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PART DATA

EXTEMDED DESCRIPTION OF PART UNDER ANALYSIS:

High Accuracy Inarlial Navigalion System (HAINS)
Inettial Measurement Unit (ML
HAING: Skt He: 1,2, 3.

REFERENCE DESIGNATORS: 30V71A13
2a0vT1At4
AVTIALE

QUANTITY OF LIKE ITEMS: 3
Threa redundant functionzl paths

FUNCTION:
Provides cutputs reprasentalive of Ihe vehicle attitude ¢hanges and ascumulated valoeny

charges with respect 1o the reference inenial axes tor tha updata of the stale vector in the
General Purpose Computer {GPC).
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SUBSYSTEM NAME: GUIDANCE, NAVIGATION. & CONTROL
LRAL:; HAINS DU CRITICALITY OF THIS
ITEM NAME: HAINS IMU FAILURE MODE: 1R2

FAILURE MODE:
Ermoneous output or zaro output.

MISSION PHASE:

LD LIFT-OFF

o0 ON-ORBIT

0o DE-ORBIT

LS LANDING SAFING

VEHICLE/PAYLOAD/MXIT EFFECTIVITY: 102 COLUMBIA
103 DISCOVERY
104 ATLANTIS
105 ENDEAVOUR

CALSE:

Vibraticn. shock, sxcessive vehicle acceleration, sxcessive vehicie rates, Navigation Base
motion, loss or volumatnc reducticn balow minimum spacifiad flow of 1ML cooling air, loss of
ambignt cabin lemperature contrel (high or low), input power transients, piece part failure.,
mamory tailure, microprocassor failure, microprocasser firmwars errar, Primary Avionics
Eofiware Systemn {(PASS) emonecus software commands.

CRITICALITY 1/1 DURMNG INTACT ABORT DNLY? NO

REDUNDANGY SCREEN A) PASS
B) PASS
C) FAIL

PASS/FAIL RATIONALE:
A)

The HAINS IMU will underga a Hanger Callbraiion A" (HCA) aftar inklal inatallation and a saras
of 1esis prior 10 Bunch which include Atlitude Determinations, Preflight Calibration "A* (PCA).
Syrocompass, Yelocity T, and Tuned Inerlial tests.

i & problem ware 1o ocowr during testing, any Buik-In Tesl Equipmen (BITE) annunciationis) o
olhar failura indication(s) would be detected by pefsonned monitorng at Kennady Spaca Centar
[KSC), Johnson Space Canter (JSC), and Aockwall International Space Systems Diviaion.

The Ground Launch Sequancer {GLS) autormatically monitors sach IMU during the launch
sequance until T - 31 seconds. Dunng this iime GLS will halt the counidaown to launch if any IMU
axhibils a fail indication. After the T - 31 second mank, IMU failures are hardled n accordance
with the Flighl Autes, GLS will nct hak a countdown 1a launch in the last 31 saconds.

05-1 - 83
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g)

Redundancy Managemeant {(AM) and Buitt-In Test Equipment (B/TE} ars the primary sources of
real-time failure delection of the IMU during flight.

Tha major giamants of AM are a Selection Filler (5F) slament and a Fault Detection,
Identification, and Reconfiguration {FOIR) alement. The SF provides a single daturn output
sourca 15 usar programs derived from redundant input data. Redundant data are input ko the SF
from the IMU Subsysism Operating Program (SOP).

The 5F oparatas in ssveral modas which are detgmined by tha number & usabia sntities in the

data sel. If there are three usable IMUs, a mid valus ssisct made is us@d. It two IMUE are

usable, they are averaged for velocity. For atlituda, use the praviously ssiacted IMLU if avallable;

:,:damisa. uss kxwast siol numbered (MU, I only ons entity is usable, Tha 5F operates in a pass
@.

The inputs 16 the FDIR are the same as thoas to the SF plus salact/desslect commands from the
commiautt files and MU BITE status. FDIR shall axamina the dala in 1he redundant as1 for out-
of-toderance conditions.  An IMU failure shall be declared whenaver a speciied number of
consecutive out-of-tolerance conditions are detected. Afar & fauk has besn datected, varons
tests shall attempt 1o idantify the faulty IMU. BITE shall be used 1o identify the faulty IMU when
anly two IMUs are in the redundant set. Detected fauls and identified falled IMUs shali be sent
tc the crew via 1ha faul siatus outpuls,

IMU RM detacte and idantffles falled IMUs Based oh their attlude and velactty sutput data,
logather with selectsd signals from the IMU BITE. In addition, MU A8 conmains the atitude and
velocity salection filers. IMU RM functional requirements are specified separalsly for attiude
&ror processing and velocity error processing. Each anitude and velocity grrar processing
Tunction is divided into the subfunctions of sslaction fitering, faull detection, and faull
iantification. Te¢ faciltale the two-leved attitude and veiocity fault idenlification funclions, IMU
alignment is required to ba skawad by the square roct of six. Two-leva! faul idantification
tunglions woukd be impoasible with co-aligned IMUs excepl when BITE was ablae to identity the
failure.

RM is software inlemal to the General Purpose Computer (GPC) and syclically moniters key
gata paramelers from each IMU. The data parameters from each 1ML are compared analytically
lo determine data validity. When data sxcesds compatissn tolerances, a polential data validity
tailurg axists, Repaated validity tallures will cause tha HM softwars, under cartain condiions, to
deselect the faied IMU. Then the RM sofiware will annunciate 1o 1fve crew that an IMU failure
has ccourred. :

BITE ix insterrsasl 10 sack IMU and iz used 10 monior ihe harware and software status of key iIMU
functions. BITE usas a complaman! of hardwara and softwara 1easis o provide an effective
method of assurmg this funclional integrity of ihe IMU. Whan a monitored funclion exceeds
presat 1hrasholkds, the Taiurg indkcationds) can be found as a part of the BITE/Status Word {Data
Waord 1). The BITE failure is aiso annunciaied 1 the crew.

RM and BITE cannct delact 100% of tha passitle IMU failures. However, the cormbination of AM

monitered tMU data parameters inciuding BITE monitored IMU hardware and software failuras
provides the essential acresning requirad to maximize IMU failure detection.

MNR=1 — 24
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<)
An exiarally induced failurs may cause the loss of one-io-three IMUs.

The IMU confains an Opsrational Flight Program (OF P) which resides in a 24K woed (16 bils per
ward) fusible link Programmable Read Only Memery (PROM) on the Memary circuit card, Tha
OFP is the means by which accalaration data and atlitude data are accurnylaled, processed, and
cempensaiad. This program has bean verified by repsated 1esiing a1 ths vendor, Kaarfott
Guidance & Nawigation (KG & N), and at the Inarial Sysiems Laboraiory {ISL). The tesling
includes but is not imted 10 Acceptancd Tast Procedura [ATF), Verfication Arel Calibration
Sequence (VACS), Attilude Determination, Hanger Galibration "A® (HGa), Praflight Calibration
‘A" (PCA)}, Gyrocompass, Valocily Tit, and Tunad Inarial tests. Even though avery IMLY is
subjeciad to and required to pass rigorous testing, the firmware associated with the GFP has not
been 100% validated. The inabilty of the OFP to parform (o its specifications coukt result in an
&monaous outpul or 2er> output failurs of ona-to-theee IMUs.

Coahng air is requirad by the ML 10 ensure proper temperaiure ragulation of tha narlial
components in the stable slemant. IMU performance dagradation may begin 1o oocur when the
cooling air reaches 33 dagraes F or highar,

Cwoling air is drawn through 1hg inlgt port kocated on the upper ight hand side of the all end of
tha IMU. The air passes thwough an Electromagnetic Intererence {EMI) honeycomb filler Intc
the card zlack. Each card is equippad with an aluminum fin heat exchangar or a heat transfer
plang. Airflows over and through the card stack and i3 exhausted through tha outlet port locatad
oh the lower right hand side of the afl and of the IMU. Codling air te the inerial platform is
conirailed by a bimataltic spring valva ragulatosr. When tha cooling ar tamparaturs is balow BO
degraas F, Lhe valve is closed 10 prevent overcooling. When the cooling air temperaiure is 120
degrees F, the valve & fully open. Al temperatures in batwaan, the modulator valve position is
approximataly proportional io temperature. The exhaust air from the platiorm is drawn through s
flexibsle air bool and Isaves the IMU via the outlet port.

Cooling air can be affacted by a biocked IMU fan assembly screen (CIL 06-1B-0574-0t) ora
dislodged duct 10 the IMU fan inlel {CIL 06-18- 0820-01). The failure moda crilicalty tor thase
failures ara 1/1. A failure of 1ha IMU tan assambly ehock vaive (CIL 06-1B-0427-01) of the
remaining MU cooling air ducting (CIL 06-1B-0630-01) coukd reduce the coolhg arfiow, Theso
failures have a crticality of 1R2. There are an addilional six failurss aﬁnutlng air flow. Al Bix
have a criticality of 2/2. Those {ailures are:

IML) heat exchanger restricied air flow (CIL 06-1B-0557-086)

IMU heat axchanger external air laakaga [CIL D8-1B-0557-05)

Avianics bay dusting extemal aw leakags (CIL 06-1B-0611-01)

Avionics bay ducting rastricted air flow {CIL DG-1E-D&11.02)

Cabin return ducting resiricted zir iaw {(CIL 06-18-0616-01)

Cabin retum ducling external air leakage (CIL 06-1B-0616-02)

Any change 10 the iMU cooling air has the potertial of increasing the IMU tempedatung, Elgvated
Eemparature could cause an emranesus ouiput or 2an oulput failura of sea-1e-4hres [MUS through
an induced piece parl, memory, or microprocesscr failure, The loss of ambient cabin
temperature conrdd soukd also contribute 10 an emonedws outpl of 2o sutput failure. The
eflact of & cabin lamparalurs control problem would raisa o lower the cabin lampemiure to
unacceptable levels whvwre IMU performance degradalion may star.

W

Tha pccurrence of free waler during Zero gravity envirsnment could polantislly causs eronecus
cutput or 2aro output failurg of one-to-three IMUs. The elecirenic circult card NAF pin fields andg
mathaerboard sockels insida the MU are not conformally coated.  Any 'ree water entering 1he
MU vla the cocling air paih could cause damage o iha IMU. There are 24 Cils documentling

NEC=1 = 2R
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the possbillly of free watar as 4 rasult of anothet faitures. One of those 24 failunes is exiemal
waler isakaga from the IMU beat exchanger (GIL 06-1B-0557-01} a 1R2 crilicaiity.

The Navigation Basa is considered 1o be a part of the secondary Orbitar structure. Since each
MU is collocated on a aecondary Crbiter structure, the IMLU! falls screen C.

- FAILURE EFFECTS -

(A} BUBSYSTEM:

There ls no effect on the subsysiem for emoneous outpr or Zare outlput iures of one of two
IMLis. Deselected IMU cutputs ars ignored by the Geneeal Puipese Compuier (GPC) and the
outputs from the remaining IMUs are precessed. An IMU will continue 1o opamte untll manyalty
downmoded 1o STANDOBY ar OFF.

if tha third and final |MLU has an aronecus oUIput of ZerS MEPUL 1ailure in OPS 2 (On Ortit) or
CFE 8 [Flight Conirol System {FCS) checkow), the data frarn that IMLU will be utllized untll a
Buik-ln Test Equipment (BITE) failure occurs.

if & third erronecus cutput or taro outpu failum oceurs in OPS 1 (Ascent), OPS 3 (Entry), or
OPE & (Rsturn To Landing She (RTLS)), the kes of ¢rew and vehicle would be the worst casa
resull, Efronecus data would be usad o update the Navigation state vactor, vehicle atitude, and
vehicle valocity information. This may put the safaty of eraw and vehicla in jeopardy.

The fallure effect of emranaous data on the subsyatem is indeterminable. The sffact is depencent
on ihe QF3 mode, what daia ars emoneous, the magniude of the @mor, and 1he amount of tima
available to correct 1he error, .

(B) INTERFACING SUBSYSTEM{S):

Thare ig no effect on interfacing subsyatems for an sonsous outptl of Zem output failure of ona
or fwo IMUs,

If the third and final IMU exnibite ermoneous data in OPS 2 or OPS B, the dais from that IMU wil
be utilized until a BITE failure oocurs.

if 2 1hird ammonecus output or zerp ovtput failure ocowrs N OPS 1, OPE 3, or OPS €, the loas of
crew and vehicle would be the worst case result. Emoneous dala would be used 1o update the
Navigation state veclor, vahicle attituda, and vehicla valocity information. The comuption of this

dala may place the safety of Craw and vehichs in jecpardy.

The failure aflect of arronacus data on interfacing subgystems is indstaminabla. The affect ia
dependent on tha OPS mode, what dala are emonanis, tha magnéude of the srror, and the
armount of tima available to eorrect iha armoar.

(C) MISSION:

Tha first IML) 1o fail will be delected and deselectad by Redundancy Management (RM). Should
the oss of an IMU by deselection eocur during a miasion, thers would be in a Minimum Duraiion

Flight {MDF) in accordance with Flighi Rule B-80.

in a two IMU configuration, shauld sfhar ramaining 1ML fail, the mission wauld B put in a nexi
Primary Landing Site {FLS) posture, again in accordance with Flight Ruie 8-80.

nE_1 - &8~
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If the third and final IMLI axhibils armaneQus dala n OPS 2 or OPS 8, the data from that ML will
be utilized unlil a BITE failure occurs. '

It a thind arrcnacus output or zaro output failure cocurs In OPS 1, OPS 3, of DPS 6, the loss of
craw and vehicla would bé the worst cace rasllt. Eroneows dala would be usaed to update the
Navigation state vactor, vehicie atlilude, and vehicls velccily information. The comuption of this
data may peace 1he safety of crew and vehicle in jeopardy.

The failure &ffect of erroneous data on the misson is indeterminable. Tha effect is dependan on
the OPS mode, what data are ermoneous, the magnitude of the emor, and the amount of time
availabla tp corract tha arror.

(D) CREW, VEHIGCLE, AND ELEMENT(S):

There is no efact on the crew, vehicle, ar slements for an smoneocus oUIpUt o Zero output failurs
of one or b LS,

If 1h third and final 1ML exhibits smonsous data it OPS 2 or CPS 2, the dala from that 1ML will
be utilized until & BITE failure Hocurs.

i a third arrongous owtput or 2a/o output fallure ocours in OPS 1, OPS 3, or OPS 6, the logs of
crew and vehicls wouid be the worst case resusft. Emonsous data would be used o update the
Navigation stata vacter, vahicle attitude, and wehicke valocity Infarmatian. Tha cormplion of this
data may place the safety of crow and vehicle in jecpardy.

The 1ailure effecl of emoneous data on the crew, vehicle, or elamenis is indeterrninable. The
eftect is depsndant on tha OPS mode, what dala are smonaaus, the magnitugs of the seror, and
1he amourt of lime available to comect the emor.

{E) FUNCTIONAL CRITICALITY EFFECTS:

The criticality of the IMU is 1R3, in most casas, because the losx of crew and vehicie will not
octur unlit afler the thirgd IMU faiurg. Howawvar, 8 condilion axists wherg the criticality beacomes
1R2. This condition happens when one IMU has previously been deselected and there exists a
dassalaction dilemma between 1ha remaining two IMLUIS. Crew procedures address Ihe aclions to
b= taken in the case of a dilamma betweaen the remaining two IMUs. Under that condition, the
crew deselects o hor the kower numbar IMU or dasalacis tha IMLU datermingd by ground support
to be the mast likely faked IMU. By dassiecting the lewer number IMU in the Primary Avionice
Software System (PASS), the Backup Flight System (BFS) will be wilizing a ditterent IMU than
tha FASS. Tha BFS softwars always uses 1 kowes! number IMU availabde tor wehicle
infarmation whils tha PASS Usas a sofiwara algorihm 10 detesmine vahicke information. The
safety of the crew and vehice hinges upon 1he mission phase in which a desslection dilemma
oceurg and haw much lime is availabie 1o detarmine the most likely faiked (MU,

DISPOSITION RATIONALE-

(A) DESIGN:

The High Accuracy Inertial Navigation System (HAINS) is an all- attitude. four gimbal, space
slabla Inertial Maasurement Unit (IMU). The Inertially stabilized platiorm and assocaied
glectronics supply outpuls propartional to vehicle attitude {rolt, pich, and azimuth angles) and
veiocity (X. Y. and Z axes) Lo the General Purpose Computer (GPC). Each gimbal is gyro

MNEw1 - @7
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slabliized using signals derfved from the vertical gyro (X-¥Y axes) and the azimuth gyro (2-
Aedundart axes). Each gyro is a two degree of freedom gyro and ks mounted on the innarmasi
{azimuth} gimbal. Accelaration data are pravidad by thres mutually orthogonal single axis
accaleromeiers mountad on the azimuih gimbal. The X and ¥ accelaromalars are physically
keated an the upper half of the azimuth gimbal next ta the vertical qyro. The Z actelaramatar ks
lncalad on the owaer half of tha azimuth gimbail 2n the back plate of tha coordinate rasolvar.

The HAINS contains an Operaliona) Flight Program [OFF) which resides in a 24K wond {16 bits
per word) Programmable Asad Only Mamory (PROM) on tha Memory circuit card. The OFF has
been designed 1o provide the folowing:

- trangparency t¢ the GPC batwesn the HAINS and KT-70 IMU

- intermad eovnpensation fof |-kbad paramealars

- data exirapolation and intarpolation lor sanescence

- augmented i-load parameler compensation

- gypandad BITE capability.
The OFF is {he means by which acceleation data and attilude data are accomulatad, processard,
and compensated.

The detailad functional requirements and fermulations for the 1ML Subsystam Oparating

FProgram (SOP) are documented in the Functional Subsyalem Software Requirements [FSSH).
The IMU SOP definas the GPC softwars associated with mutiple IMLU meding, saif est, fallura
identificalion, hanger calibration, preflight calibration, prefight alignmeni, and insriial oparation,

The IMU design has passed Qualification, Acceplance, Shuttie Avionics Integration Laboratory
{SAIL). and Verfication and Calibration Saquenca (VACS) 1ests.

Electronic, Elecinical, Electrornechanical (EEE) pants andfor JAN-TX paris are used wherever
poasiie. The IMU design alee utiizes hybad moduias 10 reduce the numbar of pans and par!
ypes. Applicable deraling guideiines are used 1o assure adeguats safety faciors in parts
applications.,

Redundancy Managemant (RM) and BITE are the primary sources of failure datection in the
iMU. Tha BITE status is contained in Outped Data Ward 1 - HAINS Mode/BITE Status. Word 1
is & 20 bit word that Iz defined as lolkowa;

Bk 1 Sync pulse

Z 5Sync putse

3 Sync pukse

4 HaINS Good BITE - This b will be =21 (™) whan bits
5 - 12 are cisar [~07).

5 MUX Fail BITE - This bl will ba sed when the end around
fransmissian tesl Laits or the MUX BITE

) detects a fail condiion.

6 AT Fall- This bit will ba set when the AD BITE datects a
fail condition.

7 Plattorm Fail - This bi wili be s&t when tha Platform BITE

detecis a tal condillon or the Gyre Wheal
Supply (BWS5) BITE detects a fail condition.

8 Digial Subsystermn Fail - This bt will be sat whan the BITE
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geiects a CPU, VO, or Memory
failura.

8 DCC Fali - This bt will ke &5t whan the DCOC BITE
delacts a fail condition.

10 Discrate Power Suppty Fall - Thig bt will bé 58t whan The
| BITE dsiscts a +§ Vdc isolatad
povrer supcly tailug,

11 Resclver Fall - ' This bil will ba set when the resolver
voltage or current limits wre axceeded,

12 Circuit Card Overlamperalure - This b will ba kst when &

clreutt card overiemporature
cotdilion wxists.

13 Tranamisslon Word 1 Fall - This bit wil ba sat when the

partty, gap, or Manchester soding
in word 1 fails.

14 Transmission Word 2 Fadl - This bt will bo 561 whieh the
parity, gag or Manchastsr coding
I wiord 2 tails,

15 (N8 Saguancer Discrete
. 16 D2 Sequencer Discreie

17 D32 Sequencar Discreta

18 D4 Sequencer Discrete

1§ D& Eequencer Discreta

20 Parity '

Cuiput Data Word 15 and 16 contain detailed BITE information that is accessible only during
laboratory test. Words 15 and 16 are not curmenily read by tha GPL.

{B) TEST:

The platform and circuit card assemblies are subjected to 100 percent bum-in and ecreening for
watrkmanship defacis. The Accaptance Test Procadura (ATP) thai is parformad an aach IMU at
the vandoar includes = Tharmal and a Vibralion test. In addition. sach IMU is subjectedica
Verification and Calibration Saquance (VACS) test a1 the inartial Systams Laboratery {ISL).
Furhbear, sach IMU not immediately installed on & vahicl is subjacied to Panodic Calbration
Sequenca {PCS) at 120 day imervals for Fiight ready spares and 180 day inlervals for a Periodic
Operation Sequance (POS) at the ISL. Vehick preflight tests include an Aftitude Determination,
Hangar Calibration *A" {HCA), Prafight Calibration "A" {(PGA), Gyrocompass, Yelociky T, and
Tuned inertial tests. 1ML periormance is menitored during sach vehicle Terminal Countdewn
Demaonstraiion Tast {TCDT) and during prelaunch to verify proper operation. Integrated and
subsysiem verification is parformed panodically during lumnaround. Note - the addilional YACS
14818 pariormad a1 the [SL are required o augraant the axisting ATP at the IMU vendor, Kearfott
Guidance & MNavigatish (KRG & N).

Extensive software reguirements Bnd venfication tests are performed prior 1o launch,

Acceptance Test Procedure {ATP) is witnessed by Inspection. A par of the ATP is the tesling of
. snvirpnmental {vibration and thermal) conditions. Yibration 1esting is run in three differam axes

NEk_1 _ aa
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{(X.¥Y.and Z). Onca the selected axis is aligned with the viration #xis of the 1est 1able, tiits gra
estimatod until the tite are stabie, The vicration i started and ancther 1t estimate s taken, At
the conclusion & 1he vibration, three more tif estitnates are parformed. The last Lt estimate
batora viration 1s avaraged with tha first it astimata after vibration. The average tilt s
compared tc tha filt aslimate duning tha vibralion and a passfaill is recomded. The diferences
between the pre- and posi- vibration data on the level acceleromeater axes and the verlicat
resolver axis are limit cheched and pass/tfail indicalions are recorded.

The rzndom vibration spacitications are as follows:

Fight _ Qualfication Accoplance Vibration
Accaleration Spactral Density Acceloration Spectral Dansity
20 - BO HZ +i dB/octave 20 . B0 Hz +3 dB/octave
B0 - 350 H: 0.01 g2Mz B0 - 350 Hr 0.067 g2Hz
350 - 2000 Hz -6 dB/oclave 350 . 2000 HZ -3 dB/octave

Curation: 34 minutes in sach axis Duraflon; 10 minues in sach axis

Thass reduclions i Cedification Aaguirements are based on fight data from 5T5-1 through
STS-E

The shock requiremant lor (e IMU basic desigr: is a 20 g terminal sawiooth sheck pulse of 11
ms duration in each of three orthogonal axas in beth directions. The crash safsty shock iz fwice
the Basic design with ane addition raquiremant. The syuipmant and is mourting atlachments
shall not braak loose, create a hazard 1o personnel, or prevenl egrass from a crashad vehicla.
Cperating purformance is net requirad alter & crash safety shock.

Loas of input powar toss nol cause damage 1o the IMU. The IMU will shad tsalf down if the input .
voltage fails below the low vollags {+24 Vdc).

(C) INSPECTION:

RECEIVING INSPECTION -
Inceming material Is verfied by Feceiving inspection.

CONTAMINATION CONTRCL -

Finai assembly and rework is performad In a clean room. The stable platform assembly is
parformed in a class 100,000 clean roem par FED-STD-209. Tha comnpleted agsambly Is
visually inepacted and vacuumad to detect and romove any inlemal conductive coramination
batore the top and boltom elosecul covers are nstaled. .

NONGESTRUCGTIVE EVALUATION -
Radiographic inspection is performed and is verfied by inspection,

ASSEMBLY/INSTALLATION -

All assembly banches are equipped with grounding straps and bench covars. Visual Aids
providad for prinied wiring board componant assembly and all processes are visually verified
bafora conformal coating.

CRITICAL PROCESSES -

Chuaiity Enginasring derived procedures ang Lsed for bonding, sakdering, coating, and potiing.
Thess processas are imposad through process specifications. Operators are cenified kor critical
processes. Processes are contrelied by Quality Control. All solder opemtors are certified.

Nea=1 = aOn
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TESTING -
The Acceptance Test Procedurs (ATP) is verfied by inspaction.

HANDLINGPACKAGING -

Packing/Packaging requires special cantainers which are Used for transportation and shipping.
Vibration and shock are 1ested in accordance with MIL-STD-734 as defined in FED-STD-101.
Accepted and returmed hardware ks kept in & bonded slomge arsa.

(D} FAILURE HISTORY:

No Space Shuttle flight falkure history tor the HAINS (MY exists. All oiher appiicable failurs
history is limied to marufactuning and banch testing at the vandor Kearfott Gudanceo and
Navigation (KG & N), Shutlle Avicnics Intagration Laboratory (SAIL), and at tha Inerial Systems
Laboratory (ISL).

(E} OPERATIONAL UISE:

There are no actions/procedurss which can be taken by the crew in order to preciude the affect
of a failure. Crew training includes 1he nominal management of 1he IMUs as weall as the
implemantation of craw procedurss for racovary of a falled/deselacted LRU. The ground, during
monitoring of the IMU subsystam, bs required toensure thal an IMU is mainiained within a 3
sigma parformance efivelope. The operational constraints on the missicn are as follows:

1. A landing at ihe Edwards complex or a lakebad rurway will be required lor the loss of ona (1)
or twio {2) IMUs respectivaly, Thia requirement provides the snangy downmoding options
nacsssary due ¢ subsequent fadure or performance degradation of the remaining IMU{s) which
affect the onboard navigation stats vector.

2. Entry should not ba performaed If the predicted RSS misaligrenent of an IMLU at Entry Interface
(EI) is greater than 0.5 degrees, Excesding this limil could (in the worst casg) resuft in violation
of the 342 pel flight conirol design #mil for dynamic pressure. Due to the Llack of visibility by the
crew on the IMU performance, the ground i required 1o ensura that an iML misaignment does
not viclale the 0.5 degree ASS limit. Three sigma drift from deorbit alignment would rasul in
0.0% degree misalignment at EI. Mote: Deorbdl will be waved off if necessary and Star
TrackeriMU alignment will be accomplished prior 16 deorbil bum

= APPROVALS -
EDITORIALLY APPRGVED A
EDITORIALLY APPROVED L JS0
TECHNICAL APPROVAL :¥iA CR
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