N

Engine
and Electrical Systems

AUDACE

The AUDACE Collaborative Project

A joint innovation program between Thales, Valeo,
SMEs & Research Labs on mechatronics devices
reliability

Philippe POUGNET Reliability Expert

Version 1 - December 6th 2012

valeo added KNI



Agenda

Introduction

Project management

WorkPackages

Conclusion

Date + numérotation

Upd ate date | 2 Property of Valeo — Duplication prohibited



Failure rate

Reliability targets

Early life Useful-life Wearout

v

tims

Upd ate date | 3 Property of Valeo — Duplication prohibited |



Robustness Margins

S\

[®

r Upper

Operating Destruct

Lower Lower Uppe
Destruct Operating Product

Limit Limit Specs Limit
E—

— - — -

< Destruct|Margin™ <~ Destri

\_/

Limit

ict Margin™ ]

I\

Stress

Update date | 4

Property of Valeo — Duplication prohibited



Audace

Project overview
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Project Description /)70I/€D
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Goals

Develop a Reliability Engineering Methodology
Reliability & Robustness Characterization Equipments

Methodologies
— Future products and technologies reliability

( PRO-ACTIVE)
— Analyze failures of existing products

(RE-ACTIVE)

Launch a Test Platform
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Work Packages

WP1 WP2 WP3 WP4 WP5 WP6
e Stress effect Robustness & Defect Failure BRI
Specifications C : Improvement
Measurements Reliability Analysis models
Methodology
WP1.1 WP2.1 WP 3.1 WP4.1 WP5.1 WP6.1
) . ) ) Design
Mission profile Elniz SIS Firysies Multlphysms architecture
temperature Test bench measurements modeling :
improvment
WP1.2 WP2.2 WP3.2 WP4.2 WP5.2 WP6.2
Qualification EM stress Reliability Package Pre.dlcju.ve Design
Constituants Reliability
test Test bench Test bench Rules
measurement Models
WP1.3 WP2.3 WP3.3
TN Mechanical EOVS
& Systems .
: deformations Test bench
of interest

Understand & Control Failure Mechanisms
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Time Plan
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Demonstrators
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Reliability of innovative embedded mechatronic
devices
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|dentify the failure modes
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l Modal Analysis Test Bench: Laser Vibrometry

¢ Main features:
non contact optical technique (components, assembled circuit boards)
High density mesh measurements

Rapid response time

o
o
o
o

Identifies Eigen frequencies and Eigen modes and FRF
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Phase-stepped Laser Speckle Interferometry
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Phase stepped Laser Speckle Interferometry

/1 Holographic recordings at different times

temperature

v

time

Thermally induced deformation
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Phase-stepped Laser Speckle Interferometry

Full field out of plane
deformations
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Robustness Margins characterization

Lifetime characterization in operating
conditions
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SUPER HAT

Highly Accelerated Testing + Humidity

Thermal environment
— -100°C / 200°C
— 60°C/mn

Vibration environment

— Random vibratons

— 0 to 50 Grms hetween 10 Hz and 10 kHz
Humid environment

Combination of stresses
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Test benches: Pulsed RFHTOL & CW RF + EM
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Failure Analysis

valeo added KNI



Failure Analysis
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Failure Analysis
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Modelling & Simulation

Optimization
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A Probabilistic Approach to Robustness

Uncertainties or variability Mechanical model

; @ Materiel properties
X Q GeometrY _
@ Thermal loading

Response
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Mechanical -reliability
coupling Monte Carlo Simulations with
Latin Hypercube sampling

Sensitivity

Response distribution :
analysis
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Conclusion

A collaborative research program addressing
the reliability failure mechanisms of
mechatronic devices

A design methodology that insures the realization
of reliability goals

¢l A Test Platform proposing solutions to
reliability issues
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Enabling a better automotive world




