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 Purpose of Presentation
 Suggest increasing range safety by requiring equipment to have measured 100% 

reliability for every flight test

 Objective
 Have the RSG add the requirement for all range users to test only 100% reliable 

equipment

 Goal

 Retire/reduce the use of an on-board flight termination system by eliminating 

vehicle malfunctions during flight test and eliminate the need for

 Flight test risk assessments

 Flight test quality assessments

 Safety and system reliability assessments

 Failure analysis

 Root cause analysis

 Unplanned/unexpected product improvements
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 Impact of Measuring Equipment Reliability to Range 

Users

 License prognostic algorithms 

 Embed at least one analog                                                                                            

telemetry measurement on                                                                    

equipment

 Encourages adding telemetry on                                                                                      

single use items (e.g. pyros,                                                                                                

pressure switch, etc.)

 Makes telemetry critical to mission success

 1-5 days added to schedule to                                                                       

complete analysis each time 3
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 Problem: Equipment Reliability is often Specified in 

Probabilistically (Air Force) or not at All (NASA)

 Symptoms (According to Aerospace Corporation)

 Air Force and commercial space                                                                                               

missions have a 75% success rate                                                                                             

after 1 year                                                                                                                 

 Using a 3 stage factory qualification                                                                                      

and  acceptance testing, equipment                                                                                     

fails catastrophically between 10%                                                                               

and 25% rate/year

 Air Force satellites that survive launch                                                                                     

and arrive on-orbit will suffer a mission                                                                                       

critical failure within 45 days at a 70% rate

 Surviving on-orbit space assets suffer from surprise  equipment failures

 Aerospace Corporation blames all contractors for taking shortcuts
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U.S. Launch Vehicle Reliability  (Aerospace 

Corporation, 2005)  

Year of Launch



 Solution: Measure Reliability using a Prognostic Analysis 

after ATP and Produce Equipment with 100% Reliability
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 Pro-active diagnostics (attacking Murphyôs Law)

 Active reasoning

 Proprietary algorithms for illustrating accelerated 

aging (a.k.a. deterministic behavior) in normal 

appearing data from fully functional equipment

 Prognostic technology simply acknowledges equipment failures do not have the 

Markov property and thus are predictable  and preventable, includes

5

Prognostics

DiagnosticsPrednostics

Relationship Between Diagnostics, 

Prognostics and Prednostics

 Measuring equipment/product reliability is invasive                                         

and requires embedded measurements (telemetry)                                                              

for diagnostic, prognostic and prednostic analysis to                                               

identify all equipment that will fail within one year of                                                         

use with 100% certainty



 How to Produce 100% Reliable Equipment 

1. We concluded testing alone is inadequate                                                                           

for achieving 100% equipment reliability

 Equipment reliability is dominated by infant                                                                                 

mortality failures for the first year of use

2. Identified the inadequacy of testing

 During factory testing, personnel only measures                                                           

equipment functional performance and status                                                                    

and performance is unrelated to short-term or                                                                                

long-term reliability

3. Developed and used Prognostic Analysis for 30 years

 Illustrates the early signs of premature aging/failure, often present in normal 

appearing data from fully functional equipment for identification by personnel 

trained to discriminate from normal occurring transient behavior

 Achieved no false positives and no false negatives on over 550 units in 26 years
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10-Year Life Weibull  Probability 

Distribution Model for Infant Mortality 

Failures



 Properties of Accelerated Aging/Early Signs of 

Premature Aging/Failure

 Transient, latent behavior that never                                                              

repeats and looks and behaves similar to                                                              

other expected transients and signal/data                                                            

noise

 Does not have the Markov property                                                           

(instantaneous and random)

 Without the Markov property, past behavior dictates future behavior and 

so equipment failures can be predicted and thus prevented

 In maintenance programs for serviceable equipment/systems, 

referred to as ñcannot duplicates (CNDôs), no failure found (NFF) 

and no failure identified (NFI) 
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Example of the Early Signs of 

Premature Aging/Failure/Accelerated 

Aging



 What is a Prognostic Analysis?

 Is a forensic analysis that is equipment/                                                                  

product invasive 

 Search for the telltale, transient, overlooked,                                                                     

early signs of premature aging/failure,                                                                   

(a.k.a. accelerated aging) often in plain sight in                                                                       

data from fully functional equipment that will                                                               

be failing in the near future and includes:

 The review and analysis of all production paperwork

 The review of all policies and practices

 Analysis of all equipment operational data by personnel trained to identify the early signs of 

premature aging/failure and discriminate them from similar normal behavior 

 If used in the upfront design, will provide the data needed to eliminate failures

 If completed prior to start of equipment and vehicle testing to identify the equipment 

that will be failing during test

 If completed after a failure, identifies the accelerated aging for assigning liability
8
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Example of a Prognostic Analysis 

Illustrating Accelerated Aging

Prognostic Baseline

Deterministic 

Behavior



 The Markov Property 
 Violated in factory test when the same equipment fails                                                             

several times and eventually is scrapped by material                                                      

control who claims  reliability is suspect

 When a single unit fails twice,  the Markov property is                                         

violated which requires all equipment failures to be                                              

random and instantaneous

 Something else is causing parts to fails!
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$400K SSL/NASA GOES I 
Satellite Power Control Unit 

Failed 5 Times 

$175K GOES Signal Conditioning 
Unit that Failed 3 Times from 3 

Different Parts

Failure Analysis
Engineering Services & Technology Licensing



 Redefinition of Timeline for Equipment Failures
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This is when failure 

analysis activities 

focus on believing 

that 

failures are 

instantaneous and 

random
Where failure analysis is now focused from prognostics

Prognostics 

Random Behavior

Prognostics 

Deterministic Behavior

Random and Instantaneous Behavior in Diagnostics

(Markov Property)

BOL

Post Processing Results

EOL
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 Mechanical or Electrical Piece-Parts do not Cause 

Equipment to Fail
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Circuit/Telemetry Response Illustrated with Prognostic Algorithms
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Transistor

Capacitor

Resistor

Diode

Triode

IC

Amp

Space Flight Assembly    

with Telemetry Available 

Failed from an Infant Mortality

No Change in Part Performance
Part that Failed Identified 

from Failure Analysis

Part that Caused Transient

Initial Power Up



 Relationship Between Time Series Data and Prognostics

Time Series Data

= Analyze operator

=  Diagnostic Data

Diagnostic Data =  Prognostic Data

Prognostic Data =  Prednostic Data

Start with Time Series Data: Used to:____________

Times Series Data
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Identify and understand past 

events/equipment failures with certainty
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Identifies the information 

to predict a future equipment failure

Determines the equipmentôs  

remaining  usable life 
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 Tool Box of Proprietary Prognostic Algorithms Used in 

Conducting a Prognostic Analysis at All Possible Environments
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No. Algorithm Purpose of Algorithm
Equipment 

Factory

Satellite 

Factory

LV 

Factory

Launch 

Pad

Mission 

Control

1 Baseline Analysis Identifies short and long term normal data behavior X X X X X 

2 Change Analysis Determines change from normal behavior. X X X X

3 Comparison Analysis Determines when a change in normal behavior is occurring X X X X X

4 Day of Failure Search large data sets for common behavior during the same time X X X X X 

5 Digital Processing Replaces outliers improving image accuracy and resolution X 

6 Discrimination Analysis Identify behavior that has changed from normal behavior X X X X X 

7 Mathematical Modeling Generates normal behavior from an inadequate amount of data X X X X X 

8 Multi-Variant Limit Analysis Simultaneous analysis across several variables X X X X X

9 Rate Change Analysis Identifies magnitude of change of behavior X X X X 

10 Remaining Usable Life Determines remaining usable life X X X X X 

11 Statistical Sampling Reduces amount of data without eliminating desired behavior X X X X 

12 State Change Analysis Identifies data to be evaluated X X X X 

13 Super Impositioning Identifies data to be analyzed further for failure signature X X X X 

14 Super Precision Improves data integrity X 

15 Telemetry Authentication Improves data integrity X 

16 Virtual Telemetry Creates normal data behavior when none is available X X X X X 

17 Data Integration Creates image for analysis X X X X X 

18 Dataset Generation Creates manual data set when access is not available or is impractical X

5/3/2010
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 Example of Accelerated Aging in Highly Accurate 

Honeywell Rate Gyro
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Remaining Usable Life  < 6 Months

Unit FailurePost Prognostic Analysis Processing Results
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Honeywell Rate Gyro



Satellite or

Launch Vehicle
Where Used

W
h

en
C

o
m

p
leted

#
o
f V

eh
icles

E
v
a
lu

a
ted

 

T
elem

etry
 R

a
te

K
B

P
S

T
o
ta

l #
o
f U

n
its 

E
v
a
lu

a
ted

#
 o

f A
n

a
lo

g
 

M
o
n

ito
rs E

v
a
lu

a
ted

Amount of 

Telemetry 

Evaluated

#
 o

f F
a
ilu

res

P
red

icted

#
 o

f T
o
ta

l U
n

it 

F
a
ilu

res

#
  o

f In
fa

n
t 

M
o
rta

lity
 U

n
it 

F
a
ilu

res

#
 o

f F
a
lse P

o
sitiv

es

#
 o

f F
a
lse N

eg
a
tiv

es

R
em

a
in

in
g

U
sa

b
le 

L
ife E

stim
a
tes 

M
a
d

e?

A
ccu

ra
cy

 o
f R

U
L

 

E
stim

a
te

Air Force GPS Block I
In-orbit

Factory test
1984 6 4 150 1200 30 years 15 15 5 0 0 Yes 100%

NASA GOES Next Factory test 199 5 1 125 1476 6 months 0 0 0 0 0 No N/A

NASA EUVE In-Orbit 1995 1 10 35 365 3 years 5 5 5 0 0 Yes 100%

SCC SUPERBIRD In-orbit 1991 1 1 78 100 6 weeks 1 1 0 0 0 Yes 100%

Air Force Atlas LV Launch Pad 1984 5 1 112 240 5 weeks 0 0 0 0 0 No N/A

Air Force Titan LV Factory Test 1977 1 5 47 223 3 months 0 0 0 0 0 No N/A

Boeing IUS US Factory Test 1977 1 20 12 126 1 week 0 0 0 0 0 No N/A

SCC LS 1300 Design 1985 1 1 0 0 0 0 0 0 0 0 No N/A

INTELSAT 7 & 7A Design 1987 12 10 0 0 0 0 0 0 0 0 No N/A

NSTAR Design 1986 1 10 0 0 0 0 0 0 0 0 No N/A

MTSAT Design 1986 1 10 0 0 0 0 0 0 0 0 No N/A

ATDRSS Design 1988 0 10 0 0 0 0 0 0 0 0 No N/A

ANIK E Design 1985 0 2 0 0 0 0 0 0 0 0 No N/A

Navy Trident C-4 Analysis 1996 0 0.5 0 0 0 0 0 0 0 0 No N/A

COLDSAT Design 1987 1 1 0 0 0 0 0 0 0 0 No N/A

NASA Space Station Design 1984 1 N/A 0 0 0 0 0 0 0 0 No N/A

Air Force DMSP Block 6 Design 1987 1 1 10 0 0 0 0 0 0 0 No N/A

Total 20 559 2530 33.5 years 21 21 10 0 0 N/A N/A
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Prognostic Technology Flight History and Performance
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 Examples of Electrical and Mechanical Equipment Used with Prognostics 

and Identified as Having the Early signs of Premature Aging/Failure
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Proprietary Satellite Bi-Propellant 

Propulsion Subsystem

Gould Satellite 12AH 

NiCd Battery

Teldix 4-Wheel Reaction 

Wheel Assembly

Rubidium Atomic 

Frequency Standard

Cesium Atomic 

Frequency Standard

Solar Array Panels

Cat-Bed Heaters and 

Thrusters
Motorola 

RF Telemetry TransmitterSolid State Tape Recorder

Mechanical 

Honeywell Rate Gyro



Companies 

Using Prognostic 

Technology

Industry Application

Government 

Organizations Using 

Prognostic Technology

Application
Project

Lockheed Martin, 

Fort Worth TX
Military Aircraft F-35 JSF

U.S. Air Force 

(Wright-Patterson, AFRL)
Aircraft F-35

Boeing, Washington Commercial Aircraft Commercial Airlines NASA Ames Aircraft TBD

Foster Miller, Inc. 

Boston Ma
Military Aircraft F-18 Hornet U.S. Navy Aircraft F-18

Argonne National 

Labs (DOE), 

Chicago IL

ÅNuclear Power

ÅAerospace

ÅNuclear power plants

ÅNASA Space Shuttle

CALCE (University 

of Maryland)
Aerospace NASA Space Shuttle

Failure Analysis

Aerospace, 

Telecommunication, 

Consumer 

electronics

Satellites, launch 

vehicles, missiles, 

computers, servers
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 Who is Using Prognostic Technology?
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Some  Unintended Consequences Believing that 

Equipment Failures Really do have the 

Markov Property
(Submitted to NASA HQ Safety and Mission Assurance and Space Shuttle 

Program Office, JSC)
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 What were the Prognostic Markers for the NASA Space 

Shuttle Challenger and Columbia Accidents?

 Space Shuttle Challenger Launch

 Almost all real-time Challenger data ignored

1. Morton-Thiokol Challenger SRM Engineering Manager                                                                  

predicted the Challenger SRM failure

2. The MortonïThiokol SRM Engineering Manager had in                                                                        

possession previous flight data illustrating SRM ñOò                                                              

rings failed during cold temperature

3. NASA removed all Space Shuttle subsystem personnel from on the strip charts

4. No personnel were ready to initiate a launch abort plan (ignite the Shuttle engine and 

jettison the Challenger SRMs) even after  the prediction of the Challenger SRM failure 

the night before

5. The real-time video data showing the hole punctured in the side of the SRM

6. The loss of SRM thrust in telemetry at SRM ignition that no engineers were looking at
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An Almost Empty Challenger 

Mission Control Center

19



 Space Shuttle Columbia Accident

1. The loss of center fuel tank thermal tiles                                                                     

in real-time video from almost all past                                                         

Shuttle launches known to damage the                                                         

Shuttle during launch was ignored

2. The physical internal damage to the Shuttle                                                                  

wing not investigated

3. The space shuttle is the most instrumented vehicle in history, the 

order to reenter the Earthôs atmosphere was given without evaluating 

any of the data that was available specifically for such an event

5/3/2010
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Space Shuttle Challenger 

During reentry



 Challenger Video at Lift Off Showed O-Ring Failure

NASA Space Shuttle Challenger 

SRM at Lift-Off
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Normal SRM Thrust Behavior

Actual SRM Thrust behavior

http://en.wikipedia.org/wiki/Image:Sts-33_d67_01.jpg
http://en.wikipedia.org/wiki/Image:Srbthrust2.jpg
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