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History

ÅLong ago                   

ïAnalyses done after the fact, fly-fix-fly

ÅBallistics Sys Div Exhibit 62-41       (1962)

ïBallistic missiles

ÅMIL-S-38130A      (June 1966 and March 1967)

ïAircraft, space, & electronics

ÅMIL-STD-882        (July 1969)        

ïMgmt emphasis & industry involvement

ÅMIL-STD-882A       (June 1977)       

ïHazard probabilities and risk acceptance

ÅMIL-STD-882B        (Mar 1984 and July 1987)      

ï Individual tasks

ÅMIL-STD-882C      (Jan 1993 and Jan 1996)        

ï Integrated hardware and software tasks

ÅMIL-STD-882D    (Feb 2000)          

ïAcquisition reform, dropped the Tasks

ÅMIL-STD-882E     (May 2012)

ïAdded Tasks and Software

ÅGEIA-STD-0010  De-militarized version of MIL-STD-882 (G-48 Committee)



Risk Levels & Matrices

ÅMil-S-38130A 

ïNo levels nor matrix

ÅMIL-STD-882

ïNo matrix.  Defined hazard levels 

ÅMIL-STD-882A 

ïNo matrix ïreversed hazard levels. 

ïNew qualitative probability levels

ÅMIL-STD-882B

ïQualitative risk matrices in appendix

ÅMIL-STD-882C

ïQualitative and quantitative matrices in Appendix.  

ïEstablished risk acceptance levels

ÅMIL-STD-882D

ïQualitative matrix, but quantitative probability levels.

ÅMIL-STD-882E (draft)

ïSame as -882D with higher severity levels ($10M instead of $1M)



Why -882E

ÅMIL-STD-882D complied with Acquisition Reform

ïTells ówhatô to do, not óhowô

ïSpecifies several generic system safety steps

= Have a plan

= Identify hazards

= Assess their risks

= Take action on the risks

= Accept residual risks

ï882D removed the 882C System Safety Tasks 

ï882D considered to be too ówatered-downô

ÅWe overdid it, so needed a more robust standard



Origin of numbers?

ÅDone by committee (like a camel)

ÅNot enough probability levels to change single order 
of magnitude (skipped ahead from 10-3 to 10-6)

ÅWhy 10-6?

ïOriginated in munitions world

ïSeemed óunapproachable.  (óNot one in a million!ô)



Lessons Learned Documents



Safety Design Features

ÅRedundancy (more than one engine)

ÅBack-ups  (auxiliary power units, flight controls)

ÅSeparation (all fluid/electrical lines in same tunnel?)

ÅContainment (rotating items flying apart)

ÅLower energy levels (5 volts, instead of 115v)

ÅHigh quality and durability (e.g., engine turbine disks)

ÅProper materials and fabrication

ÅPressure relief devices, fuses, guards

ÅProtective devices (fire extinguishers, parachutes)



Automotive Safety

ÅSeat Belts

ÅDual braking systems

ÅAir bags

ÅAuto dimming headlights

ÅChild-proof power window switches

ÅCrashworthiness

ÅTubeless tires

ÅAdaptive and predictive braking

ÅSteering wheel shaker

ÅSensor for rear-end collision

ÅLearning driver habits



USAF Class A Aviation History
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2274 Class Aôs in 1952

7 Class Aôs in FY 2014. 

2 Destroyed A/C



GOOD NEWS ïGROUND
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High Points

ÅSuccessful MIL-STD-882E ïno plans to change

ÅDODI 5000.02 requires risks accepted by:

ïHigh ïcomponent acquisition executive

ïSerious ïProgram Executive Officer level

ïMedium and Low ïProgram Manager

ïMuch more attention to system safety

ÅMUCH safer designs (aircraft, autos, homes, etc.)



Low Points

ÅChallenger explosion

ÅBhopal chemical release

ÅThree Mile Island

ÅNatural disasters (need better protection)

ÅLessons Learned

ïLack of inputs

ïLack of inquiries

ÅSome examples follow in next few charts



1. Turbine Wheel Containment

ÅTurbine wheel holds blades and transmits power

ÅSubjected to high thermal and mechanical stresses

ïRotates at 10,000+ rpm

ÅFailure is rare, but catastrophic

ÅFailure controlled by 

ïprime reliability 

ïContainment provisions

ÅWorst case: tri-hub failure

ïTest for containing failed wheel

ïRicochet?



1. New Containment Rings



2. Major Ground Refueling Fire

ÅLarge aircraft being refueled on ground

ÅMassive fuel spill (~ 2400 gallons) from middle of 
aircraft

ÅFuel puddle ignited 7-10 seconds later

ÅAircraft destroyed by fire

ÅOne fuel tank had vent line plugged from prior 
maintenance

ÅTank ruptured due to overpressure

ïTank walls good for 15 psig or so

ïRefuel pressure is 35-50 psig

ÅIgnition source not clearly identified



2. Aircraft Fuel Tank



2. Kelly AFB Observer, July 27, 1989



2. Kelly AFB Observer, July 27, 1989



2. Possible Fixes

ÅBlow out plug in tank

ïSpills fuel on the ground

ÅWhistling fuel cap on top of wing

ïEasy to implement

ïWill you hear it from the ground?

ÅOverpressure safety switch

ïShuts off fuel

ïLight on control panel

ÅBetter procedures and training

ïCrew noticed tank not filling but continued 
refueling



3. Hot Refueling Fire, 1970
(No USAF hot Refueling Fires Since Then!)



4. Airborne Laser (ABL)
Safety Engineerôs Challenge



5. F-15 Heads-Out Warning

ÅCritical Items:

ïEngine bay fire

ïAccessory bay fire

ïHot engine turbine

ïLow fuel

ÅMethod

ïFemale voice :  ñWarning, warningò

ÅSame immediate pilot actions for all four cases

ïReduce engine power

ïCheck gauges/lights



6. F-15 Hot Refueling Test



6. F-15 Inlet Suction Test
(Chuck Dorney, 1977)



7.  Hot Brakes Test


