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The Challenges of Design for
High Consequence Applications

Development of a Parameterized
Reduced Order Model

Component Matrices |

e Goal: Assessment of uncertainty in and design optimization of real systems
* Uncertainties omnipresent Parameterize Component Matrices
— Environmental specifications, manufacturing tolerances, defects, epistemic sources, etc. 1

 Consequence: robust design requirements
— Can require thousands of perturbed models

 Rough estimate: 10 years of human effort, plus 3 years of a dedicated super
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Models parameterized in terms of the variables of interest using
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Derivatives Calculated by the CompleXStEREXTANSION

Ordinary complex numbers (E? = j? = -1)

Accuracy of Derivative Calculations
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Results of PROMs Constructed With Hyper:=DuatNumbers E | I+ 1

« 10° Craig-Bampton CMS Calculations, 3 modes per component

45 5106 Cra|g-Bampton CMSCaIcuIatlons 3 mOdeS percomponent o x10° Craig—Bampton CMS Calculations, 3 modes per component x10° Craig—Bampton CMS Calculations, 3 modes per component

: : ; : ; Parameter Sweep
] T Beetrennnesnennas Parameterize Component Matrices s Parameterize Component Matrices

: : : : : Parameterize Craig-Bampton Matrices : : : _ : : : s Parameterize Craig—Bampton Matrices
3.5F---:--| = = = Parameterize Craig-Bampton System [---------coeeieoemenenn A === Parameterize Craig—Bampton Matrices |*-:-=*"*" R o B = = = Parameterize Craig—Bampton System

Parameterize Eigenvalues : } : = = = Parameterize Craig-Bampton System : : : Sprrerees Parameterize Eigenvalues
: : : ‘ : - 3 S San sy == Parameterize Eigenvalues A aEEaR e LTSRN oA - ! . ;

Parameter Sweep

871" | e Parameter Sweep ] ; : R
Parameterize Component Matrices : : : '

Parameter Sweep

2 s Parameterize Component Matrices
= Parameterize Craig-Bampton Matrices
- = = Parameterize Craig—-Bampton System : ,
Parameterize Eigenvalues ~  fooooooo esaengs Wt

Eigenvalues, A
Eigenvalues, A

Eigenvalues, A

0.1 0.15 0.2 025 0.3 035 O 5 ; i ‘ ; i 1 e T o i |
Width of Beam. B 2 3 4 5 6 g 8 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 1 4 ; : : 0.45

Height of Beam, H x 1073 Location of Defect, € Extent of Defect, W

Multivariate Parameterizatio .» |

Mode 1, . =713.49, 5 =35.70

Mode 2, w=2873.27, o= 20.19

Mode 3, = 6476.53, o = 231.69 Mode 4, u= 1146565, o = 236.47

 Hyper dual numbers are an extension of a branch of generalized
complex number theory, dating back to 1900
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* Building hyper dual numbers into our FEA code allows us to
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* Results match analytical solutions very well for PROMs
constructed from Craig-Bampton models or Eigen
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