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CRITICAL ITEHS LLSF
. SHEET | OF 3

CRITICALITY _2/2
FATLURE MODE AND . FATLURE EFFECT
: CAUSE

D EHD ITEH #ATEQHALE FOR ACCEPTANCE
ass of tilt up ar down {electeical | Lose af krawal jn tha tilt| DESIGH FEATWRES )
unetdan}. up and down direction. '
The harbtage for the PTU mechanisms is the designs uced succesafully oa the Lunar
Ju : Herst Cosg: Rover equipmenk on khe Apalle 15, 16, 2nd 17 wissions.
1 Tilt Stepper Orive. Lass af mission cribical
2 Power Supply Comoand/Clock wideo. A1V suppart bearlegs 1a the aziouth and alevakion axes are consevvalively designed
REeCeivers. ) when compared to the launch load envlrenmant.

|
The design was prapaved by a detailed flnite element analyshs of the structure,
kaking into account the derating fer the fatigue cyc)es reprassnted by 100
miisipas. A series of davelopmental tests were canducted ta verify tha analytical
nadels for bha structure and deive train analyses. Maviews wers held at Frﬁ‘ininil‘j
design and critical design review levels ta evaluate the dasbgns ard tast data.

Tha PTU hag boen wsed en 24 missions at four bulkhead locatiom and at the BNS elbow
Ipcatioa without & failure in the driva train, auis support mechapisms, or structure.

The mounttng provision from the PTU baze to tha orbiter sbruckurs and RM5 arm was
analyced for worst-cass landing laads and showed adaquake @argins.

BARE BOARD DESIEM [A2)

The desige of the asseciatsd A2 board {2 cansbructed froa lamisated copper-

chad epaxy glass sheets (HEMA G-10) Grade FR—4), PER HIL-P-55617A. Lircuik
conneckions ure made through printéd traces which rua Froo point Lo point ue the
board surfaces. Every Lrace Lermimates at an annular rln?. The sanular ri
sorrounds the kole in which 3 compsnest lead or termimal 15 located. This ring
provides a foatlng for the solder, ensuring goud apchanical and wlectrical
performance. Its size and shape are gnurneﬂ by HIL-P-55A40 as are krace widihs,
spaciag and routing. These requiraments are relteraied a gci Flcally in deawing
aptas bo furthar assura campliaace. WVariatisns betweea the artwork master and the
final product {due s irreqularities af the etching precess) are a)so controlled by
urawing motes. This preveatz makiag defactiva hoards from good artwnrl, Holes which
hause ao lead or terminal, but sarve anly to electfically Intercannect the different
buard layers, <ontain stitch bars Far mechanical suppart and increased rellability.

Ihe thru holes are drilled from a drill tape thus eliminating the possibility of
human #rror and allowing tight control over hele and annular rin cnncantrit{t[. an
impprtant reliabidity eriterion. After drilling and etchiag, AVl copper clafding is
. Lin-laad plated per HIL-5T0-K495. This provides for easy and reliable solderiag at
1 the time of buard assembly, even after perisds of profongad storage.
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- HNIT FTU
FHEA WO, _2.4.2.1 SHUTTLE LCTV WG N0, 2294022-602,503 504
. CRITECAL ITEMS LIST .
CRETICALLTY 212 SHEET i oF [!]
FAILLRE HWOOE AHO FAILURE EFFECT . ) i
CAUSE . OH END ITEH _ RATIONALE FOR ACCEFTAMLE
53 of tilt up or down (electrical { Less of kraval in tha th1t| DESIGH FEATURES (Conkiwusd)
ncliond. up and down direction.
. BOAND ASSEMELY DESIEN (AZ)
Tilt Stapper Drive. Inse of mission oritical 511 components are insta)led in & masner which assuras pauimun valiabiliky.
Power Supply Command/Clock video. Component leads ara pro-tianad, allowing total wettisg of solder Jodnts. A1 leads
Recaivers- are formed to provida stress callef aad the badies of larga companents are staked.

4pacial maunting and handling instructioas are included in each drawing required
after final asstebly. The board 15 coaked with urethans which protects against
hunidity and costaminakbion.

BOARD FLACEREMT

The A AHD A2 hosrds are f¢cerad in the ulectrenics asuaably hl‘gn1d-platnd

beryllium coppar cavd guldes. Conmeciions are mads to the mothar baard with
blind-mated connectors. Dlseagagement during Taunch 1s prevented by a cover
which tpans the moard*s Free Bdge.

AARE BOARD CONSTELCTION (A1)

The boards ara of “walded wire® construction. AL Lhe bars board level Lhix deas nat
distinguish it fros a sormal PL board axceapt that holes which will take weld plas
generally are not connected to PL trices. Dwly those pina which hring power and
ground potentials to the ICs are on PCa. An ansular wing surréunds the hole in bhe
' board whave sach pawer and graund pin 15 located, These pins ara ther saldersd ko
the Lrace like any othar comporient lesd. Aside fram this featurd. all dasipn

E coasteuchion Lechniques used in PC bodrd layout apply.

BonED ASSEMALY {AL]

The drilled and etchad bpards are populated with seweral hundred solderabl & or
weldahle pins, Power and grousd ping, as well as conneckar pins, are sobdered in

lace. Discrest components |resiskors, diodes, capacitors) are atitpched to
Eifur[ated tarsinaly, where they are soldered, F!at{i:k Iy are welded,
tead-by—lead, to the kops of the weld ping. After welding, exira laad mpterial is
trimoed away. CLircult conneciion: are mads using #38 nickel wald wire. Tha
wire it welded to the pin curfaces on the board backside. ATl wire wilds are dome
using a machlne which 15 tape driven, thus eliminating tha possibhility of miswiring
due to operztor ecror. A1V wiriag & circuvt performadce is tesiad prior Lo
bax-lewel instaltation. AfLer successful testing, compohente are stakod as required
by drawing nates and the agseably is coated with urethane.

The bosrd iz isserted in the bax on card-edpe guides, in the Same manner as Lhe okher
PL boards.
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CRITICALITY 22
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CRITICAL ITEHS LIST

T
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FATLUEE HODE AHD
LAt

FALLURE EFFECT
(4 EHD ITEH

RATIONALE FOR ACCEPTANCE

Less of Likt up or dows [elutrlcﬂ
functian).

e1U
&1 Tt Steppear Drive.
AZ Power Supply Lommand/Clock

Receivars,

LU R le | F___ %

Lass of travel in tha £ila
up and dows direction,

Loss of mission crilical
video.

QUALTFICATION TESY
For Qualificacion Tast Flow, see Tabla 2 lecaked a the front af this book.
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UNLT

Ea WD. _ 2,4.2.1 SHUTTLE CCTV BHG MO, 2794072602 .503.564
CAITICAL TTEMS LUS1
AFICALETY __2/2 SHEFT _ 4 OF _ 8
([LWRE HODE ARD FAILURE EFFECT
— LAGE _OH ENO IYEH WEMM
Tof tilt up or down {electrical Loss of Lravel in the Lilk ACCEPTARCE TEST
stian). up and down diraction. :
he CCTV systens' PTY iz subjected directly, wilhout vibration isplatars which mighl
worgl Cage: pe used in their sovmal installatios, to tie following testimgi

[itt Stepper Orive. Lass of mission critical
power Supply Comeaad /Clock video. » Vibeation: 200 -80kz : 1 gB/0ck-rise frow 0.01 GZ7Hz
Recaivers. BO-350 HE: #.8d 6~/

350758 Hz; =1 JASID Oci-slops
Tost Ouratioa: 1 Hinule per Auls
Test Level: 5.6 Gras

e Therpal Vacuum: In a pressure of VX073 Torr, the tempurature shall ba as
follows:

126¢ F: Time Lo stablize eguipmest plus | haur
25« F: Tias to stabliza equipment plus 1 haur
1964 F: Tigo ta stablize wquipmant glus 1 hauy

Yhe PTU pay not have basa subjacted to the vacuum conditien.

Far avcepteace Test Flow, wes Tabla 1 locaked at the Frant of Lhls book.

OPERATIAONAL TEST

In order bta werify that CCTY canponentt ara ngnratinna‘l. a tesk musk urif{ tha
neaith of all tha coomand rolatad components frao the BIS [ATA1) panal switch,
thraugh the RCU, through tha sync lines to the CacerasPTL, te thy CamerasPTd £oapand
decoder. The teat must alss verify tha camerats abl1ity to produce vided, the ¥il's
abillty Lo route vhéen, snd the monitor's ahi‘-itg ta display vides. & similar Lesk
would L perforsed te verify the MOH command path.

mﬂwﬂm

1. Power CCTV Systen.

2 Yha the PHS pamal, salect a poal tor 35 destinabian and the cowera uader
Lest aF 3ourde.

3, Sand “Camera Powsr On" comnand from PHS pamel.

4 Select "Extarnal Sync* on manitor.

L. Dhcerve video displayed sa poaitor. Hots that if video an mankkor is
synchronized {i.e., stabla rastery then this jmdicakes Lhat the camera
is raceiving composibe sysc from ghe RCU and that the camera 1s pruducing
synchranh zed video.

& Send Pan. Tilt, Focus, Eoom, DR, AND Gamaa canaands and wisvally (either

via the monilor @r divect observalion) verify operakion.

telact downlink as destination ard camera under Last as Sarce.

. Opsarve viten roukted to downtr¥ink .

cnsa Wamars Pousr NFE® cummand via FHS panel.

=
r

a1 Lirss s aramenad nadh
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HEA NO. _ 2,4,2,1

RITICALLITY 2z

UHLT PTU
SHUTTLE CCTV DWG KD.  2204022-342.503.504

CRETICAL ITEMS LLSF
SEET _5 OF 8

AILURE FRIDE AND
CAUSE

FAILGAE EFFECT
OH EnD ITEH

s of tili up ar down [eVectrical
L£Lion). .

!
Tilt Stepper Drive.
Puwer Supply Command/Clock
Heceiwars.

Loss of travel in tha tilt
wp and dows dlrectiva.

Lass of mission critical
witen.

BATIOMALE FOR ACCEFTANCE
QA TRSPECTION .
Procurerant Contyol - The PTU EEE farts and hareware hiems are procured fram
approved vendors and suppliers, which meat the requirementa set farth in the CCIV
contract and Quality Plaw Work Statament (W5-2593176). Reskdent OCAS persennel

review 311 procureant dacunents Lo establish the need For GSI ve selected parts
(FAI 507).

I.nnmj.n'g._llunﬂlinﬂ-lﬂd—ﬁm - Tncoerdng Quality inspections ara made on all
veceivad materkals aad parts. Results are racorded by lot and retained in fila by
drawing amd conteal sumbars for futurs raference and trm:ea’ﬁilil.g. 411 EEE paris
ara subjected Le incoming acceptance tests a5 called for In PAl 315 - Incoming
Inspection Test lasbructions. TIncoming Flipht parts are Further gprocessad in
accordance wilh RCA 1846684 — Preconditioning and Acceptance Regquirements for
Electrpaic Parks, with khe excepiion that DPA and PLHD ta:til? is not performad.
Machanical items are inspacted per PAL 316 ~ Licening lmspeckion Insbructions far
mechanical itens, PAT 305 — lacemisg Quality Costrol Inspection Tnstruction, and
Ba1 K17 — Procedure for Processing Incoming or Purchased Parts Designalad for
Flight Usa. Accepted itens are delivered Lo Matlarial Coatralled Siaves and retained
undee specified condilions until fasricatien ¥s required. Hon-conforming wakerials
are held for Haterial Review Board {HRA) dispositios. {PAl 307, PAD IQC-531}

Bpard Assenbly & Tgsk — Prier kg the start of PTU board assambly. all ilems are
verifigd to be correct by stock room parsensael, as the lbeas are accumulated Lo Forn
a kit. The items are verified agaln by the aperztor who assewblax tha kit b
chicking against the as-built-parts-list (ABPL). DCAS Mandatory Inspectiun :uinti
are designaled far all gristed circuit, wheg wrap and wilded wive baards, plus
harness conmeélors for seldering wirday, crimping. solder sphices and quality
::rtlanship-prinr te coating of the coapanent sicde of beards and slzeviag of
rnesses.

Specific FTU board assenbly and test instructions are provided in draming wotes, and
applicable documents are called out in the Fabricatios Procedure and kecard
|FPR-2204827) and parts list PL 2264827, Thase include wire connection List 2233301,
Process Standard RIV-566 228081, Process Standard - RBonding elcre Tape 220DGHS,
Specification Soldering 2200749, Specification Name Plale Application 1964167,
Specification - Crimping 2280800, Specification - Boading and Staking 2284078,
SpeciFication - Urethane caaling 2280971, Specification ~ lacking compound 2026116,
Specification Epoxy Adhesive 2DI0985, Spechficatien — Marking P2H0ATG, Speciflcatian—
wWorkmanship 8030035, Speciflcation Bonding and Staking 2280875.

L T~ Vi s
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URIY P4
SHUTTLE CLTY DWG MO, 2204A27-502.503 504

CHITICAL ITERS L1ST
SHEET __ & OF .

FMEA MD. _2.4.2.1

CRITICALITY efd

FAILLRE MODE AND . FAILURE EFFECT
CAUSE = £4 EH0 ITEM BATIONALE FOR ACCEPTANCE
is5 of tilt up or dewn {elecirical | Loss of travel im the tilb| QASLNSPECTION
mckion)y. up aad down diraction.
PTU Assewbly and Tesk— An span box desi is parfermed per TP-1T-2294B22, aad an heceptancs

1] Horst Case: Tact par TP-AT-2204E72, inchudiag vibration and thermal vacuym. Torquas sre specified ant
L Tilw Steppar Drive. Loss of missien critical wilngssed, braceability nushers are racorded and calibrated loole are checksd priar
¢ Power Supply Cenaand/Clock video. ko ute. RCA Quality and OCAS {aspections are performad at the :nngaztiun ufl -

: L and PAL 217,

lgicifiud FPR cperalions im accordance with PAI-Z84, PAL-205, PA
BCAS parsenned witness PTL button-up and critical torquing. RCA and BCAS personngl
ggniior acceptance lests and review the test daka/resulls. Thase persomne Also
ingpact For conformanra aftar 217 repair, rawork and retesk.

Eeroivers.

Prepavation for Shipasat — The PTU is packaged according 1o OCTVY Lattar BOI1 and
2280746, Process stendurd for Packaging ond Handling guidelines. A1V related
documeatation inchloding assembly drawings, Parts List, ABPL, Test Data, etc, is
qathered and held in & decumentation folder assignad spacifically to each assaably.
kb folder is retained for referanca. An EIDP 1x praparad for each PTU ia
accardance wilth the requirements of WS-2593176. RCA QC and OCAS personnel witness
craling. packaging, packing and wavking, and review the EIDP for compléteness and

aCCuracy.
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. : UKIT FIL
FHEA K. F-L: | ' SHUTTLE £CTV OkG ND. 229407 2=-502 . S03. 504
CRIFVICAL ITEMS LIST
CRETICALITY 272 SHEET I oF 3|
FAELURE MWODE AHO FATLURE EFFECT
CAUSE oM CHO JTEH RATIGNALE FOR ACCEPYANCE
ass ofF tilt up ar down {electrizal | Loss of travel in the tile] EAILURE HESTORY
unctian) . wp and down diractien.
NONE .

I . Hn[ﬁ! ldhﬂl

A TilL Stepper Drive. Lose of mission critical

2 Powar Supply Comeand/Clach vdeo.

feveivers.

¢3ok — 2-2T4 oo ARG
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UHIT
THER MO. _2.4.2.1 SHUTTLE CCTY G M. - =
. CRITICAL ETEHS LIST -
CRITLCALITY i SHEEY __ g OF _ 8
FAILURE HODE AKD FAILLRE EFFECT .
_.—_CAUSE OH EH0 [TEM RATIONALE FOR ACCEPTANCE
55 of t31t up er down {2lectrical | Loss of travel in the Li1t] QPERATIONAL EFFECTS :
nexionl. up and dewm direction.
Possible Tuss of majer mission sbjectives dus ta inability to position camera for
Worst Case: dazired FOV.

1ilt Skepper Orive. Lnss ot mission critical

Pawer Supply Commands/Clock viden. LHEY ACTION

keceivers.

If possible, continue missdan using alternate visual cues-

CREH TRAIHING

Creém should ba trained to use possible slternates to LCTV.

HISS10H CONDYRAINTS
Where pogsibla, proceduras should ba designed so they can be acconplished without CETV.

!




