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Abstract

A technical challenge for packaging designers in electronic industry is predicting in-service performance from accelerated life tests.  
If an analytic model predicts test results with reasonable accuracy, application of the same model to the actual in service environment provides confidence in extrapolation of the test results. 
Durability assessment of electronic assemblies (e.g., parts, boards, enclosure) involves evaluation of the durability of hundreds of individual solder joints subjected to thermal cycling and random vibration loading.  Fatigue analysis is based on stress distribution through each solder joint, which in turn is obtained by finite element analysis, creating an enormous burden on computational resources.
Boeing has developed a physics-of-failure based analysis tool.  The tool makes tradeoffs to reduce computation without sacrificing accuracy. Currently the fatigue evaluations are empirical – an S/N curve for vibration, and the Coffin Manson equation for thermal cycling. 
The overarching goal is to develop an analytical model to predict the relationship between environmental input (thermal, vibration and acoustic) and avionics box reliability.
A rigorous method was developed and tested to replace the empirical fatigue evaluations.  The method incorporates a non-linear material model into the solder joint finite element analyses so that the damage can be evaluated directly from the finite element results.  

The new method is based on the disturbed state material model.  It combines the Reduced Accelerated Disturbed State Concept (RADSC) as the damage model with Multi-Domain Method (MDM) as the part-level stress/ strain solver. Automation of the new procedure by incorporation into the Boeing-developed integrated analysis tool for electronics, DURA, will enable a significant reduction in both problem set-up and CPU time. 

The outline of the talk is as follows:
· Description of the Boeing–developed analysis tool/process
· Multidisciplinary analysis for combined thermal/vibration/acoustic environments

· Design definition using STEP

· Parts library

· New damage model combining RADSC-MDM

· Example problems, AWACS, Apache AH-64D helicopter
· Framework for lead-free solder interconnect durability
.  
