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Many thanks to the presenters, expert panelists and

participants for your contribution to this event
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Closing Remarks

Key takeaways
» Adopt a ‘population’ point of view
* Apply the right process and tools

« Training and case studies videos

Challenges and opportunities

How could you go about solving your own variability problem?
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Adopt a ‘population’ point of view

emete_Aochysnieppronchesimom. 10U m AP VO Dares_Vaniie oo |

‘Nominal Design’ point of view:

onise (Scale=dB20(A) Ret=20e-12)

Single Sample based on the
nominal design

Acoustic Resp

Vehicle ‘Population’ point of view:

Perturb nominal design to create ‘
multiple samples that account for |
variations,

. Response (Scale=dB20{A) Ref=20e-12)
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How the ‘population’ point of view can help

* Provides a good conceptual ‘mental picture’ in Road NVH @75Hz ----
understanding the concepts and tools we have PT Shake @29Hz ----
discussed in this event dle Boomn at 454z ----

« Explains why NVH problems don't happen Suspension Squeak ----

consistently on every prototype and how simulation

Which test sample do | use

1000 2000 Hpmslggghon i ":;;loe 5000 6000 to compare with nominal
COUId Capture them a.” . ~ model prediction?
dBIAII \ zizw.l:;r
« Provides a framework for rational comparison of z| Vacd /_SSZ Lr _‘"
simulation and test results i b

20 vehicle

* Helps us find the right target metric which could be

. . . test samples
used in RBDO to achieve a despaired level of R W U
C u StO m e r S at i Sfacti O n Non-Parametric Probabilistic Simulation; Soize, Durand, Gagliardini
) &
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Apply the right process and tools

* | have seen a lot of interested in simulating Input Distribution Models
variability problems among NVH engineers

Accuracy? Accuracy? Biased Simulation :IO?WSZ:S:ZE‘?;G
Tl Models & MCS statci]stical validation?
* |t seems every large auto OEM has some L A_ DOE 1=

Output Distributions

e Limited input test data ® Limited output test data

. Material property Load i Lo . .
effort going on, but many people struggle due \ / Lower b deflection
to lacking experience and a good process to /\“" /\ o ot
follow ' LA sl B

folerance Barrier height Accuracy of Surrogate Models? Pubic symphysis force

« As demonstrated by the four proceeding

presentations, and examples shown in the ALTAIR NVH DIRECTOR WORKFLOW FOR MSA AND RBDO
training videos, it is possible to successfully T & © W & %ﬁ =
consider variability in simulation

- The training videos, created specifically for nssemy >Re“ﬁﬁii'on >LS?Up >32i'§§§ > s > Rea > k800 >
this workshop, are a good place to start -
exploring the concepts, process and tools to e s Gt Farnas S AN Rspres
see how they could be applied in your Bl =t M’Wm sk
specific situation R S RN, 4R
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2\ ALTAIR VANIABILITY BY

NOMINAL DESIGN

O\ ALTAIR  ACHIEVING BETTER DESIGN USING DETERMINISTIC OFTIZATION

Training Videos and Case Studies

2\ ALTAIR  ACHIEVING DETTER DESIGN USING MSA AND RBDO
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J\ ALTAIR PROPER WAY OF COMPARING SIMULATION RESULTS WITH TEST DATA

Understanding Variability by Perturbing the

Nominal Model

Duration: 10 minutez
Topicz covered include:

« Perturking nominal model to underztand variability

. tric and ic pert ionz
= Example of parametric perturbation
* Example of non-parametric perturbation

View the prezentation clidez

Optimization

Duration: 10 minutes
Topicz covered include:

What doez 3 better dezign for NV - low

* Dezign zens

zation
* Iz the optimal dezign reliable nd robuzt™

View the prezentation zlidez

Achieving a Better Design Using Deterministic

2 3 filter to reduce no. of variablez

RBDO

Duration: 10 minutez
Topicz covered include:
tude or narrower variation” + Multiple zample an:

« Dezign zen;

+ Dezign variable filtering

. REDO

View the prezentstion lidez

RAMO= 4 acam|
Introduction to Uncertainty

Quantification

V)
AMIY) 2, ALTAIR
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| ety s e |

Reducing Performance Variatility & improve Design
Robustress through Simulation and Optimization
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Statistical Model Validation, Calibration & RBDO
for Virtual Product Design Process

Reducing Preiormance varasiity & impeove Desigr
Robustess hrough Simulation and OptImIZALOn

L Ol P8 - Mamaging Member
Nk Gal P01 - Ot Techmcal Oficer

RAMI®

Introduction toe Uncertainty Quantification

Duration: 47 minutes

Il b pecwicied o show how toleran
can ke used to calculate standard deviations that can be used to
crete distributians to characterizs the variatsiity.

g aigerithm wil be orez : will shaw to efficiently
propagate variability o obtain the outpur, Le, respanse variabilfey. Finaly, it will be
=hown how the responze variability, ie., respanse distribution can be uzed in various
ways ta achiue the end geal

View the presenestion siidez

Reliability-Based Design Optimization

Duration: 36 minute:

22 Immarzant for the mamufacturng ind eain rafizbie aprimur dezignz under =
widle range of given environment. However, 3 deterministically optimized design withous
issle. RAMDO has developed
“bution modaling for bath

varizble sereering method for high dimensicnal
REDO problems; reliabilty  and confidence-bazed REDO. For the inout
distribution madel, 3 twe-z wrm llkelibood methad generates best fit

Statistical Model Validation, Calibration &
RBDO for Virtual Product Design Process

Duration: 42 minutes

Thace are szueral challanges n mods!
imibers of input data for madeling input

distribution models from eight marginal POF and e

ane effisiznt Dynamic

zamaling zrazegy. For
PR —

wariables. Numerical examgles, including  high dimens
desion (crach & NVH), durability of vef

ne blage,
Righly aceurate optimum des)

View the precentati e

‘Watch Now

e fstrmation:. & .:

Testien & calbratien methags

re uzadite demenziate ffectien

View the precentation clidec

Achieving a Better Design Using MSA and

'ty bazed on both nominal and extreme zamplez

Proper Way of Comparing Simulation Results
with Test Data

Duration: 10 minutez
Topicz covered include:

+ Why iz my zimulation rezult zo different from zezt?
« Doez the nomina! mode! do 3 good job in reprezenting the rezponze trend?

test data

« The proper way to compare zimulation rezulzz t
+ Abetter way to zet NVH targetz by level of cuztomer zatizfaction

View the prezentation zlidez

Additional presentations you may be interested in

CAASE20 [ﬁ

I - o ) ) s
Optimizing Steering Nibble
Performance to Tire Inputs through

Accounting for Variability in NVH Design o Monte-Carlo Simulations
Achieve Higher Customer Satisfaction

Jianvman Guan, Senior Deector, Viration and ACouitic Solutions.
Altair Engineering

[T —

Ot 320, 2028

Hamaus, Gorrmary & Codne

Soaram CEATS

AMIORE 2\ ALTAIR §
Presented at 2020 NAFEMS: Accounting for
Variability in NVH Design to Achieve Higher
Customer Satisfaction

Optimizing Steering NibblePerformance to Tire
Inputs throughMonte-Carlo Simulations

Duration: 26 minutes
View the presentation slides

‘Watch Now

Duration: 22 minutes
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Challenges

* Input variability data can be hard to obtain and may not cover all
possible sources of variation present in the final product

« Output variability can be very costly to obtain, and is essential for
meaningful and successful variability simulation

« Simulation model content may bot capture all possible sources of
input variability. Consider parametric and non-parametric approaches

« Simulation model quality need to be validated and calibrated to
ensure the optimized solution from RBDO is meaningful

« Simulation time can be long, even though
both Altair NVH Director and Ramdo have R w——

"

special functionalities to reduce runtime Toa TP

|
* Learning curve can be steep as the process * ’
requires familiarity with concepts from
multiple disciplines — statistics, DOE, Monte- | PR

s Carlo simulation, advanced optimization etc =

WWWWWWWWWW

Range of variation is low

Saunld Pressure [Pa]

C&'ggl _

20 30 40 50 60 70 80 90 100
Frequency [Hz]

Distribution of Sound Pressure @27.0Hz

Full Torsion = 74Hz
Damping = 0.04
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Opportunities

« Historically, prototype testing has been the primary, if not the only, tool for product design signoffs in
almost all industries, with a potential exception of the aerospace industry

 However, there has been cases where prototype testing __
failed to identify the worst-case scenarios that have j._ . =
resulted in costly late changes and launch delays

« Trying to avoid failures like these has been an important
motivation leading people to find ways to simulate
variability

- Today, using simulation as the primary tool for signoffs
Is already happening, and we are seeing this trend
becoming more prevalent among auto OEMs

« Some OEMs have set internal timeline to move 100% of
signoffs from prototypes to simulation

 Advance in Al/ML can potentially have significant impacts

, onour ability to simulate variability, particularly in runtime
/\ ALTAIR RAMLH
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How could you go about solving your own variability problem?

« Everyone’s problem may require a different way to structure the solution, and the most challenging
part of the journey is to formulate the problem in such a way that tools Altair and Ramdo provide
could be applied

« It will be very helpful to review the presentation material and training videos in detail to see if you
can find any inspirations form them

 Don’t hesitate to contact us or the authors for help. We can work with you to overcome the

l, A "

initial challenges that will increase your chance of success

-
P

kyung-choi@ramdosolutions.com nicholas-gaul@ramdosolutions.com  benzie@altair.com jguan@altair.com
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THANK YOU

altair.com
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#ONLYFORWARD
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