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Background

* For reliable, complex engineering systems
— Redundancy is part of the design
— May have one or more operating states
— May have one or more failed states
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Hypothetical HVAC Markov Model showing
Exhaust System Discrete System States
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Objective

« Use Markov model to better capture
— Redundancy of components
— Maintenance intervals
— Repair and restoration of components

« Compare Markov modeling to fault tree
modeling
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Hypothetical HVAC Exhaust System

« Continuously operating safety
system

* Intermediate state
— Component fails and is undergoing
repair
— Maintenance is being performed
* Failed state
— More than one component fails
— Failure occurs during maintenance

« System performance described
through discrete states
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Fault Tree Model
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Markov Model—HVAC System
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“N” is the normal operating state
“I2” is an intermediate state
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Analytical Markov
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Simulation Markov
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Model Comparison
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Conclusion

* Intermediate states may play a significant
role in estimating the system failure rate

« Markov techniques may generate a more
realistic (i.e., less conservative) estimate
than fault tree

« Can be extended to more complex systems
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