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"If I make everything predictable, these human beings, whom I have endowed with pretty good brains, will undoubtedly learn to predict everything, and they will thereupon have no motive to do anything at all, because they will recognize that the future is totally determined and cannot be influenced by any human action. On the other hand, if I make everything unpredictable, they will gradually discover that there is no rational basis for any decision whatsoever and, as in the first case, they will thereupon have no motive to do anything at all. Neither scheme would make sense. I must therefore create a mixture of the two. Let some things be predictable and let others be unpredictable. They will then, amongst other things, have the very important task of finding out which is which. " God, according to E. F. Schumacher in "Small is Beautiful"





>"New data sources...improve risk assessment..."


The field determines reliability, and field reliability can be estimated for all parts, not just fracture-critical parts! The data and methods are available; not just for fracture-critical parts tracked by serial number from birth to death, not just for commercial aviation, and not just for aircraft parts, but the ground facilities and tools required for safe aviation.


Safety requires human, software, and hardware reliability. Often human and software failures become apparent in hardware field reliability. Faulty diagnoses indicate the wrong part. Humans damage some parts while servicing others. Software causes hardware failures. Field data reflects most of these failures even if unreported.





>"What aviation safety data and information are needed to support your >analysis plan and what, of those needs, is not now being collected?" 


People haven’t fully used available data. Use ships and returns data (repairs, replacements, failures, complaints, incidents, spares sales, etc.) to estimate age-specific field reliability and actuarial rates. Generally accepted accounting principles require financial transactions data, and ships and returns are such transactions. Accountants aggregate such transactions into counts per period, but age-specific reliability statistics for transaction counts as well as life data are available, even with missing data.


I estimate age-specific field reliability and actuarial rates from (even incomplete) ships and returns data. This example estimates age-specific actuarial return rates for an engine used in single engine aircraft. I changed inputs, and the actuarial rates for the real engine differ.


Table 1. Ships and returns data for an engine


Quarter	Ships	Returns


1		140		0


2		140		0


3		133		1


4		129		3


1		80		8


2		77		9


3		81		15


4		79		16


1		56		17





Table 2. Maximum likelihood actuarial return rates (per quarter)


Age		Rate


1		0.0


2		0.007


3		0.016


4		0.040


5		0.054


6		0.093


7		0.003


8		0.022





>"To what extent is standardization of the data collection or of analysis >techniques necessary? How should the necessary standardization be >accomplished? "


Don’t bother setting standards for data collection. Generally accepted accounting principles already require most data sufficient to estimate age-specific field reliability and actuarial rates from ships and returns transactions. Ships indicate how many units are flying and when they began, within accounting calendar time intervals. Returns represent repairs, replacements, complaints, spares sales or some other transaction caused by real or perceived failure. Bills of materials provide goes-into data to compute installed base of parts from installed base of aircraft or other product or facility. Translation from calendar time to flying hours, operating hours, or cycles is straightforward. 


Don’t standardize or change the data. I have enough trouble with accidental errors. Instead of standardizing data, please implement of error correction methods while preserving the original data. Some errors are obvious (65535 = 2^16-1 and 32768 = 2^15) and some can be detected using statistical methods, but how do you correct errors? If data were recorded using check sums or Reed-Solomon encoding, I might be able to reconstruct correct values, even data incorrectly entered. For example, accountants usually sum returns data. Disagreement between recorded sum and the computed sum of the returns indicates error in the returns, but proper encoding of checksums may allow reconstruction of correct returns. 





>"The importance of obtaining information about a far greater percentage of >aircraft operations... " 


>"The likelihood of detecting problems and developing remedies is >significantly greater from studying large numbers..." 


>"Should large quantities of data be collected on a wide range of safety >issues, or less data on fewer targeted safety issues? "


Would you like population data? You can’t get any more data than that.


It’s human nature to disbelieve statistically significant results if based on samples that are a small fraction of the population. It's hard to believe (expensive) laboratory tests provide field reliability, no matter how much the laboratory test resembles the field. 


Fortunately ships and returns data is population, not sample, data, so the estimated age-specific reliability and actuarial return rate estimates are population not sample statistics. Population-based methods only contain statistical uncertainty induced by the fact that the future hasn’t been observed yet. 





>"...that quickly reveal obscure and/or infrequent data patterns and >associations." 


You’d be surprised how much age-specific field actuarial rates reveal when computed from population subsets. Actuarial rates reveal infant mortality and sometimes premature wearout. Nonparametric actuarial rates also reveal warranty anticipation phenomena and retirement. When computed repeatedly from subsets of ships and returns, nonparametric actuarial rates reveal seasonality, bad lots and application differences. 


For example, the age-specific actuarial failure rates of the same hoses used in diesels and gas engines differ, probably because diesels run hotter and the chemical deterioration causing failures is accelerated by temperature. This observation didn’t require engine type code because the ages of diesels and gas engine applications didn’t completely overlap.


Furthermore, comparing 1000s of age-specific failure rate functions helps detect unusual pattern more sensitively than comparing MTBFs or other averages. Finally population field statistics are more representative than laboratory sample test statistics, and so are the control charts constructed from them. The statistical methods I use assure (asymptotically as number of units and observation time increases) minimum variance (precision) as well as unbiasedness (accuracy).





>"The dissemination of vital information can be accomplished with existing >infrastructure -- using the Internet, for example, if adequate safeguards can >be provided to protect the security and confidentiality concerns of the >information providers regarding identified or identifiable data." 


Dozens of satisfied clients sent their ships and returns data, by fax, modem, internet, and disk or even read me the data.


Never tell one client another client’s reliability without permission of both. Never show one client’s data to another without permission of both. You can compare the field reliability derived from your vendors’ ships and returns field data to save your company several millions in field service. You can mix data after testing whether two sets of ships and returns data could have the same age-specific reliability and failure rate functions. This reduces variance in estimates and actuarial forecasts. Encourage sharing for mutual benefit. One company’s experience helps all others.  





>"What techniques and capabilities are you aware of in the aviation industry >or in other industries to analyze data effectively and generate statistically >significant results, with predictive value, from large quantities of data >describing normal operations?"


Two thousand automotive aftermarket retailers and jobbers provide sales data periodically over modem connections. (Sales represent failures.) Other sources provide ships by age and the goes-into data to know which parts fit which vehicles. I use this data to estimate age-specific actuarial demand rates. I use the age-specific demand rates to make actuarial forecasts of parts demands and its distribution. This information increases store profits 8-15% by helping stores stock the right parts in the right quantities. Automotive vehicle and part manufacturers are becoming interested in field reliability, especially to verify 150,000 mile reliability, because they know warranty returns will never verify high mileage.





>"What analytical techniques and capabilities are you aware of in the >aviation industry or in other industries to respond effectively to the myriad >of human factors issues that arise in operational monitoring analysis? "


FTDOTS (Fault Tree Diagnosis and Optimal Test System) uses age specific failure rates to sequence diagnostic test to isolate faults in minimum time or at minimum cost.


SHOTGUN (Simple, Highly Optimized Technique George Uses Normally) uses age-specific failure rates to determine how long to test for intermittent faults before replacing the most probable cause conditional on age and previously replaced parts. 


OOM (Optimal Opportunistic Maintenance) provides minimum cost or maximum reliability recommendations for opportunistic maintenance.


ACTM (Air Traffic Coverage Measures) compute probability of control (everything works) as functions of age-specific failure rates of facilities including human failures. These measures were used to justify consolidation of ATCs and TRACONs into area control facilities, unfortunately with incorrect failure rates.





>"What types of prototypes could best demonstrate the concept at the lowest >cost, given existing data collection and analysis techniques and >capabilities?"


Data isn’t gold; the information contained within data may be valuable if used, not just for safety but for everyday operations. Engineering wants reliability to evaluate alternatives and verify fixes. Accounting needs reliability information to accurately estimate warranty reserves. Marketing requires demand rates, driven by reliability for repairable systems, to set prices optimally. Service requires accurate forecasts of manpower, facilities, tools and spares requirements. For examples:


1. Price elasticity determines demand distribution that determines stock level that determines revenue that determines optimal price.


2. RCM requires age-specific field reliability to set life limits at acceptably high reliability


3. Early warning requires statistical control limits on return forecasts


Unfortunately, organization resist change, so we must try for breakthroughs wherever possible. Prototypes exist. Users needed.





>"What entities could help develop prototype projects, how much would >they cost, and what sources of funding are available?"


>"What role can you play in the prototyping effort and subsequent efforts to >develop an operational GAIN?"


I estimate age-specific field reliability and actuarial rates from ships and returns data, free. If you want these estimates, send ships and returns data on parts. If your ships data consists of aircraft or product sales, send bills-of-materials that show which products parts go into and how many per product. (Of course, if you have times-to-failures, send that data too.) I’ll send back age-specific field reliability and actuarial return rates in calendar time. I’ll convert them to operating hours if you’ll tell how or send sufficient data, either with a statistical model of flying hours per calendar time unit or with the distribution of flying hours conditional on calendar time units.


If you are interested in how much your present state of field reliability costs you, send for the National Field Reliability Award Evaluation Form. It estimates how much your present state of field reliability costs you and how much you could save using field reliability. If companies tithed their savings from applying field reliability, GAIN would have no problem paying for itself. 


