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FAILURE MODE AND CAUSES: Loss of RF signal output from antenna A and B coused by:

O Qpen or shomted antenna focd
O  Openor short oo RE connector

O Faulty microsirip

FAILURE EFFECT SUMMARY: Loss of desmuct capability of one SRB if it should break away from the cluster,

leading to Joss of life or injury ta the public. One success path remains after the first failure. Cperation is not

affaciad until both paths are lost.

REDUNDANCY SCEEENS AND MEASUREMENTS:

1. Pa=s - Checked during Bench Test.

2. Fail - Unable 1w check redundant pachs during flight,

3. Pass - Mo crodible canses

EATIONALE FOR RETENTION:

A, DESIGN:

0 AFETRM/SAMTEC-127-1 requires that the Shuttle RSS antenna system provides ninety-live pereent sphetical
coverage about the Shuttls and that the overall Kange Safety System sensitivity will be at least 12 db below the

RE signal level supplied by the Adr Force ground tramsmission systetn &t any point in the flight uajectory, Twn
independent antennas on cach SRB and two independent antennas on the ET, plus cross-swrapping, have becn
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itnplementad to satisfy this Fequirement. A ringle SRB with twa operational antennas which breaks away from
the cluster will alsa meet the Tequirement [or ninety-five percent sphencal coverage for the shunle.

0 The loss of ane antenna dearades the spherical coverage 1o less (an ninety-five poreent al the specified margin
of 12 db above the sysiem threshold. Each anlenna is Incated on oppositc sides of an SRE and preduminantly

covers one hemisphers with significant overlap into the other hemisphre.

O The intent of the AFETRM/SAMTELD 127-1 requirement is to provide destruct capability regandless of vehicle
altituds (within practical limits) at any given time. The ability (o destruel a vehicle with one antenns is highiy
dependcnt on the anitude of the vehicle, the position of the operational antenra on (he vehicle and the received
sigoal level mergin at the vehicle,

O The 8RB reccives an RF signal level that iz typically 25 db above (he measured thrashald of any TRI? at the
maxitnutn slant range. This excess margin of power compensates far reduced antenna coverage resulting from
one failed antenna. Coverags is estimated 1o be eighty to cighty-five percent at a signal level that ix 3 db above
measured threthold.

O The worst-case condition for required operalion of the KSS with one antenna failurc is an $RB that has broken
away from the cluster and has its soleana null pointed at the transmitter. This SRB can be expecied o act
crrutically and not maintain sttitude control in roll, pitch, and yaw. Under these conditions the null peinting
position will follow changes in atinde of the free flying SRB and will eventually move away from rhe
transmitter's direction. If the Arm and Fire commands are repeatedly semi by he tressmiticr, they wall
eventually be received and cxcoulcd.

O In conclusion, the antennas ore oot redundant in the classical sensc hut are considered redundant i the
operational systerns mode.

O The smtenna is designed to servive the high vibration, shock, and thermal levels engouniered during the boost
ard doscent phases of flight, and salt warer immersion during the recovery phase. The antenna meets all the
requirements of the Command Antenna Model 320 Spec (108PC-00301,
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O The amenna has two vendor sources: Teledyne-Lewisburg and Lafiarge. Both vendors have heen corufied as
suppliers by completing qualification testing, Teledyne-Leowisburg qualification is ceported by Qualification
Test Beports ET45-5SRB-600 and ET45-SRB-504 and certified by USBI COQs A-RS5-3104. LaBarge
qualification is reparted by Qualification Test Report LEH-2600 and certified by USBI COQs 4-RSS- 2106,
The 10406-0093-103 is qualificd to 20 missions. Due 1o cost effectiveness, SEB program has identified the
10406-(NM3-104 as single mission hardware, The 10406-0093-104 is qualificd for single mission use and is not
refurbished.
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0 Oper or Shored Antenna Taed

. The antenna fead consists of an impedance matching (and phase skifting) network (P/N 10406-0096 and -009T)
and a pair of feed posts (PN 10406- 104104}, The funclional mierostrp surfuces of the mirror image
ntwork boards are butted together [ provide isolation for shorts and conductor redundancy at all powiuons
along the MicTostip except the electrical connection points Lo preclude open vonductor failures. The feed posts
are solid metal and are atiached to the matching network boards and the radiating element microstrip boards by
screws and washers. The screws are epoxicd in filace after 1orquing. Al of the microstrip boands are epoxy-

bonded along the edges to miligale sall water contamination and CONLEMINANON SHOTtS OF DS,
13, [ukh

O Open or Short on BF Conneclor:;

This modificd RF ¢oaxial connector is attached 1o the matching network board with seven screws. The center
conducior is attached to the matching network feed point with a screw.  All screws ane epoxied afler temuing 1o
mitipate opans due 10 10052 serews.

O Faulty microstrip:

This micrastrip radiating ¢lement board is procured and processed to the Toyuirements of MSFC-SPEC-
50MG0233,

B. TESRTING
VYENDOR RELATED TESTING
0 Bach anlcnma is subjected to acceptance testing o USRT approved 1est procedures, ATL-7938 for Teledyne-
Lewisburg and LEH-9410 for LaBarge. Acceptance testing establishes the abscnce of open or shorted antenna
. feed, open or short of P.F conncctor, or faully microstrip at the time of testing. (All Failure Causes)
KSC RELATED TESTING
o  Elecuical bond esting is performed per USEI STP 407.

5 After inslullalion each antenna is testad for VSWR bafere cable installation per 10REQ-0021, para 1.2.1.1 4.
(A1l Failure Canszec)

o The antenna system is tested to the requirements of 1DRED-0021, paragraph 1.2.1.1.3 afier insailation. (All
Failure Canzes}

o Dpet nop test parformed per OMRSD File I, Vol. I, requirement 300000, 3840
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At approximately T-30 nlnuees, the range Lansmicer is brought up and maintains capture of the IRTY unil the
separation sequence is started. From T-50 until scparauon, the signal strength measurcments (B55E1100C and
B55E1101C) provide an indication that the antennas are operational. Therc is no reliable tnethod to assure dn
individusl antenna is operational; however, if both antconas fail, the signal strength measurementy will indicaee
e multiple failure from IRT? capture (T-50) through separation (Refcrence DMESED File 11, S00FHO.031/033).

After each fight the amennas are refurhished and acceptance tosted at the LaBarge facility pur procedurs MOP |
477 and 52600. (All Failure Causes) (Wote: This applies to [0406-0093-103 only)

INSPECTION

CH R3S

VENDOR RELATED INSPECTIONS
USBI QAR monitors receiving inspection and raceahility records per SIP 1351

Supplier Quality and USEI QAR perform in-process inspeeliens to preclude errors m workmanship and
materials during assambly of the antenna. The USBI QAR mandatory inspaction points arc listed below:

Baze Flzic per SIP 1351
Condoctor Feed per STP 1351
Filler Feaed par S1F 1351
Filler Top per STP 1351
Support per SIP 1351

Filler per S[F 1351

PC Boards per SIF 1351
Connector Modificarion per STP 1351
Caver per SIP 1351

Gasket per ST 1351

Plate Cover puer STP 1351

b= B o T o B = IS = |
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USBI QAR withesses accepuance testing per 8IF 1351, (All Failure Causcs}
Crtical Processce/Inspections/Operations:
o MNons

KSC RELATED INSPECTION
Installation of antenna is verified by TTSBT QA
USEI QA witnesses and accepis torquing of antenna mouniing bolts,

LISBI ()4 witnessas and accepts electrical bonding resistance checks between antenna and SRE Forwand Skirt
assetibly.
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USB1 {2 inspects anlenna Teceptacles for damape and contamingtion during hook up of cable (o antenaa.
USEI QA wimesies VIWER test, {All Failure Causcs)

USBI QA wiinesscs antenna system testing. {All Failure Causes}

o I o T = B

The anlcnns pratective covers arc removed and the antennas are inspacted for damage per Lockheed Frocedure
AS5214 during roll-cur praparaticn.

REFURBISHMENT INSPFECTIONS (For 10406-0093-103 only)
EMaxs

O The entzmna is inspected for scratches, nicks or sorface ndentations, warped base plate, distortions, U-ring
groove distortion and sall water intrusion. Wo antenna with evidence of sall sater intrusion or blemish in excess
of that aliowsd by 10S5PC-0131 shall be refurbished for flight use. The antenna is refurbished per [aBarpe
refurhishment procedurs MOP-A77 after each use. USBI QAR shall verify returbishmenr per STP 1351.

D. FAILUEE HISTORY

Q  Failure Faslories may be ohiained from the PRACA datshase.

E. OPERATIONAL USE

O HNolapplicable 1o his failore mode.
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