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RAI #12: Please describe any preventative maintenance provisions to ensure component (and system) 
reliability (e.g., replacement schedules). (Typically component reliability curves look like bathtub 
curves with lower reliability (i.e. higher failure rate per unit time) in the beginning due to “infant 
mortality” and lower reliability at the end of life due to various mechanisms such as Electron 
Migration (EM), Hot Carrier Injection (HCI), Negative Bias Temperature Instability (NBTI), and Time-
Dependent Dielectric Breakdown (TDDB). Other Factors (i.e. whisker growth) may come into play at 
the board level.  
 

1 Terms and Acronyms 

 MTBF – Mean Time Between Failure 
 

2 Introduction 
Electronic components and the circuitry connecting these devices normally need very 
little or no maintenance performed, assuming an adequate design, an infant mortality 
screening.  Typically, Preventative Maintenance becomes a much more significant factor 
when the system contains mechanical based hardware. Mechanical components 
inherently require actions such as lubrication, replacement due to wear, and 
adjustments due to the nature of the device functions. This system is primarily 
electronic based, with the exception of the cooling fans and some and should not 
require extensive preventative maintenance planning.  

 
3 Preventative Maintenance Strategy 

 
To reduce infant mortality in target plant production products, LM is currently 
considering performing environmental stress screening as a means to enhance the 
Factory Acceptance Tests Program in a manner similar to that applied in numerous 
electronics industry manufacturers’ practices.  One such example of a recommended 
practice for environmental stress screening that may be considered for implementation 
is described in the Institute of Environmental Sciences and Technology (EIST) document 
number IEST-RP-PR001: Management and Technical Guidelines for the ESS Process. 
These tests provide enhanced confidence that the hardware is in the low failure rate 
portion of the “bathtub curve” by precipitating the infant mortality failures. Reliability 
Engineering tracks production failure trends and implement corrective actions if 
necessary, monitoring the effectiveness of the environmental testing to achieve optimal 
preventative maintenance provisions. It is recommended that field reliability data is 
captured and recorded for monitoring and possible analysis if the system is not meeting 
the prescribed reliability requirement. Along with field trend analysis, Weibull Analysis 
can be used to monitor for premature component wear-out, and possible preventative 
maintenance schedule changes. Weibull Analysis is a statistical analysis tool used to 
predict the reliability performance of the population. The tool uses the fielded 
equipment failure information to forecast MTBF rates and whether the failures are 
occurring as predicted.  

 
It is not anticipated that any wear-out failure modes will manifest themselves during the 
life of the equipment. Non-volatile memory, including EEPROM and flash memory is 
rewritten before excessive leak-off of the space charge results in erroneous changes in 
the stored memory bits. This process will be required periodically, within cycles 
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recommended by component vendors (This cycle is 20 years for the current 
manufacturer) and as will be described in the Application Guide. To re-flash the 
EEPROM, the cards will be removed from the system and EEPROM devices either re-
flashed or replaced with newly flashed memory devices followed by system re-
certification tests prior to target plant operation.  
 
Introduction of as little as 3% lead is a strong mitigation technique for Tin whisker 
growth, hence we use lead solder. Additional mitigation is provided by conformal 
coating of circuit cards and minimizing the use of pure tin finish. During the design 
phase, careful consideration is given for circuit board physical layout to provide 
adequate spacing around tin components.  Recent elimination of lead from component 
solders and lead / lead wire finishes, has increased the frequency of occurrences of this 
phenomenon. Research, analysis, evaluations and mitigation techniques continue to 
emerge, offering additional mitigation suggestions.  As additional appropriate mitigation 
techniques become available, these will be considered for application in NuPAC based 
products IAW the NuPAC QA Plan.       
 
The fans installed within each NuPAC platform chassis will require periodic inspection, 
cleaning, and replacement, with schedules developed as a function of failure analysis 
results. Failure of a fan is indicated by discrete outputs from each fan tray, as well as 
temperature sensors on the circuit cards. Filters for fans will be periodically replaced or 
cleaned based on air quality. No preventive maintenance is expected for periods less 
than 6 months. While fans are electromechanical and will wear, they are also dual 
redundant.  If room temperature is maintained at 50C or less, the NuPAC will operate 
indefinitely with one fan tray (six fans) removed/defective. Each Card can also report its 
surface temperature and provide both a temperature warning (service needed), and 
temperature alarm to plant operators.  
 
Periodic maintenance schedules will be defined as a function of failure analysis results, 
and as recommended in the Application Guide.   


