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Introduction 

ÅBenefits of Modularity in Army Systems 

ïSimpler Logistics 

ÅFewer distinct parts mean more spares available 

ÅSmaller footprint 

ïLess Specialized Training Required 

ÅOperators 

ÅMaintainers 

ïReduced Cost 
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Introduction 

ÅQuestion:  How do we address the complexity 

associated with testing and evaluating a modular 

system?   

ïIs it necessary to test all possible configurations? 

ïExacerbated by system upgrades, armor kits, re-

power efforts etc.  

 

ÅAnswer:  Use of Modeling and Simulation  

ïPhysics of Failure analysis 

ïDevelopment and validation of dynamic models 
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Physics of Failure 

ÅA.K.A. Physics of Failure, Predictive Technology, 

Predictive Engineering, Physics of Reliability 

ÅModel the root causes of failure (e.g., fatigue, 

fracture, corrosion & wear) 

ÅFailure models & CAD tools developed 

ÅBy industry/academia/government 

ÅTo address specific materials, sites, & 

architectures 

Benefits 

ÅDesign-in reliability 

ÅEliminate failures prior to test 

ÅBetter chance of passing test 

ÅIncreased fielded reliability 

ÅImproved prognostics 

ÅDecreased O&S costs 

Stress (e.g., 

vibration) is 

propagated from 

system level to 

failure site 

Failure root-cause 

is cracking of 

solder joint 

PoF ï A Comprehensive Engineering Based Reliability Approach 



Surveillance System 

ÅAnalysis showed commercial 
CCA OK 

ÅIdentified weak link in design 

& verified 

Tri-Service Radio 

$27M Cost 

Avoidance 

ÅFix confirmed through low-level test 

and M&S instead of full-up testing 

Army Vehicle 

New Missile System 

$1M 

Cost Avoidance 

ÅPoF analysis on Plastic Ball  

  Grid Array 

Improved Monitor 

ÅCorrected vibration problem 

Design Changes 

Implemented 

$1.2M Saved 

Evaluate New 

Technologies 

Physics of Failure Success Stories 

Reliability Improved 
Power Supply 

ÅSignificant failures 
reduced w/ minimal 
cost fix 

Mobile Bridge 

ÅReduced 
testing 

$1.5M Savings 



Physics of Failure Process for 
Electronics 

Failure Risk Assessment  

& Sensitivity Analysis 

Product Modeling and Databases Toolbox 

Load Transformation 
Environment  

Characterization 

Relay strain gage PSD @ 25c 

Frequency (Hz) 

Relay ½ Bridge Strain Gage PSD @ 25°C
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Model 

Plug-ins 

Support for importing 

CAD design files 



Mechanical PoF Process 
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Strain Time History 

Rainflow Cycles Count 

Live Data from Instrumented Tests 

Finite Element Analysis (FEA) 
HMMWV 1114, 10 inch Half-Round, 10 mph, Left Front Shock Displacement
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Test Simulation

System-level Dynamics Model 

Loads, Accelerations 

Damage Cycles Count Component Life Prediction  

Strains, Accelerations, Displacements 

PoF reveals underlying physics ï Helps to identify the root-causes of failures! 



Dynamics Models to Support T&E 

HMMWV M1114 

HMMWV 1097 A2 

STRYKER ESV w/ mineroller 

BUFFALO 

HMMWV w/ outriggers 

Cougar CAT I Cougar CAT II 

HMMWV M1114 

Å Quick and inexpensive to perform 

Å Very repeatable compared with physical testing 

Å Easy to make changes between variants/kits 

Å Mass 

Å Inertia 

Å Center of Gravity 

Å Parameterization critical for efficient development 

Å Used to identify critical configurations and reduce 

risk of untested poor performer 


