)

° Planned SOP: 2020
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2. Process & Layout
2.1. Efficiencies — 3 main factors drive assembly plant efficiency

2.1.1.  Technical equipment generally has an efficiency factor of
99% or higher
(a worker is considered 100%)

o Combined in a complex manufacturing system of up
to 20 connected stations, the efficiency factor goes
down to 95%

2.1.2.  Further downtimes occur due to organizational problems
caused by logistics, environment, or political (strike) events

. Total reduction: 5% = 90%

2.1.3.  Overall system related downtimes (interaction of the
different zones)

° Reduce total efficiency factors by additional 5%

° Total bodyshop efficiency: 85%
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EERING

2.1. Total Efficiency

[%]
100
90
80
70

Technical Organizational
60 Downtimes Downtimes Overall

(Ope_l‘afol‘sl System-related
50 logistic, ...) Downtimes

40 A
30
20 A
10 A

Production Technical System Total
Time Availibility Availibility Efficiency

2.2. Timing Sheets Per Station

2.2.1. CycleTime
° Cycle time: 70.4 seconds

2.2.1. Cycle Time Computation
Plants A & B
200K Assemblies Annually — 5 day production

Net Parts per Year 200,000 Enter
Shifts per day 2 Enter
Hours per shift 9.5 Enter
Days per Year 242 Enter
Days per week 5 Enter
Efficiency 85% Enter
Hours per Day 19 Calculation
Hours per Year 4598 Calculation
Net Parts per Day 826 Calculation
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Net Parts per Week (ref only) 4132 Calculation
Net Parts per Hours 43 Calculation
Net Cycle Time Seconds 82.76 Calculation
Gross Parts per Year 235,294 Calculation
Gross Parts per Hour 51 Calculation
Gross Cycle Time Seconds 70.35 Calculation
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2.3. Tool Content Sheets Per Station

. Detailed Tool Content illustrated for each station, see file
. 02 Process and Layout / 2.4 Tool Content
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2.4. Conveyor Concept

2.4.1. Sub Assemblies

. Part loading by operator or robot
° Part handling by robot

2.4.2. Under Body Line

° Part loading by robot
. Transfer by lift-and-carry

2.4.3. Cross Transport

. Skid transport on belt conveyor
) Skid return overhead
) 2 elevators

2.4.4. Framing Line

° Skid transport on power rollers
° Same skids as 2.4.3
° Total 110 skids + 2 cross transfers in system

2.4.5.  After Framing Line

° Elevator to overhead Electric Motorized System
(EMS)
° Not included in this study

2.5. Buffer Concept

. Main lines disconnected with buffers
. Buffer sizes: 10 parts equals 12 min
. Buffers half full:
o) Fill up buffer when production line after buffer comes to
a halt
o Discharge buffer when production line in front of buffer
stops
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2.6. Station Layouts
. Station Layouts describe:
o Parts loaded
o) Workers
o) Bins
O Equipment
O Conveyor system
See file: 02 Process and Layout / 2.6 Station Layouts
2.7. Body Shop Layout
° Detailed System Layout
See file: 02 Process and Layout / 2.7 System Layout
2.8. Body Shop Layout
See file: 02 Process and Layout / 2.8 2-Bodyshop Layout
3. Facility

The total space required for body shop (one plant) is 363,282 sq. ft.
This includes:

o} CMM Room

o Break room

o Locker/restroom

o Maintenance Area

o) Tool shop (repair)

o Logistic preparation area
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4, Labor Requirements
o The labor force follows a special revolving shift model:
o Operators work 10 hrs x 4 days = 40 hrs/wk
O Total system operating time:
. 5 days x 2 shifts x 10 hrs = 100 hrs/wk
o People needed for each manual workplace:
. 100 + 40 = 2.5/wk

° The following labor force is required to run the body shop per shift:
o Direct workers: 61
o Indirect workers:
. Maintenance 35
. Logistics 40

5. Logistic Concept
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5.1. Main Features
. All bins and racks according to part size

° Number of part bins for (1) week production (8260 parts for 2
plants)

o (2) days supply in plant
o (2) days transportation

o (1) day at supplier’s plant

. Shooter technology for small parts

° Fork truck transportation

o Preparation area close to line to connect assembly line to
warehouse

° Aisle widths:

o Main aisles 15 ft.
o) Logistic aisles 12 ft.
o Maintenance aisles 6 % ft.
o) No one-way traffic

5.2. Staff needed: 40 forklift drivers/shift
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Shooter Technology
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Quality Concept
6.1. Philosophy
° Keeping up quality is the responsibility of each worker and

member working in the plant

° See Chart (Quality Management Concept)

6.2. (2) Quality Assurance Methods

a. In-line Quality Check

(4) in line vision stations provide quality data:

o Station UB-280 End of Underbody Line
o Station SA-70L End of LH Body Side Line
o Station SA-70R End of RH Body Side Line
o Station FR-260A/B End of Framing Line

Each station is equipped with (2) vision cameras
attached to robot arms

Each camera can shoot up to 178/3.5 = 50 different
spots which is 100 per station

b. Off-line Quality Check

A CMM room is attached to the body shop which is
equipped with (1) 2-arm 20 ft CMM machine and (2) 1-
arm 10 ft CMM machines

We recommend to check (1) underbody per shift and (1)
full BIW per 2 shifts (one day)
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6.1. Quality Management Concept

Assembly Line Team
Machine Operator
. . « Carry out working instructions
+ Responsible for quality control of parts from a - Team leader = QM foreman
specific stations  Problem localization by measuring methods
* Follow working instructions * Internal communication
« Stop production in case of qualityﬁcts * Assign responsibilities

Documentation

* Failure modes
* Root cause analysis

* Downtimes

* Frequency of breakdowns/
priorities

* Analysis of Continuous
mprovement Processes

< QM Team
Corporate Philosophy 4
* Analysis
+ Define QM « Statistics
* Uniform measuring methods O Tralnlng_; (Job)
« Analysis of quality assurance * Measuring

* Assign priorities

* Transparency of disturbing influences
* Quality controlling of the end product
* Documentation
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7. Maintenance Concept

o 3 Main Goals:
a. High quality product
b. High uptime
C. Reduction maintenance costs

. Key element is the preventive maintenance:

AVOID THE PROBLEM INSTEAD OF FIXING IT

7. Maintenance Concept

Maintenance Concept

{ Breakdown Maintenance ] [ Preventive Maintenance J
- Corrective Maintenance « Forecast using historical data -AssiEg);r;"Maintenance Schedule
« Unscheduled Maintenance « CIP (Continuous Improvement Process) -Wegkly
+ Emergency Maintenance « Debugging + Diagnostics « Monthly
* Quarterly

Generate Report

« Fighting the root causes

- Suggestions

+ |dentification of damage

+ Forecast of remaining uptime

« Smooth planning and execution
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8. Investment/Costs

8.1. Labor Cost per Shift
Plant A
Plants A&B

8.1.1.  Assembly Workers
. 10 hrs x 61 workers x $22.00 =
° Fringe benefits: 40% =

) Total labor:

8.1.2. Maintenance
. 10 hrs x 35 workers x $35.00 =
° Fringe benefits: 40% =

) Total maintenance:

8.1.3. Logistic
. 10 hrs x 40 workers x $18.00 =
° Fringe benefits: 60% =

° Total logistic:

8.1.4.  Total Labor Cost per Unit

. Total cost per shift:

+ 413 units per shift (Plant A)

$ 13,420
$ 5,368
$ 18,788
$ 12,250
$ 4,900
$ 17,150
$ 7,200
$ 4,320
$ 11,520
$ 47,458

+ 826 units per shift (Plants A&B)

° Total labor cost per unit:
115.91/unit S 115.91/unit
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Capital Equipment Plant A Plant B
Plants A&B
Amortization (yrs)
8.2.1. Subassembly Line 5 $30,811,000 | $28,461,600
$60,272,560
8.2.2. Underbody Line 5 $ 25,361,400 |$23,601,400
$48,962,800
8.2.3. Framing Line 5 $20,389,000 |S19,258,100
$39,647,100
8.2.4. Conveyors 5 S 6,089,000 |$6,089,000
$12,178,000
8.2.5. Bins & Racks 5 S 4,028,000 |$4,028,000
S 8,056,000
TOTAL
Maintenance w/o Labor 1.5%/yr
S 2,536,747
TOTAL  (+2,000,000)
$171,653,707 $85.83
CMM Equipment / Tool Shop 7 S 5,700,000 $5,700,000

$11,400,000
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Maintenance w/o Labor 1.5%/yr

$150,000

TOTAL (= 2,800,000)
$11,550,000 $ 4.13

TOTAL CAPITAL EQUIPMENT COST

S 92.14
8.3.  Utility Costs
S 186.00
8.4. Cost Summary
S/Unit
Material (estimate)
2,100
Scrap: 1%
210
S 2,310.00
Labor
S 115.91
Capital Equipment
S 92.14
Utilities
S 186.00
TOTAL COST
S 2,704.05
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S,G&A: 7%
S 189.28

Interest: 5% $46,848,848

S 135.20

GRAND TOTAL COST PER BIW
$3,028.53
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9.2.1. Cost Breakdown: Sub Assembly

Proposal No. PROPOSAL BREAKDOWN EBZ USA
Date: 170C11 SHEET
CUSTOMER: LOTUS |PRDJECT DESCRIPTION: ARB LWV ASSEMBLY BODY SHOP GYSTEM | CYCLE TIME:
CUSTOMER RFQ # /A T SUB ASSEMBLIES™™* 400.000/r JPH:
LA — — —
TOOLING CAPITAL TOOLING
A B [ 2] E F 2
MECH. CONTR. PURCH. CONST. CONTR. w MECH. CONTR. PURCH. CONST.
or DESCRIETION DESIGN | DESIGN ITEMS LABOR | LABOR TRYeUT: REMARIS, E DESERIFTION DESIGN | DESIGN ITEMS LABOR REMARKS
A5 |FRONT AND REAR BUMPER $18.700] 6.200 $31.500 $66.000 $11.200 $8.000 [2-STATION [E | AFETY NCE. GATES. CURTAIN $62,000 $21.000 $265,000 $I>8,UUUI
10_JFRONT/REAR RAIL ASSY $28.750] 7.500 17,50 $12,000 |2-STATION H |ROEBOT SIMUL , PROG & DRESS 225,000] $335,000 $120,000 $55,000
A-15_|A/B PLR OTR UPRALWR $56.000]  $21500 $45,00 $27.000|2-STATION I_|SYSTEM LAYOUT & INSTAL. DWG $s0000] - - - -]- ... RN
30 _|REAR COMPT C/M ASSY 24 500 §4 500 16,00 $7.500 |2 STATION J_|WELD CONTROLLERS /A WA 356,000 FEQD
5A-25_|CAMBR LADDER BUILD PHASE-1 $48.000]  $15500 38,00 $15,500 |DUAL SET K |WEI D GUNS N2 NA 365,000 -REQD |
A-30 JC/MBR GEO SET PHASE-2 21,000 $10.500 £16,30 E/E CHANGERS NJA NAA 360,000 4-REQD
5A-35 JASM PANEL REAR END 24 900 7.200 20,700 2-STAGE M_JTIP DRESSERS/TORCH CLEANERS $£3,200|NA 00 0-REQD
SA-O0R |SIDE RAIL ASM-RH $48.700 $13.700 41,500 AR/ WATER HEADERS & VALVES N/A NAA $400,000
[ SA-400 |SIDE RAIL ASM-LT /T N/C 41,500 O _|PLC PANEL VIEW, HIMI & ENCL I, 375,000 $650,000]  $225 nnnlfw-PrrJn
SA-45 JASM WHL HSE RH/LH $31500 $6.600 25001 P_JDISPENSING EQUIPMENT NJA A $2.000,000 $80,000]127-REQD
SA-50-5 |ASM DASH $45.000] $8.000 3 35.001 /TH AXIS SLIDE SYSTEM $5.000[NA $80.000. $9.800[1-REQD
SA-60 |REAR SEAT ASSY k2 $11.000 77,000 0f 2-STAGE R RS-GRAVITY NJA A /A /A
[ SA65R [FRT W/H ASM -RH $25.000, $8.200 sss,buul .50 S |BALCONIES & O/HEAD STRUCT $15.000[NA $50.000 $23.000]4-REQD
SABSL |FRT WIH ASM -LH N/C. N/C $88,500] .50 SHUTTLE SYSTEMS 2-STA A A /A X
A-70R |BODY SIDE INR/OTR -RH $130.000 $26.000 $210,000] $122,000 COMPLETE CELL U JROBOTS-WELDING MIG/BRAZE A A $550,000 $12.000]8-REQD
| SA70L [BODY SIDE INR/OTR - LH N/C N/C $210.000] §122,000 COMPLETE CELL Vv _[RO MAT HANDLING 77 NIA $6.960,000]  $225 000[ 116 REQD
A-TSR |APLR/DASH TRAN:S $22 300 $5.100 $80,000 .00 SPIR UNITS N/ NAA $400,000 $5,000]4-REQD
SAT5L | APLR/DASH TRANS N/C N/C $80,000]  $25.00 | 3] DISPENSING. /A NJA /A
| 5480 |BODY SIDE OTR RHAH $27 000 $6 240 $136,020] 0 2STA TRIAKE TRUNNION UNTS /A A 380,000
5A-85_|B-PILLAR OTR RHAH $16.500] $5.500 $14.500 .50 SINGLE CELL RIVTAC SYSTEM A A $2.300,00
IMAI\IIF‘IJLATOR SLOAD ASSISTS $15.000|NA 5,000
FS)SYSTEM A A $4.900,000]
JOC NUT RUNNERS B/UP STYLE /A A $150.00!
VISION SYSTEM A A /A b,
SYSTEM LIGHTING /A A $90,000
INDEX TABLES A NTA /A
PEDESTAL WELDER /A A /A
|
1
TOTALS: §$6273850 $162.540 $1464.900 $2.370,100 $714,700 $508,600 TOTALS: $405200 $731,000 $19.220,000 $1.122,000
LEGENDS MISCELLANEOUS COSTS
A Mech. Design Coste, o customer specifications supplied for this system AA Tear Down & Crating for shipping DESCRIPTION cosT REMARKS
B Cortrols Desgn Costs- tn customer specifications applied to this system AB Transportation Charges
c Purchasad componant Toolng AC Trainng at EBZ USA (1) eight hour day Incluced [ AA [CRATING & LOADING $65,000°
D CorstuctinLabor- Fab, Machne, Assembly & Cert AD Operanon & Mairterance Manuals B [FREIGHT $325 000 FOB CALIFORNIA-USA
E  Cortrols Labor- Fipe Avire related m spctic noling AE 20 Hour Ory run to venty system cperation C [TRANING @ EBZ USA /A QUOTED ON REQUEST
F Cost for Mechanical/Controls De-bug InCiucing product ft-up AF Incluces cimensional Izyout of (30) assemlies & (3) for Weld D |JOPER /MAINT MANUALS $45 000
G Sarety Fence, Gates, Light Screens, Mats & Guaros Integrty (Destnuctive testing) HR_RUN $72.000
H  RobotSimul. Progranming 2ng Dress AG System comfidence buyofi-consecutive operation JIECE CAPABILITY STUDY $280,000 DEPENDENT ON PRODI
1 System Layouts and Installation Drawings AH EBZ USA standard ane yearwarranty is included per EBZ USA Specification PIECE TRYOUT-PART BUV-OFF| $335,000 DEPENDENT ON PRODUCT AVAILASILITY
J weld controllers Intaliation Al Complete System Integration in cusiamer plant utlzing EBZ USA E YEAR (12) MONTH WARRANTY N/C
K Weld Gunsincluding transfarm ers/canling and setup personnel. Al PDP and ity drops supplied by the customer TALLATION $1.100,000 POP'S INCLUDED
L ‘Welding feedback system (F applicatie) AJ Supenision only utilizing EEZ USA personnel TALLATION SUPERVISION $80.000
M TpDressers ang/or Torch Cleaners AK (2) weeks EBZ USA Techiricians provided-notincluding expenses AK [START UP ASSISTANCE $550,000
N Ar&waler Headers, Pipe and valves AL Cycle Charts, Wels Studes & Misc Process Actidties AL |DESIGN PROCESSING L7A
o Processors, Panel View, HMI, Power soures Cable Tray, and Panels AM AM
P Sedantand Adheswve Dispensng equpment AN AN
Q Complete teadng system packages/installation AO AO
R BeltandRolier Corveyers. Power anc Gravity Feed AP AP
s Balconies, Overhead Stuctures, Rails and Trdleys — TOTALS: $3.473,000
T Hydraulic Punp Units, Yabves znd Accessories Hourly Costs (EC Change Rates) Hourly Rate Flant A Flant B
u ‘Welding Ro0ots-MIG systems includng Installaton Customer Trades Parson 00 + Expenses { TOTAL TOOLING COST it $5 848 690]
v Robots W including meshanical nstallation [At Customar Dasigner / Tachnician F_ 00 + Expenses | TOTAL CAPITAL TOOLING COST | $21.488 200]
w JALEBZ USA Trades Person $60.00 { TOTAL MISC. ITEMS COST $3472 000[
X AtEBZ USA Dasigner / Technician [#&0 00 GRAND TOTAL $30,810,890 $29,461,600
Y
Z
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9.2.2. Cost Breakdown: Underbody Line

Proposal No. PROPOSAL BREAKDOWN EBZ USA
Date: 170C11 SHEET
CUSTOMER: LoTUs PROJECT DESCRIPTION: ARE LWV ASSEMELY BODY SHOP SYSTEM CYCLE TIME
CUSTOMER RFQ # N/A I ~** UNDERBODY SYSTEM*™ 400,000/ JPH
TOOLING CAPITAL TOOLING
C 3 o |
op# DESCRIPTION FURGH, TRYOUT REMARKS % DESCRIPTION ronely | SoRn REMARKS
UB100|L0AD STATION $3,200 G F ICE _GATES, CURTAINS 2,000 341
UB110]_0AD CAMER $29,500 [OAD H_|ROEOT SIMUL_PROG. 8 DRESS $550,000 $222
UB120]L0AD SIDE RALS $31,000 LOAD T_|SYSTEM LAYOUT & INSTAL DWG N T B i o e R
B130|IDLE 33,200 J_|WELD CONTROLLER A A NiA N7A
JB140|GEO SET CMBR - ] EI §26,000|GEO ST K_[WELD GUNS A NiA A T
JB150|3A$I 1AMHL HOERR- 0| $28,000]GEO SET E/E CHANGERS A A §520.000] 365 000|35-REGD
UB180JIDLE 4 400 1P DRESSERS/TORCH CLEANERS IN/A A NIA N
Si 500 N_[AIR /WATER HEADERS & VALVES [N/A A
500 O_|PLC_PANEL VIEW. HMI & ENCL A $320.000 2-REQD
000 P_|DISPENSING EQUIPMENT RS $1.100.000]  $52,000|16-REQD
REAR SEAT A PLR RAL 000|GED SET P_|DISPENSING EGLIPMENT. 3 NI A 7 MASTIC
400, R_|CONVEYORS GRAVITY. \ /A WA /A
FRT WHL HBE R/, CLOSE OUTS
=1 $156,000 $16.500|GE0 SET S |BALCONIES & OMEAD STRUCT _ [nia A
RESPOT 47,500 TRANSFER GYGTEN 65,000 §330.000]_§510.000[1-REQD (18-STATIONS
PNL CTR FLR RIL 43,050 U_|ROBOTS-WELDING MIG (/A A WA /A
IDLE 5, 00 V_|ROBOTS-MAT HANDLING iA A $4.512.000 _$145.000[62-REQD
WWWHL HSE O1R R/L TUNL RR FLR $105.00C 000 SPIR UNITS i A $200.000] _ $1 000[e-REQD |
PNL CTR FLR AL $18.50 3,080 [FoEOTS DEPERSIG /A A WA |
.20 |7TH A5 UNITS 3 y NIA
RESPOT 5 | BN ) $2,000 000 CO0REGD |
] @l: ESPOT 5 MANIPULAT ORSAOAD ASSISTS A A A 0
10[= 200 2 TSYSTEM A 2 $3,700.000]
20[STUD AFFLY 000 000, NUT RUNNERS B/UP STYLE, A A NA I
28,000 7,000 VISION SYSTEM A A $900,000]
SYSTEMLIGHTING A A $62,000
INDEX TABLES /A A WA
PEDESTAL WELDER N/A A NA
FLOW SCREW DRIVE UNITS RS 370000 313000
STUD INGERTION UNT S A A T167.500] __ $23.000
TOTALS: $/10,100 $174,200 $902,500 $1.657,160 0,640  $340,100 TOTALS: $609,000 §1,021,000 $15,165.500 $1.515,000
LEGENDS MISCELLANEOUS COSTS
A~ Meen. Design Costs, B CUSIomer speciicatons SUpples fer 115 syster AR Tear Down & Cratng for 3npang DESCRIPTION cosT REMARKS
B Contrais Design Costs- o customer specificaions apolied to this system AB Transpottation Chages
€ Purchased companent cost - Toolng AC Trairing sl ESZ USA (1) eight haur daryincluded AA |CRATING & LOADING $67.000)
D Constructon Labor - Fab, Machine, Assembly & Cert AD Operaion & Ma Manuds AB [FREIGHT $135 000 FOB CALIFORNIAUSA
E  Contmis Lanar- Pipe /uire related n saecifc oling AE 20 Haur Dry run o venfy system operation AC |TRA NIA QUOTED ONREQUEST.
F  Costfor MechancaliGontrals De-bug including prcct itup AF Inciudes dmensional iaynist of (30) assemblies & (3) for Weld AD |OFT] $31,000
G SafetyFence. Gates, Lipht Scresns, Mas & Guards IntBgrty (DastucTVe testng) [ AE 2071 $37,000
H  Roootsimul. Fragramming and Dress AG Systen corfidence buyoft-Consecutve operaton AF [30P UDY §675,000 DEPENDENT ON PRODUCT AVAILASILITY
| System Lavouts and Inealaton Drawirgs AH £07 USA stangar cne yearwamanty 5 Inciudzd per E82 USA Spestication [ AG [300 PIECE TIRYOUT-PART BUT-OFE $230,000 DEPENDENT ON PRODUCT AVAILASILITY
J Weld controllers/ instaliztion Al Compiete System Integration In customer piant utlizing EBZ USA AH JONE 12) MONTH WARRANT 1}
K Weld Guns inciuding transformers/caling perscanel. Al POP and utily 0rops supplied oy the customer Al |INSTALLATION POP'S INCLUDED
L Welding feeduack systen (F applicatle) AJ Supendgon orly uilizing EBZ USA persannel AJ [NSTALLATION SUPERVISION
M Tio Oressers andier Torch Cleaners AK (2) vmeeks EBZ Technciars provided-not ncluding expenses AK [START LIE ASSISTANCE
N Air & Water Headers, Ppe ard valves AL Cycle Chiarts, Weald Stuties & Msc. Process Actvities AL |DESIGN PROCESS NG
O Brocessors, Pansl View, HMI, Pawer sourtes and Panels AM AM
P Sealant and Adresive DEpensing equpment AN AN
Q  Compiete feecing system packagesinstallation AO | AO
R Deltans Roller Conveyers. Powsr and Gravity Feec AP AP
S Halcories, Ovemesd Stuctues, Rals and Trolleys TOTALS: $2,710,000
T Hydrauiic Pump Urits Valves and Accessories [Hourly Costs (EC Change Rates) . Hourly Rate | Plant A PlantB
U welding Robols-MIG systems including irstalaton At Customer Trades Person + Expenses. L TOTAL TOOLING COST 1
V  Robots M includng mecharical installation [Af Customer Designer / Technician + Exponcos I TOTAL CAPITAL TOOLING COST I
w A USA Trades Person L TOTAL MISC_ITEMS COST.
X ¢ EBZ USA Designer / Technician — GRAND TOTAL
Y
z
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.
9.2.3. Cost Breakdown: Framing Line
Proposal No. PROPOSAL BREAKDOWN EBZ USA
Date: 170C11 SHEET
CUSTOMER: LOTUS PROJECT DESCRIPTION: ARB LWV ASSEMBLY BODY SHOP SYSTEM CYCLE TIME:
CUSTOMER RFQ # N/A AMERAMING LINE BODY SYSTEM ™ 400 DO0AT | JPH:
TOOLING CAPITAL TOOLING
A B C D E F 2
op# DESCRIPTION MEGH: | TSONTR: JGEURCH: | CONSTY | CONTR. frpyout REMARKS g DESCRIPTION MECH. REMARKS
DESIGN | DESIGN | ITEMS LABOR LABOR 4 DESIGN
FR100JIDLE $1.800 $1.200 $4.500 3.200 1.800 G ATES. CURTAINS  $35.000
FR110|BODY FRAME STATION $96,000]  $20.160] $187.200] $205.000] 5,500 |GEO SET H & DRESS $185,000 $22,000
$25,000 $3.750 $31.000 7.500 2,500 | _JSYSTEM LAYOUT & INSTAL DWG $61,000 L IR
$25.000 750 000 47500 ] J JWELD CONTROLLERS A N/A N/A
$25,000 750 000 47 500 500 K_|WELD GUNS I3 /A /A |
$34 000 500 45,000 $5 _(m_l 000 JE CHANGERS 22} $95.000 $12 000J7-REQD
$34.000 $56.000 45 000 $58 .00 000 M TP D RSMTORCH CLEANERSIN/A NIA NIA
51,600 200 $4.500 $3.20 400 N_|AR / WATER HEADERS & VALVES |W/A $165,000] $190000
$99,000 $27.000] $206.000 $28 00! $ 000 O JPLC PANEL VIEW, HMI| & ENCL A $274 001
$25.000 $3.750 $21.000 $475 $13,500 P_IDISPENSING EQUIPMENT A $430.001
R200 |[ADHESIVE APPLY $32,000 $4.500|  $38.000 551,001 20,000 P_|DISFENSING EQUIPMENT-MASTIC [N/A $57 501
FR210]ROOF - GEO SET 365,000 $14,500 $80.000 $175.00 45,000 i R_JCONVEYORS-GRAVITY IN/A N/A N
FR220] $1.800 $1.200 $4.500 $3.20 £2.400 $1. S IBALCONIES & O/HEAD STRUCT $25.000 [N/A $38.000 1-REQD
Fr 230/ RE 25,000 750 52,000 594 001 27,000 25,000 [DUAL [TRANSFER SYSTEM NTA NIA NIA
FR240 25 000 $3.750 §52,000 392 000] $27.000]  $25000|DUAL U_|ROBOTS-WELDING MIG /A N/A /A
FR250] 5,000 3.750 62.000 £94 000 $27.000 $25.000DUAL V_|ROBOTS-MAT HANDLING N/A N/A 2,600,000 74-REQD
FR260 |VISION 5,000 3,750 52.000]  $105000 27,000 25,000 |DUAL IEPIR IIE /A A $540, |s-REGD T
FR270|IDLE 1,300 1,200 $4.500 $3 201 $2400 1,800 JROBOTS DISPENSING /A /A N/A [
QJFRT/REAR BMPR MODULE FRT $21.000 $10.500 $40.000 $72.000 $32.000 BOLT ON GEO 7TH AXIS UNTS N/A N/A $16.000
O|REWORKEINISH VISUAL INSPECT | $15,600 $2.400]  $72.000]  $10500 $17,000 IF«lv TAC SYSTEM N~ NIA $400,000 T
0| DLE 1,300 $1.200 $4 500 $3 20 $2400 MANPULATORSAOAD ASSISTS $21,600 [N/A $26 400
FSJ SYSTEM N/A A $4.400,000 $37.000J44-REQD
|oCNUT RUNNERS B/UP STYLE __[WA /A $166,000] _ $8900]6 REQD
JviSiON SYSTEM INJA A $600,000]  $20000}4-REQD
SYSTEM LIGHTING A A 360, $40.000J20-REGQD
INDEXABLE DUNNAGE SYSTEMS _[N/A NIA $120, $10,800)4 REQD
RTION UNITS /A N/A $66.000014-RECD
SURFACE BUFFERS | RS RN F16.000 |5-RE
—— = [HI-LITE LAMPS [N/A 0 QID‘SQOISS-“UPPLED
TOTALS: $598600 $176,660 $1,107.700 $1.345000 §5 $317,800 TOTALS: §327,600 $513,000 $7 $902,290
LEGENDS MISCELLANEOUS COSTS
A Mecn Des: gnj COosts, I customer sy kations supplied for tis system AA Tear Down & Crating for shipping DESCRIPTION cosT REMARKS
B Controls Design Costs- tn custrmer specifications applied to this system AB Transportation Charges
€ Purhased companent cost - Taalng AC Training at EBZ USA (1) eight nour day includecd AA JCRATING & LOADING $90,000
D construction Lator - Fab, Machine, Assembly & Cert. AD Operaton & Malniznance Manuas AB |FREIGHT $180.000 FOB CALIFORNIA-USA
E  Contrals Labor - Pipe Avire related to specific ooling AE 20Hour Dry run to verify system operation AC [TRAINING @ EBZ USA N/A QUOTED ON REQUEST
F  Costfor ontrols Oe-bug i fit-up AF Incluces dmensional tayout of (30) assemblies & (3) for Weld AD |OPER MAINT MANUALS $43,000
G satetyFence, Gates, Light Screens, Mats & Guards Intagrity (Destructive testing) AE |20 HR. RUN %‘1.030'
H  RobotSimul Programming ard Dress AG System corfidence buyoff-consecuive operation AF |30 PIECE CAPABILITY STUDY £300,000 DEPENDENT ON PRODUCT AVALABILITY
I System Layouts and Installation Drawings AH EBZ USA standard cne year warmanty is incluced per EBZ USA Specification | AG |300 PIECE TRYOUT-PART BUY-OFF, $475,000 DEPENDENT ON PRODUCT AVAILABILITY
J  weld controllery/ Instaliation Al Complete System Integration In customer plant utizing EBZ USA AH JONE YEAR (12) MONTH WARRANT| N/C
K Weld Guns including transformers/cabling and set-up personnel All PDP ard wiity draps supplied by the cugomes Al TALLATION $&70,000 PDP'S INCLUDED
L Welding feadback system (¥ applicatie) AJ Supenision anly ilizing ESZ USA personnel AJ [INSTALLATION SUPERVISION $110,000
M Tp Dressers andfor Torch Cleaners AK (2)weeks EBZ Technelans provices-not holuding expenses. | AK ISTART-UP ASSISTANCE $190.000
N Air & Water Heacers, Ppe and vales 15, Weld Studes & Misc Process Activiies | AL |DESIGN PROCESSING /A
O Processars, Panel View, HMI, Power sources and Panels AM
P Sealantand Adnesive Dispensing equipment AN
Q  Complete feedng system packagesinstallaticn AQ
R BetandRoller Conveysrs. Power and Gravty Feed AP
S Balconies, Overhead Structures, Rails and Trrileys TOTALS: $2.919,000
T Hydraulic Pump Units, Vaives and Accessories Hourly Costs (EC Change Rates) Hourly Rate -
U Welding Robots-MIG systems including instaiiation [At Customer Trades Person [$60.00 + Expenses | TOTAL TOOLING COST |
V' Robots MH including mecnanical install ation JAt Customsr Designer / Technician + 8NSes | TOTAL CAPITAL TOOLING COST |
w [A[EEZ USA Trades Person | TOTAL MISC, ITEMS COST | $2.0
X [ALEBZ USA Designer /Technician GRAND TOTAL $20,389,200 $19,258,100
¥
Z
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9.2.4. Cost Breakdown: Body Skid and Transportation Systems

A-149

Proposal No. PROPOSAL BREAKDOWN
Date: 170C11 SHEET
CUSTOMER: LOTUS PROJECT DESCRIPTION: ARB LWV ASSEMBLY BODY SHOP SYSTEM 177]
CUSTOMER RFQ # NIA *+_BODY SKID AND TRANSPORTATION SYSTEMS ™ 4000001 203
TOOLING CAPITAL TOOLING
A B C F 2
opa DESCRIPTION MECH. | CONTR. | PURCH. [TRYOUT REMARKS g DESCRIPTION MEGH., | CONTR | (PURCEHL REMARKS
DESIGN | DESIGN LABOR LABOR |
BODY SHIDS £25, 000N A ¥330 000 $25,000] 100 SHDS 15,000[FWA $110,00
USTAL DWG $23,000[ WA NTA
RS & VALVES [IIA WA Fo5 000
<] EL VIEVY, HMI &ENCL. NA A N/A [
BED CONVEYORS! $32.000] _ $8,000]  $650.000 24REQD |
El DER ELEVATORS A /A $960.000 -REQD
(OVERHEAD SKID CONVEYOR A /A $285 000 COMPLETE SYSTEM
SKID BODY BELT CONVEYOR IA A $335,000] 67 001 REQD
S_|BALCONIES & O/HEAD STRUCT JA WA NIA A
Ig D LIFTERS (WORKING STA'S) $35500]  323000] 3535000 $370 000 23 REGD
INDEX ROLLER BED SYSTEMS NA hA $137.000 $15 000| 2-REQD
R_|CONVEYORS GRAVITY. A A Iw»\ TR
[CROSS TRANSFER SYSTEM $56,000] $18,000] $185,000 $125,0002-REQD
I
|
I
TOTALS: 525,000 T 3330000 AT5,000 W 5800 TOTALS: 3167500 10000 3305000 31364000
TEGENDS MISCELLANEOUS COSTS
A Mech Design customer speciications supplied for this system AA Taar Down & Crabng for shipping
B Controls Design Costs 10 customer specifications applied 10 this sysem AB Transporstion Charges DESCRIPTION COST RENARKS
C  Purchased component cost - Taoling AC Training at EBZ USA (1) eight hour day included AR |CRATING & LOADING 25,000
D Construction Lator - Fa, Machine, Assembly S Cert. AD Operation & Msintenance Manuals AB H $110,000) FOE CALIFORNIA-USA
E  Controls Labor- Pipe uire relsted to specific tooling AE 20 Hour Dry runto verify system operation AC [TRAINING @ EEZ USA A QUOTED ON REQUEST
F  Cost for Mechanical/Controls De-bug including sroduct fit-up AF Includes dimensional Iayout of (30) sssemblies & (3) far Weld AD [OPER MMAINT . MANUALS 315,000
G Safety Fencs, Gates, Light Scraens, Mats & Guards Intagrity (Destructive testing) AE [20HR._RUN $13.500
H  Robot Simul. Programming and Dress AG System confidence buyoff-conssculive operation AF |20 PIECE CAPABILITY STUDY [ DEPENDENT ON PRODUCT AVAILABILITY
| System Layouls and Instaliation Drawings AH EHZ USA dandsrd one year warranty is included per EBZ USA Speaficationf AG 300 FECE TRYOUT-PART BUY.OFF| AL DEPENDENT ON PRODUCT AVAILABILITY
J Weld controllers/ Ingtallation Al Complete System inteqration in custome plant uilizing S5Z USA AH [ONE YEAR (12) MONTH VW ARRANT: uc
K Weld Guns including transformersicasling and set-up personne. Al PDP and utiity drops supplied oy the customer Al_[INSTALLATION $4Z 000 FOF'S INCLUDED
L Welding feadback system (if spplicable) AJ Superision only utlizing EBZ USA personnel AJ [INST ALLATION SUFER VISICIN 337 000
M Tip Dressers andfor Torch Cleanars AK (2) weeks EBZ Technicians provided-not including expenses AK [START-UP ASSISTANCE $105,000]
N Air & Wster Headers, Pips and vaives AL Cycle Charts, Weld Studiss & Misc. Process Activities. AL [DESIGN PROCESSING INFA]
O Frocessars, Pansl View. HMI Power scurces and Panels AM AM
P AN AN
Q AO AO
R Eelt and Roller Comveyers AP AP
S Balconies, Overhead Structures, Rils and Trallg TOTALS: $352,500
T Hydraulic Pump Units, \alves and Acce: urly Cos| ange es, Plant A Plant B
U Welding RobotsMIG systems including installation [At Customer Traces Pecson [ TOTAL TOOLING COST 1 $861.000]
V  Robots MH including mechanicsl installation AL Custamer Designer / Technician +B | TOTAL CAPITAL TOOLING COST | 34,875 500]
w JALEBZ USA Trades Person L TOTAL MISC. ITEMS COST 352,500]
X [ATEGZ USA Designer/ Technician i TOTAL
Y
Z
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9.2.5. Bins & Rack Computation

rack

Amount/ | length | width | height rack | price per rack /4132 costs of
No: Item car (m?'rq {mm) (rr;fll) vol. no. rac: patts frack units racks
(n7’)
1 |7305-0900-137 Transition-FRT Frame Rail-LH-Inr 1 803 223 344 0.062] 3 $360 24 172 $61,920
2 |7305-0900-138 Transition-FRT Frame Rail-RH-Inr 1 803 223 344 0.062 3 $360 24 172 $61,920
3 |7305-1100-220 REINF-Dash Transition Upr RH 1 398 270 382 0.041 3 $360 36 115 $41,400
4 |7305-1100-221 REINF-Dash Transition Upr LH 1 398 270 382 0.041 3 $360 36 115 $41,400
5 |7305-1110-101 Riser-RR Seat -CTR 1 1423 93 208 0.027) 2 $530 31 133 $70,490
6 |7305-1130-145 PNL-Cowl -Top 1 1,577 135 327 0.070 1 $270 21 197 $53,190
7 |7305-1130-147 PNL-Cowl -Supt 1 1,578 216 280 0.096] 3 $360 15 275 $99,000
8 |7305-1200-209 Transition-FRT Frame Rail-LH-Otr 1 854 191 309 0.050 2 $530 17 243 $128,790
9 |7305-1200-210 Transition-FRT Frame Rail-RH-Otr 1 854 191 309 0.050 2 $530 17 243 $128,790
10 |7305-1300-155 PNL-A PLR INR-UPR-LH 1 551 70 524 0.020 1 $270 33 125 $33,750
11 |7305-1300-156 PNL-A PLR INR-UPR-RH 1 551 70 524 0.020 1 $270 33 125 $33,750
12 |7305-1300-165 Shock Tower-RR-LH 1 486 302 325 0.048 3 $360 31 133 $47,880
13 |7305-1300-166 Shock Tower-RR-RH | 486 302 325 0.048 3 $360 31 133 $47.,880
14 |7305-1310-151 Shock Tower-FRT-LH 1 366 278 281 0.029 1 $270 24 172 $46,440
15 |7305-1310-152 Shock Tower-FRT-RH 1 366 278 281 0.029 1 $270 24 172 $46,440
16 |7305-1310-161 PNL Wheelhouse-FRT-LH 1 444 255 308 0.035| 2 $530 24 172 $91,160
17 |7305-1310-162 PNL Wheelhouse-FRT-RH 1 444 255 308 0.035 2 $530 24 172 $91,160
18 |7305-1400-153 PNL-A PLR INR-LWR-LH 1 362 187 245 0.017 1 $270 41 101 $27,270
19 |7305-1400-154 PNL-A PLR INR-LWR-RH 1 362 187 245 0.017 1 $270 41 101 $27,270
20 |7305-1500-157 PNL-Shotgun INR-LH 1 885 53 369 0.017 1 $270 39 106 $28,620
21 |7305-1500-158 PNL-Shotgun INR-RH 1 885 53 369 0.017 1 $270 39 106 $28,620
22 |7305-1500-197 REINF-BRKT A PLR INR-UPR-LH 1 152 81 144 0.002 1 $270 382 11 $2,970
23 |7305-1500-198 REINF-BRKT A PLR INR-UPR-RH 1 152 81 144 0.002] 1 $270 382 11 $2,970
24 |7305-1500-227 REINF-BRKT A PLR INR-LWR-LH 1 143 96 100 0.001 1 $270 492 8 $2,160
25 |7305-1500-228 REINF-BRKT A PLR INR-LWR-RH 1 143 96 100 0.001 1 $270 492 8 $2,160
26 |7305-1600 -149 REINF Dash-PNL 1 1,464 306 611 0.274 7 $530 15 275 $145,750
27 |7305-1600-183 PNL-Wheelhouse-RR Otr LH 1 1,059 350 723 0.268] 7 $530 15 275 $145,750
28 |7305-1600-184 PNL-Wheelhouse-RR Otr RH 1 1,059 350 723 0.268 7 $530 15 275 $145,750
29 |7305-1900-159 PNL-Shotgun Close-Out-LH 1 102 3 90 0.000f 9 $50 611 7 $350
30 |7305-1900-160 PNL-Shotgun Close-Out-RH 1 102 3 90 0.000y 9 $50 611 7 $350
31 |7305-1930-169 PNL-Shotgun-Otr-LH 1 866 301 369 0.096] 3 $360 15 275 $99.000
32 |7305-1930-170 PNL-Shotgun-Otr-RH 1 866 301 369 0.096] 3 $360 15 275 $99,000
33 |7305-2100-104 PNL-RR HDR 1 889 99 259 0.023 2 $530 37 112 $59,360
34 |7305-2200-109 PNL-Roof 1 2,031 186| 1,370 0517 5 $660 12 344 $227,040
35 |7306-0810-123 Sill-Rocker Extrustion-LH 1 1,563 132 178 0.037 Z $530 109 38 $20,140
36 |7306-0820-124 Sill-Rocker Extrustion-RH 1 1,563 132 178 0.037) 7 $530 109 38 $20,140
37 |7306-0830-124 BRKT-Floor Extrusion-FRT RH 1 90 57 53 0.000 8 P65 157 26 $1,698
38 |7306-0830-124 BRKT-Floor Extrusion-FRT LH 1 90 57 53 0.000] 8 $65 157 26 $1,698
39 |7306-0830-124 BRKT-Floor Extrusion-RR LH 1 90 57 53 0.000] 8 $65 157 26 $1,698
40 |7306-0830-124 BRKT-Floor Extrusion-RR RH 1 90 57 53 0.000] 8 $65 157 26 $1,698
41 |7306-0830-125 Extrustion-Crossmeber Floor FRT LH 1 603 51 51 0.002 8 $65 27 153 $9,991
42 |7306-0830-125 Extrustion-Crossmeber Floor FRT RH 1 603 51 51 0.002 8 P65 27 153 $9,991
43 |7306-0830-125 Extrustion-Crossmeber Floor RR LH 1 603 51 51 0.002} 8 P65 27 153 $9,991
44 |7306-0830-125 Extrustion-Crossmeber Floor RR RH 1 603 51 51 0.002] 8 $65 27 153 $9,991
45 |7306-0830-126 Transition-Crossmember Floor FRT 1 274 45 100 0.001 8 $65 35 118 $7,705
46 |7306-0830-126 Transition-Crossmember Floor RR i) 274 45 100 0.001 8 $65 35 118 $7,705
47 |7306-0840-010 BRKT-Floor Extrusion-MID LH 1 200 62 53 0.001 9 $50 21 197 $9.850
48 |7306-0840-010 BRKT-Floor Extrusion-MID RH 1 200 62 53 0.001 9 $50 21 197 $9.850
49 |7306-0840-011 Extrustion-Crossmeber Floor MID LH 1 602 51 152 0.005] 3 $360 314 13 $4,680
50 |7306-0840-011 Extrustion-Crossmeber Floor MID RH 1 602 51 152 0.005 3 $360 314 13 $4,680
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No. o Amount/ | length | width | height ’::I" rack | price per parts [ Tack rack/4132 | costs of
car {(mm) | (mm) | (mm) % no. rack units racks
()

51 |7306-0840-012 Transition-Crossmember Floor MID 1 276 146 100| o0.004] 3 5360 364 11 $3,960
52 |7306-1000-175 Riser-RR Seat -LH 1 768 94 148] 0.011| 4 $200 113 37 $7,400
53 |7306-1000-176 Riser-RR Seat -RH 1 768 94 148] 0.011] 4 $200 113 37 $7,400
54 |7306-1110-103 REINF- FLR- RR Seat _LH 1 350 44 97| 0.001] 4 $200 814 5 $1,000
55 |7306-1110-104 REINF- FLR- RR Seat _RH 1 350 44 97| o0.001] 4 $200 814 5 $1,000
56 |7306-1130-143 PNL-Dash 1 1,501 587 785] 0692] 5 $660 9 459 $302,940
57 |7306-1200-113 PNL-Floor-RR Seat 1 1,396 68 815 0.077] 3 $360 19 217 $78,120
58 |7306-1910-189 PNL-A-OTR -UPR-LH 1 1,255 60 511| 0.039] 4 $200 31 133 $26,600
59 |7306-1910-190 PNL-A-OTR -UPR-RH 1 1,255 60 511 0.039] 4 $200 31 133 $26,600
60 |7306-1910-195 CPLR OTR LH 1 1,392 163 863| 0.196] 7 $530 20 207 $109,710
61 |7306-1910-196 C PLR OTR RH 1 1,392 163 863| 0.196] 7 $530 20 207 $109,710
62 |7306-1913-001 PNL-B PLR QTR-LH 1 1,306 69 197| o0.018] 4 $200 67 62 $12,400
63 |7306-1920-191 PNL Roof Side Rail-OTR-LH 1 963 129 143| o0.018] 4 $200 68 61 $12,200
64 |7306-1920-192 PNL Roof Side Rail-OTR-RH 1 963 129 143 o0.018] 4 $200 68 61 $12,200
65 |7306-1924-002 PNL-B PLR QTR-RH 1 1,306 69 197| o0.018] 4 $200 67 62 $12,400
66 |7306-2000-171 PNL-Roof Side Rail INR-LH 1 1,203 48 470 0.027| 2 $530 54 11 $40,810
67 |7306-2000-172 PNL-Roof Side Rail INR-RH 1 1,203 48| 470 o0.027] 3 $360 54 77 527,720
68 |7306-2000-215 PNL-Roof Side Rail INR RR-LH 1 951 155 186] 0.027] 3 $360 54 77 527,720
69 |7306-2000-216 PNL-Roof Side Rail INR RR-RH 1 951 155 186] 0.027] 3 $360 33 125 545,000
70 |7306-2100-101 PNL-FRT Header 1 1,344 179 183| o0.044| 7 $530 91 45 $23,850
71 |7306-2100-103 PNL Roof BOW 1 1,154 59 162] 0.011] 4 $200 109 38 $7,600
72 |7306-2300-185 PNL-Body Side-OTR-LH 1 3,289 380 1,340 1.675] 6 $790 5 826 $652,540
73 |7306-2300-186 PNL-Body Side-OTR-RH 1 3,289 380 1,340 1.675] € $790 5 826 $652,540
74 |7306-2300-187 PNL-RR QTR Closeout LH 1 292 143 247| o0.010] 4 $200 116 36 $7,200
75 |7306-2300-188 PNL-RR QTR Closeout RH 1 292 143 247| 0010 4 $200 116 36 $7,200
76 |7306-2300-189 Liftgate Flange Channel to Body OTR-LH 1 610 79 96| 0.005| 4 $200 257 16 $3,200
77 |7306-2300-190 Liftgate Flange Channel to Body OTR-RH 1 610 79 96| 0.005| 4 $200 257 16 $3,200
78 |7306-2300-191 PNL-RR Body Tailamp Closeout-LH 1 173 97 127] _0.002] 1 $270 317 13 $3,510
79 |7306-2300-192 PNL-RR Body Tailamp Closeout-RH 1 173 97 127| o0.002] 1 $270 317 13 $3,510
80 |7306-2400-229 Panel-Floor CTR LH 1 1,252 710 60| 0053] 7 $530 75 55 $29,150
81 |7306-2400-230 Panel-Floor CTR RH 1 1,252 710 60| 0.053] 7 $530 75 55 $29,150
82 |7306-2400-231 Crossmember-RR Compt 1 934 185 155| 0.027] 3 $360 55 75 $27,000
83 |7307-0900-141 Transition-RR Frame Rail-LH-Inr 1 1,006 182 290 0.053| 7 $530 75 55 $29,150
84 |7307-0900-142 Transition-RR Frame Rail-RH-Inr 1 1,006 182 290| 0.053| 7 $530 75 55 529,150
85 |7307-1000-139 Rail-RR Frame-LH 1 700 70 129] o0.006] 1 $270 108 38 510,260
86 |7307-1000-140 Rail-RR Frame-RH 1 700 70 129] o0.006] 1 $270 108 38 510,260
87 |7307-1020-135 Rail-FRT Frame-LH 1 574 70 133] 0.005] 1 $270 127 33 $8,910
88 |7307-1020-136 Rail-FRT Frame-RH 1 574 70 133| o0.005] 1 $270 127 33 $8,910
89 |7307-1020-223 Plate-Frame Rail MTG-LH 1 236 20 134 0.001| 8 $65 69 60 $3,918
90 |7307-1020-224 Plate-Frame Rail MTG-RH 1 236 20 134| 0.001| 8 $65 69 60 $3,918
91 |7307-1200-217 Transition-RR Frame Rail-LH-Otr 1 1,006 198 273| 0.054| 7 $530 74 56 $29,680
92 |7307-1200-218 Transition-RR Frame Rail-RH-Otr 1 1,006 198 273| 0.054| 7 $530 74 56 $29,680
93 |7307-1400-163 PNL-Wheelhouse-RR INR-LH 1 1,378 240 697| 0231 7 $530 17 243 $128,790
94 |7307-1400-164 PNL-Wheelhouse-RR INR-RH 1 1,378 240 697| 0.231] 7 530 17 243 $128,790
95 |7307-1500-111 PNL-RR -End-Otr 1 1,396 290 405| o0.164| 7 $530 24 172 $91,160
96 |7307-1500-167 REINF-Shock Tower RR-LH 1 277 126 262 0.009] 4 $200 132 31 $6,200
97 |7307-1500-168 REINF-Shock Tower RR-RH 1 277 126 262| 0.009] 4 $200 132 31 $6,200
98 |7307-1510-117 PNL-RR End 1 1,495 367 398 0218 5 $660 29 142 $93,720
99 |7307-1600-213PNL-RR Compt to Wheelhouse INR-LH 1 529 20 300 0.003] 4 $200 373 11 $2,200
100|7307-2110-105 PNL-D PLR INR-LH 1 984 89 326| 0.028] 3 $360 52 79 $28,440
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Amount/ | length | width | height | 2K | rack | price per rack/4132 | costs of
e item car (mm) | (mm) | (mm) vol. no. rack Palt frdck units racks
{n7)
101}7307-2110-106 PNL-D PLR INR-RH 1 984 89 326( 0.028] 3 $360 52 79 $28,440
102]7307-2110-177 PNL-RR Otr INR UPR-RH 1 516 220 331 0.038] 3 $360 39 106 $38,160
103 ]7307-2110-179 PNL-Liftgate REINF LH 1 653 151 364 0.036] 3 $360 41 101 $36,360
104 |7307-2110-180 PNL-Liftgate REINF RH 1 653 151 364| 0.036] 3 $360 41 101 $36,360
105]7307-2120-178 PNL-RR Otr UPR INR -LH 1 516 220 331 0.038] 3 $360 39 106 $38,160
106 |B-PLR Reinforcement-LH 1 450 73 139 0.005| 4 $200 263 16 $3,200
107 |B-PLR Reinforcement-RH 1 450 73 139 0.005| 4 $200 263 16 $3,200
108 |BRACE-B-PLR UPR-LH 1 354 165 224 0.013] 3 $360 112 37 $13,320
109 |BRACE-B-PLR UPR-RH 1 354 165 224 0.013] 3 $360 112 37 $13,320
110 |BRKT INR B PLRLH 1 193 89 129| 0.002) 1 $270 305 14 $3,780
111|BRKT INR B PLR RH 1 193 89 129| 0.002] 1 $270 305 14 $3,780
112|PNL-B -PLR-INR-LH 1 1,152 130 504 0.076] 7 $530 53 78 $41,340
113 |PNL-B -PLR-INR-RH 1 1,152 130 504| 0.076] 7 $530 53 78 $41,340
114 |PNL-Floor-RR Compt 1 932 126 714 0.084) 7 $530 48 86 $45,580
115 |PNL-RR Compt to Wheelhouse INR-RH 1 529 20 300| 0.003] 1 $270 211 20 $5,400
116 |Rein-Shock Tower RR-LH 1 348 129 277 0.012] 4 $200 96 43 $8,600
117 |Rein-Shock Tower RR-RH 1 348 129 277| 0.012| 4 $200 96 43 $8,600
118]7305-2400-209 Module FRT 1 1,200 507 250( 0.182) 7 $530 26 159 584,270
119]7305-2410-000 Bumper Frt 1 1,630 300 300( 0.147] 7 $530 27 153 581,090
120]7305-2430-000 Bumper RR 1 1,630 300 300( 0.147 7 $530 27 153 581,090
total 13593] $5,880,522
+contingency 20% $7,056,626]
[121]Fork Truck | | | | | $800,000
1122]0ther | | | | | $200,000
TOTAL $8,056,626
Racks
rack | price rack
no. $ rack vol.
(m’)
1 $270 Big box, Polyethylen 0.677
2 $530| solid-walled stackable boxes 0.840]
3 $360 foldable big box 1.464
4 $200 foldable big box 1.200
5 $660 Special box roof 6.250
6 $790 Special box sides 8.750]
7 $530 Special box 4.000
8 $65 small load carrier 43 Itr. 0.043
9 $50 small load carrier 14 Itr. 0.014
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7.2. Appendix B: Competitive Set Study

Table B.a: Competitive set study

EPA Class Euro NCAP Class Phase 2 Class
Lightweight Minicormpact car A segment Micro cars
Vehicle Study Subcorpact car B segment Mini cars
mm in Cornpact car C segment Small cars
Length 48006 185.0 Midsize car D segrment Midsize/midsize luxury cars
Width 1905.0 750 Fullsize/ large car E segment Largearge luxury cars
Height 15951 628 Small SU
Wheelbase 2931 .2 1154 Sy J segment Midsize/midsize luxury SUV
Large SUW
Front Track 1630.7 BB.7 Srall truck - Srall pickup
Rear Track 16358 BB.7 Standard truck - Large pickup
m ﬁ Minivan h segment Minivan
NHTSA Footprint 4787 2291 7B97.2
NHTSA Footprint {ff) 53.45
Shadow (ff) 98.44
Volume {ft3) 447.95
Density {Ibs./ft3)
Specific Density {unitless) |1 .00
Weight {Ibs.) 2530.0
Engine Type
Engine Displacement {liters)
Power {horsepower)
Torque {pound-feet)
Power-to-weight-ratio {Ib./hp) |
IIHS Frontal Offset
TARGET GOOD (rarget)
Definitions
Footprint= Length*™0.5%{F ront Track + Rear Track)
Shadow = Length™Width
Volume =| Sedans: [((Wheelbase*Height) + ({Length - Wheelbase)* 0.5 "Height))*Width
SUVs and Hafchbacks: |((0.33%(Length - Wheelbase)*Height) + (Wheelbhase™Height) + (0.67*(Length - Wheelhase)* 0. 5"Height
Trucks |[((Bed Length®0 5"Height) + (0.5%(Length - BEed Lengthi*Height) + (0 .5%(Length - Bed Length)*0.5"Heig
Density= WeightVolume
Specific Density = Density/ARE Phase 2 Density
Averages
Density (Ibs./ft3): + Specific Density (unitless): +
Micro cars: 7.9 a Micro cars: 1.40 1]
Mini Cars: 8.23 0.43 Mini Cars: 1.46 0.08
Small Cars: g.61 0.53 Small Cars: 1.52 0.09
Midsize Cars: 9.19 0.24 Midsize Cars: 1.63 0.04
Midsize Luxury Cars: 1017 0.28 Midsize Luxury Cars: 1.80 0.05
Large Cars: 975 0.338 Large Cars: 1.73 0.07
Large Luxury Cars 10.25 0.46 Large Luxury Cars 1.81 0.08
Small SUVs: 8.56 0.37 Small SUVs: 1.52 0.07
Midsize SUVs: 2.10 0.42 Midsize SUVs: 1.61 0.07
Midsize Luxury SUVs: 9.56 0.21 Midsize Luxury SUVs: 1.69 0.04
Large SUVs: 9.19 0.39 Large SUVs: 1.63 0.07
Small Pickups: 10.09 0.46 Small Pickups: 1.79 0.08
Large Pickups: 9.66 0.37 Large Pickups: 1.71 0.07
Minivans: g8.17 017 Minivans: 1.45 0.03
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MICRO CARS
2% = | 5o | =
Smart Honda Toyota Mini Nissan Ford
Four-Two Fit Yaris Sedan Cooper Cube Fiesta Sedan
Length 2692.4 106.0 4114.8 162.0 4292.6 169.0 723.6 146.6 987.8 157.0 4409.4 173.6
1549.4 61.0 1701.8 67.0 1701.8 67.0 684.0 66.3 701.8 67.0 1696.7 66.8
1542.0 60.7 1524.0 60.0 1460.5 57.5 409.7 55.5 651.0 65.0 1473.2 58.0
1879.6 74.0 2489.2 98.0 2540.0 100.0 2466.3 971 2529.8 99.6 2489.2 98.0
Front Track 1283.0 50.5 1491.0 58.7 1480.8 58.3 1458.0 57.4 1475.7 58.1 1465.6 57.7
Rear Track 1385.1 54.5 1475.7 58.1 1470.7 57.9 1465.6 57.8 1480.8 58.3 1465.6 57.7
mm’ in’ mm’ in’ mm’ 2 mm’ in’ mm’ in mm’ &
NHTSA Footprint 2,507,401.4] 3886.5 3,692,379.7 5723.2 3,748,379.6] 5810.0 |3,605221.8] 5593.0 |3,739,811.9] 5796.7 |3,648,121.7] 5654.6
NHTSA Footprint (ft*) 26.99 39.74 40.35 38.84 40.26 39.27
(f) 44.90 75.38 78.63 67.50 73.05 80.53
Volume (ft3) 227.17 327.00 299.86 276.86 347.22 304.48

Density (Ibs./ft3 7.91 7.79 7.93 8.89 8.20 8.33

Engine Type -3 NA I-4 NA I-4 NA I-4 NA -4 NA I-4
Engine Di (liters) 1.0 1.5 1.5 1.6 1.8 1.6
Power (horsepower) 70 117 106 121 122 120
|'_I’orque (pound-feet) 68 106 103 114 127 112
Power-to-weight-ratio (Ib./hp) 25.7 21.8 224 20.3 23.3 211

I I I
IIHS Frontal Offset GOOD GOOD GOOD GOOD GOOD GOOD

M @ @
Honda Kia Mitsubishi Scion Subaru Volkswagen Ford
Civic Sedan Forte Sedan Lancer xB Impreza Hatchback Jetta Focus Hatchback Insight

4495. 7774 4521 178.0 4572, 780.0 7241, 67.0 414.5 738 7627 182.2 43586 1716 7368, 1720

1752.6 | 69. 1778. 70.0 17526 | 69.0 1752, 69.0 739.9 68.5 1778. 70.0 1823.7 71.8 1701 67.0

1435. 56. 1460. 57.5 1491.1 58.7 16104 | 63.4 475.7 58.1 1452. 57.2 1465.6 57.7 1427, 56.2

2692 106. 2641 104.0 2641 104.0 2590. 102.0 618.7 103.1 2651 104.4 2649.2 104.3 2550. 100.4
Front Track 1498.6 59.0 1557.0 61.3 1530.0 60.2 1524.0 60.0 1496.1 58.9 1541.8 60.7 1554.5 61.2 1491.0 58.7
Rear Track 1529.1 60.2 1564.6 61.6 1530.0 60.2 1518.9 59.8 1496.1 58.9 1539.2 60.6 15443 60.8 14757 58.1

mm’ in” mm’ in” 'mm’ in” 'mm’ in” mm’ in” 'mm’ in” mm’ in’ mm’ in”
INHTSA Footprint 4,075,862.8 6317.6 4,123,088.5 6390.8 4,041,648.0 62646 ]3,941,798.6| 6109.8 3.917,792.2 6072.6 |4,085062.8] 6331.9 |4,104,701.5[ 6362.3 3,782,805.3 5863.4
INHTSA Footprint (t}) 43.87 44.38 43.50 42.43 4217 43.97 4418 40.72
[Shadow (ft’) 84.81 86.53 86.25 80.02 82.68 88.57 85.56 80.03
[Volume (ft3 319.23 32843 332.84 367.65 345.74 332.04 357.36 322.53
Density (Ibs./ft3) 8.62 854 925 8.46 9.06 8.44 8.17 8.44
[Weight (Ibs.) 27510 2805.0 3080.0 3109.0 3133.0 28040 29200 27210
Engine Type NA -4 NA -4 NA I-4 NA I-4 NA H-4 NA I-4 NA -4 Hybrid, 1-4
Engine Displacement (liters) 18 2.0 2. 24 X 2.0 2.0 13
Power ) 140 156 4 158 7 115 160 98
[Torque (pound-feet) 128 144 4 162 7 125 146 123
Power-to-weight-ratio (Ib./hp) 19.7 18.0 20.8 19.7 18.4 244 18.3 27.8

I I H I I I I

IHS Frontal Offset GOOD GOOD GOOD GOOD GOOD GOOD GOOD (2011) GOOD

P = 2

B0

Hyundai Mazda 3 Nissan Toyota Chevrolet Dodge Toyota
Elantra Sedan Versa Prius Cruze Caliber Corolla
4528. 178.3 4597.4 181.0 4292. 169.0 4470.4 176.0 4597.4 181.0 4419, 174.0 4554. 179.3
1775. 69.9 752.6 69.0 701 67.0 1752.6 69.0 795.8 70.7 1752. 69.0 762. 69.4
1435. 56.5 470.7 57.9 534. 60.4 1491.0 58.7 475.7 58.1 1534. 60.4 465. 57.7
2700.! 106.3 2641.6 104.0 2590. 102.0 2692.4 106.0 2684.8 105.7 2641.1 104.0 601.0 102.4
1541.8 61.5 1534.2 60.4 1480.8 58.3 1513.8 59.6 1491.0 60.7 1498.6 59.0 1516.4 59.7
1541.8 62.0 1518.9 59.8 1485.9 58.5 1508.8 59.4 1475.7 61.3 1498.6 59.0 1521.5 59.9
mm’ in” mm’ in’ mm’ in’ mm’ in’ mm’ in” mm’ in” mm” in’
INHTSA Footprint 4,162,836.8) 6564.0 4,032,508.1 6250.4 3,843,089.1] 5956.8 |4,069,024.1] 6307.0 |3,982,4953| 6447.7 |3958,701.8) 6136.0 |3,950,650.2| 6123.5
INHTSA Footprint ft) 45.58 434 4137 43.80 44.78 42.61 42.52
[Shadow (ft’) 86.55 86.73 78.63 84.33 88.87 83.38 86.41
Volume (ft3) 325.23 329.46 343.22 357.57 340.76 363.10 375.30
Density (lbs./ft3) 8.90 9.62 8.02 8.57 9.10 8.46 7.46
Weight (Ibs.) 2895.0 3170.0 2751.0 3064.0 3102.0 3073.0 2800.0
Engine Type NA I-4 NA I-4 NA I-4 Hybrid, I-4 NA I-4 NA -4 NA I-4
Engine Displacement (liters) 1.8 2. 1.8 1.8 1.8 .4 1.8
Power (horsepower) 14 4 122 134 138 72 132
Torque (pound-feet) 13 35 127 105 123 65 128
Power-to-weight-ratio (Ib./hp 19.6 214 225 229 225 17.9 212
[ [ |
Im Frontal Offset GOOD (2010) GOOD GOOD GOOoD GOOD GOOD GOOD
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MIDSIZE MODERATE CARS
e EN e = - . - 4
e o' | 9" ® > o o @

Chevrolet Dodge Ford Hyundai Toyota Honda
Malibu Avenger Fusion Sonata Camry Accord Sedan
Length 4871.7 191.8 4851.4 191.0 4826.0 190.0 4826.0 190.0 4800.6 189.0 4927.6 194.0
Width 1778.0 70.0 1854.2 73.0 1828.8 72.0 1828.8 72.0 1828.8 72.0 1854.2 73.0
Height 1447.8 57.0 1496.1 58.9 1445.3 56.9 1470.7 57.9 1470.7 57.9 1475.7 58.1
W\ 2844.8 112.0 2768.6 109.0 2717.8 107.0 2794.0 110.0 2768.6 109.0 2794.0 110.0
Front Track 1513.8 59.6 1569.7 61.8 1567.2 61.7 1587.5 62.5 1574.8 62.0 1590.0 62.6
Rear Track 1524.0 60.0 1569.2 61.8 1557.0 61.3 1587.5 62.5 1564.6 61.6 1590.0 62.6
mm’ in’ mm’ mf mm’ in’ mm’ in’ mm’ in mm’ in’
NHTSA Footprint 4,321,023.6] 6697.6 4,345,207.0 6735.1 4,245475.4] 6580.5 |4,435475.0 6875.0 |4,345926.8| 6736.2 |4,442,571.8] 6886.0
NHTSA Footprint (ft*) 46.51 46.77 45.70 47.74 46.78 47.82
(f) 93.24 96.83 95.00 95.00 94.50 98.35
Volume (ft3) 350.74 373.24 352.07 361.88 359.46 373.08
Density (Ibs./ft3 9.24 8.88 9.61 9.14 9.19 9.08
Specific Density
Weight (Ibs.) 3242.0 3314.0 3384.0 3309.0 3303.0 3386.0
Engine Type NA I-4 NA I-4 NA I-4 NA I-4 NA -4 NA I-4
Engine Di (liters) 24 24 25 24 25 24
Power (horsepower) 169 173 175 198 169 177
Torque (pound-feet) 160 166 172 184 167 161
Power-to-weight-ratio (Ib./hp) 19.2 19.2 19.3 16.7 19.5 19.1
| | |
IIHS Frontal Offset GOOD GOOD GOOD GOOD GOOD GOOD

io=—"—p® e o
Audi Mercedes Lexus Acura BMW
A4 C-Class HS 250h TL 3-Series
mm in mm in mm in mm in mm in
Length 4699.0 185.0 4622.8 182.0 4699.0 185.0 4953.0 195.0 4521.2 178.0
Width 1828.8 72.0 1778.0 70.0 1778.0 70.0 1879.6 74.0 1828.8 72.0
Height 1427.5 56.2 1445.3 56.9 1506.2 59.3 1452.9 57.2 1419.9 55.9
Wheelbase 2809.2 110.6 2768.6 109.0 2700.0 106.3 2768.6 109.0 2768.6 109.0
Front Track 1564.6 61.6 1541.8 60.7 1534.2 60.4 1606.0 63.2 1501.1 59.1
Rear Track 1551.9 61.1 1544.3 60.8 1529.1 60.2 1620.0 63.8 1513.8 59.6
NHTSA Footprint 4,377,610.6] 6785.3 4,272,088.2 6621.8 4,135,404.6] 6409.9 ]4,465751.8| 69219 |4,173,636.8| 6469.2
NHTSA Footprint (ft%) 47.12 45.98 44.51 48.07 44.92
Shadow (ft%) 92.50 88.47 89.93 100.21 89.00
Volume (ft3) 346.10 335.37 349.88 372.33 334.24
Density (Ibs./ft3) 10.36 9.86 10.56 10.02 10.06
Specific Density (unitless)
Weight (lbs.) 3587.0 3307.0 3695.0 3730.0 3362.0
Engine Type Turbo 1-4 NA V-6 Hybrid, 1-4 NA V-6 NA I-6
Engine Displacement (liters) 2.0 3.0 24 3.5 3.0
Power (horsepower) 211 228 187 280 230
Torque (pound-feet) 258 221 138 254 200
Power-to-weight-ratio (Ib./hp) 17.0 14.5 19.8 13.3 14.6
WHS Frontal Offset GOOD GOOD GOOD GOOD GOOD




AJ L UV LOTUS ARB LWV PROGRAM

LARGE FAMILY CARS
Py == - LB, | —
o @ oo N ) ‘
Buick Ford Toyota Chevrolet Dodge
LaCrosse Taurus Avalon Impala Charger
Length 5003.8 197.0 5156.2 203.0 5003.8 197.0 5080.0 200.0 5077.5 199.9
Width 1854.2 73.0 19304 76.0 1854.2 73.0 1854.2 73.0 1905.0 75.0
Height 1503.7 59.2 1541.8 60.7 1485.9 58.5 1491.0 58.7 1483.4 58.4
Wheelbase 2844.8 112.0 2867.7 112.9 2819.4 111.0 2819.4 111.0 3053.1 120.2
Front Track 1567.2 61.7 1658.6 65.3 1579.9 62.2 1585.0 62.4 1610.4 63.4
Rear Track 1574.8 62.0 1663.7 65.5 1564.6 61.6 1562.1 61.5 1620.5 63.8
mm® mf mm® in’ mm’ mf mm’ mf mm® in’
NHTSA Footprint 4,469,152.4| 6927.2 4,763,642.1 7383.7 4,432,829.8| 6870.9 14,436,410.5| 6876.5 |4,932,067.6| 7644.7
NHTSA Footprint (ft%) 48.11 51.28 47.711 47.75 53.09
Shadow (ft%) 99.87 107.14 99.87 101.39 104.11
Volume (ft3) 386.39 421.68 380.59 385.61 405.68
Density (lbs./ft3) 10.15 10.09 9.43 9.30 9.76
Specific Density (unitless)
Weight (lbs.) 3922.0 4253.0 3589.0 3585.0 3961.0
Engine Type NA I-4 NA V-6 NA V-6 NA V-6 NA V-6
Engine Displacement (liters) 24 3.5 3.5 3.5 3.6
Power (horsepower) 182 263 268 211 292
Torque (pound-feet) 172 249 248 216 260
Power-to-weight-ratio (Ib./hp) 21.5 16.2 13.4 17.0 13.6
WHS Frontal Offset GOOD GOOD GOOD GOOD GOOD
LARGE LUXURY CARS
ol ey | e ot | wi
oo | o= o o | o="0"
BMW Cadillac Hyundai Infiniti Lincoln Mercedes Lexus
5-Series CTs Genesis M37/M56 MKS E-Class GS
Length 4904.7 1931 4876. 192.0 4978.4 196.0 4953. 195.0 181 204.0 4876.8 192.0 4843. 190.7
1859.3 732 1854. 73.0 1879.6 74.0 1854 73.0 930.4 76.0 1854.2 73.0 1821. 717
1463.0 57.6 1419. 55.9 1475.7 58.1 1501. 591 564. 61.6 1470.7 57.9 1424 56.1
2969.3 116.9 2870. 113.0 2946.4 116.0 2895. 114.0 870. 113.0 2870.2 113.0 2849 112.2
Front Track 16002 63.0 1569.7 61.8 1620.5 63.8 1574.8 62.0 1648.5 64.9 1600.2 63.0 1534.2 604
Rear Track 1628.1 64.1 1597.7 62.9 1635.8 64.4 1574.8 62.0 1653.5 65.1 1618.0 63.7 1539.2 60.6
mm’ in’ mm’ in’ mm’ i | mm? | in’ mm’ in’ mm’ in’ mm’ in’
NHTSA Footprint 4.792,890.4] 74290 | 4545507.0 | 70456 |4.797,151.7] 74356 |4,559,990.9] 7068.0 |4.738,700.2] 73450 |4.618,410.1] 7158.6 |4.379.410.6] 6788.1
NHTSA Footprint (ft?) 51.59 48.93 51.64 49.08 51.01 49.71 47.14
Shadow (ft®) 98.16 97.33 100.72 98.85 107.67 97.33 94.95
[Volume (ft3) 378.20 360.13 388.14 385.74 429.42 373.02 352.54

10.08

-6
.0 5
Power (horsepower) 241 270 290 330 273 268 303
Torque (pound-feet) 23 223 264 270 270 258 274
Power-to-weight-ratio (Ib./hp 1_5[.9 14.8 13.3 121 15.2 14.1 122
[ | | [
'm Frontal Offset GOOD GOOD GOOD GOoD GOOD GOOD GOOD




ENGINEERING

LOTUS ARB LWV PROGRAM

ﬁ - P = 5
@ & a
Honda Hyundai Jeep Volkswagen Toyota
Element Tuscon Patriot Tiguan RAV4
Length 4292.6 169.0 4394.2 173.0 4419.6 174.0 4419.6 174.0 4620.3 181.9
Width 1828.8 72.0 1828.8 72.0 1752.6 69.0 1803.4 71.0 1816.1 71.5
Height 1788.2 70.4 1656.1 65.2 1668.8 65.7 1684.0 66.3 1684.0 66.3
Wheelbase 2565.4 101.0 2641.6 104.0 2641.6 104.0 2616.2 103.0 2659.4 104.7
Front Track 1577.3 62.1 1585.0 62.4 1518.9 59.8 1569.7 61.8 1559.6 61.4
Rear Track 1582.4 62.3 1585.0 62.4 1518.9 59.8 1572.3 61.9 1559.6 61.4
mm’ in’ mm’ in’ mm’ in® mm’ in® mm’ in’
NHTSA Footprint 4,053,024.2| 6282.2 4,186,830.3 6489.6 4,012,379.1| 6219.2 14,110,024.0f 6370.6 | 4,147,462.7| 6428.6
NHTSA Footprint (ft%) 43.63 45.07 43.19 44.24 44.64
Shadow (ft%) 84.50 86.50 83.38 85.79 90.32
Volume (ft3) 428.91 407.19 394.96 409.21 428.06
Density (Ibs./ft3) 8.15 8.24 8.65 9.07 8.67
Specific Density (unitless) m
Weight (lbs.) 3494.0 3357.0 3415.0 3713.0 3713.0
Engine Type NA I-4 NA I-4 NA I-4 Turbo I-4 NA I-4
Engine Displ 1t (liters) 24 2.0 2 2.0 2.5
Power (horsepower) 166 165 158 200 179
Torque (pound-feet) 161 146 141 207 172
Power-to-weight-ratio (Ib./hp) 21.0 20.3 21.6 18.6 20.7
WHS Frontal Offset GOOD GOOD GOOD GOOD GOOD

MIDSIZE SUV UNIBODY

&
Chevrolet Dodge Ford Subaru Toyota Jeep
Equinox Journey Explorer Tribeca Venza Grand Cherokee
mm in mm in mm in mm in mm in mm in
Length 4775.2 188.0 4876.8 192.0 5006.3 1971 4826.0 190.0 4800.6 189.0 4826.0 190.0
W\lidth 1828.8 72.0 1828.8 72.0 2004.1 78.9 1879.6 74.0 1905.0 75.0 1930.4 76.0
Height 1684.0 66.3 1691.6 66.6 1788.2 70.4 1686.6 66.4 1610.4 63.4 1729.7 68.1
Wheelb 2844.8 112.0 2895.6 114.0 2860.0 1126 2743.2 108.0 2768.6 109.0 2921.0 115.0
Eront Track 1587.5 62.5 1569.7 61.8 1701.8 67.0 1579.9 62.2 1630.7 64.2 1623.1 63.9
Rear Track 1569.7 61.8 1582.4 62.3 1701.8 67.0 1577.3 62.1 1635.8 64.4 1628.1 64.1
mm’ in’ mm’ in’ mm’ in’ mm’ in’ mm’ in’ mm’ in’
NHTSA Footprint 4,490,829.7] 6960.8 4,563,668.3 7073.7 4,867,216.1 7544.2 ]4,330,443.0| 6712.2 4,521,732.9 7008.7 |4,748,377.6| 7360.0
NHTSA Footprint (ft%) 48.34 49.12 52.39 46.61 48.67 51.11
Shadow (ft%) 94.00 96.00 107.99 97.64 98.44 100.28
Volume (ft3) 449.02 460.29 542.57 462.16 446.33 493.82
Density (Ibs./ft3) 9.33 9.32 8.31 9.00 9.16 9.49
R e e e
Meight (Ibs.) 4189.0 4292.0 4509.0 4158.0 4090.0 4687.0
Engine Type NA -4 NA -4 NA V-6 NA H-6 NA -4 NA V-6
Engine Di (liters) 24 24 3.5 3.6 2.7 3.6
Power (horsepower) 182 173 283 256 182 290
Torque (pound-feet) 172 166 252 247 182 260
Power-to-weight-ratio (Ib./h 23.0 248 15.9 16.2 225 16.2
| [ [

IIHS Frontal Offset GOOD GOOD GOOD GOOD GOOD GOOD
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MIDSIZE LUXURY SUVs

" LB = ‘/:i N
Audi Cadillac
Q5 SRX

mm in mm in mm in mm in mm in
Length 4622.8 182.0 4826.0 190.0 4775.2 188.0 4800.6 189.0 4851.4 191.0
Width 1879.6 74.0 1905.0 75.0 1879.6 74.0 1905.0 75.0 1930.4 76.0
Height 1653.5 65.1 1668.8 65.7 1719.6 67.7 1783.1 70.2 1775.5 69.9
Wheelbase 2819.4 111.0 2819.4 111.0 2743.2 108.0 2844.8 112.0 2921.0 115.0
Front Track 1618.0 63.7 1620.5 63.8 1630.7 64.2 1633.2 64.3 1643.4 64.7
Rear Track 1612.9 63.5 1610.4 63.4 1620.5 63.8 1623.1 63.9 1651.0 65.0

mm’ in’ mm’ in’ mm’ in® mm’ in® mm’ in’
NHTSA Footprint 4,554,571.5] 7059.6 4,554,571.5 7059.6 4,459,345.9] 6912.0 ]4,631,732.7| 7179.2 |4,811,442.0| 7457.8
NHTSA Footprint (ﬂz) 49.03 49.03 48.00 49.86 51.79
Shadow (ft%) 93.53 98.96 96.61 98.44 100.81
Volume (ft3) 441.08 466.33 467.35 497.27 508.92
Density (Ibs./ft3) 9.70 9.68 9.40 9.28 9.75
Specific Density (unitless)
Weight (lbs.) 4277.0 4513.0 4392.0 4617.0 4960.0
Engine Type Turbo I-4 NA V-6 NA V-6 NA I-6 Turbo I-6
Engine Displ 1t (liters) 2 3.0 3.5 3.2 3.0
Power (horsepower) 211 265 275 240 300
Torque (pound-feet) 258 223 257 236 300
Power-to-weight-ratio (Ib./hp) 20.3 17.0 16.0 19.2 16.5
[IHS Frontal Offset GOOD GOOD GOOD GOOD GOOD

LARGE SUVs - UNIBODY

Audi Chevrolet Ford GMC Mercedes Ford
Q7 Tahoe Expedition Acadia R-Class Flex
mm in mm in mm in mm in mm in mm in
Length 5080.0 200.0 5649.0 202.0 52451 206.5 5105.4 201.0 5156.2 203.0 5130.8 202.0
Width 1981.2 78.0 2009.1 79.0 2001.5 78.8 1981.2 78.0 1930.4 76.0 2032.0 80.0
Height 1737.4 68.4 1950.7 76.9 1960.9 77.2 1775.5 69.9 1922.8 75.7 1727.2 68.0
Wheelbase 2997.2 118.0 3302.0 116.0 3022.6 119.0 3022.6 119.0 3225.8 127.0 2997.2 118.0

|Eront Track 1651.0 65.0 1724.7 67.9 1704.3 67.1 1704.3 67.1 1663.7 65.5 1661.2 65.4

Rear Track 1676.4 66.0 17551 69.1 1704.3 67.1 1704.3 67.1 1658.6 65.3 1661.2 65.4
mm? in® mm? in® mm? in® mm? in® mm’ in® mm? in? |

NHTSA Footprint 4,986,441.6] 7729.0 |5,745,149.8 8905.0 5,151,538.1 7984.9  5,151,538.1 7984.9 5,358,569.9 8305.8 |4,978,828.8| 7717.2

NHTSA Footprint (ft’) 53.67 61.84 55.45 55.45 57.68 53.59

Shadow (ft?) 108.33 110.82 113.00 108.88 107.14 112.22

Volume (ft3) 532.69 608.88 623.78 547.52 591.10 547.34

Density (Ibs./ft3) 9.66 9.34 9.37 8.87 8.76 8.72

Specific Density (unitl:

Meight (Ibs.) 5148.0 5684.0 5847.0 | 4857.0 5176.0 4773.0
Engine Type Supercharged V-6 NA V-8 NA V-8 NA V-6 NA V-6 NA V-6
Engine Di (liters) 3.0 5.3 5.4 3.6 3.5 3.5
Power (horsepower) 272 20 310 288 268 262
Torque (pound-feet) 295 35 365 270 258 248
Power-to-weight-ratio (Ib./h 18.9 17.8 18.9 16.9 19.3 18.2

I | I [
IIHS Frontal Offset GOOD UNTESTED UNTESTED | GOOD GOOD GOOD
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MINIVANS
Toyota Dodge Honda Kia
Sienna Grand Caravan Odyssey Sedona
Length 5085.1 200.2 5156.2 203.0 5153.7 202.9 5130.8 202.0
Width 1983.7 78.1 1955.8 77.0 2011.7 79.2 1981.2 78.0
Height 1765.3 69.5 1750.1 68.9 1737.4 68.4 1760.2 69.3
Wheelbase 3030.2 119.3 3073.4 121.0 2999.7 118.1 3022.6 119.0
Front Track 1719.6 67.7 1663.7 65.5 1729.7 68.1 1684.0 66.3
Rear Track 1719.6 67.7 1645.9 64.8 1732.3 68.2 1684.0 66.3
mm? in? mm? in’ mm? in’ mm? in’
NHTSA Footprint 5,210,705.7| 8076.6 5,085,893.1 7883.2 5,192,579.9| 8048.5 |]5,090,118.9| 7889.7
NHTSA Footprint (ft?) 56.09 54.74 55.89 54.79
Shadow (ftz) 108.58 108.55 111.60 109.42
Volume (ft3) 543.73 538.91 547.03 544.90
Density (Ibs./ft3) 7.99 8.27 8.07 8.36
Specific Density (unitless)
Weight (Ibs.) 4342.0 4456.0 4412.0 4555.0
Engine Type NA I-4 NA V-6 NA V-6 NA V-6
Engine Displacement (liters) 2.7 3.6 3.5 3.5
Power (horsepower) 187 283 248 271
Torque (pound-feet) 186 260 250 248
Power-to-weight-ratio (Ib./hp) 23.2 15.7 17.8 16.8
I I I I
1IHS Frontal Offset GOOD GOOD GOOD GOOD
SMALL TRUCKS BODY ON FRAME UNIBODY
vy | e
_. = 2 P
Nissan Toyota Ford Ram Chevrolet Honda
Frontier Tacoma Ranger - Ext.Cab Dakota Crew-cab Colorado - Ext.-cab Ridgeline
mm in mm in mm in mm in mm in mm in
Length 5232.4 206.0 5613.4 221.0 5156.2 203.0 5562.6 219.0 5257.8 207.0 5257.8 207.0
Width 1854.2 73.0 1905.0 75.0 1752.6 69.0 1879.6 74.0 1752.6 69.0 1976.1 77.8
Height 1745.0 68.7 1671.3 65.8 1719.6 67.7 17424 686 16485 64.9 1785.6 70.3
''''' 32004 126.0 35814 141.0 3200.4 126.0 33274 131.0 32004 126.0 3098.8 122.0
|Eront Track 1569.7 61.8 1549.4 61.0 1485.9 58.5 1595.1 62.8 1460.5 57.5 1704.3 67.1
Rear Track 1569.7 61.8 1549.4 61.0 1455.4 57.3 1597.7 62.9 1460.5 575 1699.3 66.9
mm* in® | mm in® mm: | inf | mm® | it | mm® [ inf | mm® [ i
NHTSA Footprint 5,023,7319] 7786.8 | 5549,021.2 8601.0 [4,706,700.3| 72954 |5311,828.1| 82334 | 4,674,184.2| 72450 |5,273,537.8] 8174.0
NHTSA Footprint (ft’) 54.08 59.73 50.66 57.18 50.31 56.76
Shadow (ft) 104.43 115.10 97.27 112.54 99.19 111.84
Volume (ft3) 396.16 421.96 362.92 429.64 355.68 434.41
Density (Ibs./ft3 10.66 9.37 9.76 1017 10.21 10.37
Specific Density
Weight (Ibs.) 4222.0 3953.0 | 3541.0 4370.0 3631.0 4504.0
Engine Type NA 14 NA 14 NA 14 NA V-6 NA 14 NA V-6
Engine Displ (liters) 25 27 2.3 3.7 2.9 35
Power (horsepower) 152 159 143 210 185 250
Torque (pound-feet) 171 180 154 235 190 247
Power-to-weight-ratio (Ib./hp) 27.8 24.9 24.8 20.8 19.6 18.0
| | | I I
THS Frontal Offset GOOD GOOD ACCEPTABLE GOOD GOOD GOOD
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FULLSIZE TRUCKS
Length 5763.3 226.9 5809.0 228.7 5887.7 231.8 5704.8 224.6 5847.1 230.2
Width 2016.8 79.4 2029.5 79.9 2011.7 79.2 2019.3 79.5 2029.5 79.9
Height 1861.8 73.3 1920.2 75.6 1930.4 76.0 1945.6 76.6 18771 73.9
Wheelbase 3568.7 140.5 3700.8 145.7 3670.3 144.5 3550.9 139.8 3644.9 143.5
Front Track 1727.2 68.0 1724.7 67.9 1701.8 67.0 1724.7 67.9 1729.7 68.1
Rear Track 1714.5 67.5 1724.7 67.9 1701.8 67.0 1724.7 67.9 1701.8 67.0
mm’ in’ mm® in® mm’ in® mm’ in® mm’ in
NHTSA Footprint 6,141,197.4] 95189 6,382,587.2 9893.0 6,246,116.5| 9681.5 ]6,124,129.7| 9492.4 ]6,253,810.1| 9693.4
NHTSA Footprint (ftz) 66.10 68.70 67.23 65.92 67.32
Shadow (ft%) 125.11 126.90 127.49 124.00 127.73
Volume (ft3) 512.54 536.67 542.88 530.21 528.44
Density (Ibs./ft3) 9.13 9.78 8.83 9.41 9.28
Specific Density (unitless)
Weight (lbs.) 4677.0 5250.0 4795.0 4987.0 4904.0
Engine Type NA V-6 NA V-6 NA V-6 NA V-8 NA V-6
Engine Displacement (liters) 3.7 4.0 3.7 5.6 4.3
Power (horsepower) 210 270 302 317 195
Torque (pound-feet) 235 278 278 385 260
Power-to-weight-ratio (Ib./hp) 22.3 19.4 15.9 15.7 25.1
|
IIHS Frontal Offset GOOD GOOD GOOD GOOD GOOD

Figure B.a below shows that the vehicle data collected for this analysis falls within the
data range collected independently by the IIHS. The data used for this analysis is
displayed in red while the IIHS’ data is displayed in grey and blue.

Curb weight vs. shadow, by make and series
Model year 2008 cars and minivans (r’= 0.70)

curb weight (Ibs)
7,400
6,400 L d
>
oo *
5,400
4,400 ..
3,400
2,400
“
1,400
40 60 80 100 120 140 160

shadow (sq ft)

s S TR~ "}
Figure B.a: IIHS and Lotus vehicle data, curb weight as a function of shadow
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7.3. Appendix C: 2009 Toyota Venza and Phase 2 HD Piece
Costs

Table C.a below shows the piece costs of the Toyota Venza per Intellicosting.

Table C.a: Toyota Venza piece costs
| | Material($) | Direct($) | Variable(S) | Fixed ($) | SG&A (S) | Profit (S) | Total Cost ($)
2: BIW - Panel
Roof (Item #46)
$30.169 $0.352 $1.295 $1.126 $1.647 $2.635 $37.906

5: BIW - BIW - Panel - Panel
Rear End, Outer (Item #20)
$9.160 $0.169 $0.647 $0.658 $0.532 $0.851 $12.223

6: BIW - BIW - Panel - Bracket
Mounting, Rear Bumper Cover, Lower, Lh (Item #143)
$0.292 $0.023 $0.060 $0.044 $0.021 $0.034 $0.481

7: BIW - BIW - Panel - Bracket
Mounting, Rear Bumper Cover, Lower, Rh (Item #143)
$0.292 $0.023 $0.060 $0.044 $0.021 $0.034 $0.481

8: BIW - BIW - Panel - Bracket

Mounting, Rear Bumper Cover, Upper, Lh (Iltem #144)
$0.190 $0.015 $0.041 $0.030 $0.014 $0.022 $0.317

9: BIW - BIW - Panel - Bracket
Mounting, Rear Bumper Cover, Upper, Rh (Item #144)
$0.190 $0.015 $0.041 $0.030 $0.014 $0.022 $0.317

11: BIW - BIW - Panel - Support - Support
Crash, Low Speed, Rear, Inboard, Lh (Iltem # 26a)

$1.568 $0.109 $0.219 $0.084 $0.099 $0.159 $2.273

13: BIW - BIW - Panel - Support - Support - Support
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Crash, Low Speed, Rear, Outboard, Lh (Item # 26b)
$1.468 $0.109 $0.219 $0.084 $0.094 $0.151 $2.158

17: BIW - BIW - Panel - Support - Support
Crash, Low Speed, Rear, Inboard, Rh (Item # 26a)
$1.568 $0.109 $0.219 $0.084 $0.099 $0.159 $2.273

19: BIW - BIW - Panel - Support - Support - Support
Crash, Low Speed, Rear, Outboard, Rh (Item # 26b)
$1.468 $0.109 $0.219 $S0.084 $0.094 $0.151 $2.158

24: BIW - BIW - BIW - Header - Panel
Header, Front, Upper (Item #47)
$1.412 $0.083 $0.166 $0.091 $0.088 $0.140 $2.015

25: BIW - BIW - BIW - Header - Panel
Header, Front, Lower (Item #48)
$1.554 $0.087 $0.175 $0.097 $0.096 $0.153 $2.199

27: BIW - BIW - BIW - Header - Panel - Panel
Extension, Header, Front, Lower, Lh (Item #157)
$0.658 $0.029 $0.069 $0.047 $0.040 $0.064 $0.924

30: BIW - BIW - BIW - Header - Panel - Panel
Extension, Header, Front, Lower, Rh (Item #157)
$S0.658 $0.029 $0.069 $0.047 $0.040 $0.064 $0.924

32: BIW - BIW - BIW - Header - Bracket
Overhead Console Mounting (Item #171)
$0.567 $0.078 $0.165 $0.096 $0.045 $0.073 $1.040

34: BIW - BIW - BIW - Bow - Bow
Roof, "B" Pillar, Lower (ltem #50)

$7.846 $0.093 $0.200 $0.125 $0.413 $0.661 $9.518

35: BIW - BIW - BIW - Bow - Bow
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Roof, "B" Pillar, Upper (Item #51)
$2.594 $0.083 $0.166 $0.091 $0.147 $0.235 $3.376

37: BIW - BIW - BIW - Bow - Bow
Roof, #1 (Item #52)
$1.203 $0.093 $0.187 $0.104 $0.079 $0.127 $1.824

39: BIW - BIW - BIW - Bow
Roof, #2 (Item #53)
$0.804 $0.093 $0.187 $0.104 $0.059 $0.095 $1.364

40: BIW - BIW - BIW - Bow
Roof, #3 (Item #54)
$1.774 $0.093 $0.187 $0.104 $0.108 $0.173 $2.482

41: BIW - BIW - BIW - Bow
Roof, #4 (Iltem #55)
$0.779 $0.093 $0.187 $0.104 $0.058 $0.093 $1.335

43: BIW - BIW - BIW - Header - Panel
Extension, Header, Center, Lower, Liftgate Opening, Lh (Item #147)
$3.968 $0.104 $0.370 $0.366 $0.240 $0.385 $5.523

44: BIW - BIW - BIW - Header - Panel
Header, Center, Lower, Liftgate Opening (Item #146)
$1.737 $0.056 $0.153 $0.123 $0.103 $0.165 $2.380

45: BIW - BIW - BIW - Header - Panel
Extension, Header, Center, Lower, Liftgate Opening, Rh (Item #147)
$3.968 $0.104 $0.370 $0.366 $0.240 $0.385 $5.523

47: BIW - BIW - BIW - Header - Panel - Panel
Header, Rear, Upper (Iltem #49)
$2.044 $0.093 $0.187 $0.104 $0.121 $0.194 $2.793

51: BIW - BIW - BIW - BIW - Bodyside - Panel
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Bodyside, Outer, Lh (Item #27)
$45.293 $0.590 $2.331 $2.199 $2.521 $4.033 $58.001

52: BIW - BIW - BIW - BIW - Bodyside - Panel
"A" Pillar, Inner, Upper, Lh (Item #28)
$4.757 $0.087 $0.324 $0.334 $0.275 $0.440 $6.324

53: BIW - BIW - BIW - BIW - Bodyside - Reinforcement
"A" Pillar, Lh (Item #30)
$20.061 $0.121 $0.513 $0.536 $1.062 $1.699 $24.446

54: BIW - BIW - BIW - BIW - Bodyside - Panel
"B" Pillar, Inner, Lh (ltem #31)
$10.175 $0.132 $0.585 $0.650 $0.577 $0.923 $13.273

55: BIW - BIW - BIW - BIW - Bodyside - Reinforcement
"B" Pillar, Lh (Item #32)
$13.915 $0.204 $0.560 $0.384 $0.753 $1.205 $17.336

56: BIW - BIW - BIW - BIW - Bodyside - Panel
Hinge Mounting, Rear Door, Lh (Item #33)(Hidden)
$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

57: BIW - BIW - BIW - BIW - Bodyside - Reinforcement
Striker, Front Door, Lh (Item #34)(Hidden)
$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

58: BIW - BIW - BIW - BIW - Bodyside - Panel
"C" Pillar, Inner, Upper, Lh (Item #35)
$1.818 $0.088 $0.328 $0.336 $0.128 $0.206 $2.946

59: BIW - BIW - BIW - BIW - Bodyside - Reinforcement
Striker, Rear Door, Lh (Item #37)(Hidden)
$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

60: BIW - BIW - BIW - BIW - Bodyside - Panel
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Rear Quarter, Upper, Inner, Lh (Item #40)
$3.009 $0.098 S0.344 $0.336 $0.189 $0.303 S4.347

62: BIW - BIW - BIW - BIW - Bodyside - Panel - Panel
Rear Wheelhouse, Inner, Lh (Item #41)
$12.198 $0.173 $0.531 $0.459 $0.669 $1.069 $15.375

63: BIW - BIW - BIW - BIW - Bodyside - Panel - Bracket
Mounting, Rear Shock Tower, Upper, Lh (ltem #18)
$3.224 $0.095 $0.195 $0.086 $0.180 $0.288 $4.141

64: BIW - BIW - BIW - BIW - Bodyside - Panel - Reinforcement
Shock Tower, Rear, Upper, Lh (Item #44)
$2.333 $0.045 $0.095 $0.058 $0.127 $0.203 $2.914

65: BIW - BIW - BIW - BIW - Bodyside - Panel
Rear Wheelhouse, Outer, Lh (Item #42)
$12.801 $0.230 $0.581 $0.388 $0.700 $1.120 $16.111

66: BIW - BIW - BIW - BIW - Bodyside - Panel
Rear Wheelhouse, Front, Closeout, Lh (Item #43)
$0.439 $0.036 $0.080 $0.052 $0.030 $0.049 $0.696

68: BIW - BIW - BIW - BIW - Bodyside - Panel - Panel
Roof Rail, Inner, Lh (Item #56)
$7.553 $0.102 $0.363 $0.360 $0.419 $0.670 $9.638

69: BIW - BIW - BIW - BIW - Bodyside - Panel - Bracket
Mounting, Grab Handle (4 reqd.)(Sm. Part Batch)
$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

72: BIW - BIW - BIW - BIW - Bodyside - Reinforcement
Roof Rail, Lh (Item #45)
$11.576 $0.105 $0.372 $0.366 $0.621 $0.994 $14.296

73: BIW - BIW - BIW - BIW - Bodyside - Housing
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Lamp, Rear, Lh (Item #38)
$1.087 $0.098 $0.344 $0.336 $0.093 $0.149 $2.132

74: BIW - BIW - BIW - BIW - Bodyside - Panel
Closeout, Rear Wheelhouse, Lower, Rear, Lh (Item #138)
$0.195 $0.026 $0.056 $0.033 $0.016 $0.025 $0.356

75: BIW - BIW - BIW - BIW - Bodyside - Bracket
Side Exhaust Hanger (Iltem #139)
$0.323 $0.034 $0.082 $0.053 $0.025 $0.039 $0.565

76: BIW - BIW - BIW - BIW - Bodyside - Panel
Closeout, Sill Outer, Front, Lh (Item #140)
$0.499 $S0.084 $0.163 $0.050 $0.040 $0.064 $0.911

77: BIW - BIW - BIW - BIW - Bodyside - Panel
Sill, Outer, Lh (Item #141)
$6.591 $0.120 $0.410 $0.392 $0.376 $0.601 $8.639

78: BIW - BIW - BIW - BIW - Bodyside - Panel
Closeout, Sill, Outer, Rear, Lh (ltem #142)
$3.232 $0.075 $0.300 $0.316 $0.196 $0.314 $4.518

79: BIW - BIW - BIW - BIW - Bodyside - Panel
"D" Pillar, Inner, Upper, Lh (Iltem #148)
$2.979 $0.104 $0.370 $0.366 $0.191 $0.305 $4.383

80: BIW - BIW - BIW - BIW - Bodyside - Panel
"D" Pillar, Inner, Lower, Lh (Item #149)
$2.180 $0.082 $0.339 $0.360 $0.148 $0.237 $3.396

81: BIW - BIW - BIW - BIW - Bodyside - Bracket
Trim Attach, Rear Compartment, Lh (Item #150)
$0.515 $0.026 $0.070 $0.056 $0.033 $0.053 $0.767

82: BIW - BIW - BIW - BIW - Bodyside - Reinforcement
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Rear Wheelhouse, Inner, Front, Lh (Item #153)
$1.597 $0.093 $0.243 $0.163 $0.105 $0.168 $2.404

83: BIW - BIW - BIW - BIW - Bodyside - Panel
"C" Pillar, Inner, Mid, Lh (Item #154)
$0.773 $0.062 $0.131 $0.050 $0.051 $0.081 $1.166

84: BIW - BIW - BIW - BIW - Bodyside - Panel
Transition, "A" Pillar Inner Lower to "A" Pillar Inner Upper, Lh (Item #158)
$0.351 $0.018 $0.053 $0.043 $0.023 $0.037 $0.534

85: BIW - BIW - BIW - BIW - Bodyside - Bracket
Reinforcement, "A" Pillar, Lower, Lh (Item #159)
$0.875 $0.049 $0.119 $0.087 $0.057 $0.090 $1.299

86: BIW - BIW - BIW - BIW - Bodyside - Panel
Trough, Outer, Upper, Liftgate, Lh (Item #172)
$1.684 $0.092 $0.233 $0.160 $0.108 $0.173 $2.488

87: BIW - BIW - BIW - BIW - Bodyside - Panel
Trough, Outer, Lower, Liftgate, Lh (Item #173)
$0.984 $0.069 $0.175 $0.132 $0.068 $0.109 $1.559

89: BIW - BIW - BIW - BIW - Bodyside - Panel
Bodyside, Outer, Rh (Item #27)
$45.293 $0.590 $2.331 $2.199 $2.521 $4.033 $58.001

90: BIW - BIW - BIW - BIW - Bodyside - Panel
"A" Pillar, Inner, Upper, Rh (Item #28)
S4.757 $0.087 S0.324 S0.334 $0.275 $0.440 $6.324

91: BIW - BIW - BIW - BIW - Bodyside - Reinforcement
"A" Pillar, Rh (Item #30)
$20.061 $0.121 $0.513 $0.536 $1.062 $1.699 $24.446

92: BIW - BIW - BIW - BIW - Bodyside - Panel
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"B" Pillar, Inner, Rh (Item #31)

$10.175 $0.132 $0.585 $0.650

93: BIW - BIW - BIW - BIW - Bodyside - Reinforcement

$0.577

$0.923

$13.273

"B" Pillar, Rh (Item #32)

$13.915 $0.204 $0.560 $0.384

94: BIW - BIW - BIW - BIW - Bodyside - Panel

$0.753

$1.205

$17.336

Hinge Mounting, Rear Door, Rh (Item #33)(Hidden)

$0.000 $0.000 $0.000 $0.000

95: BIW - BIW - BIW - BIW - Bodyside - Reinforcement

$0.000

$0.000

$0.000

Striker, Front Door, Rh (Iltem #34)(Hidden)

$0.000 $0.000 $0.000 $0.000

96: BIW - BIW - BIW - BIW - Bodyside - Panel

$0.000

$0.000

$0.000

"C" Pillar, Inner, Upper, Rh (Item #35)

$1.818 $0.088 $0.328 $0.336

97: BIW - BIW - BIW - BIW - Bodyside - Reinforcement

$0.128

$0.206

$2.946

Striker, Rear Door, Rh (Item #37)(Hidden)

$0.000 $0.000 $0.000 $0.000

98: BIW - BIW - BIW - BIW - Bodyside - Panel

$0.000

$0.000

$0.000

Rear Quarter, Upper, Inner, Rh (Item #40)

$3.009 $0.098 $0.344 $0.336

100: BIW - BIW - BIW - BIW - Bodyside - Panel - Panel

$0.189

$0.303

$4.347

Rear Wheelhouse, Inner, Rh (Item #41)

$12.198 $0.173 $0.531 $0.459

101: BIW - BIW - BIW - BIW - Bodyside - Panel - Bracket

$0.669

$1.069

$15.375

Mounting, Rear Shock Tower, Upper, Rh (Item #18)

$3.224 $0.095 $0.195 $0.086

$0.180

$0.288

$4.141

102: BIW - BIW - BIW - BIW - Bodyside - Panel - Reinforcement
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Shock Tower, Rear, Upper, Rh (Item #44)
$2.333 $0.045 $0.095 $0.058 $0.127 $0.203 $2.914

103: BIW - BIW - BIW - BIW - Bodyside - Panel
Rear Wheelhouse, Outer, Rh (Item #42)
$12.801 $0.230 $0.581 $0.388 $0.700 $1.120 S16.111

104: BIW - BIW - BIW - BIW - Bodyside - Panel
Rear Wheelhouse, Front, Closeout, Rh (Item #43)
$S0.439 $S0.036 $S0.080 $0.052 $0.030 $0.049 $S0.696

106: BIW - BIW - BIW - BIW - Bodyside - Panel - Panel
Roof Rail, Inner, Rh (Item #56)
$7.553 $0.102 $0.363 $0.360 $0.419 $0.670 $9.638

107: BIW - BIW - BIW - BIW - Bodyside - Panel - Bracket
Mounting, Grab Handle (4 reqd.)(In Hidden)
$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

110: BIW - BIW - BIW - BIW - Bodyside - Reinforcement
Roof Rail, Rh (Item #45)
$11.576 $0.105 $0.372 $0.366 $0.621 $0.994 $14.296

111: BIW - BIW - BIW - BIW - Bodyside - Housing
Lamp, Rear, Rh (ltem #38)
$1.087 $0.098 $0.344 $0.336 $0.093 $0.149 $2.132

112: BIW - BIW - BIW - BIW - Bodyside - Panel
Closeout, Rear Wheelhouse, Lower, Rear, Rh (Item #138)
$0.195 $0.026 $0.056 $0.033 $0.016 $0.025 $0.356

113: BIW - BIW - BIW - BIW - Bodyside - Panel
Closeout, Sill Outer, Front, Rh (Item #140)

$0.499 $0.084 $0.163 $0.050 $0.040 $0.064 $0.911

114: BIW - BIW - BIW - BIW - Bodyside - Panel
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Sill, Outer, Rh (Item #141)
$6.591 $0.120 $0.410 $0.392 $0.376 $0.601 $8.639

115: BIW - BIW - BIW - BIW - Bodyside - Panel
Closeout, Sill, Outer, Rear, Rh (Item #142)
$3.232 $0.075 $0.300 S0.316 $0.196 $0.314 $4.518

116: BIW - BIW - BIW - BIW - Bodyside - Panel
"D" Pillar, Inner, Upper, Rh (Item #148)
$2.979 $0.104 $0.370 $0.366 $0.191 $0.305 $4.383

117: BIW - BIW - BIW - BIW - Bodyside - Panel
"D" Pillar, Inner, Lower, Rh (Iltem #149)
$2.180 $0.082 $0.339 $0.360 $0.148 $0.237 $3.396

118: BIW - BIW - BIW - BIW - Bodyside - Bracket
Trim Attach, Rear Compartment, Rh (Iltem #150)
$0.515 $0.026 $0.070 $0.056 $0.033 $0.053 $0.767

119: BIW - BIW - BIW - BIW - Bodyside - Reinforcement
Rear Wheelhouse, Inner, Front, Rh (ltem #153)
$1.597 $0.093 $0.243 $0.163 $0.105 $0.168 $2.404

120: BIW - BIW - BIW - BIW - Bodyside - Panel
"C" Pillar, Inner, Mid, Rh (Item #154)
$S0.773 $0.062 $S0.131 $0.050 $0.051 $0.081 $1.166

121: BIW - BIW - BIW - BIW - Bodyside - Panel
Transition, "A" Pillar Inner Lower to "A" Pillar Inner Upper, Rh (Item #158)
$0.351 $0.018 $0.053 $0.043 $0.023 $0.037 $0.534

122: BIW - BIW - BIW - BIW - Bodyside - Bracket
Reinforcement, "A" Pillar, Lower, Rh (Item #159)
$0.875 $0.049 $0.119 $0.087 $0.057 $0.090 $1.299

123: BIW - BIW - BIW - BIW - Bodyside - Panel
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Trough, Outer, Upper, Liftgate, Rh (Item #172)
$1.684 $0.092 $0.233 $0.160 $0.108 $0.173 $2.488

124: BIW - BIW - BIW - BIW - Bodyside - Panel
Trough, Outer, Lower, Liftgate, Rh (Iltem #173)
$0.984 $0.069 $0.175 $0.132 $0.068 $0.109 $1.559

126: BIW - BIW - BIW - BIW - BIW - Panel
"A" Pillar, Inner, Lower, Lh (Item #29)
$3.757 $0.093 $0.353 $0.366 $0.228 $0.365 $5.247

127: BIW - BIW - BIW - BIW - BIW - Panel
"A" Pillar, Inner, Lower, Rh (Item #29)
$3.757 $0.093 $0.353 $S0.366 $S0.228 $S0.365 $5.247

130: BIW - BIW - BIW - BIW - BIW - BIW - Panel - Panel
Rear End, Inner (Item #21)
$4.449 S0.161 $0.634 $0.652 $0.295 $0.472 $6.764

131: BIW - BIW - BIW - BIW - BIW - BIW - Panel - Bracket
Reinforcement, ? (Hidden)
$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

133: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Panel
Reinforcement, Rear Rail, Upper, Lh (Item #145)
$2.641 $0.068 $0.202 $0.150 $0.153 $0.245 $3.519

134: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Panel
Reinforcement, Rear Rail, Upper, Rh (Item #145)
$2.641 $0.068 $0.202 $0.150 $0.153 $0.245 $3.519

135: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Panel
Extension, Crossmember, Front, Rear Compartment, Lh (Iltem #151)
$1.721 $0.060 $0.127 $0.047 $0.098 $0.157 $2.249

136: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Panel
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Extension, Crossmember, Front, Rear Compartment, Rh (Item #151)
$1.721 $0.060 $0.127 $0.047 $0.098 $0.157 $2.249

137: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Reinforcement
Crossmember, Front, Rear Compartment, Lh (Item #152)
$0.508 $0.013 $0.041 $0.034 $0.030 $0.048 $0.686

138: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Reinforcement
Crossmember, Front, Rear Compartment, Rh (Item #152)
$0.508 $0.013 $0.041 $0.034 $0.030 $0.048 $0.686

139: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Panel
Reinforcement, Rail, Front, Upper, Lh (Item #160)
$2.391 $S0.046 $S0.102 $S0.065 $S0.130 $S0.208 $2.998

140: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Panel
Extension, Front Seat Front Crossmember to Sill Inner, Lh (Iltem #161)
$0.851 $0.029 $0.068 $0.046 $0.050 $0.080 $1.143

141: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Panel
Extension, Front Seat Front Crossmember to Sill Inner, Rh (Iltem #161)
$0.851 $0.029 $0.068 $0.046 $0.050 $0.080 $1.143

142: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Reinforcement
Tunnel, at Front Seat Rear Crossmembers (ltem #163)
$1.582 $0.084 $0.189 $0.123 $0.099 $0.158 $2.274

143: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Panel
Extension, Front Floor Pan, Rear (ltem #175)
$6.971 $0.180 $0.682 S0.646 $0.424 $0.679 $9.740

144: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Panel
Extension, Reinforcement, Rail, Front, Upper, Front, Lh (Item #176)
$1.095 $0.046 $0.102 $0.065 $0.065 $0.105 $1.504

146: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Reinforcement - Reinforcement
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Tunnel, Center, Upper (2 pc. Laser Welded Blank)(Item #7)
$10.628 $0.240 $0.827 S0.676 $0.619 $0.990 $14.220

147: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Reinforcement - Bracket
Front, Spacer (Sm. Part Batch)
$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

149: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Crossmember
Front, Seat, Front, Lh (ltem #8)
$2.878 $S0.102 $0.320 S0.266 S0.178 $0.285 $4.105

153: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Reinforcement - Reinforcement
? (Hidden)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

156: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Crossmember
Front, Seat, Front, Rh (Item #8)
$2.878 $S0.102 $0.320 S0.266 S0.178 $0.285 $4.105

160: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Reinforcement - Reinforcement
? (Hidden)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

163: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Crossmember
Front, Seat, Rear, Lh (Item #9)
$4.930 $S0.065 $S0.134 $0.080 $S0.260 $S0.417 $5.998

166: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Extension - Panel
Extension, Front Seat Rear Crossmember to Sill Inner, Lh (Item #162)
$1.792 $0.049 S0.111 $0.074 $0.101 $0.162 $2.331

169: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Crossmember
Front, Seat, Rear, Rh (Iltem #9)
$4.930 $S0.065 S0.134 $0.080 S0.260 S0.417 $5.998

172: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Extension - Panel
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Extension, Front Seat Rear Crossmember to Sill Inner, Rh (Item #162)
$1.792 $0.049 $0.111 $0.074 $0.101 $0.162 $2.331

175: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Crossmember
Rear, Seat, Center (Item #10)
$9.924 $0.149 $0.613 $0.631 $0.566 $0.905 $13.037

177: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Reinforcement - Reinforcement
Crossmember, Rear, Seat, Center (Item #174)
$12.273 $0.191 $1.152 $1.387 S0.750 $1.200 $17.232

179: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Crossmember
Front, Rear Compartment (Item #16)
$7.229 $0.149 $S0.613 $S0.631 S0.431 S0.690 $9.930

181: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Bracket - Bracket
Nut Mounting (Hidden)
$S0.000 $S0.000 $S0.000 $0.000 $0.000 $0.000 $S0.000

184: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Crossmember - Bracket - Bracket
Nut Mounting (Hidden)
$0.000 $0.000 $0.000 $0.000 $S0.000 $S0.000 $S0.000

186: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Panel
Closeout, Rear Compartment, Side, Inner, Lh (Item #17)
$1.226 $0.202 $S0.378 $0.106 $0.096 $0.153 $2.188

187: BIW - BIW - BIW - BIW - BIW - BIW - BIW - Panel
Closeout, Rear Compartment, Side, Inner, Rh (Item #17)
$1.226 $0.202 $0.378 $0.106 $0.096 $0.153 $2.188

190: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Panel
Dash (Item #57)

$41.042 $0.332 $0.827 $0.568 $2.138 $3.422 $49.257

191: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Reinforcement
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Dash, Upper (Item #58)
$3.182 $0.170 S0.678 $0.703 $0.237 $0.379 $5.421

193: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Reinforcement - Reinforcement
Dash, Steering Column (Iltem #59)
$1.343 $0.083 $S0.223 S0.144 $0.090 S0.144 $2.062

196: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Reinforcement - Reinforcement
Dash, Brake (ltem #61)
$0.493 $S0.104 $S0.196 $0.049 $S0.042 S0.067 $S0.963

198: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Bracket
Mounting, Wiper Motor (Item #122)
$0.313 $0.017 $0.050 $0.038 $0.021 $0.033 $0.481

199: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Bracket
Reinforcement, Wind Shield, Center, Lower (Item #123)
$S0.127 $S0.020 $S0.058 $S0.044 $0.013 $0.020 $S0.286

200: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Panel
Mounting, Plenum (ltem #124)
$0.776 $0.056 $0.123 $0.074 $0.051 $0.082 $1.183

201: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Panel
Wind Shield, Lower (Iltem #125)
$1.378 $0.074 $0.198 $0.160 $0.091 $0.145 $2.082

202: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Reinforcement
Dash Panel Tunnel, Lower (ltem #164)
$1.490 $0.143 $0.284 $0.099 $0.101 S0.161 $2.311

203: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Reinforcement
Dash Panel, Center (Item #165)
$1.482 $0.143 $0.284 $0.099 $0.100 $0.161 $2.302

204: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Reinforcement
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Dash Panel, Upper, Lh (Item #166)
$3.863 $0.095 $0.425 $0.461 $0.242 $0.388 $5.580

205: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Reinforcement
Dash Panel, Wiper Motor (ltem #167)
$0.169 $0.025 $0.069 $0.052 $0.016 $0.025 $0.362

206: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Dash - Reinforcement
Dash Panel, Rh (Item #170)
$S0.821 $0.143 $S0.284 $0.099 S0.067 S0.108 $1.541

209: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel
Lower Radiator Support, Center (Item #100)
$0.524 $0.043 $0.101 $0.066 $0.037 $0.059 $0.844

210: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel
Upper Radiator Support, Inner, Lh (Item #101)
$0.880 $0.062 $0.136 $0.071 $0.058 $0.092 $1.319

211: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel
Upper Radiator Support, Inner, Rh (Item #101)
$0.880 $0.062 $0.136 $0.071 $0.058 $0.092 $1.319

212: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel
Radiator Support/Headlamp, Inner, Upper, Lh (Item #102)
$0.439 $0.068 $0.179 $0.125 $0.041 $0.065 $0.931

213: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel
Radiator Support/Headlamp, Inner, Upper, Rh (Iltem #102)
$0.439 $0.068 $0.179 $0.125 $0.041 $0.065 $0.931

214: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Reinforcement
Upper Radiator Support, Inner, Front, Lower, Lh (Item #103)
$0.166 $0.014 $0.041 $0.033 $0.013 $0.020 $0.292

215: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Reinforcement
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Upper Radiator Support, Inner, Front, Lower, Rh (Iltem #103)
$0.166 $0.014 $0.041 $0.033 $0.013 $0.020 $0.292

216: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Reinforcement
Upper Radiator Support, Inner, Front, Upper, Lh (Item #104)
$0.171 $0.014 $0.042 $0.034 $0.013 $0.021 $0.301

217: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Reinforcement
Upper Radiator Support, Inner, Front, Upper, Rh (ltem #104)
$0.171 $0.014 $0.042 $0.034 $0.013 $0.021 $0.301

218: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Headlamp, Lower, Lh (Item #105)
$0.058 $0.010 $0.030 $0.023 $0.006 $0.010 $0.140

219: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Headlamp, Lower, Rh (Item #105)
$0.058 $0.010 $0.030 $0.023 $0.006 $0.010 $0.140

220: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Fascia, Front, Inner, Lower, Lh (Item #106)
$0.187 $0.013 $0.037 $0.029 $0.013 $0.021 $0.306

221: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Fascia, Front, Inner, Lower, Rh (Item #106)
$0.187 $0.013 $S0.037 $0.029 $0.013 $0.021 $0.306

222: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Fascia, Front, Outer, Lower, Lh (Item #107)
$0.213 $0.011 $0.032 $0.024 $0.014 $0.022 S0.321

223: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Fascia, Front, Outer, Lower, Rh (Item #107)
$0.213 $0.011 $0.032 $0.024 $0.014 $0.022 $0.321

224: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
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Mounting, Fascia, Front, Inner, Upper, Lh (Iltem #108)
$S0.222 $0.011 $0.032 $0.024 $0.014 $0.023 $0.332

225: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Fascia, Front, Inner, Upper, Rh (Item #108)
$0.222 $0.011 $0.032 $0.024 $0.014 $0.023 $0.332

226: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Reinforcement
Headlamp, Lower, Lh (Item #109)
$0.497 $0.065 S0.134 $0.080 $0.039 S0.062 $S0.890

227: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Reinforcement
Headlamp, Lower, Rh (Item #109)
$0.497 $0.065 S0.134 $0.080 $0.039 S0.062 $S0.890

228: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Fascia, Outer, Lh (Item #110)
$S0.221 $0.012 $0.033 $0.025 $S0.014 $0.023 $S0.334

229: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Fascia, Outer, Rh (Item #110)
$0.221 $0.012 $0.033 $0.025 $0.014 $0.023 $0.334

230: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Brace, Front Wheelhouse, Lh (Iltem #111)
$0.909 $0.084 $0.155 $0.059 $0.060 $0.097 $1.385

231: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Brace, Front Wheelhouse, Rh (Item #111)
$0.909 $0.084 $0.155 $0.059 $0.060 $0.097 $1.385

232: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Cradle, Front, Outer, Lh (Item #112)
$1.294 $0.016 $0.048 $0.040 $0.070 $0.112 $1.609

233: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
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Mounting, Cradle, Front, Outer, Rh (Item #112)
$1.294 $0.016 $0.048 $0.040 $0.070 $0.112 $1.609

234: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Cradle, Front, Inner, Lh (Iltem #113)
$1.316 $0.014 $0.041 $0.033 $0.070 $0.112 $1.618

235: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Cradle, Front, Inner, Rh (Item #113)
$1.316 $0.014 $0.041 $0.033 $S0.070 S0.112 $1.618

236: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Reinforcement
Headlamp, Outer, Lh (Item #114)
S0.173 $0.092 $S0.171 $0.054 $S0.024 $0.039 $0.559

237: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Reinforcement
Headlamp, Outer, Rh (ltem #114)
$0.173 $0.092 $0.171 $0.054 $0.024 $0.039 $0.559

238: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Battery Tray (Item #115)
$1.370 $0.143 $0.284 $0.099 $0.095 $0.152 $2.173

239: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Reservoir, Upper (Item #116)
$1.271 $0.143 $0.282 $0.096 $0.090 $0.143 $2.053

240: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Reservoir, Lower (Item #117)
$0.842 $0.110 $0.229 $0.075 $0.063 $0.100 $1.437

241: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel
Shotgun, Upper/Inner, (To "A" Pillar), Lh (Iltem #118)
$0.965 $0.065 $0.232 $0.228 $0.075 $0.119 $1.715

242: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel
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Shotgun, Upper/Inner, (To "A" Pillar), Rh (Item #118)
$0.965 $0.065 $0.232 $0.228 $0.075 $0.119 $1.715

243: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Cowl, Lh (Item #119)
$0.335 $0.012 $0.033 $0.025 $0.020 $0.032 $0.466

244: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Cowl, Rh (Item #119)
$0.335 $0.012 $0.033 $0.025 $0.020 $0.032 $0.466

245: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Transition, "A" Pillar to Shotgun, Lh (Item #120)
$0.215 $0.010 $0.030 $0.023 $0.014 $0.022 $0.319

246: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Transition, "A" Pillar to Shotgun, Rh (Item #120)
$0.215 $0.010 $0.030 $0.023 $0.014 $0.022 $0.319

247: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Plenum, Outer, Lh (Item #121)
$0.253 $0.065 $0.132 $0.045 $0.025 $0.040 $0.566

248: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Plenum, Outer, Rh (Item #121)
$0.253 $0.065 $0.132 $0.045 $0.025 $0.040 $0.566

249: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel
Crush Rail, Front, Outer, Lh (Item #177)
$5.193 $0.089 $0.378 $0.408 $0.303 $0.485 $6.989

250: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel
Crush Rail, Front, Outer, Rh (Item #177)
$5.193 $0.089 $0.378 $0.408 $0.303 $0.485 $6.989

252: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Support - Support
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Crash, Low Speed, Front, Lh (Item # 24)
$2.098 $0.152 $0.294 $0.090 $0.132 S0.211 $3.023

256: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Support - Support
Crash, Low Speed, Front, Rh (Item # 24)
$2.098 $0.152 $0.294 $0.090 $0.132 $0.211 $3.023

259: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Shotgun
Outer, Rear, Lh (Item #62)

$1.236 $0.047 $0.115 $0.083 $0.074 $0.119 $1.704

260: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Shotgun
Outer, Rear, Rh (Item #62)

$1.236 $0.047 $0.115 $0.083 $0.074 $0.119 $1.704

261: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Shotgun
Outer, Lh (Item #63)
$0.974 $0.097 $0.294 $0.244 $0.081 $0.129 $1.840

262: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Shotgun
Outer, Rh (Item #63)

$0.974 $0.097 $0.294 $0.244 $0.081 $0.129 $1.840

264: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Wheel House - Wheel House
Front, Lh (Item #64)

$2.085 $0.185 $0.362 $0.114 $0.137 $0.220 $3.150

266: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Wheel House
Front, Rh Assembly

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

267: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Wheel House - Wheel House
Front, Rh (Item #64)
$2.085 $0.185 $0.362 $0.114 $0.137 $0.220 $3.150

271: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Shock Tower - Shock Tower
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Front, Lh (Item #66)
$4.801 S0.116 $0.438 $0.432 $0.289 $0.463 $6.647

274: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Shock Tower - Shock Tower
Front, Rh (Item #66)
$4.801 $0.116 $0.438 $0.432 $0.289 $0.463 $6.647

277: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Reinforcement - Reinforcement
Headlamp, Upper, Lh (Iltem #67)
$0.845 $0.090 $0.239 $S0.156 S0.066 S0.106 $1.521

280: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Reinforcement - Reinforcement
Headlamp, Upper, Rh (Item #67)
$0.759 $0.090 $0.239 $S0.156 S0.062 $0.099 $1.422

282: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Front Shock Upper, Lh (Iltem #68)
$2.543 $0.091 $0.184 $0.077 $0.145 $0.232 $3.330

283: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Mounting, Front Shock Upper, Rh (Item #68)
$2.543 $0.091 $0.184 $0.077 $0.145 $0.232 $3.330

285: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Rail - Rail
Crush, Front, Inner, Lh (Item #69)(3 pc. Laser welded blank)
$10.958 $0.246 $0.721 $0.453 $0.619 $0.990 $14.237

286: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Rail - Reinforcement
?(Hidden)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

289: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Rail - Rail
Crush, Front, Inner, Rh (Iltem #69)(3 pc. Laser welded blank)
$10.958 $0.246 $0.721 $0.453 $0.619 $0.990 $14.237

290: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Rail - Reinforcement
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?(Hidden)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

293: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Rail - Rail
Crush, Front, Outer, Front, Lh (Iltem #70)
$0.719 $0.026 $0.064 $0.045 $0.043 $0.068 $0.982

294: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Rail - Reinforcement
(Sm. Part Batch)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

297: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Rail - Rail
Crush, Front, Outer, Front, Rh (Item #70)
$0.719 $0.026 $0.064 $0.045 $0.043 $0.068 $0.982

298: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Rail - Reinforcement
(Sm. Part Batch)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

299: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Rail - Nut
Projection Weld

$0.065 $0.000 $0.000 $0.000 $0.003 $0.000 $0.068

301: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel - Panel
Lower Radiator Support, Upper (Item #71)
$3.499 $0.083 $0.166 $0.090 $0.192 $0.307 $4.418

305: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel - Panel
Lower Radiator Support, Lower, Lh (Iltem #72)
$0.897 $0.056 $0.216 $0.227 $0.070 S0.112 $1.605

309: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel - Panel
Lower Radiator Support, Lower, Rh (Item #72)
$0.897 $0.056 $0.216 $0.227 $0.070 $0.112 $1.605

315: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Member - Member - Member
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Rail, Front, Lh (Item #1)

$11.869 $0.173 $0.511 $0.361 $0.646 $1.033 $14.863

317: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Member - Member -
Reinforcement - Reinforcement

Rail, Front, Lh (Hidden)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

320: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Member - Member - Member

Rail, Mid, Lh (Item #128)

$3.104 $0.068 $0.175 $0.137 $0.174 $0.279 $4.010

322: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Member - Member

Rail, Rear Cap, Lh (Item #129)

$0.692 $0.057 $0.119 $0.041 $0.045 $0.073 $1.043

325: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Member - Member - Member

Rail, Front, Rh (Iltem #1)

$11.869 $0.173 $0.511 $0.361 $0.646 $1.033 $14.863

327: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Member - Member -
Reinforcement - Reinforcement

Rail, Front, Rh (Hidden)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

330: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Member - Member - Member

Rail, Mid, Rh (Item #128)

$3.104 $0.068 $0.175 $0.137 $0.174 $0.279 $4.010

332: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Member - Member

Rail, Rear Cap, Rh (Iltem #129)

$0.692 $0.057 $0.119 $0.041 $0.045 $0.073 $1.043

334: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Crossmember - Member

Kickup, Front, Lh, Assembly

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000
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335: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Crossmember - Member -
Member

Kickup, Front, Lh (Item #2)

$3.027 $0.168 $0.353 $0.143 $0.185 $0.295 $4.240

337: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Crossmember - Member -
Bracket - Bracket

Reinforcement, Kickup, Lh (Hidden)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

339: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Crossmember - Crossmember -
Crossmember

Toeboard, Lh (Item #6)

$2.028 $0.081 $0.225 $0.155 $0.125 $0.199 $2.858

342: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Crossmember - Crossmember -
Crossmember

Toeboard, Rh (Item #6)

$2.588 $0.081 $0.225 $0.155 $0.153 $0.244 $3.504

344: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Crossmember - Member

Kickup, Front, Rh, Assembly

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

345: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Crossmember - Member -
Member

Kickup, Front, Rh (ltem #2)

$2.273 $0.168 $0.353 $0.143 $0.147 $0.235 $3.371

347: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Crossmember - Member -
Bracket - Bracket

Reinforcement, Kickup, Rh (Hidden)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

348: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel

Sill, Side, Inner, Lh (Item #3)
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$6.837 $0.132 $0.420 $0.383 $0.389 $0.622 $8.937

349: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel

Sill, Side, Inner, Rh (Item #3)

$6.837 $0.132 $0.420 $0.383 $0.389 $0.622 $8.937

351: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Extension - Extension

Rail to Sill Front, Lh (Item #4)

$4.629 $0.116 $0.250 $0.114 $0.255 $0.409 $5.878

353: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Extension - Bracket - Bracket

Reinforcement, Tow Hook, Lh (Sm. Part Batch)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

355: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Extension - Bracket

?, Lh (Sm. Part Batch)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

357: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Extension - Extension

Rail to Sill Front, Rh (Item #4)

$4.629 $0.116 $0.250 $0.114 $0.255 $0.409 $5.878

359: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Extension - Bracket - Bracket

Reinforcement, Tow Hook, Rh (Sm. Part Batch)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

361: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Extension - Bracket

?, Rh (Sm. Part Batch)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

363: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Crossmember - Crossmember

Rear Torquebox (Item #11)

$6.142 $0.158 $0.625 $0.646 $0.379 $0.606 $8.694

366: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel

Floor, Front (Item #12)
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$17.962 $0.277 $0.753 $0.598 $0.980 $1.567 $22.544

368: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel - Panel

Floor, Mid (Rear Seat) (Item #13)

$10.456 $0.226 $0.564 $0.387 $0.582 $0.931 $13.382

371: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel - Bracket - Bracket

Anchor, Seat Belt, Rear, Lh (Item #155)

$0.696 $0.021 $0.068 $0.057 $0.042 $0.067 $0.969

374: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel - Bracket - Bracket

Anchor, Seat Belt, Rear, Rh (Item #156)

$0.412 $0.020 $0.060 $0.045 $0.027 $0.043 $0.617

377: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel - Panel - Panel

Reinforcement, Rear Seat Panel (Item #133)

$3.202 $0.050 $0.227 $0.221 $0.185 $0.296 $4.261

381: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel - Panel - Bracket - Bracket

Underbody Mounting Stud (Sm.Part Batch)

$0.000 $0.000 $0.000 $0.000 $0.000 $0.000 $0.000

383: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel

Extension, Sill, Side, Inner, Front, Lh (Item #168)

$1.278 $0.029 $0.081 $0.066 $0.073 $0.116 $1.674

384: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel

Extension, Sill, Side, Inner, Front, Rh (Item #168)

$1.278 $0.029 $0.081 $0.066 $0.073 $0.116 $1.674

385: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Extension

Sill, Side, Rear, Lh (Item #14)

$5.087 $0.072 $0.275 $0.282 $0.286 $0.457 $6.573

386: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Extension

Sill, Side, Rear, Rh (Item #14)
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$5.087 $0.072 $0.275 $0.282 $0.286 $0.457 $6.573

387: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Member

Rail, Rear, Lh (Item #15)

$3.266 $0.064 $0.260 $0.280 $0.194 $0.310 $4.447

388: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Member

Rail, Rear, Rh (Iltem #15)

$3.266 $0.064 $0.260 $0.280 $0.194 $0.310 $4.447

389: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel

Floor, Rear Compartment (Trunk) (Iltem #19)

$12.716 $0.188 $0.467 $0.320 $0.685 $1.095 $15.758

390: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Reinforcement

Tunnel, Front Seat, Front Crossmember (Item #126)

$4.444 $0.126 $0.384 $0.288 $0.262 $0.420 $6.025

391: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Panel

Mounting, 4 Wheel Drive Shifter (Item #127)

$5.206 $0.120 $0.373 $0.288 $0.299 $0.479 $6.895

392: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket

Mounting, Fuel Tank, Lh (Item #130)

$1.470 $0.135 $0.273 $0.078 $0.098 $0.156 $2.244

393: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket

Mounting, Fuel Tank, Rh (Item #130)

$1.796 $0.136 $0.275 $0.079 $0.114 $0.183 $2.624

394: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket

Support, Sill to Front Floor Rear, Lh (Item #131)

$0.592 $0.014 $0.041 $0.031 $0.034 $0.054 $0.781

395: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket

Support, Sill to Front Floor Rear, Rh (Item #131)
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$0.592 $0.014 $0.041 $0.031 $0.034 $0.054 $0.781

396: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket

Jounce, Rear, Lh (Item #132)

$1.786 $0.050 $0.158 $0.134 $0.106 $0.170 $2.451

397: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket

Jounce, Rear, Rh (Iltem #132)

$1.786 $0.050 $0.158 $0.134 $0.106 $0.170 $2.451

398: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Member

Rail, Rear/Front, Lh (Item #134)

$8.787 $0.195 $0.522 $0.322 $0.492 $0.786 $11.304

399: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Member

Rail, Rear/Front, Rh (Item #134)

§7.351 $0.195 $0.522 $0.322 $0.420 $0.671 $9.648

400: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket

Mounting, Rear Axel, Front, Lh (Item #135)

$0.850 $0.013 $0.047 $0.043 $0.048 $0.076 $1.098

401: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket

Mounting, Rear Axel, Front, Rh (Item #135)

$0.850 $0.013 $0.047 $0.043 $0.048 $0.076 $1.098

402: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket

Mounting, Rear Axel, Rear, Lh (Item #136)

$0.576 $0.013 $0.047 $0.043 $0.034 $0.054 $0.783

403: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket

Mounting, Rear Axel, Rear, Rh (Item #136)

$0.576 $0.013 $0.047 $0.043 $0.034 $0.054 $0.783

404: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket

Shield Attach, Lh (Item #137)
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$0.251 $0.012 $0.033 $0.025 $0.016 $0.026 $0.368

405: BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - BIW - Module - Bracket
Shield Attach, Rh (Item #137)

$0.213 $0.012 $0.033 $0.025 $0.014 $0.023 $0.324
406: BIW - BIW
Hidden Stampings Batch Pricing (Approx. Qty. 60)

$48.390 $1.944 $5.784 S4.284 $3.024 $4.836 $69.498
407: BIW - BIW

Small Stampings Batch Pricing (Qty. 15)
$7.743 $0.452 $1.275 $0.879 $0.518 $0.828 $11.900

Total | $894.764 | $23.040 | $67.340 | $52.586 | $51.890 | $83.018 | $1,193.483
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Table C.b: Phase 2 HD vehicle piece costs

Part Number Part Name Direct Fixed Variable Material SG&A Profit Freight Total Cost
Cost Cost Cost Cost

Complete body - less bumpers and fenders | $37.71 | $138.62 m $1,260.63 | $78.63 | $125.81 m $1,802.01
Front End
7305-2400-209 Front end module $1.36 $4.55 $5.03 $13.24 $1.21 $1.93 $0.00 $27.32
7305-2400-001 Small crossmember $0.03 $0.06 $0.08 $3.49 $0.18 $0.29 $0.08 $4.22
reinforcement
7305-2400-002 Large crossmember $0.03 $0.10 $0.11 $4.43 $0.23 $0.37 $0.10 $5.38
reinforcement
Sub-total $1.41 $4.72 $5.22 $21.15 $1.63 $2.60 $0.18 $36.92

Left-side Bodyside Outer Assembly

7306-2300-185 Rear panel $0.32 $1.87 $1.67 $51.88 $2.79 $4.46 $1.18 $64.17

7306-2300-183 Front panel $0.10 $0.10 $0.23 $2.48 $0.15 $0.23 $0.06 $3.36

7306-2300-187 Lower, rear, quarter panel $0.08 $0.14 $0.22 $3.88 $0.22 $0.35 $0.09 $4.97
closeout

7306-2300-189 Flange to body panel $0.02 $0.07 $0.08 $4.92 $0.25 $0.41 $0.11 $5.86

7306-2300-191 Tail lamp close out panel $0.01 $0.03 $0.04 $0.77 $0.04 $0.07 $0.02 $0.98

Sub-total $0.54 $2.20 $2.25 $63.93 $3.45 $5.51 $1.46 $79.33

Right-side Bodyside Outer Assembly

7306-2300-186 Rear panel $0.32 $1.87 $1.67 $51.88 $2.79 $4.46 $1.18 $64.17

7306-2300-184 Front panel $0.10 $0.10 $0.23 $2.48 $0.15 $0.23 $0.06 $3.36

7306-2300-188 Lower, rear, quarter panel $0.08 $0.14 $0.22 $3.88 $0.22 $0.35 $0.09 $4.97
closeout

7306-2300-190 Flange to body panel $0.02 $0.07 $0.08 $4.92 $0.25 $0.41 $0.11 $5.86

7306-2300-192 Tail lamp close out panel $0.01 $0.03 $0.04 $0.77 $0.04 $0.07 $0.02 $0.98

Sub-total | $0.54 $2.20 $2.25 $63.93 $3.45 $5.51 $1.46 $79.33

Roof and Header

7306-2200-109 Roof panel $0.25 $0.83 $0.93 $48.12 $2.51 $4.01 $1.09 $57.74

7306-2000-215 Rear roof side rail inner - $0.10 $0.31 $0.35 $9.69 $0.52 $0.84 $0.22 $12.03
left

7306-2000-171 Front roof side rail inner - $0.10 $0.32 $0.36 $10.39 $0.56 $0.89 $0.24 $12.85
left

7306-2000-216 Rear roof side rail inner - $0.10 $0.31 $0.35 $9.69 $0.52 $0.84 $0.22 $12.03
right

7306-2000-172 Front roof side rail inner - $0.10 $0.32 $0.36 $10.39 $0.56 $0.89 $0.24 $12.85
right

7306-2100-101 Front header $0.09 $0.67 $0.56 $15.41 $0.84 $1.34 $0.37 $19.28

7306-2100-103 Center header $0.05 $0.08 $0.13 $8.33 $0.43 $0.69 $0.19 $9.89

7307-2100-104 Rear header $0.15 $0.60 $0.63 $12.77 $0.71 $1.13 $0.29 $16.29

Sub-total | $0.93 $3.45 $3.68 $124.78 $6.64 $10.63 $2.86 $152.97

Left-side D-Pillar Assembly

7307-2110-179 | Liftgate reinforcement $0.11 $0.14 $0.27 $8.15 $0.43 $0.69 $0.18 $9.99
7307-2110-105 D-pillar inner $0.15 $0.46 $0.53 $15.02 $0.81 $1.29 $0.34 $18.60
7307-2110-177 Quarter panel inner $0.10 $0.38 $0.40 $11.83 $0.64 $1.02 $0.27 $14.63

Sub-total | $0.36 $0.99 $1.20 $35.00 $1.88 $3.00 $0.79 $43.22
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Right-side D-Pillar Assembly

7307-2120-180 Liftgate reinforcement $0.11 $0.14 $0.27 $8.15 $0.43 $0.69 $0.18 $9.99
7307-2120-106 D-pillar inner $0.15 $0.46 $0.53 $15.02 $0.81 $1.29 $0.34 $18.60
7307-2120-178 Quarter panel inner $0.10 $0.38 $0.40 $11.83 $0.64 $1.02 $0.27 $14.63
Sub-total | $0.36 $0.99 $1.20 $35.00 $1.88 $3.00 $0.79 $43.22
Shotgun Closeouts
7305-1900-159 Shotgun closeout panel - $0.01 $0.01 $0.02 $0.38 $0.02 $0.03 $0.01 $0.48
left
7305-1900-160 Shotgun closeout panel - $0.01 $0.01 $0.02 $0.38 $0.02 $0.03 $0.01 $0.48
right
Sub-total | $0.01 $0.03 $0.04 $0.75 $0.04 $0.07 $0.02 $0.96

Lower Right A-Pillar Outer Assembly

Lower Left A-Pillar Outer Assembly
7305-1930-169 Shotgun outer panel $0.12 $0.34 $0.41 $7.95 $0.44 $0.71 $0.18 $10.15
7305-1930-187 Lower panel $0.13 $0.36 $0.44 $35.99 $1.85 $2.95 $0.82 $42.54
7305-1930-171 Upper hinge reinforcement $0.01 $0.01 $0.02 $0.20 $0.01 $0.02 $0.00 $0.27
7305-1930-173 Lower hinge reinforcement $0.01 $0.01 $0.02 $0.18 $0.01 $0.02 $0.00 $0.24
Sub-total $0.27 $0.72 $0.89 $44.32 $2.31 $3.70 $1.01 $53.21

Right Door Aperature Assembly

7305-1940-170 Shotgun outer panel $0.12 $0.34 $0.41 $7.95 $0.44 $0.71 $0.18 $10.15
7305-1940-188 Lower panel $0.13 $0.36 $0.44 $35.99 $1.85 $2.95 $0.82 $42.54
7305-1940-184 Upper hinge reinforcement $0.01 $0.01 $0.02 $0.20 $0.01 $0.02 $0.00 $0.27
7305-1940-186 Lower hinge reinforcement $0.01 $0.01 $0.02 $0.18 $0.01 $0.02 $0.00 $0.24

Sub-total $0.27 $0.72 $0.89 $44.32 $2.31 $3.70 $1.01 $53.21

Right B-Pillar Sub-Assembly

Left Door Aperature Assembly

7306-1920-190 Upper A-pillar outer panel $0.10 $0.31 $0.35 $12.82 $0.68 $1.09 $0.29 $15.64
7306-1920-192 Outer roof side rail $0.10 $0.31 $0.35 $9.47 $0.51 $0.82 $0.21 $11.77
7306-1920-194 C-pillar striker $0.01 $0.02 $0.03 $0.39 $0.02 $0.04 $0.01 $0.52
reinforcement
7306-1920-196 C-pillar outer $0.17 $0.46 $0.57 $38.20 $1.97 $3.15 $0.87 $45.39
Sub-total | $0.38 $1.11 $1.31 $60.87 $3.18 $5.09 $1.38 $73.32
Right B-Pillar Outer Sub-Assembly
7306-1924-002 Lower B-pillar outer $0.15 $0.57 $0.60 $13.87 $0.76 $1.22 $0.32 $17.48
7306-1924-004 Upper B-pillar outer $0.07 $0.28 $0.29 $5.77 $0.32 $0.51 $0.13 $7.38
7306-1924-006 Upper, inner reinforcement $0.02 $0.04 $0.05 $0.68 $0.04 $0.06 $0.02 $0.91
7306-1924-008 Middle, inner reinforcement | $0.01 $0.02 $0.03 $0.32 $0.02 $0.03 $0.01 $0.44
7306-1924-010 Lower, inner reinforcement $0.02 $0.04 $0.05 $0.79 $0.05 $0.07 $0.02 $1.04
Sub-total | $0.27 $0.95 $1.03 $21.43 $1.18 $1.89 $0.49 $27.25
Right B-Pillar Inner Sub-Assembly
7306-1926-012 Lower B-pillar inner $0.14 $0.44 $0.49 $10.40 $0.57 $0.92 $0.24 $13.20
7306-1915-001 Beltline reinforcement plate | $0.01 $0.01 $0.01 $0.09 $0.01 $0.01 $0.00 $0.13
7306-1926-014 B-pillar, upper, inner $0.02 $0.03 $0.05 $1.73 $0.09 $0.15 $0.04 $2.11
Sub-total | $0.16 $0.48 $0.55 $12.22 $0.67 $1.07 $0.28 $15.44

Left B-Pillar Sub-Assembly

7306-1910-189

Upper A-pillar outer panel

$0.10 $0.31

$0.35

$12.82

$0.68

$1.09

$0.29

$15.64

7306-1910-191

Outer roof side rail

$0.10 $0.31

$0.35

$9.47

$0.51

$0.82

$0.21

$11.77
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7306-1910-193 C-pillar striker $0.01 $0.02 $0.03 $0.39 $0.02 $0.04 $0.01 $0.52
reinforcement

7306-1910-195 C-pillar outer $0.17 $0.46 $0.57 $38.20 $1.97 $3.15 $0.87 $45.39
Sub-total | $0.38 $1.11 $1.31 $60.87 $3.18 $5.09 $1.38 $73.32

Left B-Pillar Outer Sub-Assembly
7306-1913-001 Lower B-pillar outer $0.15 $0.57 $0.60 $13.87 $0.76 $1.22 $0.32 $17.48
7306-1913-003 Upper B-pillar outer $0.07 $0.28 $0.29 $5.77 $0.32 $0.51 $0.13 $7.38
7306-1913-005 Upper, inner reinforcement $0.02 $0.04 $0.05 $0.68 $0.04 $0.06 $0.02 $0.91
7306-1913-007 Middle, inner reinforcement | $0.01 $0.02 $0.03 $0.32 $0.02 $0.03 $0.01 $0.44
7306-1913-009 Lower, inner reinforcement $0.02 $0.04 $0.05 $0.79 $0.05 $0.07 $0.02 $1.04
Sub-total | $0.27 $0.95 $1.03 $21.43 $1.18 $1.89 $0.49 $27.25

Left B-Pillar Inner Sub-Assembly
7306-1915-011 Lower B-pillar inner $0.14 $0.44 $0.49 $10.40 $0.57 $0.92 $0.24 $13.20
7306-1915-001 Beltline reinforcement plate $0.01 $0.01 $0.01 $0.09 $0.01 $0.01 $0.00 $0.13
7306-1915-013 B-pillar, upper, inner $0.02 $0.03 $0.05 $1.73 $0.09 $0.15 $0.04 $2.11
Sub-total $0.16 $0.48 $0.55 $12.22 $0.67 $1.07 $0.28 $15.44

-
Cowl

7305-1800-145 | Upper cowl panel $0.47 $2.98 $2.41 $15.34 $1.06 | $1.70 $0.00 $23.95
7305-1700-147 Cowl support $0.14 $0.61 $0.61 $15.99 $0.87 $1.39 $0.36 $19.98
Sub-total $0.61 $3.59 $3.02 $31.33 $1.93 $3.08 $0.36 $43.93

Left Dash Transmission Assembly

Right Dash Transmission Assembly

7305-1530-221 Dash-transmission $0.24 $0.22 $0.55 $16.35 $0.87 $1.39 $0.37 $19.98
reinforcement

7305-1530-223 Dash-transmission insert $0.02 $0.03 $0.05 $0.97 $0.05 $0.09 $0.02 $1.24

Sub-total | $0.26 $0.25 $0.60 $17.32 $0.92 $1.47 $0.39 $21.23

Rear End Panel Assembly

7305-1520-222 Dash-transmission $0.24 $0.22 $0.55 $16.35 $0.87 $1.39 $0.37 $19.98
reinforcement

7305-1520-224 Dash-transmission insert $0.02 $0.03 $0.05 $0.97 $0.05 $0.09 $0.02 $1.24

Sub-total $0.26 $0.25 $0.60 $17.32 $0.92 $1.47 $0.39 $21.23

Rear Crossmember Assembly

7307-1510-111 Outer panel $0.17 $0.55 $0.63 $18.46 $0.99 $1.58 $0.42 $22.80
7307-1510-117 Inner panel $0.17 $0.55 $0.63 $27.63 $1.45 $2.32 $0.63 $33.37
Sub-total | $0.35 $1.09 $1.25 $46.09 $2.44 $3.90 $1.05 $56.17

Left Front Wheelhouse Assembly

7307-1410-119 Rear compartment $1.18 $4.59 $4.19 $13.30 $1.16 $1.86 $0.55 $26.80
crossmember

7307-1410-120 Hanger bracket extrusion $0.28 $0.49 $0.72 $0.54 $0.10 $0.16 $0.03 $2.33

Sub-total $1.45 $5.09 $4.92 $13.84 $1.26 $2.02 $0.58 $29.12

7305-1310-151 Front shock tower $0.50 $2.24 $1.90 $4.93 $0.48 $0.77 $0.00 $10.82
7305-1310-161 Front wheelhouse panel $0.42 $2.41 $1.95 $12.54 $0.87 $1.39 $0.00 $19.58
Sub-total | $0.92 $4.65 $3.85 $17.47 $1.34 $2.15 $0.00 $30.39

Right Front Wheelhouse Assembly
7305-1320-152 Front shock tower $0.50 $2.24 $1.90 $4.93 $0.48 $0.77 $0.00 $10.82
7305-1320-162 Front wheelhouse panel $0.42 $2.42 $1.95 $12.54 $0.87 $1.39 $0.00 $19.59
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Sub-total

$0.92

$4.66 $3.85

Rear Seat Pan Assembly

$17.47

$1.35

$2.15

$0.00

$30.40

Rear Center Seat Riser Assembly

7306-1200-113 Rear seat panel floor $0.17 $0.39 $0.52 $23.52 $1.23 $1.97 $0.53 $28.32

7306-1200-111 Seatbelt anchrage plate - $0.01 $0.02 $0.04 $0.54 $0.03 $0.05 $0.01 $0.69
right and left

7307-1200-218 Rear frame rail outer $0.57 $3.56 $2.80 $13.02 $1.00 $1.60 $0.00 $22.54
transition - right

7307-1200-217 Rear frame rail outer $0.57 $3.56 $2.80 $13.02 $1.00 $1.60 $0.00 $22.54
transition - left

Sub-total $1.32 $7.52 $6.16 $50.08 $3.25 $5.21 $0.55 $74.09

Rear Frame Rail Assembly

7306-1110-101 Rear center seat riser $0.08 $0.24 $0.28 $9.84 $0.52 $0.84 $0.23 $12.03

7306-1110-103 Rear seat floor $0.03 $0.06 $0.08 $1.09 $0.06 $0.10 $0.03 $1.44
reinforcement - left

7306-1000-176 Rear seat riser - right $0.12 $0.26 $0.36 $4.51 $0.26 $0.42 $0.10 $6.03

7306-1000-175 Rear seat riser - left $0.12 $0.26 $0.36 $4.51 $0.26 $0.42 $0.10 $6.03

Sub-total | $0.35 $0.81 $1.08 $19.95 $1.11 $1.78 $0.47 $25.54

Right Front Frame Rail Assembly

7307-1000-139 Rear frame rail - right and $1.39 $4.53 $4.45 $12.80 $1.16 $1.85 $0.50 $26.69
left
7307-1000-138 Rear frame rail mounting $0.02 $0.03 $0.05 $1.79 $0.09 $0.15 $0.04 $2.18
plate - right and left
Sub-total $1.41 $4.56 $4.50 $14.59 $1.25 $2.01 $0.54 $28.86

Left Front Frame Rail Assembly

7307-1020-136 Front frame rail $0.62 $2.08 $2.04 $4.72 $0.47 $0.76 $0.20 $10.89
7307-1020-224 Front frame rail mounting $0.02 $0.03 $0.05 $1.29 $0.07 $0.11 $0.03 $1.60
plate
Sub-total | $0.63 $2.11 $2.09 $6.01 $0.54 $0.87 $0.23 $12.49
Right Front Rail Mount Sub-Assembly
7307-1011-001 Front rail mount $0.03 $0.06 $0.09 $0.86 $0.05 $0.08 $0.02 $1.20
7307-1011-003 Front rail mount cvr - left $0.03 $0.05 $0.08 $1.29 $0.07 $0.12 $0.03 $1.66
and right
Sub-total | $0.06 $0.11 $0.16 $2.15 $0.12 $0.20 $0.05 $2.85

transition - right

7307-1010-135 Front frame rail $0.62 $2.08 $2.04 $4.72 $0.47 $0.76 $0.20 $10.89
7307-1010-223 Front frame rail mounting $0.02 $0.03 $0.05 $1.29 $0.07 $0.11 $0.03 $1.60
plate
Sub-total | $0.63 $2.11 $2.09 $6.01 $0.54 $0.87 $0.23 $12.49
Left Front Rail Mount Sub-Assembly
7307-1011-001 Front rail mount $0.03 $0.06 $0.09 $0.86 $0.05 $0.08 $0.02 $1.20
7307-1011-003 Front rail mount cvr - left $0.03 $0.05 $0.08 $1.29 $0.07 $0.12 $0.03 $1.66
and right
Sub-total | $0.06 $0.11 $0.16 $2.15 $0.12 $0.20 $0.05 $2.85
Transitions
7305-1200-210 Front frame rail outer $0.51 $2.92 $2.29 $9.44 $0.76 $1.21 $0.00 $17.14
transition - right
7305-1200-209 Front frame rail outer $0.51 $2.92 $2.29 $9.44 $0.76 $1.21 $0.00 $17.14
transition - left
7305-0900-138 Front frame rail inner $0.51 $2.92 $2.29 $9.34 $0.75 $1.20 $0.00 $17.02
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7305-0900-137 Front frame rail inner $0.51 $2.92 $2.29 $9.34 $0.75 $1.20 $0.00 $17.02
transition - left

7307-0900-142 Rear frame rail inner $0.54 $3.21 $2.51 $10.36 $0.83 $1.33 $0.00 $18.78
transition - right

7307-0900-141 Rear frame rail inner $0.54 $3.21 $2.51 $10.36 $0.83 $1.33 $0.00 $18.78
transition - left

Sub-total $3.11 $18.11 $14.18 $58.29 $4.68 $7.49 $0.00 $105.86

Small Floor Crossmember Assembly

Large Floor Crossmember Assembly

7306-0830-124 Small outer extrusion - right | $1.01 $1.24 $2.28 $1.94 $0.32 $0.52 $0.09 $7.40
and left
7306-0830-125 Small floor crossmember - $4.72 $12.12 $13.41 $14.02 $2.21 $3.54 $0.83 $50.84
right and left
7306-0830-126 Small inner extrusion - right $1.01 $1.24 $2.28 $1.74 $0.31 $0.50 $0.09 $7.18
and left
Sub-total $6.74 $14.59 $17.98 $17.70 $2.85 $4.56 $1.01 $65.42

Miscellaneous Panels and Reinforcements

7306-0840-010 Large outer extrusion - right | $0.47 $0.96 $1.25 $1.55 $0.21 $0.34 $0.07 $4.85
and left
7306-0840-011 Large floor crossmember - $1.64 $4.58 $4.93 $6.12 $0.86 $1.38 $0.33 $19.83
right and left
7306-0840-012 Large inner extrusion - right [ $0.47 $0.96 $1.25 $1.39 $0.20 $0.33 $0.07 $4.67
and left
7306-0850-000 Fore and aft extrusion - $1.44 $5.08 $4.77 $5.47 $0.84 $1.34 $0.36 $19.30
right and left
7306-0860-000 Center tunnel bracket $0.08 $0.12 $0.20 $1.83 $0.11 $0.18 $0.05 $2.57
Sub-total | $4.10 $11.68 $12.41 $16.36 $2.23 $3.56 $0.88 $51.23
Dash Panel
7305-1400-143 Upper dash panel $0.55 $3.98 $3.10 $24.26 $1.59 $2.55 $0.00 $36.04
7305-1400-144 Lower dash panel $0.96 $5.56 $4.57 $33.89 $2.25 $3.60 $0.00 $50.82
7305-1600-149 Dash panel reinforcement $0.50 $3.31 $2.64 $18.42 $1.24 $1.99 $0.00 $28.10
Sub-total | $2.01 $12.86 $10.31 $76.57 $5.09 $8.14 $0.00 $114.96

reinforcement - left

7307-1600-183 Rear wheelhouse outer $0.46 $2.64 $2.17 $12.70 $0.90 $1.44 $0.00 $20.31
panel - left

7307-1600-184 Rear wheelhouse outer $0.44 $2.35 $1.97 $11.38 $0.81 $1.29 $0.00 $18.24
panel - right

7307-1600-213 Rear closeout panel - left $0.03 $0.08 $0.09 $3.64 $0.19 $0.31 $0.08 $4.42

7307-1600-214 Rear closeout panel - right $0.03 $0.08 $0.09 $3.64 $0.19 $0.31 $0.08 $4.42

7305-1500-157 Shotgun inner panel - left $0.12 $0.34 $0.41 $8.91 $0.49 $0.78 $0.20 $11.25

7305-1500-158 | Shotgun inner panel - right | $0.12 $0.34 $0.41 $8.91 $0.49 $0.78 $0.20 $11.25

7305-1500-197 A-pillar inner reinforcement $0.02 $0.07 $0.07 $1.73 $0.09 $0.15 $0.04 $2.17
panel - left

7305-1500-198 A-pillar inner reinforcement $0.02 $0.07 $0.07 $1.73 $0.09 $0.15 $0.04 $2.17
panel - right

7305-1400-154 Lower A-pillar inner - right $0.10 $0.12 $0.24 $4.60 $0.25 $0.40 $0.10 $5.81

7305-1400-153 Lower A-pillar inner - left $0.10 $0.12 $0.24 $4.60 $0.25 $0.40 $0.10 $5.81

7307-1400-164 | Rear wheelhouse inner - $0.14 $0.42 $0.49 $35.63 $1.83 $2.93 $0.81 $42.26
right

7307-1400-163 Rear wheelhouse inner - $0.14 $0.42 $0.48 $35.63 $1.83 $2.93 $0.81 $42.24
left

7305-1500-228 Lower A-pillar inner $0.02 $0.05 $0.07 $0.92 $0.05 $0.08 $0.02 $1.21
reinforcement - right

7305-1500-227 Lower A-pillar inner $0.02 $0.05 $0.07 $0.92 $0.05 $0.08 $0.02 $1.21
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7307-1500-168 Shock tower reinforcement $0.12 $0.12 $0.28 $4.44 $0.25 $0.40 $0.10 $5.70
- right

7307-1500-167 Shock tower reinforcement $0.12 $0.12 $0.28 $4.44 $0.25 $0.40 $0.10 $5.70
- left

7305-1300-156 Upper A-pillar inner - right $0.10 $0.14 $0.25 $8.14 $0.43 $0.69 $0.18 $9.94

7305-1300-155 Upper A-pillar inner - left $0.10 $0.14 $0.25 $8.14 $0.43 $0.69 $0.18 $9.94

7305-1300-166 Rear shock tower - right $0.53 $2.47 $2.11 $6.53 $0.58 $0.93 $0.00 $13.16

7305-1300-165 Rear shock tower - left $0.53 $2.47 $2.11 $6.53 $0.58 $0.93 $0.00 $13.16

7306-0820-124 Rocker sill extension - right $1.49 $5.39 $5.42 $17.28 $1.48 $2.37 $0.63 $34.05

7306-0810-123 Rocker sill extension - left $1.49 $5.39 $5.42 $17.28 $1.48 $2.37 $0.63 $34.05

Sub-total $6.23 $23.37 $23.01 $207.70 $13.02 $20.83 $4.35 $298.51

Totals | $37.71 | $138.62 | $135.63 | $1,260.63 |$78.63| $125.81 | $25.01 | $1,802.01
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7.4. Appendix D: Intellicosting Methodology

Intellicosting Process Steps:

Component Cost Analysis:

e Photograph and weigh total component or assembly
¢ Disassemble component and create Bill of Material structure
e Weigh and photograph individual parts
¢ Allocated components to cost analysts:
o Mechanical: Plastic/Die Castings
o Electronics: PCB/Sensors/Cameras
e Cost analysts will enter physical dimension and manufacturing location data into
Intellicosting Cost modeling application
e Cost modeling (high-level) description:
o Plastic example:
= Cost analyst will determine material type
= Part dimensions (wall thickness/overall projected area) will be
entered into cost model
»= Production volume and manufacturing region will be entered into
cost model
= Cost analyst will select correct tonnage of machine to efficiently
produce component
e Machine level data resident in cost model (portion):
o Machine cost
Machine installation costs
Cycle times
Efficiencies
# or % of operator required to man machine
Amount of regrind material
o Manual or automate part handling
= Cost analyst will determine the size of facility required to produce
part based on entire manufacturing process
= The cost model will analyze all the inputs and create a final report
that will include:
e Operational step, such as Op 10 Melting
e Machine description: Name / Tonnage
e Geographic region: State or Country

© O O O O
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e Cycle times

e Fixed/Variable costs

e Total costs for each Operational step and entire assembly
Cost analyst will determine tooling requirement for component

o Electronics:

Cost Analyst will photograph and weigh printed circuit board
Cost Analyst will determine board population methodology
Cost Analyst will review type and functions of components
Cost Analyst will research costs for components based on volume
and purchasing power
Cost Analyst will de-laminate integrated circuits to review silicone
die, to determine die manufacturing yield rate.
Cost analyst will create virtual production line equipment:
Chip placement (shooters)
Component feeders
Soldering process
In-Line testing

e End of line testing
Cost Analyst will determine Engineering Design and Development
cost associate with each functional group required to develop Print
Circuit Board over a determined period of time (ex: 4 years)
Facility size and manpower requirements are entered into cost
model
Cost analyst will review preliminary final report with Quality Peer
Review team
Upon approval Cost Analyst will submit Final Report to Client
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