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'ffl)-Preface 
'ttft'The FfG-06a Failure Review Board (FRB) was activated on 15 December 2010 to ( l) 
invesligate and delerrnine the cause of failure, and (2) perform modeling and testing to confirm 
the failure mode. The team was composed of highly experienced expertise from academic, 
industry, FcdcraJJy Funded Research Development Center {FFROC}, and Govcmmcnt personnel. 

-t\::1tFRB lnvestigatlve work began on 20 December 2010 ln Huntsville. ALand cootinued on 
3 January 201 J in Tucson, AZ at the Raytheon Missile Sysrems Company. the supplier of the 
Exoatmmpheric Kin Vehicle (EK V) to the Boeing Company. Engineering analysis and testing 
has been ongoing since that date. 1be FRB was comprehensively supponed by me Boeing 
Company, Raytheon Company, Northrop Grummnn, Aeroje1, and Government perwnnel. 

-tHtThe report r."an be read at 41 high level fur general infoff'Oation and key findings r:m.x.loced 
through the investigation by reading the E:~tec:mive Summary as weU as the Conclusions located 
in SECTION I 0 in lhc main body of the rcpon. 

~The tlles are archived at the Missile Defense Data Center (MDDC) for future reference. The 
main body and each individual Appendix a!> listed in SECTION 11 nrc pro,.·idcd as. unique data 
pruducts for ea..-.y dteckout and reference. 

~The complete report is classified SECRE'f. 

!iF.CIU!'f 
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EXECUTIVE SUMMARY 
~Presented herein is the FfG·06a Failure Review Board's(FRB) finding of !be root cau>e of 
failure to intercept lhe target. This finding wns determined after closure of all boxes on the FRB 
approved fault Tree. The details, analysis, testing, and ~:vidence used to close each box: of the 
Fault Tree is contained in the ·•FfG~06a Failure Review Board (FRB) Final Repmt ... The IMU 
configuration for this test was Capability Enhancement (CE)Il This Executive Summary will 
focus on the root cause and the data supponing this finding, 

1ti1 FTG~ Mlli!llon EvenL< 

~The FT'G-06a target {LV -2} successfutly launched crnd performed nominally on aU required 
events to generate the target scene . . 
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1ti'1 The Failure Review Board 

"'(t:t) Upon completion of the tt!it, the Failure Response Team (FRT) was oonvened In place at the 
Missile Defense Integrated Operatiom Center (MDJOC). The FRT froze aU test as.'lets, both 
hardware and software, and allies! data, including reC<lfded data and logs. They examined all 
available data sources and built initial fault trees. On JS ()ceembcr 2010. ful1owing the initial 
data review of the mission. the FRT r«.-ommended to the Missile Defense Agency (MDA) 
Dira:tor that he activate 1he P.tilure Review Board {FRB) to examine the failure with spe<:ific 
focus on the EKV. The FRB was eslabli!Jled and the direction to ttle team included, 
" ... invcstiB:at1ng an potential target, interceptor, ground systems. and any otbcr area deemed 
relevant in the determination of rooc: cause and contributing conditions associated with the FfG-
06a failure to inten.;ept" and to " .•. determine and confirm the root cause(s) of the mis._o;lon 
failure:• The EKV portion of the FRB investigation was located in Tucwn. AZ., 
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FAILURE REVffiW BOARD FINAL REPORT fllt 
SECTIOI\" I, ~ FTG-OM TEST OVERVIEW 

1.1. -fl't TEST EXECVTIOI\" 

1.1.1. 'fljj>Test Evenll 
(b)(1) 

~Numerous GMD Component lntegr'&ion Tests. Risk Reduction Integration TC$-ts._ 
Countdown Tmining {CDT) sessions:, Readiness Tests and other checkout activities were 
conducted prior to the night te~t. These activities ensured a11 systems w~re fWictioning a:; 
required and personnel were properly trained to execute the PTG~06a mission. The CDT sessions 
were conducted within the timeline of the pJanned countdown and allowed realistic nominal, off
nominal, md contingency training to be conducted. 



SECRfYf 

~Several Ballistic Mishlle Defen!.e System (BMDS) Test Incident Repons (BTIRs) were 
generated during these cbe<kout activities, with all BTIRs closed or boarded by the Mission 
Readiness Working Group as low andlor acceptable risks for the mission prior to launch (See 
Figure 1-2) 

FTG.06a Execution ~r~diness Events 

1.1.1. -!GrT est Object!• .. Not Met 

'f\::ftPost mission ana1ysis indicated the assessment of primary and secondary test objectives :as 
follows: 

• W) Primary test objective #l 

• ~mary test objective #2 

• AA-Secondary test objective 

3 of 6 met: 2 of 6 partially met 

lO of 10 met 

15 of 16 met 

~Figure l-3~ outlines the assessment of primary and secondary objectives. while 
Figure 1-4 and Figure 1-5 outline the methodology for assessment of the primary obje<tives. 

~Table 1-1 and Table 1-2 depict primary and >eoondary Critical Engagement Condition 
(CEC)/Empiricol Measure Event (BMB) sooring. 

2 
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Primary Objective ~5ulb 

b)(1) 
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Table t~t."'ttfTFI'G-06a PrimAry and SeeoadaryCEC/.E"MESWrlnjt 
(o~ 
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1.1.3. i\!TFallure Respon .. Team Actions 

(U) In ll(:<-unta.-.. with the FTG.o6a BMDS Failure RCSJlOllS<' Plan. dated lO November 2010 
located in Appendix B. the Failure Response Team (FRD convened immediately after the 
mis'iion based on the failure co achieve the primary objective aod some secondary objectives as 
outlined in the Test Objective Memornndum (TOM), Appendix E. All test participants: were 
diret.'ted to secure all recorded data, maintain configuration. and standby for data distribution 
instructions and "break of configuration'' direction. 

1.2. i\!TFAILURE INVESTIGATIO:II 

1.2.1. ~TennoofReferente 

(U) Formal, independent failure investigation activities began on 20 December 2010 in 
Huntsville, AL by lite Failure Review Boord (fRB) Panel direcred by the FRB charrer. The 
PRB wa$ directed to focus all efforts on detennining the precise root cause of the failure to 
intercept and to: 

• AA Develop and coordinate for approval a consolidated faHure investigation event 
schedule and battle rbythm tOOt includes FRB and MDA activities 

• AA Execute a thorough and scrucrured root cause investigation into observations 
contributing to the failure to inten:ept 

• +W+(:onfirm through appropriate means that root caul\e bar. been determined 

5 



• ~Provide a oonwlidated linal report that identifies root cause 

• AA- Augment the core sraff as required with the best talent available to execute the rerms 
of reference 

~Based on its findings of fact, the FRB was chanered to record observations which did not 
contribute to failed primary or secondary objccrivc..c;; in FTG~06a, but which m.ay aff«:t the 
succe~s of future tests. 

~The FRB wa< le<l by the FRB Chairmani<•X•> I Other FRD membership 

• 

• 
• 
• 
• 
• 

• 
• 
• 
• 

La!>; 

Quality 

National System~ ProjeL-"ts 

DA, Chief Engineer GMG 

Technologies., CEO 

VP Engineering 

Engineering Test and Verification 

Labs 

Engineering lnc., SME for Thrusters, 

Carc:cr Development ProtCg~ 

==~~~]ii~A;c,1rog,spacc Corp, SME for IMU 
_ GMD Syste-ms Analysis 

IR:aythoon. Mission Assurance 

1.2.2. 'tti')'Fa.il .. re Re\'iew Board PrU«'ft 

L2.2.1. ~Configuration Freeze 

rt1t When activated, the FRB immediately directed a configuration ftccr.c for all components. 
No coofigumtion changes were to be made without concurrence: of the FRB. This ensured that 
1t.~t participant configur.Jtion changes Uid nol affe1..1 the ability of the FRB to establish and 
ronfirm root cause. This free:te applied to both hardware and software. 

~Ute FRB also I.."OIItruJled allocation of hardware which may be required for any testing 
planned to assist in root cause oonft.rmation. No hardware, teSt ~set. or siblings of !hose items 
were aUowcd to be used frn- any test/experiment without the expresS, consent of the FRB chair. 
This en.-;ured availability of hardware for te."'iing a .. dttermined necessary through the root cause 
I.."Onfirmation process. 

1.2.2.2. ~Collection and Analysis of Data 

'tt"tThc FRO polled the test community for all data reconkd during the event a!Kl cnwrcd data 
products were catalogued and made available for the FR.B and analyst!'~; as required. 1'1le FRB 
worked wilh the industry learn of experts to analy-L.e .an available test data, summaries and 
briefings relative to the FTG-06a mission. A detailed mission timeline was developed, 

SF.CRR'¥ 



identifying all significant events. Findings of fact and anomalous conditions were recorded and 
archived. In addition. any observations relative to deviations from nominal pertOrmance were 
recorded and included with the data management archive. Ail findings of fact, anomaly 
<.-onditions. und observations were provided to the product teams for consideralion in t."'nfirrning 
root cause, The ubservallons deemed not relevant to root cause of this inve&tigation were 
provided to the Director and the MDA Program Manager and !he appropriate BMDS 
components for further swdy and dis-position at the required level. 

1.2.3. itft Fault Tree Description ond Methodology 

~The FRB recognized early in the investigation that further test data would be required to 
detennine root cau.'«: and adjudicate ~me FTICR boxes. Maximum use of existing test tfuttt 
along with extensive analysis and modeling has been pert·ormed lO close llll FTICR boxes. 

~The guiding method of the FRB hlb been to utilize all existing data to hypothesize failure 
modes. create models to explore those hypotheses and determine how well aJI the data can be 
cxplaiocd. These darn models and hypothc.'!Cs have been used to drive test planning in order to 
anchor model11 and prove or di~rove the hypotheses. The testing planned and executed was 
srructured to first anchor models and coHe<.·t data pertinent to the leading hypothesi~. An initial 
series of testing was planned to specifically uddress required knowledge points to close fauh tree 
boxes. By closing these boxes. it was meant to determine if rhc bo'X contributc<i to root cause ot 
wa.<;: a non-contributor to roor cause. A.-1 testing proceeded, and results anaJyzed the FRB drove 
further testing as required as new knowledge point needs were identified to anchor the ~ling. 
Eighteen l<Kaltests were conducted to support the FRB Finding (refer to paragraph 9.6.1 for test 
descriptions). 

~Lastly, many of the hypotbesiud failure mechanisms cross multiple component boundaries 
in complc,; interactions. The FRB therefore created a Fishbonc diagram ro aid in the 
Investigation. It is described in the next section and was aJsn u~ed to create a second scoring 
approach to differentiate different degrees of failure contribution, also covered in the next 
seclion. 

1.2.4. ~Fishbonellestrlptlon aRd Methodology 

1.2.4, I, tHt Fishbone Motivation 
,(b)I5J 

):10 J Regardless uf any \!onlribution to the f.tilure, this kind of phenomena 
crossmg mu ltp e components ts: always difficult to capture in a Fault Tree. A Fishbone is ideal 
for enabling and capturing ~onstantly changing bypothetkal failure mechanisms and was 

7 
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therefore created 10 aid t.he FTG-06a failure invesHgation. The most current instantiation is 
induded in Appendix G. 

1.2.4.2. ~Fisbbone and FRB Tenninology 

~The program has terminology already in use regarding IMU to EO Sensor errors and divert 
lhrusler rough combustion, The FRB u!lage of such t.erms is somewhat diflf.l-rent within lhis 
report and explained below. 

it.frThe current Fishbone is broken into three piece1; to aid in managing and using the Fishbone. 
They are connected generally us follows (see Figun: 1-6): 

SlilCill*iT 
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~To aid in keeping track of ideas in the Flshbone. it has a re4 tro<:k highlighting any current 
leading hypotbesis and a blue track for seeondary hypothesis or effects. all suggested by tbe best 
data currently in hand. 

~The Fisbbone has been used primarily to aid in thinking through the investigation and 
ensuring Fault Tree boxes take all rertinem hypotheses and idea.; into account. But the Fishbone 
is not used as a formal traceability or closure tool. The FRS findings of root cause are mapped 
to tlle lishbone located in paragraph 9.4. 

1.1.5. ~Data MBIIagentent 

~ All data generated during the test event. as wen as all data produced and presented during the 
t."Uurse of this FTG-06a failure investigation w;u.; archi¥ed with the MOA/DTX Missile Defense 
Data Center's (MDDC) Data Center Program (DCP). The DCP's mission is to archive and 
preserve Ballistic Missile Defense data and provide controlled access and data distribution to the 
MDA enterprise, as required. The DCP ls respom;ihlc for the archivat, management and 
distribution of all MDA Mission~ Related Scientific and Ttx:hnical (MRST) danL MDA Directive 
3200.06~ dated 13 June 2008. specifies that all MDA daLa must be archived at the data center and 
includes data resulting from tests, evaluations. .supporting missile defense experiments, 
demonstr.ttioos, data analyse.<;+ and other efforts funded or sponsored by MDA that collect. 
manage. produce, analyze, mmipulate or prumulgate MRST data. 

it:ft The Fr0-06a Data Catahg was established to accurately vaUdate the data \.'OIIected for the 
FTG-06a test event. iUld ensure that all.colJe(."ted data. from aU possible data sour\.-es, was: 
available to and controlled by tbe FRB. This data catologing included all pre-coordinared data 
cx.changcs, as defined in the Integrated Data Management Plan, as wcJJ as other data source$! and 
information front internal collection lo,g file$, As.o;ociated Operations. and external sout'Ces not 
nonnally captured by the MDDC. 

-ftitAdditionully. all (lf the data received, developed, and utilized during the FRB investigations 
are archived l.lt the MDDC, The daut prodU4.1s archival at the MODe i~ structUred the same 1LO:. 

this finaJ report, with the FRB FinaJ Report and each appendix. as a separate and unique data 
item. Users interested in obta-ining access to the FT'G-06a FRB data wm he required to rcgisrer 
with the DCP. The registn1tion proces.~ provides validation and verification of the user's 
requirement to requesl and UC\.:es!> BMDS test data. 

SECTIO]'( 2. -tl:ltFI~DI~GS OF FACT 

2.1. (ttj' TEST RECONSTRUCTI0:-1 

-tt:TtAtl pre-launch activities were conducted in accordance with the nominal countdown 
timeline. The EKV Payload paMted all pre-launch health cheds, indU<Iing all Built-ln-Te.,ts 
(BIT). an IMU health and status <he<:k. all Signal Conditioning Unit/Laser Initiation System BIT 
checks, and an evaluation of the BKV Payload Laurx:h Commit Criteria, All parameters 
a.~~iated with this health check were nominal and the EKV wa,: declared ready for flight. 

ttftFigurc 2~1 outlines the time1inc associate<! with fTG-06a sequence of key events. The 
following tex.t outlines these events in detail. 

IU 
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