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. FAILURE MODES EFFECTS ANALYSIS (FMEA) - CRITICAL FAILURE MODE

NUMBER: 053-2C-22200-05

REVISION# J Q&8/L7/91 R
SUBSYSTEM: COMM & TRACY: TACAN
LRU :TAZAN SCT CRITICALITY QF THIS
ITEM NAME: TACAN FA[LURE MODE:IR2
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FAILURE MODE: -
SLANKING PULSE FAILS GFF

MISSION PHASE:

PL PRELAUNCH
Lg LIFT-OFF
i}y OE-ORBIT

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102  COLUMBIA
103 OLSCOvERY
104 ATLANTLS
105 ENDEAVOUR

CAUSE:
VIBRATION, TEMPERATURE, MECHANMICAL SHOCK, COMTAMINATION, MISHANDLING.

CRITICALITY 1/1 DURING INTACT ABORT ONLY? HO

-
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REDUNDANCY SCREEN A} PASS

B) PASS
C} PasS
PASS/FAIL RATIONALE:
A)
B)
oy
_ FAILWRE EFFECTS -
{A) SUBSYSTEM:

A QLANKING PULSE FAILED OFF (BUT THE LRU LEFT IN THE “T/R" QR THE
NOMINAL "GPC MODE} WOULD RESULT IN A MUCH OELAYED LOCK-UP WHEN
CONNECTED TO THE UPPER ANTENMAS. WMEN CONNECTED TQ THE LOWER ANTENNAS
LOCK-UP QF THE OTHER TWO TACAN'S WOULD BE DELAYED FROM A WOMINAL 350 N
MI TO 230 N MI. FLIGHT SOFTWARE ALTEAMATES BETWEEN UPPER AND LOWER
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ANTENNAS APPROXIMATELY EVERY 10.8 SECDNDS IF MO STGNAL I3 RECEIVED,
THEREFORE, IF CONMECTED TO THE UPPSR ANTINNAS AND 9O LOCK-UP JCZURS,
THE TACAN [5 SWITCHED TO LOWERS AND 50 0N UNTIL LOCK {5 C5TABLISRED.
THE MEW TACANS ARE FAR LESS SUSCEPTI3LE TO L0SS OF BLANKING PYLSE
(LESS DEGRAOATION).

e {B) INTERFACING SUBSYSTEM{S):
WO EFFECT SINCE TACAN DATA WILL Bf AVA[LARLE FOR INCORFORATIGN BY GNEC
WITH ADEQUATE OISTANCE PRIOR TO THE MINIMUM REQUIRED RANGE OF 160 N MI.

{C) MISSTON;
NG EFFECT.

m {0) CREW, VEHICLE, AND ELEMENT{S):
NO EFFZCT - FIRST FATLURE. GPERATION CONTINUES WITH THE TWO REMAINING
UNITS. POSSIBLE LOSS OF CREW/VEWICLE AFTER TWO FAILURES (SLANKING
PULSE FAILS OFF, ERRUNEOUS RANGE OUTPUT [UNRESOLVABLE REDUNCANCY
HANAGEMENT DILEMMA) DUE TO THE INABILLTY TO MAKE THE LANDING $iT

(E) FUNCTIDNAL CRITZCALITY EFFECTS:

A alk il kv — R Al —— ——— - - -

- DISPOSITION RATIONALE -

———— W ey g - W W W W N N N N N R N S R R ol ok ul ol W P e gl ol o e ———— -

w {A} DESIGN;:
THE TACAN {MC409-D014-0006, OLD TYPE) IS OFF THE SHELF PROCUREMENT WITH
MORE THAN 25,000 UHITS FABRICATED WITHOUT MAJOR DESIGN CHAMGE OR
SIGNIFICANT FAILURE MISTORIES. ORIGIMALLY DESIGNED (1968) FOR MILITARY
AIRCRAFT USE AND WAS BUILT PER MIL SPECS [N EFFECT AT THAT TIME.
BECAUSE OF INHERENT SINGLE FAILURE POINTS, THE TACAN SYSTEM WAS
[MPLEMENTED ON THE ORSITER AS THREE REDUNDANT ENO-TQ-END STRINGS WITH
GPC SOFTWARE CONTROL, SELECTION ANC EDITING OF DATA. MILITARY AND QRFL
APPROVED PARTS, MATERIALS AND PROCESSES WERE USED, MASA SOLDERING
REQUIREMENTS & EEE PARTS TRACEABILITY HAVE BEEN WAIVED FOR THE TACAN
PER OVEI PARA. 3,5,17 (REGARDING SDLDERIHG] ANOD PER IPAR RISC-DIS,
AMENOMENT A {REZARDING EEE PARTS).

THE NEWLY DESIGMED TACAN (MC405-0184-0001, NEW TYPE} IS ALSO OFF THE
SHELF AND IS A SQLID STATE DESIGN. THIS UNIT WAS DESIGNED IN 1988 FOR
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USE IN MILITARY ALRCRAFT AND BUILT 7O MILITARY SPECIFICATIONS. THE VASA
SOLDERTNG REQUIREMENTS AND Eff PARTS TRACZABILITY WERE WATVED Qi THI3
TACAN ASSEMBLY. THE NEW TACAK MTBF WAS CALCULATED T3 BE N ELTE33 GF
3800 HQURS. THE NEW TACAN {8 CONVECTION COGLED (AGE3S NOT REJUIRE
SUCTION AIR) AND QPERATES FROM 23 VOLTS OC. THE OLD TACAN OPSRATES FAM
129 VAL, 4D0QHZ. .

u {B) TEST: .
A 96 HCUR BURN-IN 1S PERFORMED ON EACH UNIT (OLD QR NEW TYPE] PRIOR T2
FIRST FGRMAL ATP, THE BURN-IN REQUIRES TEMPERATURE CYCLING ANO
VIBRATION TO LOCATE [NFANT MOTALITY FA[LURES, ACCEPTANCE TESTIMG OF ALL
UNITS INCLUQES EXAMINATION OF PRODUCT, THERMAL, VIBRATTON AND
PERFORMANCE TESTING. QUALIFICATION WAS PERFORMED BY SIMILAR[TY TO THE
TESTED MILITARY DESIGN, EXCEPT THAT RANDOM VIBRATION WAS PERFORMEN TO
ORBITER REQUIREMENTS, DEVELOPMENTAL TESTING ALSO INCLUDED INTERFACING
WITH THE AVIGNICS DEVELOPMENTAL LABORATORY AND [NTEGRATEQN TESTING ET
THE SHUTTLE AVIONICS [NTEGRATION LABORATORY, FURTHER TESTING WAS
CONDUCTED AT PALMDALE TD VERIFY PROPER PERFORMANCE ON THE
QROITER AND THE OPERATION QURING APPROACH AND LANOING TEST DEMONSTRATID
PERFORMANCE [N FLIGHT, PRIOR TO [NITIAL SPACE FLIGHT QF £ACH VEHICLE
ALL PERTINENT PARAMETERS WERE VERIFIED.

GROUND TURNARQUND TEST

TACAN SELF TEST, TACAN RANGE, BEARING ACCURACY, POWER QUTPUT, AND FLAGS
VERIFICATION AND TACAN GROUMD STATION INTERFACE VERIFICATION,
VERIFICATION OF HQ LOSS OF RECEIVER LOCK WITH ALL TACAN'S

TRANSMITT I%G~-PERFORMED EVERY FLIGHT.

m [C) INSPECTIGN:
RECEIVING INSPECTION (OLD AND WEW TYPE)
INCOMING MATERIAL IS VERIFIED BY RECEIVING INSPSCTION. CERTIFICATION
RECGROS ANB TEST REPORTS ARE MAINTAINED CERTIFYING MATERIALS AND
PHYSICAL PROPERTIES,

CONTAMINATION CONTROL {OLO AND NEW TYPE)
QC INSPEZTS IN-PROCESS ASSEMBLIES 100% TO ASSURE LACK OF CONTAMINANYS.

05-2C -23



$050270A
ATIAGHIERT -
. PAGE &7 OF 140
PAGE: 20 PRINT DATE: 35/.i7/91 .
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ALL PRINTED WIRING BOARDS ARE CLTANED, USING AN AUTOMATIC IN-LINC
WASHER, TO ASSURE DECONTAMIMATION IMMEOIATELY FCLLOWING THZ WAWE
SALIERING PRCCESS.

ASSTMELY/INSTALLATION {QLD AND NTW TYPE)

DETAILED IMSPECTION PERFORMED QN ALL ASSEMBLIES AMD DETAIL PAATS PRIGR
TO HEXT ASSEMBLY. KITTING, SILOERING, M&7, AND SHOP TARAVELEARS ARE
VERIFIED BY INSPECTION. MAINTENANCE OF ESD PREVENTION CONTRCLS
MOMITORS) AND VERIFIED BY QC. TORQUING QPERATIONS ARE VERIFIED BY
MSPECTION.

CRITICAL PROCESSES (OLD AMD NEW TYPE)

SPECIAL PROCESSES (SOLDERING AMD CONFORMAL CJATING) ARE CONTROLLEJ ANO
MONITQRED BY QUALITY ENGINEZRING, AND THE PERFORMANCE QF SPECIAL
PROCESSeS [S WITNEESSED BY INSPECTION,

TESTING (OLD AND NEW TYPE)
ATP, INCLUDING ACCEPTANGE WIBRATION AWD ACCEPTANCE THERMAL TESTING, ARE
YERIFIED BY QUALITY ENGINECRIMG.

HANOLING/PACICAGING (OLD AND MEW TYPE)
HANOLING OF ELECTROSTATIC-SENSITIVE DEVICSS [S MONTTORED AND VERIFIED
BY OC; SROUNDING WRIST STRAFS ARE UTILIZED.

(G) FAILURE HISTORY:
THERE MAVE BEEN NO ACCEPTANCE TEST, QUALIFEICATION TEST, FIELD, OR
FLIGHT "BLANKING PULSE FAILS OFF" FAILURES TO DATE.

m (E) OPERATIOMAL USE:
THE TACEN'S ARE NORMALLY TURNED ON 2 HOURS BEFGRE THE DEQRBIT 3AURN.
AFTER TRANSITION TO MM304 (APPROXIMATELY 15 MIN. AFTER DEQRBIT BURN}
TACAN AGC DATA IS DOWN-LISTED AND OGESERVED BY GROUND COMTROLLERS. WITH
PROPER BLANKING QOPERATION, THE AGC WILL READ GREATER THAN OR EQUAL TC
4.9 VOLTS. IF THE AGC VOLTAGE IS NOT GREATER THAN OR EQUAL TO 4.9 ‘
VOLTS, THE GROUND CONTROLLERS WILL CALL THE CREW AND ASK THEM TG SWITLH
ONE TACAN AT & TIME TO °RCV" UNTIL THE PROPER AGC VOLTAGE IS OBSERVED,
THUS ISOLATING THE FAILED LRy, ONCE THE FAILED LRY [S SWITCHED TO
vRCY", THE PROPER AGC VOLTAGE WILL BE CBSERVED AMD NORMAL TACAN
OPERATION WILL CONTINUE WITH THE 2 REMAINING LRU'S. WHEN ‘A FALLED
TACAN 13 SWITCHED TO "RCV® MODE, BEARING DATA WOULD STILL 8E AVAILAZL:

{NO RANGE DBATA),

LANDING AT NOMINAL END OF MISSION SITES (EEWAROS, KSE, NORTHROP)
PROVIDES RADAR TRACKING DATA AND UPLINK CAPABILITY {NOT AVAILABLE Al
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TalL SITES) WHICH CAN 3E USED FIR A $TATE VECTOR UPLINK AS A BACKUP TU
TACAN, TACAN REDUNMBANCY MANAGEMENT SOFTWARE AUTOMATLCALLY SAFCS AND/QR
NAYIGATION SGFTWARE
KALMAN FILTER PRCYIDES SGME PROTECTION AGAINST INCORPORATION OF BAD

RE-CONFIGURES THE SYSTEM AFTZR TACAN FAILLRES.
TACAN DATA INTO THE SVATE We(TCOR.

CAFW PROCEQURES CALL #3R MARUALLY

ATTEMPTTHG TJ RESDLVE A DILZMMA [F THE AUTOMATIC TACAN ScoF-TEST CANNGT
[F RADAR TRACKING DATA A&ND COMMUNICATIONS

[50LATE THE FAILED UNMIT.

WITH THE GROUND ARE AVAILABLE, THE MISSION CONTROL CENTER (ML) CAd
RESOLVE A TACAN DILEMMA AND PROTELT AGAINST USE OF BAD DATA [F THE LAIT
UHIT FATLS. CREW PROCEDURES CALL FIR DE-SELECTING A FALLED TACAM IN

THE BACKUP FLIGHT SOFTWARE TO PROTECT AGAINST SUBSEQUENT LOSS OF

PRIMARY AVIDNICS SOFTWARE SYSTEM (PASS). CREW TS TRAINED TQ IJQLATE A
FALLED TACAN BY COMPARING TACAN DATA WITH NAVIGATION DATA. MCC
PERSONNEL ARE TRAINED TQ ISOLATE A FAILED TACAN BY COMPARING TACAH [ATA

WITH RADAR TRACKING DATA,
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RELIABILITY SUPERYISOR

RELIABILITY ENGINEERING:

DESIGN ENGINEERING
DESTGN ENGIMEERING
QUALLTY SUPERVISQR
HASA RELIABILITY

: M. C. ELDER
: W. H, STEPHENS
i J. T, COURSEN

NASA SUBSYSTEM MANAGER :

NASA QUALITY ASSURANCE

J. R. GODWARD
R. L. PITSINGER

-
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