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Company Information

Small, woman owned business with 8 employees & volunteers
Founded in 2007 to market advanced technology to industry

|
Over 125 years experience on all major NASA, military and
commercial space programs i, |
=
1800 f office in Salinas, CA, 50 miles south of silicon valley

Company Services

(most all new to the space industry)

Product reliability improvement technology to near perfection
Space systems, subsystems design & test

OracoP space vehicle normal telemetry behavior prediction service
IFA® independent satellite and launch vehicle failure analysis servic
Telemetry Sciené&seminars, the application of Fourier analysis
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Industry Product Infant Mortality Failure Rates

Failure Rate Done Before Shipping? Before Shipment?
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Space System Buil ders are Us

ATPSo0O Cost, Quality and Rel |
Stop Product Infant Mortality Failu res
Meet corporate required profit and sales numt

Standardize production processes for ensuring = o
reproducible quality and reliability Ny

Lower production cost
Increase sales
Increase product profits

O

Improve customer satisfaction by increasing product reliabilit

Minimize risk from high risk decisions by program management
Increasing product reliability 2

7/28/2009
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Prognostic Technology Increases Equipment/Product

Rellablllty to Near Perfect

_ discipline that recognizes product failures are not rando
and instantaneous (Markov property) and thus can be

An invasive, product reliability measurement system for uga - Vhies
before product leaves the factory = -

Prognostics (proactivdiagnostics) is an engineering

predicted and prevented.
The science of prognostics is based on the presence of €g&H¥heed Martin/ E-35 JSE Received

Protessionals signs of aging in parts, components/assemblies and the ~ DOD Funding because it is the
correlation of this information with an aging profile . Designed Using Prognostic
. . . Technology to Increase Pilot Safety
Prognostic analysis uses the presence of failure precursors (a.k.a and Lower Costs

7/28/2009

deterministic behavior, prognostic markers, prognostic indicators) from product behavior data (e.g an:
telemetry) to identify products that will suffer an infant mortality failure for repair or replacement before
shipment to the customer leveraging factory test to raise product quality to near perfect.

With prognostic analysis added to factory acceptance test either at equipment level or vehicle level, a
equipment that will fail from an infant mortality failure (within 1 year of use) will be identified for repair
replacement and by using only equipment that will function a normal lifetime, the expected normal sat
lifetime increases 6
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~ Prognostics, Lean, Six Sigma & TPS Comparison
Benefit Prognostics Si]il‘):la Lean SixLS;grrrlla+ TPS

b

Identify Productghat will Fail from aninfant Mortality Failure? -
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. Why Stop Infant Mortality Failures/\Why Prognostics?

The redundant equipment needed to counter them makes them a design and cost drivel
Reduces equipment manufacturing cost
Reduces vehicle I&T cost and schedule
Reduces launch vehicle I&T time

Reduces launch pad integration time
Decreases risk of catastrophic satellite failure

Prognostics and telemetry are critical part of
mission success by predicting/minimizing/
eliminating surprise critical payload down tim R
Elrllzglglise equipment such.as pressure switch, The Bathtub ReBabiIity Curve .

0s operational status <cCcan e verifie
test prior to use eliminating infant mortality failures

Increases satellite payload availability

First technology that justifies the use of single string equipment/reduced redundancy
requirements

The Bathtub Curve

Hypothetical Failure Rate versus Time

|

End of Life Wear-Cut

3 . Increasing Failure Rate
Infant Mortality -

Decreaging Failure Rate

Mormal Life (Useful Life)
Low "Constant” Failure Rate

Increased Failure Rate

8
7/28/2009
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Understanding the Bath Tub Reliability Curve

5

AA Weibull parameter J is the slope for each
segment of the bath tub curve. It signifies the
rate of failure.

AWhen J < 1, the Weibull distribution models
early failures of parts.

AWhen 0 = 1, the Weibull distribution models
the exponential distribution. The exponential
distribution is the model for the useful life
period, signifying that random failures are
occurring.

10-Year Life Weibull Probability Distribution
Model for Infant Mortality Failures (Failures
within 1 Year of Use) and Normal Lifetime

Failures for Complex Systems Awhen 9 = 3, the Weibull distribution models
the normal distribution. This is the early wear-
7/28/2009 out time. 9
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Understanding the Bath Tub Curve

AThe formula for the probability density function of the general Weibull distribution is:

5

5 Weibull Hazard {gamma = 0.5) 15 Weibull Hazard (gamma =1)

where 9 is the shape parameter, € is the location
parameter and ¢ is the scale parameter.

The case where ¢ =0 and ¢ =1 is called the
standard Weibull distribution. The case whereg =0
Is called the 2-parameter Weibull distribution.

[ R T N T

The equation for the standard Weibull distribution
reduces to:

Welibull Probability Density Function

The formula for the hazard function of the Weibull distribution is:
10
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Why Prognostics?

Increases product reliability to near perfect

Reduces equipment manufacturing cost

Reduces vehicle 1&T cost and schedule

Reduces launch vehicle 1&T time - T
_ _ _ Commercial Prognostic

Reduces launch pad integration time Analysis software

Decreases risk of torbit catastrophic equipment and space vehicle failu

Prognostics and telemetry become critical to mission success by incree
payload data availability to over 99.9999% by
predicting/minimizing/eliminating surprise payload down times
Singleuse equipment such as pressure switch, EED, Pyros operational
can be verified In factory prior to use eliminating cause of many infant
mortality failures

11
282000 Justifies the use of single string equipment/reduced redundancy require
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Contribution to Product Reliability by GPS Program

Deterministic behavior was discovered preceding GPS Block | satellite
subsystem equipment failures with telemetry available for analysis

Developed prognostic technology to identify determlnlstlc behawor _

The satellite industry is best suited to leverage
technology for stopping catastrophic infant mortallty
failures stopping the huge $B financial and m|I|tary~ N a
mission data losses that occur when Air Force satel . \Z=Fanbad:
fail catastrophically e
Only 2 changes are needed
A At least one analog telemetry measurement per unit/assenjp Oce,Boemg e e
A Operate all satellite equipment between tests Q“a"g‘fj?i‘:]%”éift‘(‘fr';zite”“e
Prognostic technology increases product reliability at final factory product test
|dent|fy|ng all products that will fail from an infant mortality failure for near

e Berfect product factory testing

5
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Satellite Factory Acceptance Test

Used to induce unreliable satellite equipment to fail and identi
equipment that fails for repair or replacement during factory te
Improving the likelihood of Air Force satellite mission success

The Air Force recognizes that the contractor
satellite factory acceptance test requirements ¢
inadequate to identify all satellite equipment th
will suffer from an infant mortality failure

Air Force ordered LMSSC to complete a secor
complete factory acceptance test on AEHFISV
due to the total loss of LMSSC NRGA1

satellite in January, 2008 seconds after payloa , ¥ wf
turn-on in orbit o
. Factory test does not identify all equipment tha
PAIOMEMSSC AEHE Si-d will fail from an infant mortality failure SO HMBSS NRO Lo

Satellite Suffered an Infant
Mortality Failure in December,
2006

SatgllgtejpgFactory Testing
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Four Factory Acceptance Testing Inadequames

1. For cost/benefit reasons, thermal, vacuum,
shock, vibration, EMI/EMC and acoustic ;}\
testing are completed serially, although thé
satellite experiences the environments
simultaneously

From RF communication we know the
compounding of low level energy from many
sources can cause significant problems

A Inte-modulation energy suppression requiremenggeing \(’:Vfafn 'erqu;;i'gvémuum
for space systems do not stop problems

The interaction of difference sources if energy from each environment
are suspected by some to be the cause of infant mortality failure§4

7/28/2009
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Factory

Acceptance Testir

2. Inorbit, expected/normal satellite subsystem equipment telemetr

behawor IS not available

|
s > ot

$65M NAVSTAR 5 Failed after
Surprise Reaction Wheel
Telemetry Behavior went
Undetected by Air Force
Mission Control Personnel

7/28/2009

SELCHNCHVI o CIERe [N IORSINIUES | |/ | p———— | |
expected satellite equipment ' "'":',',':“""" :
configuration and suangle I
conditions experience -arbit, oﬁlﬁ;ﬁgfel”ﬁeﬁ”éﬂ‘;ﬁﬁs

' B
during factory test “.l ” !l ~

$400M satellites are handed oveliiiiliii lii!’ig

t0 MISSION CONLIOl ANAIYSES QN0 5o e
. . . . 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17 18

engineering knowing-arior

what satellite equipment telemetry

behavior should look like

Normal expected satellite telemetry behavior is not available for missic
control team to have for comparison with actual telemetry behavior
forcing a long delay before determining normal behavior resulting in
catastrophic infant mortality failures on Air Force satellites 15

Oracol ® Standard Long term Telemetry
Behavior Prediction Output
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Factory Acceptance Testi |

3. Catastrophic Air Force satellite infant mortality
failures continue to occur causing huge
financial losses and mission data outages

Demonstrating the cause and fix are unknown

A Redundancy for all equipment increases the
likelihood of satellites meeting mission life satellite . ."
mass/launch vehicle requirements for oversized lift .
capabilities

A After exhaustive and comprehensive factory test, * |
satellite subsystem equipment still fail catastrophica  s40om northrop/Grumman

ithi /Air Force DSP-23 Satellite in

Wlthm 1 year Of use Production for 40 Years
A Normal (8 month) burmn times for parts and equipmeni Suffered Catastrophic Infant
Mortality Failure In January

are often ignored 2009 after 1 Year In-Orbit
7/28/2009 -
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Factory Acceptance Testi |

4. After an Infant Mortality Failure Occurs, Cannot Identify when
Deterministic Behavior Begins

A When deterministic behavior is present
In equipment that fails from an infant
mortality failure, prognostics allows
searching back in time to identify the
shift the deterministic behavior was first
present, which personnel and which
organization failed to identify it.

A This information defines liability for insurance coverage

A Provides a generic failure analysis capability for any vehicle built by
company

7/28/2009 17
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Results from Aerospace Col
|dentification of Causes of Infant Mortality Failures

A decrease in testing rigor Crosslink |
Builders reducing/eliminating testing =~ S8

A leap in spacecraft complexity and size
A breakdown in systems engineering .
Reduction in program engineering staff |

Reduction in contract monitoring staff ‘ /

The unquestioned use of COTS | el —

e e—

_ Testing =&

. Best Practices - Environmental Testing «Nanoscale
\ Imaging » Thermal Cycling « Electric Thrusters

2005 Aerospace Corop
Crosslink Includes Study
Identifying Cause of Infant Mortality

7/28/2009 Failures on Air Force Satellité8
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Remedi es from Aerospaceos
Il nfant Mortality Failur es

Full adherence to proven development practices

A Successful Strategy
forSatelliteDevelopmentandTesting

. .
ADDIV svstems enaineerina process
| the needs of the traditional approach based on uniform standards
and rigorous testing.

Bill Tosney and Steve Paviica

Complete requirements verification and testing =
Apply updated software verification processes
Instill closedloop design processes |
Qualify parts, materials, and processes
Develop a flight verification test policy

Develop engineering handbooks S BT 1 e e

Identifying Remedies to

Manage lifecycle within the program office Stop Infant Mortality Failures on

7/28/2009 Air Force Satellites 19
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Our Strategy for Stopping Infant Mortality Failures

We concluded that the space vehicle factory
acceptance testing is inadequate for stopping
catastrophic infant mortality failures

Find information in factory test data that identif
all equipment that fail within 1 year of use

To identify the source, origin and reliability
of the information

Prove the information stops failures

Make the technology available to satellite S411M Al Force/NROILockheed
builders to upgrade the satellite and launch ~ martin L-21 Satellite Suffered an
nfant Mortality Failure in December,

vehicle factory acceptance testing process stopping  20%
ns@@tastrophic infant mortality failures 20
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Deterministic Behavior Explains Both NASA Space
Shuttle Challenger and Columbia Failures

7/28/2009

Failure precursors (a.k.a deterministic behavior) were |dent|f|e@ e
in completely normal engineering data from fully functional i
satellite subsystem equipment in GPS satellite telemetry ! g

In April, 1983, Boeing GPS program management ordered a st 2
to predicting failures on GPS satellites; NAVSTAR 5 suffered T i i —
from a total failure from @ual reaction wheel failure

identified deterministic behavior in telemetry and predicted th el

Challenger AO00 rings would fa80%CSR YT
was ignored by NASA, Mortaithiokol and Boeing Failed after

In 2004, NASA Columbia Space Shuttle personnel failed to evztse 1;@255;%?,3“;3?;

recognize the presence of deterministic behavior and decided notRexction Wheel
Telemetryln Arprll 1983
evaluate Columbiads wing tel t o«

present demonstrating space industzlryf
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Results Identifying the Origin and Reliability of
Deterministic Behavior in Satellite Equipment Failures
Discovered the origin, source and reliability of deterministic behavic

Developed prognostic technology to illustrate
and identify deterministic behavior L ]
Applied prognostic technology to upgrade the _
satellite factory acceptance test to identify all ¥, ¥,
equipment that will fail from an infant mortality gl
failure for repair or replacement

Requested the Air Force and NASA require 3
satellite and contractors to identify all equipme ,
that will fail from an infant mortality failure o S /AN
during factory test for repair or replacement Boeing Satellite Factory where

Acceptance Testing is Conducted

7/28/2009
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Origin of Prognostic Technology
Industries that produce large number ofdike

units (e.g. consumer electronics industry) whose M

Motorola Centillis

fallures do not cause catastrophic losses was Al Sy

(99.9999% Ava.)

environment for creating prognostic technology

Incorporates learning from experts used to iden
data always present prior to specific failures

Industries using prognostic technology includes |
military (F-35 JSF) and (Boeing) commercial *

aircraft, nuclear power (Argon Labs) am
telecommunications =

_ 23
7/28/2009 Air Force/Navy F-35 JSF

Sun Microsystems
Telecommunications
Embedded Servers
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Prognostic Analysis used on GPS Resulted in:

Multi-service, systemvide testing exceeded all expectatlons
and was completed 6 years ahead of plan e

GPS program was descoped, 12 GPS Phai |
satellites/12 Atlas F launch vehicles cancell¢ ™

GPS funded by DOD in 1982 vs.1988 with
the IOC moved up 6 years o
The contract for 28 Block |1 satellites 6 Year iy

sooner (100 satellite contract was hoped fGFMAr Force/Bocing GPS
lock I/Phase | Satellite

. Many GPS Block Il satellite improvements were based on
maok€SUlts from prognostic analysis ”
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Prognostic (Pro-Active Diagnostics) Technology

A discipline included in reliability analysis that simply acknowledges
equipment failures do not have the Markov property
and thus are predictable and preventable

Pro-active diagnostics Prognostics
Active reasoning

Proprietary algorithms for illustrating
deterministic behavior

Diagnostics

Developed to eliminate infant mortality
failures and predict normal and eatilife
lifetime equipment failures

Its producF invasive and requires INt€Qrating  gejationship Between biagnostics,
adding/using embedded measurements in Prognostics and Prednostics
products (telemetry) for diagnostic, prognostic and prednostic analygis
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Systemic (Random) Noise

Examples of Behavior Without the Markov Property (memory)

Disease

7/28/2009

Becominga
Beauty Contestant
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Deterministic Behavior can be Extremely Difficult to
lllustrate and ldentify with 100% reliability

Requires training in all new areas including Fourier analysis,
Kalman filtering, stochastic processes for random behavior ai
probability theory

Infant mortality failure are extremely rare

Information is hidden in normal appearing test data from fully
functional equipment whose data is not usually scrutinized

Deterministic behavior is unique for each failure

Analog telemetry is not available on all equipment and
speculation is acceptable for identifying causes of failures

7/28/2009
27
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Reliability analysis, used throughout the space
Industry (except NASA) to make many decisio

used quantify reliability, maintainability, MTBF,
MTTR, availability, serviceability and survivabil

Consequence: Belief by engineers that

equipment failures are instantaneous and

random and thus cannot be predicted and thifgrkov State Diagram Including
Probability of State Change

cannot be prevented

When behavior is instantaneous and random, no prior behavior is rela

to reattime behavior (behavior is memoryless)

When behavior is memoryless, only behavior at the time of a faiIZlSJre IS
considered relavent to the failure

7/28/2009
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Redefinition of Behavior Using Prognostic Analysis

Prognostics
: Deterministic Behavior

First “Blip™
\'

Uit Failure
Engineering
Units

BOL EOL
7/28/2009 29
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Why and When Deterministic Behavior is Present

Initial Power Up

No Change in Part Performance /

Transistor

Capacitor X S
Resistor — N
Diode /
Triode — X\‘

e Part that Caused Transient

ANaale

Degradation in Life

First “Blip™

o
L.‘n:(}u_ilun:.

: S S R A R =~ Space Flight Assembly

with Telemetry Available

Circuit/Telemetry Response lllustrated Prognostic Algorithms Failed from an Infant Mortality

7/28/2009 30






