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What is Robustness ?

A system or design is said to be “robust” if it is capable of coping well with variations

( sometimes unpredictable variations) in its operating environment with minimal damage,

~ alteration or loss of functionality.

Why consider variations?

The real world is not perfect. In reality, all the components will have values that show scatter with

respect to ideal values.

Examples:

Variations in sheet metal thickness, dimensions, material properties, external loads, etc.
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Added Value
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Added values :

* Checks if variations in components result in the loss of functionality.

* Identifies the crucial components that influence the functionality of a design.
* Helps identify worst case scenarios for counter measures.

* Leads towards optimisation.
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Robustness Process

Ideal CAE Model

MLS approximation of plast_3712400_St28_element:12401844
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Robustness
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Statistic data

Statistic data Min:|1.083 Max:| 1217
Min: 0.3403 Max: | 0.4192 Mean: | 1.15 ﬂgmai 0.0304
Mean: 03797 | sigma:|0.02204 CV:|0.02644
CV: 0.06041 Skewness: [0.01144 Kurtosis: | 2.369
Skewness: 0.002055 Kurtosis: | 1.796 Defined PDF: TruncatedNormal
Defined PDF: Uniform Mean:|1.15 sigma:|0.0345
Lower cut: 0.34 Upper cut: |0.42 Lower cut: [1.081 Upper cut:|1.219

(3) Defining Variation in Parameters
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Input parameter
selection

Distribution
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Pre—processing

*Input values generated based on the distribution defined

Execution

Post-processing

** Input values are selected at random and each
combination of all these inputs is a configuration.

A Y. should be atleast X+1
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Types of Input Parameters

Input Parameters

v \ 4 \ 4

Real world Numerical Software/Hardware
Examples: Examples: Examples:
*Thicknesses -Time step ‘Version of solver
"Yield strengths *Friction parameters ‘No. of CPUs (32/64)
*Barrier position ‘Damping parameters ‘Hardware (Intel/Sun/HP)
*Velocity of impact *Integration method
‘Dummy positions

‘Time to fire of
pretensioners/airbags

*Excitation forces
‘Temperatures
‘Surface tension
‘Density

*‘Nozzle Diameter
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Case Study: Robustness of Design (IIHS) 1/2

Evaluation

IIHS Load case configuration
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Structure Rating (IIHS) . Static Distance from Seat Mid-Plane
:::I:’: dlrli::r seat | — | | 200
centerline distance (cm) 125 50 00 175
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No risk of B-Pillar intrusions into the marginal zone.

Lateral distance from driver seat centerline (cm)

Info: Typical number of parametric combinations: 100 to 150
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Case Study: Robustness of Design 2/2

Results Analysis

&
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CDP [%) of OUTPUT‘ Res_rel Y _disp_12000314

B-pillar to driver seat
centerline distance (cm) 125 50 00
Structural failures Downgrade structural rating by one category

In the scope of variations considered in this study

Driver seat pan centerline

*The most influential parameters are:

*Barrier height (1 shown above)

Height from ground (cm)

‘Velocity of impact (2 shown above)

*Thickness and yield strength of B-Pillar

ceptable 2 5.0 cm

70 50 30 -0 10 30 60 70 90 110 130 reinforcement

Lateral distance from driver seat centerline (cm)
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Added Values (1/3)

(A Prediction

Deteministic Model
‘In the deterministic model there are phenomena which are evident.
‘These could be material separations, B-Pillar deformations etc.

‘Confidence level of these are purely relevant to modeling assumptions.

Robustness Analysis

*In the stochastic model there are phenomena which are non-evident (just like test to test variations).
‘Deformation patterns vary with parameters.

‘This was also predicted in a case study.

‘Some patterns seen from the robustness analyses were captured clearly in the test.
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Added Values (2/3)

Confirmation

Deteministic Model
+ Design features necessary to improve performances (eg. Notches, beads, darts) are evaluated.

* Functionality of these features can vary in tests.

Robusiness Analysis
* From Robustness Analysis, we can confirm the functionality of the design features by varying input parameters.
+ This helps in improving confidence in the design.

* This can also help in test avoidance.
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Added Values (3/3)

@ Counter Measures

Deteministic Model
+ Deterministic models do not always provide us with worst case scenarios.

+ During design development some critical areas might go un-noticed with ideal scenarios.

Robustness Analysis
* Robustness analysis can provide with worst case scenarios, there by identifying potential critical problems.

* These critical areas of concemn, can be addressed with new design proposals/reinforcements.
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Conclusions

Robustness analysis significantly enhances the information out of a CAE model

Evaluation of the robustness of a design
Evaluation of the numerical robustness of CAE models
Prediction/Interpretation of hardware test

Identification of worst—-case scenarios

Derivation of countermeasures
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