PAGE: 1 FPRINT DATE. 0B/20i38

FAILURE MODES EFFECTS ANALYSIS (FMEA) - CIl. HARDWARE
NUMEER:05-2B-22200M -X

SUESYSTEM NAME: COMM & TRACK: UHF SPACE COMMUNICATION

REVISION: 0 11714435
PART DATA,
PART NAME PART NUMBER
VENDOR NAME VENDOR NUMBER
LRU " SSOR {GFE) ) : SECME102580

EXTENDED DESCRIFTION OF PART UNDER ANALYSIS:
SPACE-TO-SPACE ORBITER RADIC (SB0R], (GFE)

REFERENCE DESIGNATORS:  A3V74A164

QUANTITY OF LIKE ITEMS: 1
OME :

FUNCTIQN:

{1, PROVIDES RF DUPLEX VOICE COMM BETWEEN ORBITER AND ESTWEEN SMU'S.

{2) RECEIVES BIOMED AND TELEMETRY FROM EMU.

{3} PROVIDES RF DUPLEX VOICE COMM BETWEEN ORBITER AND STATION.

43 g_FEDVIDES RF COMMAND TO SPACE STATION AND TELEMZITRY FROM SPACE
ATION.
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PAGE 2 PRINT DATE: D8/20/08

FAILURE MODES EFFECTS ANALYSIS FMEA - CIL FAILURE MORE .
NUMEER: 05-2B-22200M-01

REVISION#: 0 10/03/95

SUBSYSTEM NAME: COMM & TRACK: UHF SPACE COMMUNICATION
LRU: SSOR {GFE) CRITICALITY OF TRIS

ITEM NAME: S30R [(GFE) FAILURE MODE: 212

FAILURE MODE:
LOSE OF RF QUTPUT, ERRONECUS OUTPUT (GARBLE QUTPUT)

MISSION PHASE: 00 ON-OREIT

VEHICLE/PAYLOAD/KIT EFFECTIVITY; 102 COLUMEIA
) 103 DISCOVERY

104 ATLANTIS
105 ENDEAVOUR
AFTER SFACE COMM MODIFICATION

CAUSE:
CONTAMINATION, VIBRATION, SHOCK, TEMPERATURE CYCLE. EMI

CRITICALITY 1M DURING INTACT ABORT ONLY? NO

CRITICALITY 1R2 DURING INTACT ABORT OMLY (AVIONICS ONLY)? NO

REGUNDANCY SCREEN A dia

B) Ni&

&) MeA
PASSIFAIL RATIONALE:
A}
8}
o)

- FAILURE EFFECTS -

(A} SUBRSYSTEM:

INABILITY TO TRANSMIT/RECEIVE OR INCOMPREHENSIBELE RF NOISE RESULTING IN
LOSS OF UHF YOICE COMMUNIGATION LOSS OF RF TRANSMIT/RECEIVE BETWEEN
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_ PAGE: 3 PRINT DATE- 052098

FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MQDE
NUMBER: 05-2B-Z2200M-01

CORBITER AND EMU'S.  LOSS OF VOICEDATA COMMUNICATION TOrROM GPACE
ETATION.

(B} INTERFACING SUBSYSTEM(S):
INABILITY TO TRANSMIT/RECEIVE OR INCOMPREHENSIELE RF NOISE RESULTING [N

LOSS OF UMF VOICE COMMUNICATION, LOSS OF RF TRANSMIT/RECEIVE BETWEEN
ORBITER ANMD EMU'S. LOSS OF VOICE/DATA COMMUNICATION TOFROM SPACE

ETATHIN.

[C} MISSION: .
LOSS OF SPACE-TO-SPACE COMMUNICATION, TERMINATE EVA ' OR STATION

RENDEWVZUS,

(D} CREW, VEHICLE, AND ELEMENT(S}:
MO EFFECT.

- TIME FRAME -

TIME FROM FAILURE TO CRITICAL EFFECT: MINUTES

-DISPOSITION RATIONALE-

{A] DESIGN;

THE SPACE TO SPACE ORBITER RADLD (SSOR) CONSISTS OF TWO INDEFEND=ENT
STRINGS DF RF SUDASSEMBLIES, SIGNAL PROCESSORE, 15538 INTERFACE MODULES,
AND MODEMS N A COMMON ENCLOSURE. THE STRINGS SHARE AUDIOQ AND ANTENMNA,
INPUTS AND QUTPUTS. THE COMMON OUTPUT TO THE ANTENNA GOES THROUGH
QONLY PASSIVE HARDWARE. ALL ACTIVE HARDWARE 1S REDUNDANT. AUDIO [S ROUTED
FRCM A SINGLE CONNECTOR PIN ON THE S50R TO TWO DIFFERENT SIGNAL
PROCESSCRS IN THE S50R. BOTH STRINGS SHARE DC POWER INPUTS FROM MN A AND
MN C, BUT THEY HAVE SEPARATE LOGIC FOR CONTROLLING THE DISTRIBUTION OF
FPOWER TO THE HARDWARE, AND LOCKOUT CIRCUITRY PREVENTS BOTH STRINGS
FRCM BEING POWERED SIMULTANEQUSLY. THE SSCR HAS SEPARATE 1552 DATA
MPUTS AND QUTPUTS FOR EACH STRING OF HARDWARE, EACH ETRING OF 550R
HARDWAREZ SUPFORTS TWO FREQUENCIES. IF THERE IS INTERFERENCE ON ONE OF
THE FREQUENCIES, COMMUNICATIONS CAN BE SWITCHED TO THE ODTHER FREQUENCY.

THE S50R 1§ HOUSED IN THE ORIGINAL SBHUTTLE GENERAL PURPOSE COMPUTER
ENCLOSURES. THE ELECTRICAL DESIGN 15 BASED UPON JSC IN-HOUSE ENGIMEERING
MODELHARDWARE. LITTON 15 MANUFACTURING THE HARDWARE IN ACCORDANCE
WITH THE APPROPRIATE NHB 5300 4 STANDARDS, -

PASSIVE EEE PARTS ARE SELECTED FROM THE GUIDELINES OF MIL-STD-975. ACTIVE

EEE ARE APPROVED BY THE J5C ENGINEERING DHRECTORATE CERTIFIED PARTS
AFPFROVAL PROGESS.
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FfAGE.' 4 PRINT DATE: 08/20/B2

FAILURE MODES EFFEGTS ANALYSIS (FMEA) - CIL FAILURE MODE
NUMBER: 05-2B-21200M-01

(B) TEST: |
THE FOLLOWING TESTS ARE PLANNED FOR THE SSOR.

(1) CERTIFICATION - ONE TIME QUALIFICATION TEST OF THE QUAL MODEL SS50R.
THERMAL CYCLE 5 TIMES FROM 35°F TO 130°F AND BACK TQ 35%F, INCLUDING ONE
NON-OPERATING EXCURSION TO -55°F. PRESSURE TEST FROM B TQ) 15.23 PSIA WITH
ONE NON-OPERATING EXCURSION TO 30 PSIA ACCELERATION TEST AT +~ 5G IN
EACH OF THREE DRTHOGONAL AXES, § MINUTES PER AXES. ANALYSIS PERFORMED
ON 206G LOAD. SHOCK TESTED WITH 206 PEAK SAWTOOTH AND 11 MSEC DURATION.
LAMDING VIERATION ANALYZED, RANDOM VIBRATION TESTED FOR 5 MINUTES ON
EACH OF 3 ORTHOGONAL AXES WITH THE SPECTRUM: 20 HZ TO 80 HZ, INCREASING
3 DB/OCT: BOHZ TO 350 HZ CONSTRANT 0057 GfHZ; 350 HZ TO 2000 HZ _
D=CREAZING 3 DE/OCT. FLIGHT INDUCED VIBRATION TESTS FOR 48 MINUTES CGN
EACH OF 3 ORTHOGONAL AXES WITH THE SFECTRUM: 20 HZ TO 150 HZ, INCREASING
§ DRAICT: 150 KZ TO 1000 HZ CONSTANT 0.03 GY¥HZ; 1000 HZ TO 2000 HZ

ZCREASING & DS/OCT. TRANSIENT VIBRATION TESTED ON EACH OF 3
ORTHDGOMAL AXES WITH AN EXCITATION OF A SWEPT SINEWAVE FROM 5 HZ TO 33
HZ WITH +/- 0.255 PEAK AMFLITLDE AT A ONE OCTAVEMINUTE SWEEPRATE.

{2) ACCEPTANCE - ENVIRONMENTAL SCREEN AND COMPLETE ELECTRICAL TEST
BEREGRMED BY LITTON ON EACH UNIT. THERMAL CYCLE 1.5 TIMES FROM 20°F 7O
130°E. VIBRATION TEST 1 MINUTE PER EACH ORTHOGONAL AXIS WITH SPECTRUM:
20 HZ TC 80 HZ, INCREASING 2 DB/OCTAVE, 80 HZ TDO 350 HZ CONSTANT 0.04) GYHZ:

450 HZ TO 2000 HZ DECREASING 3 DE/OCTAVE.

(3] PREINSTALLATION ACCEFTANCE TEST - ELECTRICAL TEST PERFORMED AT JSC ON
EACH UNIT PRIOR TQ DELIVERY FOR INSTALLATION IN A VEHIGLE.

f4} GROUND TURNARODUND TEST - EVA COMMUNICATIONS CHEGKOUT 18 PERFORMED
PRICR TO EACH MISSION THROUGH OMI V1103, PERICDHC TURNAROUND TESTING OF
THE SSOR IN THE VEHICLE AT KSC wit L CHECK THE 1553 DATA FLOW, AUDIO

INPUT/OUTPUT, POWER QUTPUT. AND SPURIOUS RESPONSE.

(C) INSPECTION: :
THE SSOR WILL BE MANUFACTURED IN ACCORDANCE WITH AN APPROVED QUALITY

ASSURANCE PLAN USING APPRCWVED LITTON WORKMANSHIP PROCEDURES. THERE
WILL BEE INSPECTION OF IN-PROCESS ASSEMBLY AND TESTS AND END-MTEM
ACCEPTANCE TESTING. SUBASSEMELIES WILL BE INSPECTED FOR CONFORMANCGE
VWITH RELEASED DRAWINGS AND THE MHE 5300.4 STANDARDS FCR PARTS PLACEMENT
ANDO SOLDERING. CLEANMLINESS IS INSPECTED FOR CONFORMANCE WITH THE
VISUALLY CLEAM LEVEL IN SN-C-J003.

{D} FAILURE HISTORY:
THE SSOR 1S MEW TO THE SHUTTLE PROGRAM, AND THERE 15 NO FAILURE HISTORY AT

THIS TIME.
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PAGE = PRINT DATE: D8/20/98

FAILURE MODES EFFECTS ANALYS!S (FMEA) — CIL FAILURE MODE
NUMBER: 05-28-72200M-01 _

SUBSEQUENT DATA ON TEST FAILURES, FLIGHT FAILURES, UNEXPLAINED ANOMALIES,
AND OTHER FAILURES EXPERIENCED DURING GROUND FROCESSING ACTMTY CAN BE
FOUND IN THE FRACA DATABASE.

{E) OPERATIONAL USE-
USE OTHER UHF STRING.

IF UNSUCCESSFLUL:
FOR EVA COMM - CREW IS TRAINED TO SAFELY TERMINATE EVA IF MININUIW

REQUIRED COMM IS LOST.

FOR STATION RENDEZVOUS - ALTERNATE COMM LINKS WOULD BE USED IF AvAILABLE
(E5. RELAY VA GROUND SITE OR AVHF RADIQ LIKE USED FOR SHUTTLE MIR.)

- APPROVALS - _
Ll . r Fl

PAE MANAGER  POLLY STENGER-NGUYEN:_£522, a2 2. i B8
PRODUCT ASSURANCE ENGR. : VAN D, NGUYEN M a0 Bz_ga
DESIGN ENGINEERING (D Y. YOON - -y :
MASA SSMA © oL ?-enn'tu.:- . ’ b T4
NASA SUESYSTEM MANAGER : trare b, Sl A el N T P 4 .
NASA MOD . S Y - Ay el
USA/SAM PKARES  Bluemedhis o ¥, “ar X Sl HE
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FPAGE 2 PRINT DATE: OBZ20/SE

FAILURE MQDES EFFECTS ANALYSIS FMEA — CIL FAILURE MODE _
NUMBER: @5-2B-22200M-01

REVISION®: © 10/03/96
SUBSYSTEM NAME: COMM & TRACK: UHF SPAGE COMMUNIGATION
LRU: SSOR {GFE) _ GRITICALITY OF THIS
ITEM NAME: SS50R [GFE) FAILURE MODE: 2/2

FAILURE MODE:
LOSS OF RF QUTPLUT, ERRONECQUS DUTPUT (GARBLE DUTPUT)

MISSIDN FHASE: 00 ON-DORBIT

VEHICLE/PAYLOADMKIT EFFECTIVITY: 102  COLUMBIA
) 103 DISCOVERY

104  ATLAMTIS
105 EMDEAVOUR
AFTER BPACE COMM MODIFICATION

CAUSE:
CONTAMINATION, VIERATION, SHOCK, TEMPERATURE CYCLE, EME

CRITICALITY 1M DURING INTACT ABORT ONLY? NO

CRITICALITY 1R2 DURING INTACT ABDRT ONLY (AVIONICE ONLY)? NO

REDUMDANCY SCREEN A NA

B) M/A

C) Nig,
PASS/FAIL RATIONALE:
A)
B}
€}

- FAILURE EFFECTS -

(A) SUBSYSTEM:

INABILITY TO TRANSMIT/RECEIVE OR INCOMPREHENEIBLE FF NOISE RESULTING IN
L2535 OF UHF VOICE COMMUNICATION. LOSS OF RF TRANSMITRECEIVE BETWEEN
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PAGE, 3 FRINT DATE: 08/2088

FAILURE MODES EFFECTS ANALYS!S (FMEA) — CIL FAILURE MODE
NUMBER: 05-28-22200M-01

OREITER AND EMU'S. LOSS OF VDICE/DATA COMMUNICATION TO/FROM SPACE
STATION,

{E) INTERFACING SUBSYSTEM(S):
INABILITY TO TRANSMIT/RECEIVE OR INCOMPREHENSIELE RF NOISE RESULTING iN

LOSS OF UHF VOICE COMMUNICATION. LOS3S OF RF TRANSMIT/RECENE BETWEEN
DREITER AND EMUS.  LOSS OF VOICE/DATA COMMUNICATION TO/FROM SPACE

STATION.

{C) MISSION: :
LOSS OF SPACE-TO-SPACE COMMUNICATION, TERMINATE EvVA OR ETATION

RENDEVOUS.

{0} CREW, YEHIGLE, AND ELEMENT(S):
NO EFFECT.

- TIME FRAME -

TIME FROM FAILURE TO CRITICAL EFFECT: MINUTES

-DISPOSITION RATIONALE-

{A) DESIGN:
TH= SPACE TO SPACE ORBITER RADIO (SSOR) CONSISTS OF TWO INDEPENDENT
STRINGS OF RF SUBASSEMELIES, SIGNAL PROCESSORS, 15538 INTERFACE MODULES,
AND MODEIS IN A COMMON ENCLOSURE. THE STRINGS SHARE AUDIO AND ANTENNA
INPUTS AND QUTPUTS.  THE COMMON OUTRUT 1O THE ANTENNA GOES THROUGH
ONLY PASSIVE HARDWARE. ALL ACTIVE HARDWARE 5 REDUNDANT, AUDIC IS ROUTED
FROM A SINGLE CONNECTOR PIN ON THE SSOR TO TWo DIFFERENT SIGNAL
PROCESSORS IN THE SSOR. BOTH STRINGS SHARE DO POWER INPUTS FROM MN A AND
MN C, BLIT THEY HAVE SEPARATE LOGIC FOR CONTROLLING THE DISTRIBUTION OF
POWER TO THE HARDWARE, - AND LOCKOUT CIRCUITRY PREVENTS BOTH STRINGS

THE EBCR i€ HOUSED IN THE ORIGINAL SHUTTLE GENERAL PURPOSE COMPUTER
ENCLOSURES. THE ELECTRICAL DESIGN IS BASED UPON JSC IN-HDUSE ENGINEERING
MODEL HARDWARE. LITTON IS MANUFACTURING THE HARDWARE IN ACCORDANCE
WITH THE AFPROPRIATE NHE 5300.4 STANDARDS,

EEC ARE APPROVED BY THE J3¢ ENGINZEERING DIRECTORATE CERTIFIED PARTS

PASSIVE EEE PARTS ARE SELECTED FROM THE GUIDELINES OF MIL-5TD-975. ACTIVE
APPROVAL PROCESS. .
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FAGE: 4 PRINT DATE: DB/20/88

FAILURE MODES EFFECTS ANALYSIS [EMEA) - CIL FAILURE MODE
NUMBER: 05-2ZB-22200M-01

(B) TEST: |
THE FOLLOWNG TESTS ARE PLANNED FOR THE SSOR,

(1) CERTIFICATION - ONE TIME QUALIFICATION TEST OF THE QUAL MODEL 3S0R.
THERMAL CYCLE 5 TIMES FROM 35°F TO 130°F AND BACK TO 35°F, INCLUDING ONE
NON-OPERATING EXCURSION TO -85°F, PRESSURE TEST FROM 8 TO 15.23 PSIA WITH
ONE NON-OFERATING EXCURSION TO 30 PSIA. ACCELERATION TEST AT +- 5G IN
EACH OF THRES ORTHOGONAL AXES, 5 MINUTES PER AXES. ANALYSIS PER FORMED
ON20G LOAD. SHOCK TESTED WITH 206 PEAK BAWTOOTH AND 11 MSED DURATION.
LANDING VIBRATION ANALYZED, RANDOM VIBRATION TESTED FOR 5 MINUTES ON
EACH OF 3 ORTHOGONAL AXES WITH THE SPECTRUM: 20 HZ TO 80 HZ, INCREASING
S DBIOCT, 80 HZ TO 350 HZ CONSTRANT 0.067 GYHZ: 350 HZ TO 2000 HZ _
DECRZASING 3 DB/OCT. FLIGHT INDUCED VIBRATICIN TESTS FOR 46 MINUTES ON
EACH OF 3 ORTHOBONAL AXES WITH THE SPECTRUM: 20 HZ TO 155 MZ. INCREASING
6 DB/OCT, 150 HZ TO 1000 HZ CONSTANT 0.03 GY¥HZ: 1000 HZ TO 2000 HZ
DECREASING 6 DE/OCT. TRANSIENT VIBRATION TESTED ON EACH OF 2
ORTHOGONAL AXES WITH AN EXCITATION OF A SWEPT SINEWAVE FROM 5 HZ TC 35
HZ WITH +/- 025G PEAK AMPLITUDE AT A ONE OCTAVEMINUTE SWEEPRATE.

{2} ACCEPTANCE - ENVIRONMENTAL SCREEN AND COMPLETE ELECTRICAL TEST
PERFORMED BY LITTCN ON EACH UNIT, THERMAL CYCLE 1.5 TIMES FROM 30°F TO
130°F. VIERATION TEST 4 MINUTE PER EACH ORTHOGOMNAL AX|S WITH SPECTRLUM:
20 HZ TOBO HZ INCREASING 3 DE/OCTAVE; 80 HZ TO 350 HZ CONSTANT 0.040 GYHT
350 HZ TO 2000 HZ DECREASING 2 DB/OCTAVE.

{3) PREINSTALLATION AGCEPTANGE TEST - ELECTRICAL TEST PERFORMED AT JSC ON

A

EACH UNIT PRIOR TC DELIVERY FOR INSTALLATION N & VEHICLE.

{4} GROUND TURNAROUND TEST - EVA COMMUNICATIQONS CHECKOUT IS FERFORMED
PRIOR TQ EACH MISSION THROUGH OM] V1103, FERIODIC TURNAROUND TESTING OF
THE SSOR IN THE VEHIGLE AT KSC WILL CHECK THE 1553 DATA FLOW, AUDIO
INPUTIOUTPUT, POWER OUTPUT, AND SPURIOUS RESPONSE

(C) INSPECTION:
THE SSOR WILL BE MANUFACTURED IN ACCORDANCE WITH AN APPROVED QUALITY
ASSURANCE PLAN USING APPROVED LITTON WORKMANSHIP PROGEDURES, THERE
WILL BE INSPECTION OF IN-PROCESS ASSEMBLY AND TESTS AND END-ITEM
ACCEPTANCE TESTING. SUBASSEMBLIES WL, BE INSPECTED FOR CONFORMANGE
YWITH RELEASED DRAWINGS AND THE NHB 5300,4 STANDARDS FOR PARTS PLACENENT
AND SOLDERING. CLEANLINESS IS INSPECTED FOR CONFORMANCE WITH THE
VISUALLY CLEAN LEVEL IN SN-C000S,

{D) FAILURE HISTORY:
THE S50R IS NEW TO THE SHUTTLE PROGRAM, AND THERE IS NO FAILURE HISTORY AT

THIS TIME,
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PAGE: © - PRIMF DATE: U5/20/8

FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: 05-28-22200M-I1

SUBSEQUENT DATA ON TEST FAILURES, FLIGHT FAILURES, UNEXPLAINED AMOMALIES,
AND OTHER FAILURES EXPERIENCED DURING GROUND F‘RD_CES_S_ENG ACTIVITY CAN BE

FOUND IN THE PRACA DATABASC.

(E) OPERATIGNAL USE:
USE CTHER UHF STRING.

IF UNSUCCESSFLL,
FOR EVA COMM - CREW IS TRAINED TD SAFELY TERMINATE EVA IF MINIMLUIM

REQUIRED COMM IS LOST.

FOR STATION RENDEZVOLUS - ALTERNATE COMM LINKS WOULD BEZ USED IF AVAILABLE
(E.G. RELAY VIA GROUND SITE OR A VHF RADIO LIKE USED FOR SHUTTLE MR

~APPRDVALS - ]

PAE MANAGER . POLLY STENGER-NGUYEN: #5408 v im 57 it Bife8
PRODUCT ASSURANGCE FNGR : VaN D. NGUYEN : j@‘,ﬁ_nf&ﬁiﬁﬁ
DESIGN ENGINEERING . D. Y, YOON TS L Pl 98
NASA SSMA Lo Fanmeo- . : F-2a- T8
MNASA SUBSYSTEM MANAGER o= b Qubwrr A e Pl T A 28
NASA MOD : N Yk
LS ArSAM . Keten  Blormerrir L Fao vl o 0648
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