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AUTOMOTIVE

Case Study – Rear Chassis Upright Casting

Key Objectives:-

• To outline how Sarginsons 
are looking to develop 
solutions using optimised 
topology

• Highlight potential issues 
with these forms from a 
casting and optimised 
topology perspective

• Demonstrate how 
Sarginsons can simulate and 
map the variable mechanical 
properties inherent in 
optimised forms through 
casting and heat treatment

• Show the impact that these 
variations have when re-
simulated in LS-DYNA, and 
how casting performance is 
affected



Default TYE figures (A356 T6):-
• Elongation – 5%
• 0.2% proof stress – 195MPa
• UTS – 250MPa

Base Line Data

Load Data 3g Bump

Load Data 0.8g lateral 2.5g Bump

Assembly design space and 
mounting points 
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Altair Inspire

• Workflow Example

Model Import & 
Baseline

Design Space 
Definition

Analysis & 
Optimisation
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Altair Inspire
• Results Output Example



• Minimum material form generated 
using Altair Inspire software 
(OptiStruct)

• Low Pressure Die Casting approach
• FOS of 1.5
• 4mm min wall, 3 degrees draft
• Single Draw Optimisation
• Stress Concentration Around the 

Damper Mount Point, leading to 
increased mass locally

• Certain assumptions made for 
mounting points (could be 
optimised)

• Further casting development work 
required.

Initial Cast Form



Form Comparisons

New Optimised Cast Form – 2.78kg Lotus Optimised Cast Form – 4.13kg
(49% higher mass)



Wall Section Analysis

Large areas of isolated heavy 
sections. These can be problematic to 
feed, leading to localised porosity 
and comprised integrity



High-Level Porosity Predictions (Level 1)

These areas can be ignored 
(level 1 simulation)

These areas can be ignored 
(level 1 simulation)

Large areas of porosity risk

Porosity much reduced



Mechanical Property Simulation - Elongation

• Low Pressure Level 1 MagmaStress Simulation (no feeds)
• A356 T6 
• Steel tooling block
• 710 deg. filling temperature

Large areas of low ductility



Mechanical Property Simulation - Yield



Mechanical Property Simulation - UTS



Mapping Simulated Data to LS DYNA

Mechanical Property Variables 

• Simulation of TYE mechanical properties inherent across cast 
form

• Full range of figures specified, with process, topology and 
alloy selection considerations

• Through process approach with cast data used sequentially 
for post operations such as heat treatment

Data Mapping with Optimised Banding (Pioneered by Sarginsons)

• TYE figures banded into customer specified levels to allow 
practical use in FE packages

• Data mapped onto material cards for seamless CAE import.



Casting Design Tooling Design

Real-Time X-Ray

Casting Simulation Die Manufacture

Raw casting

Simulated Mechanical Property Verification

• Test Beam casting designed by Sarginsons in collaboration with an automotive partner
• All simulation work completed including TYE predictions
• Castings manufactured and subjected to 3 point bend testing



The Test Beam with fixed TYE figures across the form distorts and fails at a significantly different rate to the 
Beam where we have simulated the variable mechanical properties through LPDC and heat treatment.

3 Point Load Testing – CAE Development

Mapped
A356 T6
properties

Force/Displacement Simulation
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Baseline A356 T6 material properties
(Used in current Lotus CAE work)

Baseline Proof Stress 210 MPa 
Baseline Ultimate Stress    260 MPa
Baseline % Elongation           4 %
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Test Run 1 -3 hour HT ageing Test Run 2 - 5 hour HT ageing

Impact of Heat Treatment Variables

• Sarginsons have a comprehensive 
database of mechanical property 
impact due to heat treatment 
variability.

• In this programme two ageing 
parameters were chosen, simulated 
and test bars taken.

• Test run 1, with a lower ageing time, 
resulted in higher elongation (ductility) 
but lower UTS and Proof Stress levels 
than test run 2 with an extended 
ageing time

• Combined with the variability exhibited 
in cast form due to design geometry 
and cooling rates, this can significantly 
impact of the success of the design.

• As part of a digital twin design loop 
aligned with considered tooling 
approach , key mechanical targets can 
achieved 



Force/Displacement Simulation (Test Run 2) Energy absorption /Displacement Simulation (Test Run 2)

CAE simulation and result calibration
Simulated resultResult using fixed 

standard CAE dataSimulated resultResult using fixed 
standard CAE data

Results for lower 
elongation/higher yield
(test run 2)

Results for higher 
elongation/lower yield
(test run 1)

• Simulated data for both heat treatment 
approaches mapped and exported to LS-
DYNA for extensive simulation work

• In both cases predicted performance 
was significantly higher than using fixed 
‘  x -b  k’ h   g   u   YE   gu   

• Castings were subjected to independent 
3-point load testing and results 
compared to simulation with good 
alignment

• Parts with higher ductility displaced 
further and absorbed more energy 
before plastic strain and failure. Parts 
with lower ductility but higher strength 
required more force to distort, but 
exhibited lower energy absorption and 
displacement to failure



3-point Load Testing

Test run 1 – elevated elongation, lower yield strength and UTS. Higher 
displacement and energy absorption 

Test run 2 – lower elongation, higher yield strength and UTS. Lower 
displacement and energy absorption. Higher initial resistance to displacement

Summary:-
• The use of optimised topology can remove large amounts of material, but create heavy sections that are 

problematic to manufacture as a cast form.
• Sarginsons are able simulate the mechanical properties inherent with cast designs, and demonstrate the how they 

vary across the casting. Thicker sections will have lower properties. Further mass reduction in highly stressed areas 
will elevate casting strength and ductility, and may prove more successful as a design option.

• The varying TYE figures during the casting and heat treatment processes are captured, mapped,  and exported in a 
practical banded form for informed further CAE analysis as part of a digital twin loop.

• Comprehensive testing and calibration has allowed for accurate data bases to be created for reliable data
• In conjunction with our conventional DFM analysis, Sarginsons can develop successful collaborative solutions for 

highly stressed cast vehicle designs.



Thank you 

www.sarginsons.co.uk


