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Hermetic Behavior and Failure  Mode Analysis

Hermetic Behavior and Failure Mode 
Analysis

Pyrotechnic initiators are commonly used in a number of potentially life-saving 
applications including inflatable restraint systems (i.e. airbags) intended for 
supplemental occupant protection in automobiles. The use of these devices 
continues to expand rapidly as world wide production of driver, passenger, side 
impact, and curtain inflation systems exceeds 100 million units yearly. Additional 
automotive safety applications include seat belt pretensioners, inflatable seat 
belts, knee bolsters, hood lift systems, and fire extinguisher systems. In these 
systems, it is critical that the initiators operate reliably without failure or 
diminished performance for the intended service life of the vehicle – typically 
specified as 15 years. Recent research at the University of Idaho indicates that 
these devices are often not able to meet the stringent quality control requirements 
specified for other electrical elements of the ignition system. This research 
program involves the use of radioactive krypton (85Kr) to identify leak paths and 
quantify leak rates into pyrotechnic initiators. Ultimately, this work will provide 
and understanding of initiator failure modes, establish firm engineering 
specifications for allowable leak rates into initiator devices, and allow 
improvements in initiator design and function.
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Typical Initiator Design, Components, And 
Materials Of Construction
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Problems In Ensuring Hermetic Behavior
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Initiator Failure Modes Associated With Leaks
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Commonly Observed Leak Paths
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Hermeticity Failure Mode Analysis: Selected 
Work-in-Progress
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Ballistic Characterization and 
Modeling 

 

Many types of pyrotechnic initiators of different design are currently in use in a 
multitude of engineering applications. Since initiators feature different types and 
quantities of pyrotechnic materials, it is important to be able to characterize, 
predict, and model the ballistic response of the devices in closed vessels and 
vented enclosures. Therefore, the specific goals of this work include the 
determination of the apparent energy released during initiator function, and 
device variability given different conditions of temperature, pressure, and 
composition of the environment. Proper instrumentation, data sampling rate, 
signal conditioning and processing are necessary to accurately determine the 
ballistic characteristics of an initiator. This situation is made more complex when 
initiators are discharged into reactive gas mixtures or multi-phase fluid mixtures. 
Once the ballistic response is accurately determined initiator variability can be 
properly studied.  Recent research has shown that the lack of hermetic behavior in 
initiators and anomalies in ballistic response are often intricately coupled.  
Careful study and analysis are required to understand the separate effects or 
pyrotechnic variability and hermetic failure in initiator performance. The goal of 
this work is to quantify the effects of failures from non-hermetic behavior in 
terms of the ballistic response of initiators. 
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Ballistic Test Fixture
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Typical THPP Initiator Response In Inert Enviroment
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When pyrotechnic initiators are discharged into N2O bearing gas mixtures 

Typical Initiator Response In Nitrous Oxide 
Bearing Environments
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Ballistic Characterization Modeling Selected 
Work-in-Progress
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