8RE CRITICAL ITEMS LIST
SUBSYSTEM: RANGE SAFETY COMMAND DESTRUCT

ITEM MAME: Cirectional Coupler

PART NO.: 104G6-0117-105, -106, -107, -108, -109 FM CODE: AQ?
10406-0149-854 ' ' DCNG32
ITEM CODE: T0-03 REVISIDON: Basic
CRITICALITY CATEGORY: 4 REACTION TIME: Seconds
NQ. REQUIRED: 1 DATE: March 31, 1597 |
DCNO3?
CRITICAL PHASES: Boost SUPERCEDES: March 1, 1996
DOMAZ2
FMEA FAGE WO.; E-7 ANALYST: D. Owens'S, Ropey
DCR0z2
SHEET 1 OF 5 APFROVED: P. Kalia

FAILURE MODE AND CAUSES: Loss of RF signal cutput from directional coupler and ioss of RF signal output
from Antenna A caused by

< Pin open ot shorted on J1 or I
O Faulty microstrip
G Fin open or sharted on J4 (GSE use only}
FAILURE MODE EFFECTS SUMMARY: Loss of capability 1o destruct ons SRE should it break away from the
cluster leading to loss of life or mjury to the public. One suceess path remains after the first Failure. Olperation is
not affected it both pads are lost.
REDUNDANCY SCREENS AMD MEASUREMENTS:
. Pass- Checked ar ACO, SIT, crdnance installation and during countdown. Checked in
final countdown by receiver signal strength measurements B35EL100C and
BssEIIOIC.
2. Fall - Unabis to cheek redundant RF paths during flight.
3. Pass- Noknown credible causes.
RATIONALE FOR EETEMNTION:
A. DESIGN:
O The Directional Coupler is m integral part of the RF signal path from Aotenna B 1o the integrated

receiver'decoders (IRDs} and from the ground support squipment (GSE) to the IRDs. The loss of this coupler
has the sama effect as the loss of Antenna B. The follawing is a rationals for
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retenlion of the command antsnna system foliowed by the retention rationale for the directional coupler.

3 AFETRMASAMTEC-127-1 regquires that the Shuitle R33 antenna system will pravide ninen-five percent
spherical soverspe about the Shuttle and that the overall Range Safety System sensitivity will be at Jeast 12 db
bolow the RF signal level supplied by the Air Force ground transmission system &l any point in the flight
trajectory. Two independent antennas on each SEB and two antennas on the ET, plus cross-strapping, have
been implemented to satisfy this requirement. A single SEB with Dwo aperatiomal antennas which breaks away
fom the cluster will also meet the requirement for ninety-five percent spherical coverage fot the shuttle.

£ The loss of one antenna degradsa the spherical coverags to less than ainety-five percent al the specified margin
of 12 db abowve the eystem threshold. Each antenna is located on opposite sides of an SRB and predominantly
wovers one hemisphere with significant overlap inte the other hemisphere.

& The mtent of the AFETRM/SAMTEC- 127-1 requirement i5 to provide destruct capability regardless of vehicle
attinde (within practical imits} at any given time. The ability to destruct a vebicle with one antenna is highly
dependent on the attitnde of the vehicls, the position of the good antenoa on the vehicle and e received signal
level margin at the vehicle.

O The 5ED receives an BT sigmal level that is typically 25 db above the measured threshold of any IRD at the
maximun slant ramge. This sxcess margin of powsr compensates for reduced aotenna coverags resuking from
one failed antenna. Coverage is estimated to be eighty to eighty-five percent at signal leve! that is 3 db above
measured threshold. -

0 The worst-case condition for required operation of the B35 with ooz antenna ifaihare is an SRB that has broken
away from the cluster and has its anterna nuil pointed at the tmnsmitter. This SEB c2n be expected to act
erratically and not mamntain attitude contro] o roll, pitch and vaw, Under these conditons the pull peintng
position wil! follow changes in attitude of the fres flying SBB and will eventually move away from the
transmitter’s direction. If the Amn and Fire commands are repeatedly sent by the tansmistter, they will
evenially be received and exscuted, .

O In cooclusion, the anteonas are oot redundant in the classical sense but are considered redundant in the
operational systerns mode.

O The directional coupler design is a more robust version of the Sanon [ and V models. It has been redesigned to
survive the high vibration, shock, and thermal levels encountered during the boost and desceat phases of fight.
The directional coupler mests all of the requirements of Spee (10SPC-(044), has been flown on all Shunle
missions to date, and 15 qualified 10 the twenty-mission level

O The directional coupler bas ons vendor source: LaBarge. The vendor has been cortified as a supplier by
compieting gualification testing. LaBarge qualification is reported in Cualification Test Reports $741164-7F,
Q741134-9 and 459463-1 and certified hy USBI COCs A-RS5-3107-1 and A-R55-3107-2. The vendor's
directional couplers are qualified to the twenty-mission level.

0  Pin Opeo or Short on J2 or 11,
I and 12 are attached to the board with screws and washers and the screws are then cpoxy-bonded to precluds
opening of RF connector shell or center conductor. Shorts are prechuded by board layoumt and fabrication

techniques.

An open connector center conducter is precluded by a highly relizbls captivated spring contact fuzz-button.
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¢ Faulty Microstrip

. The microstrip boards (PN 10406-011% and -0120) are gald-plated mirrer image circuit boards that are butted
together to provide isolation for shorts and eomductor redundancy at all positions aloag the microstrip (except
the electrical conmection poiots) to preclude apen conductor fafiures. The microstrip boards are procured and
processed to the requirements of MSFC-SPEC-50M60233.

B. TESTING:
VENDOR RELATED TESTING
0 Each Directional Coupler is subjected to acceptance testing wr USBI approved procedure (LaBarge 9741184-5)
prior o delivery. Acceptance testing establishes the sbsence of open or short of J1 or J2 or a Faulty
mnicrostrip at the 1mme of testing. (All Failure Causes}
K5C RELATED TESTING

O Each Directional Coupler received by USBI from SPC is bench tesied as required by 1GREQ-0021, Appendix
E. Absence of open or shorted J1 or J2 or faulty microsiip is established at bench test,

O Afier each flight, the dirsctional coupler bas the coupler dummy igad replaced and receives a bench test.
Directional Couplers not Certified/Recertified at KSC will be Bench Tested within 189 Days of installation
or ransfer as & LRU. (All Failure Causes)

O The directional coupler has voltage standing wave ratio {VSWR) and msertion loss testing after installetion intn
the forward skirt per 10REQ-0021, paras. 1.2.1.1.3 and 1.2.1.1.4.

. O Verify operation of SRSS with flight code (clased dnap) per OMRSD File 1T, Vol. 1, requirement number
S00000.390.

G Only the inpwt at J4, cutput at ¥l and the associated microstrips are tested durmg open loop test At
approximately T-50 minutes the last closed loop test is performed. At that time the Range Safety tamamitter is
brought up and maintain: capture of the IRD until the separation sequence is started. From T-5¢ wntil
separation, the signal srength measurements BSSE1100C and B35E1101C provide an indication that at least
one RF signal path is operational; however, if both RF paths fail the receiver signal strength meesurements wiil
indicate the mutiple failure from IRD capture (T-50) unlil separation,

REFURBISHMEN T/RECERTIFICATION TESTING

O Previously Flown Directlonal Couplers are Inspected, Repaired if necessary and Punctionally Tested at USBI Florida
Operations [AW 108PC-0131.

C. TNSPECTION:
VENDOR RELATED INSPECTIONS
QO USBI QAR monitars the vendor's receiving inspection and traceability ecords per SIP 1072,
O Supplier Quality and U'SB] QAR perform in-process inspectious lo preclude errors in workmanship and

materils during assembly of the directional coupler. Pars, material and assemblies per the st below are
verified by USB] QAR:
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Connestors per 31P 1072

Base Plae per SIP 1072

Mounting Sleeve per SIP 1072
Spming/Fuzz Button per SIP 1072
lnsert Base Plaie per SIP 1072
Printed Wiring Boards per SIP 1072
Coaxial Tetmitation per STF 1072

L= -~ T - I = I =}

O Final sceeptanes test js wimessed by USBI QAR per SIP 1672, (All Failure Causes)
O  Critical Processes/Inspestions‘Operations:
¢ Mone
K5C RELATED INSPECTION

0 USBI QA wimcsses directional coupler bench testing as Tequired by 10REQ-0021, Appendix E. (A1l Failure
Causes)

O USBI QA witnesses and accepts torquing of coupler mounting bolts during installation on SEB forward skirt
equipthent panel,

0 Connectos arc inspected for damage and contamination during cable hookup per 10REQ-0021, para 12.1.1.9

G Directional coopler functional testing is performed per 10REQ-0021, para. 1.2,1.1.6. (All Failore Cansac)

REFURBISHMENT/RECERTIFICATION INSPECTION .

(Q  After each use the Directional Coupler is inspected for damage, bont or broken connectar, corrnsion and salt water
Contamination TAW TSBIL 10SPC-0131. :

0. FAILURE HISTORY:
o Crincality Category 1R
No SRE failure history for this fajlure mode.
E. OPERATIOWAL USE

o Not zpplicable 1o this fajlure modc.
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