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s5 of pan vight aor left
ectrical Funcklon.

Fan Stepper Oriwe,
Paser Supphy

Comnand/Clock Recelvers.

Loss of travel in the pan
right or Teft direction.

Loss of m;siﬂn
critical viden.

PESIGH FEATURES

The herltage for Lhe PTU mackamisms 15 the desigas used seccessfully oa ke Lumar
Rover equlpment on tha Apolle 15, 16, and 17 missions,

A1) support Dearings in the azimuth and elavakion axes are conservatlvely designad
whan conpared to the launch Yoad environmant.

Tha dusign was prepared by a detailed finike element analysis of the skructure.
taking into account the derating for khe Fatiyuz cycles vepresented by YW
aissions. A sevies of developwental Lesks wera conducted to warify the analylical
agdels For Ehe strecture and drive train analyses. WReviews ware held at praliminary
design and critical design review levels to evaluaka the designs and test daka.

The PTU has beer wséd on 24 wissions at foeur bul khead Tocations and at Ehe RMNS elkow
Tocation without a Tailurs in tha drive train, axis suppart mechanisms, ar SEreCture.

Tha mouating prowksion from the PTU base to the orbiter structure and FHS arm wai
analyzed for worst—case landing loads and showed ddequats aarging.

BARE EDARD DESIGH {A2)

The d-&si?n of the asspclated A? hoard is conskructed From Jasinated

copper=clad apaxy glass shests (NEMA G-10) Grade FR-41, PER HIL-P-55G17A. (ircuit
connections are made through printed traces which run fron point to paint en Lhe
board surtaces. Every traca terminaces at an snnular ring. The anaular rin
surrounds Lhe hole in which a component lead ar berminal ks Tocated. This ring
provides a feating For the solder, eénsuring good mechanical and &lecirical
performance. 1ts size and shape aré governed by HIL-PS5640 as are trace widbha,
spacing amd routiag. Thase requirsmeaty ara rnftirita’d sﬂecifitl'l'ly in drawing
niles te furlher assvra congl iance. Variatlons beiwgen the artwoerk master and the
final product (dum te irregularities of the eicking process) ars alsao costrolled by
drawing noles. This prevents making dafeckive bosvds From good artwark. Holes which
house ne lead or Rarwmiaal, bBub sarva anly to 2leckeically interconnect the diffevent
toard ldyers, contais stiich bars for mechanical support and increased reliability.

The theu holes are drilled From a drill dape Lhus eliminating the possibility of
tuan ervor and allowing tight coptrol gver hole and anmnular rwing concentriciky, an
impurtant rellability criterion. After drilling amd etching, All copper cladding is
tin-lead plated per MIL-STD-1495%. This provides for easy and ﬁ!li.ahra soldering at
the time of boarg assenbly, ewen after periods of prolonged storage.
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FAILURE MODE AHD

{AUSE

FATLURE EFFECT
OM EHD_ETEM

RATIDHALE FOR ACCEPTANCE

Loss of pan right or left
glectrical fuathion.

ETY

Al Fan 3tepp

A2  Poner Sup
Conmand /'C

1226k

er Driwe.

1y
qnct Retpeivers.

Loss of kravel in the pan
right or Veft direction.

Loss of missien
critical video.

DESIGH FEATURES (Continaad)
HOARD ASSEHBLY DESIGH {A3}

411 componests ara installed in 3 pawner which assuras maxinum ralfabl1ity.
Component leads are pre-tisoed, allowing kota) wetiing of seldar joints. A1l Jeads
are farmed ba pravida strasz rolief and the bodies &f large components are staked.
Speclal wouating ard hand)ling instructions are Included in ¢ach drawiag vequived
after fingl asseably. Tha board iz coatad with urathane whick probects against
hmlaity and cuntau{natinn.

AOARD PLACEMENTF

The Al, AZ boards are setured 1a the electvonics assembly by

gold=plaved barylHun copper card guides. Conneciipns are mada io the mother board
with hlind-maked conneckors. [Disengagement during launch 45 prevented by a covaer
which spans the board*s free edge.

BARE BOARD CONSTRUCTIOH (A1)

1he beard sre of "woldod wira construction. At the bare board Jevel this does nob
distiaguish it from 2 nomal PC board excapt that holas which will take weld pins
generally are ngt comnected ko PC braces. Only these pins which bring powsr and
ground potentials Lo the ICs are on PCs. An annular r?ng surrdunds the Bale in the
buard whare sach power and gegund pin is located. Thass pins are then soldered to
the trace like any other component Jead. Aside from this feature. all design

& vanstruction techeiques wsed n P board layout apply.

pOARD ASSEMELY [AT)

the dritled and ekched boards are populated with several hundred sclderable or
waldshle pins. Power and graund pins, as well as comnector piss, ara soldered in
glace. Oiscrest components [resisters, diodes, capaciters) are atlached Lo
tifurcaked terminals, where they are saldersd. Flakpack IC: are welded,
lead-by-Yead, Lo the tops of the weld plos. After weldiag, eatrd lead matarial is
teimmed away. Circoit connections ace wade usiag &30 nickel weld wira. The
wirg 15 welded to the pin surfaces on the baard backside. All wire welds are done
using a machine which is tape drives, thes eliminating the possihiliky of wiswiring
dut to wperatar érror. Al wiring & circuit perforeance is tested prior Lo
bas—Tlevel tnslailation. After successful testing, compoanents arge srak&d as required
by drawing noles and the asseskly i5 coaled with urebhase.

The bpard 5 inserted in the box on cerd-edyge guldes, in bhe seme manner as the othar
M hoacds. -

R ALYE "-"'.-'_i-i..-_'
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FAILURE HODE AMNO

FATLLIRE EFFECT
OH Enf ETEM

RATICHAE FoR ACCEFTANCE

Loss of pan right or Jefl
electrical function.

ETU
Al Pan Stepper Orive.
&2 Power Supply
Command /Clock Receivers.

Loss of travel in the pan
right or 1eft direction.

Worst Casa:
Loss of mission

critical video.

QUALIFICATION TEST
for Qualificatlon Test thow, ses Tabde 2 locaked ol Lhe fronk of this book.
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_vss of par right or teft Loss of kravel in the pan ACCEPTAHCE TEST
slectrical fuackion. right or left direction. The [CTV systewms' PTV §s subjscted directly, without vibration iselators whichk migst
be used in their nerwal isstallatlcs, to t{a Followiig kasting:
ll 1] Horst Case:
k]  Pan Stepper DOrive. Lats af mission » Vibratien: 2-6Hz : 3 ""‘mit""‘“ from 8.01 E2/Ha
A2 Pawer Supply ) erltical widaa, 80-3%0 Haz! 0.0d G%fHz
Command /LYack Beceivars., 350150 Hx: -3 de&/10 Qci-slopa
Tast Duration: 1 Minuke par Axic
Test Level: 6.6 Grms
» Therwal Yacuun; In a presiure of tXi-5 Torr, the temperature shall ba as
* follawe:
125* F; Tima to stabllze equipment plus Y howr
Z25* F; Tima to stablize equipment plus 1 hour
125* F; Tima to ckablize squipmant plus 1 hour
The FTY may nok have been subjected ko the vacuum conditien. !
For Acceptance Tast Flow, see Takle 1 located at the front of this hook.
QFERATIONAL TEST
In urder te verify that CCTY compongénts are oparalional, a test sust verify the .
haalth of all the comnand relatad conponents From the PHS (ATAT) pasel swilch,
through the R{U. through the syac Tines to the Comers/PIY, b0 the Cawera/PTU comnand
decoder. The test sust alsp wverify bthe cameras abilily ta produce vides, Fhe WSU's
apility to rouvis vides, and the momitor's ihilitﬁ ke display video, & simdlar test
would be performad to verify the WM command path,
Pre-) | Orbiter Test/lo-Elisht I
1. Power CCTY Sysbam. .
. - 2. Via the PHS pasel, select a mondtor as destisation and the camera under
test as séwrce.
3. Semd “"Canera Power On" cowmand from PH3 paael,
4, Select "External Sypac' ga osnibor.
5. Okserve video #iiptayed en moniter. Nobke that if wideo on monl Lor 15
synchronized {1.e., stable raster} then this 1nditates thak the camera
is receiving composite sync from the ALY and that tha camera is produting
synchronized viden. .
b, Send Pan, Tikt, Focus, 7eam, ALC. and bBammea commands and visually (aithar
via the monitor or direct phservation} verify operation.
1. Gelect gownlink as sestimation and Camera undér test as Source.
8. dbserve video routep to down]ink.
4, 4Send "Camera Fower OFf" command wia PHS panel.
Ib. Ropeal Steps 1 throwgh 9 except fssue commands wia the MDM command path.
2388 I-256 ™1y proves that the CETV equipment is gperational. .
- u *a . . ' . F_ % il
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CRITICAL ITEMS LIST
CRITICALITY __ 242 SHEET 5 oF i !
FATLURE HOOE AND FATLURE EFFECT .
. CAUSE (4 END ITEH RATIONALE FOR ACCEFTAMCE
ass of pan right or laft Lass of travel in the pawn | DAFENSPECTION .
Mectrical function, right ov Taft #lrection.
Procurement Cootral - Vhe PYU EEE Parks and hirdwara items are procured frem
. il] . Herst Cage: approved vendar: and suppliers. which meet the requirsments set Egrth i the COTV
1 Pan Stepper ODrive. Losg of mitsion vonk ract and Quality Plan Work Statement {WS-2593176). Raszidant DLAS personnal
2 Power Supply . révigw all procurcmeat doruments to establish the need for GSI on selected paris
Command/t otk Receivers. eritical video. {(PAL 5T).

Inceming [nspection and 5torage — Imcoming Quality inspectioas are made on all
received materials and parts. Results are recorded by lot asd retained in file by
drawing and control numbers for fwtere refareace snd tri:aihilit;. A1l EEE parks
are cubjacted to In:umin? accaptasce tests as calted for in PAI 315 - Incaming
Inspection Test Iastructions. Tncoming Flight parls are forther procasses in
accordancs with RCA 1846504 - Fre:und?glnning arll hcceptance Requiveneots far
Electrenic Parts, with tha esxception that OPA and PIND tasting ¥a not performed.
Hechanical itams are inspacted per PAT 316 « Tacomibg Inspntt?an Instruchions for
rechanical 1tems, PAI 305 - Incnmin! Quality Contrul Iaspection Instruction, and
#il 612 — Pracedure for Processing Iacomimg or Purchased Parts Dasignaled for
Flight use, Accepled itams are delivered to Materisd Contro)lad Stores and ratainad
under specified conditions until Ffabricatian s required. Hon—confarming materials
are hald for Material Revigw Board (HRB) dispasibian. {PAT 347, PAL LQC-E31],

Board A5sembly & Test - Priav to the start of PTU board assewhly, all items are
veritied te ke corvect by stock rooo povsonnel, as tha itews are accomulaked to form
a kit. The items are varlfied agais by the operator whe assenbles the kit h:
checking against khe as—built-parts-list (ABPL). OCAS Mandatary Inspection Points
are gesignated for a1 printed eircuit, wire wrag and welded wire boards, plus
harness connectors for soldering wiring, crimping, soldar splices and quality
:urklanship prier Lta coatisg af Che component side of boards and s)eeving af
4Arngéisex.,

$peci Fic PTU board assembly and test instructisns are provided ia drawing notes, and
applltahle documents are callad out in the Fatricatbon Procegure and Record
{FFR-2294022) and parts bist PL 2294822, Thase ¥nclude wira connection List 2295401,
Process Standard RTV-GE6 220041, Process Standard - Eonding elcro Tapa 2280885,

- Specification Soldering 2280749, Specificatian Rame Plate Applicatica 1960067,
Specificalion — Crimping ZZHDADA, Specification - Bending and Scaking 22E4478,
Specification — Urethane coating 2280877, Specification - lacking compsund 2026116,
Gpecification Epoxy Adhesive ZD10S85, Specification - Markiag 22806756, Specification
Horkmanship 6020035, Specification Bonding and Stakiag 2200675,
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Lass of pan right or Teit
tlectrical functian.
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Pan Stepper Drive.
Power Supply
Command/Clack Heceivers.

—RaTiQMALE FOB ACCEPTANCE

Toss of travel in the pan
right or left direciicn.

Morst Case:
Loss of mission
criticel video.

QA/TMSPECTION | Continued)

PIU Assenbly and Test — An opea bow besk is parformed par TP-TV-2234B22, and an Acceplance
Tasi per TP-AT-2294A22, including whbration and tharmal vacwue. Torgees are specified and
witrnessed, traceabiVity nuohers are rezorded and calibrated Enols are checked priar

to use. KCA Qualliy anmd DCAS inspections are perforeed al tha cnm;letlm of

speciFied FPR pparations in 3ccardance with PAL-204, PAI-205, PAY 206 and PAI 217,

OCAS personnel witness PTU buttow-up and critical torquing. RCA QL and DCAS persomned
manitar acceplasce tests and review the best datafrasulis. Fhese personnel alse

insgect for conformasce after all vepalr, resark and rebast,

Freparation for Shipment = Tha PTi is packaged according te CCTY Letter 841V amd
22R0746, Process standard For Pactaging and HandVing gu?du'l‘.n.u. All ralated
decumentation ineluding asseshly drawings. Parks List, ABPL, Test Data, ete. is
gathered and held in a documentation foldar assigned speciflcally Lo each assembly.
This folder ic retaingd for reference. An EIDP ﬂ prepared for each PTY in
accordante with the vequirenents of WS-2593176. RCA QL and DCAS personnel wilnestc
crating, packagisg, packing and narking, and review tha EIDP far conpleteness and
alcuraLy.

2-EEB i amt S -
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FATILLRE HODE AND FAILURE EFFECY
LALSE DN ERD JTEM . ] RAVIOKSLE FOR ACCEPTAMCE

Loss of pan right or Teft Lass of trawel o the par | [AILIME HISTORY
elupctrical Funckioa. right or left direciian HOtE
FIu . Worsk Case:
&l Pan Stepper QOrive. Lass of misshon
A2 Fower Supply critical video, .

Comnand/Clock Hecelvers.
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CRITICAL TTEMS L15T
SHEET B aF B

FATLURE MODE AN

FATILIRE EFFECT
Oy EHD JYEH

EATIONALE FOR ACCEPTANCE

Loss aof pan right ar Teft
alectrical Funcbiopa.

FIU
Al
[¥]

MU

Pan Stapper firive.
Power Supply
ConmendL1ock Recaivars.

{asx of travael in tha pan
right or 1eft dirackisn.

Horst Case:
Loas of misstan
critlcal video.

OPERATIONAL EFFECTS

Pussible 1oss of mejor missian abjectives due to inability to position camera for
desired FOV.

CREW ACTION

If pessibie, cantinue nission using alternats visual cues,

CEEH TRAIKIMG

Crew should be trainad te usa possible alternates bo COTV.
HLSSION COHSTRAINTS !
Where possible procedures shauld ba designed zo they <an be accompl ished without CCTV,

2-280 . paad AT



