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t-Preface

9 The FTG-06a Failure Review Bosrd (FRB) was activated on 15 December 2616 to (1)
investigate and determine the cause of failure, and (2) perform modeling and testing (o confirm
the failure mode. The team was composed of highly experienced expertise trom academic,
industry, Federally Fuaded Rescarch Development Center {(FFRDC), and Government porsonnel,

“-FRB investigative work began on 20 December 2010 in Honesville, AL and continued on
3 January 2011 in Tucson, AZ at the Raytheon Missile Syseems Compeny, the supplior of the
Exoatrnuspheric Kill Vebicle (EKV) to the Boeing Company. Engineering analysis and testing
has been ongoing since that date. The FRB was comprehensively supported by the Boging
Company. Raytheon Company, Northrop Grumman, Aerojet, and Government personnel.

~-The report cun be resd at o bigh level for genera] information and key findings produced

through the investgation by reading the Executive Summary as well as the Conclusions located
in SECTTON 10 in the main body of the report.

+tThe files are archived at the Missile Defense Data Center (MDIDC) for future reference. The
main haody and cach individoal Appendix as listed in SECTION 11 are provided as unigue data
products for asy checkout and reference.

“pThe complete report is classificd SECRET:
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EXECUTIVE SUMMARY

B> Presented herein is the FTG-06a Failure Review Board's (FRB) finding of the root cause of
failure to intercept the target. This Jinding was determined after closure of ail boxes on the FRB
approved Faule Trec. The details, analysis, testing, and cvidenee used to close cach box of the
Fault Tree is contained in the “FTG-0ba Failure Review Board (FRB) Final Report™. The IMU
configuration for this test was Cupability Eohancernent (CE)IL. This Executive Surmmary will
focus on the roof cause and the data supporting this finding.

& FT(G-06s Mission Eventy

iy The FTG-06a target (LV-2) successfully lsunched and performed nominally on all required
events to generate the target wene.
| OIER
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11 The Failure Review Board

€t Upon completion of the test, the Failure Response Team (FRT) was convened in place at the
Missile Defense Integrated Operstions Center (MDIOC). The FRT froze all test assety, both
hardware snd soflware, and all test data, including recorded data and logs. They examined all
available dala sources and built indial fault trees. On 15 Decomber 2010, following the initial
duta review of the mission, the FRT recommended 10 the Missile Defense Agency {(MDA)
Director that he activate the Failure Review Board {FRB) to examine the fuilure with specific
focus on the EKV. The FRB was established and the direction 1o the team included,
“...investigating all potential target, intereepior, ground systems, and any otber arca deemed
relevant (n the determination of root cause and contributing conditions associated with the FTG-
064 frilure 1o intercept” ard to ©, . determine and confirm the root cause(s) of the mission
failure.” The EKV portion of the FRB investigation was located in Tucson, AZ.
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FAILURE REVIEW BOARD FINAL REPORT 65

SECTION 1, <4 FTG-06A TEST OVERVIEW
1.1. €93 TEST EXECUTION

1.1.1. -9 Test Evenis
EH

BRS1 10 WSC 5130515

- Numerous GMD Component Itegration Tests, Risk Reduction Integration Tests,
Countdown Training {CDT) sessions, Readiness Tests and other checkout sctivities were
conducted prior to the light tgst, These activities ensurad all systems were functioning as
requuired and personnel were properdy trained to execute the FTG-06s mission. The CDT sessions
were conducted within the timetine of the planned countdown and allowed realistic npominal, off-
notninagl, and contingenty training to be conducted.
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483 Several Ballistic Missile Defense System (BMDS) Test Incident Reports (BTIRs) ware
generated during these checkout activities, with all BTIRs closed or boarded by the Mission
Readiness Working Group as fow andéor acceptable risks for the mission prior 1o laurch (See
Figure 1-2)

FTG-06a Execution Readiness Events
BYIRs (1)

1.1.2.  4b-Test Objectivey Not Met

~FrPost mission analysis indicated the assessment of primary and secondary tes objectives as
follows:

« {3 Primary test objective #( Jof 6 met; 2 of 6 partiatly met
& -Primary test objective #2 19 of 10 met
» Secondary test objective I5 of 16 mei

+b+Figure -3, outlines the assessment of primary and secondary objectives, while
Figure 1-4 and Figure 1-5 ontline the methodology for assessment of the primary objectives.

44 Tabie 1-1 and Table -2 depict primary and secondary Critical Engagement Condition
{CECYEmpirical Measure Event (EME) scoring.




JEKY

Figure 1.3, 89 Assessment of F LG58 Primary Objective Resuits

[BX)

Figure 14, (69 Primary Objective #1
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Table {-1. 6 FTG-06% Primary and Secondary CEC/EME Seorivg

Figure 1.8, (0 Primary Objective #2

[®H1)
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Table 1-2. @) FYG06a Primary and Secondary CEC/EME Reoring

T3]

' Y EH

1.13. ¥ Failure Response Team Actions

{U} In accordance with the FTG-06a BMDS Fatlure Response Plan, dated 10 November 2010
focated in Appendix B, the Failure Response Team {FRT) convened immediately afier the
mission based on the failure to achieve the primary objective and some sccondary ohjectives as
outlined in the Test Ohjective Memorandam (TOM), Appendix £. AR test participants were
directed to secare all recorded data, maintain configuration, and standby for data distribution
instructions and “break of configuration” direction,

1.2. Y FAILURE INVESTHGATION
1.2.1, B3 Ferms of Reference

{U} Formal, indepondent failure Investigation activitics began on 20 December 20H0 in
Huntsville, AL. by the Failure Review Board (FRB) Pane] direczed by the FRB charter. The
FRE was directed 1o focus all efforts on determining the precise root cause of the failure to
intercept and to:
* 4 Develop and coordinate for approval a consolidated failure investigation event
schedule and battle rbythm that includes FRB and MDA activitics

» s Excente a thorough and structurcd root canse investigation into obscrvations
contributing to the fuilure to intercept

*  #-Canfirm through appropriate means that root cause has been determined

ST ERFY-
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* 5 Provide a consolidated final report that identifies root cause

s ¢4 Augment the core staff 43 required with the best talent available to execute the Terms
of reference

~ARBased on its findings of fact, the FRB was chanered & record observations which did not
contribute to failed primary or sccondary objecuves in FTG-06a, but which may affoct the
success of future tests.

£ The FRB was lod by the FRB Chairman[oX®) | Other FRB membership
consisted of:
. [P MIT/Lincoln Lubs

- MDA, Quality
. |®A Chief Engineer Nalional Systems Projects

. M DA, Chitzic Engincer GMG

» m:w idson Technologies, CEO

. W—[Raﬁhcan, VP Engineering

» W_—'_-IMD& Engincering Tost and Verification
MIT/Lincoln Labs

Nestlerode Engincering Inc., SME for Thrasters,

: MDA, Carcer Development Protégé

S ml | Acrospace Corp, SME for IMU

. fis ) IBocmg, GMD Systems Analysis

Raytheon, Mission Assurance

L2.2. 4y Failure Review Board Pracess
1221, ¢t Configuration Freeze

U When activated, the FRB immcdiately dirccted a configuration freere for all components.
No configuration changes were to be made without concurrence of the FRB. This ensured that
test participant configuration changes did not affect the ability of the FRB 1o establish and
conflirm root cause. This freeze applied (o both hardware and software,

& The FRB also controlled sllocation of hardware which may be required for any testing
planned to assist in oot cause sonfirmation. No hardware, test assel, or siblings of those fiems
were attowed to be used for any testexperiment without the oxpress consent of the FRB chair,
This ensured availability of hardware for testing as determined necessary through the root cause
confirmation process.

1.2.2.2. €y Collection and Analysis of Data
9 The FRB polled the test community for all data recorded during the event and ensured data
products were catalogued and made available for the FRB and analysis as required. The FRB

worked with the indusiry team of experts (o analyze all available 15t deta, summaries and
briefings relative to the FTG-06a mission. A deuiled mission tmeline was developed,
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identifying all significant events. Findings of fact and anomalous conditions were recorded and
archived. In addition, any observations refative to deviations from nominal performance were
recorded and included with the data management archive. All findingg of fact, anomaly
conditions, and observations were pravided to the product teams for consideration in confirming
root cause, The vbservalions deemed not relevant 10 root cause of this invesligation ware
provided to the Director and the MDA Program Manager and the appropriate BMDS
compenents for further study and disposition at the required {ovel

1.2.). R Fauli Tree Description and Methodology

BT

«4The FRB recognized early in the investigation thut further test data would be required to
determine root cause and adjudicate some FTICK boxes, Maximumn use of existing test dars
along with extensive analysis and modeling has been performed w close all FTICK boxes.

£ The guiding method of the FRB has been to utilize all existing data to hypothesize failure
mades, create models to explore those hypotheses and determine how well all the data can be
explamed. These data models and hypotheses have baen used (o drive test planning in order to
anchor models and prove or disprove the hypotheses, The testing planned and executed was
structured to first anchor models and collect data pertinent to the leading hypothesis. An initial
series of lesting was planned to specifically address required knowledge points 1o close faull tree
boxcs. By closing these boxes, it was meant to detcemine if the box contributed to root cavse or
was 2 nop-contributer to roof cause. Ax testing proceeded, and results analyzed the FRB drove
further testing as required as new knowledge point needs were identified 10 anchor the modeling.
Eighteen toal tests were condutied 10 support the FRB Finding (refer (0 paragraph 9.0.1 for test
descriptions}.

€ Lastly, many of the hypothesized failure mechanisms cross multiple component boundaries
in complex intcractions. The FRB therefore crcated a Fishbone diagram to ald in the
investigation. 1t is described in the next section and was also used to create 4 second scoring
approach to differentiste different degrees of failure contribation, alse covered in the next
section,

1.2.4. <% Fishbone Description and Methodology
L2, 4 I '{*H'} Fishbone Motivation

§15%, i Regardless of any contrnibution to the Eailure, this kind of phenomena
LFOSSING mzxiizpi& components is always difficelt 1o capure in 2 Fault Tree. A Fishbone is ideal
for enabling and capturing constantly changing hypothetical failure mechanismis and was




si‘ e: .! EJ i

therefore created 1o aid the FT(G-06a failure investigation. The most current instaniiation is
included in Appenddix G,

1.2.4.2. -PrFishbone and FRB Terminology

~¢3The program has terminology already o use regarding IMU to EO Sensor errors and divert
thruster rough combustion, The FRB usage of such terms is somewhat dilferent within this
report and explained below.

“tThe current Fishbone is broken info three pieces to aid in managing and usiog the Fishbone.
They are contiected gencrally as follows (see Figure 1-6):
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&4 To aid in keeping track of ideas in the Fishbone, i has a red teack highlighting any current
leading hypothesis and a blue track for secondary hypothesis or effects, all suggested by the best
data currertly in band,

=45 The Fishbone has been used primarily 10 aid in thinking through the investigation and
ensuring Fault Tree boxes take all pertinent hypotheses and ideas into account. But the Fishbane
15 not used as 4 formal traceability or ciosure tool. The FRB findings of root cause are mapped
to the lishbone located in paragraph 9.4.

1.2.5. 4U>Data Management

< All data gonerated during the testovent, as well as all data produced and presented during the
course of this FT(G-064 failure jnvestigation was archived with the MDA/DTX Missile Defense
Duata Center’s (MDDC) Data Center Program (DCT). The DCP's mission is to archive and
preserve Ballistic Missile Defense data and provide controiled access and data distribution to the
MDA cnterprise, as required. The DUP a5 responsihle for the archival, management and
distribution of all MDA Mission-Related Scientific and Technical (MRST) data. MDA Directive
3200.06, dated 13 lupe 2008, specifies that all MDA data must be archived at the data center and
includes data resulting from tests, evaluations, supporting missile detense experiments,
demonstrations, data analtyses, and other efforts fuaded or sponsored by MDA that collect,
manage. produce, snalyze, manipulate or promulgate MRST data,

5 The FT(G-06a Data Catalog was established to sccurately validate the data collected for the
FT(-08a test event, and ensure that all collected data, from all possibie data sources, was
available to and controlled by the FRB. This data cataloging included all pre-coordinated data
exchanges, as defined in the Integrated Data Managemerit Plan, as well as other date sources and
information from internal callection Jog files, Associated Operations, and external sources pot
nomnally captured by the MDDC.

e Additionally, all of the data received, developed, and utifized during the FRB investigations
are archived 3t the MDDC. The duts products archival at the MDDC iy structured the same a5
this {inal report, with the FRB Final Report and each appendix as 3 separate and unique data
item, Uscrs interested in oblaining access to the FTG-U6a FRB data will be required o rogister
with the DCP. The registration process provides validation and verification of the user’s
requirement 1o request aml access BMDS test data.

SECTION 2. G FINDINGS OF FACT
2.1 @t TEST RECONSTRUCTION

5 All pre-lunch activities were conducted in accordance with the nominal countdown
timeling. The EKV Payloud passed all pre-launch health checks, inchuding «ll Built-In-Tests
{BIT), an IMU health and status check, all Signal Counditioning Unit/Laser Initiation System BIT
checks, and an evaloation of the EKV Payload Launch Commit Critena.  All parameters
associated with this health check were nominal and the EKY was declared ready for flight.

“rFigure 2-1 outlincs the timelac associated with FTG-06a sequence of key events, The
following text outlines these eventy in detail.

18
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