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Environmental Impact

• Overview
– Fuel Efficiency and CO2 Relevance

– Air Pollution

– Noise Pollution

• Well-to-Wheel Efficiencies

• FSV Environmental Assessment

• Well-to-Wheel Energy Usage
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Total Life Cycle Assessment

– “Pump-to-Wheel” fuel consumption and corresponding CO2 emissions

– Fuel production cycle also known as “Well-to-Pump”

– Vehicle manufacturing cycle
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Well-to-Pump Assessment: Fuel Cycle

• Electricity (US mix, Europe, China, 
Japan, India, 100% coal and 100% 
renewable)

• Gasoline and diesel from petroleum

• Bio-fuels, ethanol and bio-diesel

• Hydrogen gas and liquid made using 
electrolysis process and from natural gas
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Pump-to-Wheel Assessment: FSV

European Union (EU): 95 g(CO2)/km (passenger car fleet average), by year 2020
Zero Emissions Vehicles (ZEV) by the California Air Resources Board (CARB)
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Fuel Economy and CO2 Emissions

Japan - Ministry of Land, Infrastructure, Transport and Tourism
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FSV Environmental
Assessment

• Pump-to-Wheel fuel economy
– Powertrain System Analysis 

Toolkit (PSAT)

– standard drive cycles from North 
America, Japan, and Europe

US EPA UDDS cycle

Japan 10-15 cycle

EU NEDC Drive cycle
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Assessment: FSV-1, FSV-2 

Pump-to-Wheel CO2 Emissions Well-to-Wheel CO2 Emissions
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Well-to-Wheel Energy Usage
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Life Cycle Assessment

– measures the environmental burden across the whole life 
cycle of a car, from production to driving and ultimately 
recycling parts of the vehicle

– CO2 emissions on a tank-to-wheel basis vs. LCA approach

New era in CO2 regulation: EVs to be tested across life cycle, not only on running performance (Goldman Sachs, 2019)
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– total driving distance(km): 180k(EU), 110k(Japan)

CO2 (g/km) Well-to-Tank Tank-to Wheel

ICE 50~60 120

EV 100~120 0
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Paris Agreement
– international treaty on climate change control that was 

concluded by numerous countries at the 2015 United 
National Climate Change Conference (COP21) in Paris
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Structure Design Methodology

• Overview

• Baseline model

• Topology optimization

• 3G optimization

• Final design and validation
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FSV Development Process

– 3G Optimization: Geometry, Grade, Gauge
• Auto/Steel Partnership (A/SP) projects

• Future Generation Passenger Compartment(FGPC) Phases 1 & 2

– Topology Optimization
• define the optimum load path of a clean sheet design
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FSV Pilot Project

• A/SP Lightweight Front End (LWFE) front rail to 
establish any additional mass savings

 US-NCAP zero degree front crash
 IIHS front crash 40% ODB
 Torsion
 Bending

https://www.nhtsa.gov/crash-simulation-vehicle-models
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Optimization Methodology

– Block out design envelope

– Topology Optimization

– Parameterize Geometry

– Detailed 3G Optimization: Geometry (Shape), Grade (material) & Gauge
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US-NCAP Zero Degree Front Crash

• impact barrier: fixed rigid wall positioned so that it almost contacts 
the front tip of the front bumper at the start of the simulation

• Ground: rigid wall positioned at the very lowest points of the tires

• vehicle is impacted into a rigid wall at an initial velocity of 35 mph
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IIHS Front Crash 40% ODB

• vehicle impacts a deformable barrier, offset 10% from 
centerline (40% overlap), at 40 mph
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Static Stiffness

• Torsion: Vehicle is held at the rear stock towers and front 
bumper. A couple is applied to the front shock towers.

• Bending: Vehicle is supported at all four shock towers, a load is 
applied in the vertical (negative z-direction) to the rocker at the 
front door opening
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Performance Summary
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Topology Optimization
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3G Optimization
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Load Path Parameterization
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Optimization Problem
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Optimization Results
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US-NCAP Zero Degree Front Crash
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IIHS Front Crash 40% ODB
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Comparison

• Static Stiffness
– Torsion(Nm/deg): 17,094  17,788

– Bending(N/mm): 11,870 12,122
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Manufacturability

– hydro-formed tube concept
• DP500/800TRIP450/780

• DP700/1000TRIP650/980
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HEEDS Search Algorithm

• Hybrid
– Blend of ’methods’ used simultaneously, not sequentially

– Multiple optimization methodologies used; evolutionary 
methods, simulated annealing, response surface methods, 
gradient methods & more

– Takes advantage of best attributes of each approach

– Global & local search performed together

• Adaptive
– Each ’method’ adapts itself to the design space

– Master controller determines the contribution of each 
’method’ to the search process

– Efficiently learns about design space & effectively searches 
even very complicated spaces

• Both single and multi-objective capabilities
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Optimization Process

– reduce the number of design evaluations required
• Depend on the efficiency of the search methodology

– execute multiple design evaluations simultaneously
• in parallel

– reduce the runtime of each individual analysis
• simplifying the model, running the analysis in parallel on multiple 

CPUs, running the analysis for the shortest possible duration
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Feasible Designs

• Total 2079 individual design  968 feasible  143 
feasible designs within 10% mass of the optimal


