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T3: Low Fidelity 3G (Geometry, Grade & Gauge) 

Optimization

• Objective

• LF3G: An integrated Optimization Process

• LF3G Optimization Model

• LF3G Optimization Parameterization

• Material and Gauge Choices

• LF3G Targets

• LF3G Optimization Results

• LF3G Battery Optimization

• Conclusion
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Objective

– Initial topology optimization: linear static analysis

– LF3G optimization: non-linear dynamic model

• Define the optimal position of the structure’s major 

loadpaths

• Define the approximate size and general cross-

section, grade and gauge of the structure along the 

loadpath

• Create a robust set of boundary conditions for the 

next phase of sub-system loadpath optimization
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LF3G: An integrated Optimization Process

• parameterized CAD model using SFE software

– based on various design inputs and a comprehension of the 

styling and packaging constraints

– size, shape, and/or position of various parts of the dominant 

load paths, such as the B-pillar and rocker

– outputting finite element models for any combination of 

parameterized parameters.
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LF3G Optimization Parameterization

– allow position and shape to be modified by the optimization

– all ranges of movement in the parameterization conformed to 

the allowable structural packaging space

• B-Pillar

• Front Bumper Beam

• Radiator Support to Shock Tower Beam

• Shotgun

• Instrument Panel Beam

• Front Longitudinal above Tunnel

• Front Cross-Bar

• Side Roof Rail

• Roof Bow and Headers

• Rear Cargo Area Cross Bar

• Front Seat Crossmember

• Rocker

• C-Pillar

• Rear Longitudinal Rail

• Bulkheads
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Material and Gauge Choices (1)

– Grades: intended strength levels only

• Performance: same with two or more grades with the same 

tensile strength

• Manufacturing capability: different between the grades

– minimum and maximum gauges: range of commercially 

available thicknesses for each steel grade

– Load path study: six critical components with the widest range
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Material and Gauge Choices (2)

materials based on the results of the calibration study

multiple zones for material and gauge variationOnly one material/thickness combination each model
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LF3G Targets & Optimization Results (1) 

– 6 load cases

– static bending and pole impact

• 80~90% satisfied if met, easily achieved by adding local 

reinforcements without the need of adding much mass
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LF3G Targets & Optimization Results (2) 

– Parametrized model + variable range + performance targets

• Total 110 designs, 17 feasible designs
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LF3G Battery Optimization

– All previous optimization was based on use of a T-Shaped battery

– Identify the most mass efficient shape for the FSV vehicle battery, 

as well as the most robust rear load path

– Two configuration: original T-Shaped and newly revised I-Shaped

– gauge only optimization

– two load cases most affected by rear longitudinal design
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Optimization Results
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Conclusion: Grade
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Conclusion: Gauge



Future Steel Vehicle Phase II Engineering - 64

Conclusion: Geometry (shape)
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B-pillar / Front end
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Radiator support
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Front rail / Shotgun
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Lower IP / Torque box member
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Roof rail member / Joint rear upper
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Seat crossmember / Rocker
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Tunnel top member / Underbody crossmember
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LF3G Geometry Interpretation

• Geometry from LF3G model → sheet metal design

– assess and optimize various body structure sub-systems 

and related manufacturing processes

– Rocker

– B-pillar

– Roof side rail

– Rear rail

– Front rail

– Front upper rail (shotgun)

– Battery upper & lower
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Rocker / B-pillar / Roof side rail
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Rear rail / Front rail / Shotgun / Tunnel rails
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Structural Sub-System Design Optimization

• Objective

• Loadpath mapping

• Sub-System

– Rocker

– B-pillar

– Side roof rail

– Rear rail

– Battery tunnel rail

– Shotgun

– Front rail
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Objective & Optimization Methodology

– best combination of material grade, gauge, geometry and 

manufacturing process for particular sub-system

– basic steps for the sub-system optimization

• Sub-system development and validation

• Initial design representing manufacturing approach

• Establish design space

• Parameterize geometry

• Time history, constraints and targets from LF3G

• Detailed 3G optimization; geometry (shape), grade (material) and gauge
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LF3G Loadpath Mapping
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Rocker Sub-System

• Development of Sub-System from the Full Model

– rocker and the major attachment components it is attached 

to such as the B-pillar, hinge pillar, rear rail, floor and 

underbody crossbeams

• Generating Boundary Conditions

– nodal displacement time history is used so that it behaves in 

a similar manner to the full LF3G model
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Stamped Rocker Concept

• Grade and Gauge Geometry Design Space

• Geometry Parameterization

• Optimization Setup

– Objective: maintain the performance of the rocker so that the

– total strain energy remains the same as the LF3G for front 

NCAP, front ODB, rear ODB, IIHS side and pole impacts. 

The mass of the LF3G rocker is 12.4 kg

– Target: minimize the mass of the rocker

– Constraint: energy absorbed by the rocker in the LF3G 

model (full model)

• For IIHS side and pole impacts, +/-15% (plastic deformation)

• For Front NCAP, front ODB and rear ODB impact, ≤ 650 J 

(elastic deformation)

– Design solution
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Stamped Rocker: Design Space &

Geometry Parametrization
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Stamped Rocker: Design Solution

(Longitudinal Impact)
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Stamped Rocker: Design Solution 

(Side Impact)
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Stamped Rocker: Design Solution (Final)
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Hydroformed Rocker Concept
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Hydroformed Rocker: Design Solution (Final)
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Roll formed Rocker: Design Solution (Final)
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Extruded Aluminum Roll Rocker
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Front End Optimization
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Front End: Load Path

– loadpath and energy management strategies to both absorb 

and then transfer load: reduce the mass in the remaining 

structure
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Front NCAP: FSV vs. Conventional
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Structural Sub-System Design and 

Manufacturing Interpretation

• structural sub-system multidiscipline 3G optimization 

→ assess considering the respective manufacturing 

technology guidelines, to ensure manufacturibility of 

the sub-system

– Sub-system 3G Optimized Solution

– Manufacturing Interpretation (Design for Manufacturing)

– Verification of Interpreted Results
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Rocker: Stamped

3G optimization

stamped LWB

stamped single thickness

stamped tailor rolled blank (TRB)
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Rocker: Hot Stamped

Hot stamped single thickness

Hot stamped TRB
Hot stamped LWB



Future Steel Vehicle Phase II Engineering - 94

Rocker: Tubular (Roll Formed)

Roll formed TRB

Roll formed LWC
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Rocker: Tubular (Hydroformed)

Hydroformed LWT

Hydroformed TRT (Tailor Rolled Tube)

Extruded aluminum
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Sub-Systems Selection Methods

– Every automobile manufacturer uses a certain selection 

criterion dependent on the market segment, demographics 

and relevant government regulations

– Mass

• part mass and blank mass (influences the material costs, 

energy costs and the CO2e emissions)

– Costs

• the manufacturing costs were assessed for the various sub-

systems using a cost model

– CO2e Life Cycle Assessment

• an environmental assessment, of Greenhouse Gases (GHG) 

emissions, was conducted for each sub-system over the 

complete vehicle life cycle
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Manufacturing processes and 

operations sequence
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Sub-System Cost Assessment

– “technical cost modeling“ approach similar to the one used by MIT 

in the ULSAB AVC and Future Generation Passenger Compartment 

(FGPC)

• no supplier cost assessments conducted for any of the parts costs and 

assembly costs

• costs for each of the operations involved in the manufacturing process, 

starting from blanking the steel coil, until the final operation to fabricate 

the component

• Material, Labor, Equipment, Tooling, Energy, Building, Maintenance

• determination of the component related inputs such as blank size, cycle 

time and tooling costs

• remaining inputs that were crucial: Program Parameters, Plant 

Parameters, Process parameters
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Rocker sub-system Costs
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B-pillar sub-system Costs
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Total Life Cycle Assessment

– metric CO2e: typical greenhouse gases and their Global 

Warming Potential

• Carbon dioxide has a GWP of 1

• Methane has a GWP of 21

• Nitrous oxide has a GWP of 310

• Perfluorocarbons (HFC) has a GWP range of 140 to 11,700

• Sulphur Hexafluoride has a GWP of 23.90
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Total vehicle life cycle emissions: Rocker


