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FOREWORD

This report, submitted in accordance with the requirements of
Paragraph 6,b and 6,c of Exhiblt "A", and Article VIL, of Contract
NAS8~24296, presents the Martin Marietta Corporationts Program come-
pleted for development of a demonstration-test mockup of a Portable
Agtronauts Test Kit, The report is presented in three volumes:

Volume I =~ Final Report

Volume II - Gontract: End Item (CEI) Specification

Voluma IIl~ Cost Estimrte and Schedule
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SUMMARY

A full-scale, demonstration mockup of a Portable Astronaut Test Kit

' (PATK) was developed and delivered to NASA-MSFC under Contract NAS8-24296,

This kit will be usad by NABA in demonstrationa of a developed capability

' for astronautsa to perform maintenance actions during space missions,

i Development and delivery of the PATK was accomplished within a

'+ program time span of 39 weaks, ending 27 March 1970, The program

; basically consisted ofs

Pt
' i 8,

Analysis to determine potential requirements for space
maintenance,

Definition of tools, test equipmant and supplies required

to perform space maintenance,

Definition,and development of a portable kit to contain

tools, test equipment and supplies and serve as a work station.
Procurement and fabricetion of hardware needed to create an
assenblage. of kit, Eoola, test equipment and supplies, and

a demonsfration taest panel.

Final asasembly of the PATK and Demonstration Tegt Panel and

delivery to NASA-MSFC for demonstration,

The PATK 412 bagically a fabricated aluminum héusing, approximately

f
16" x 16" x 22", that contains and provides tools, test equipment,

pértable lights, work shelves, spare parts, a wall mounting boom,

. visual maintenance instructions, and an astrepaut: carrying handle,

i1t welghs approximately 57 pounds, and 1s
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daslgned to ba transported and used by one asgtromaut fox pérformance of
inplace acheduled and unscheduled maintenance requireménté.' Kit size
and configuration are designed for safe, easy handling; péssage thfcugh
a 24" = digmater opening; and effective presentation of kit contents

to &n astromsut limited to one-handed operationd,

The Damonstration Test Panel is a flat mnuﬁting piata, approximately
2t x 5', to which are attached & numbef‘of integraéed eieéﬁrical and
mechanlcal components, convenience carrying handles, and an attachment plate
for mounting of tﬁe ﬁATK. ‘The hardware components will facilitate per~
formance of demonshéated maintenance actions using provisions of tﬁa_PATK.

This'progrﬁﬁ was éspeciélly noteworthy in that it elevated an
aspect of spéce:maiﬁtenanca from the conceptual to the féality ievel.

Availability of an Integrated met of space'tools facilitates‘subséqueni
activities such ass . ‘ 7 ‘ . - -

a. Demonstrat}on of tool merits and limitatioAg. —

b.  Assessment; of. tool adequacifes in space~simulation facilities,

¢, Development of improved usage tools. ‘

d, Astronaut asgessment of the PAIK,

e, Applicatio% of the PATK to a specific near-future space program,

It 1g appropriate to acknowledge the technical direction and support,
and cooperation extended to MMC by PATK program persommal of NASA-MSKC: '
Mrs, A. Folsam: Technical ﬁbnitor, Quality and Reliability Assurance

_ﬁibart Minter, Assistant Technical Monitor, ﬂagufacturing Engingering
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8, Pack, Quality and Reliability Assurance

Herman Blaise, Mamifacturing Engineering




L. INTRODUCTION

A, Purpose ~ fhisireport primarily deseribes the-(l) effort performed ‘
to develeop, and deliver io NASA for &emonstratién,‘a ﬁbékup of a Porhaﬁlé
Aptronauts Test Kit (PATK), aﬁd'(z) physicael composition of the basic
kit, demonstration test panel, miscellaneous support equipment and
supporting documentation, The report also provides conclusions and
recommendatlions, and the results of deéonstgat}on tests of the mockup
that were performed using MSFC'mechanical space-simulation .test equipment.

Volumes II and ITI and the appendfices of this report contain

# proposed end item speclfication for a space-qﬁalifiedrversién cf a PATK
(Vol, II), and a statement of work, and estimates of cost and delivery time

for a space~qualified PATK (Vol, III), and documentation related to the

development effort covered herein, . ) i

B, Definitiontoé‘Subjaét = The PATK 1s a compact éssemblage-of tools, test
equipment and suppiias)packagad to-enabie space crewmen to perform firste

lavel ﬁaiﬁtenance tasks, e,g., limited inplace repairs, replacements and

ad justments; during space operations (gee figure I~1). The méintena;ce capa-
bility represented b§ this kit would ‘allow electrieal and mechanical maintenance
tasks to be performed that preserve and extend system reliabiiity, and restore
gystem capability following cccurrences of malfunetion, failure or damage, The
kit has been deslgned for laﬁnch-phase storage, adaptation to a number of '
spacialty tasks, easy translation and handling by one astronaht, and inplace
mounting-;nd use at the actual location of space mainte.nance.l The mockup

1
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Figure I-1 Portable Astronauts Test Kit
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development kit covered herein contains certain features and materials

that do not comply with space gqualification requirements. Such features
and matarials are described in detail within Paragraphs IIL and IV, herein,
and slgnify the need for further research and development of items in order

to achieve space~program application of the PATK,

‘G,  Orgenization of Report ~ The report, organized into three volumes,

prasents information in & developing order: first, detailed coverage of

" the mockup development programs .second, recommendations for development of

a spacenqualified kity and, third, specification and eptimating details

that establish a definition baseline for a space~qualified kit,

.
f

II, KIT DEVELOPMENT

A.  Planning and Control ~ The PATK program was parformed over a period

beginning 27 June 1969, and ending 27 March 1970, Delivery of demomstration
test bardware and supporting materials was effacted’, 26 Jamary 1970, in
consonanse with the demonstration test program.established by NASA-MSFC,

The initlal program admindstrative efforts ineluded development of a pro-

‘Ject master schedule, Lssusnce of program directives and operating budget,

and organization of project team personnel,

The initlal implementation project master schadule (sea Figure II-1)

}Icited the major program tasks, and established the time~phase requirements

for accomplishment of the significant program milestones, Through the course

of the program, cartain adjustments were made, and mutually agreed to, to
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accommodate special dasign provisions, availability of personnel for inter-
change meetings, and fabrication leade-tims xequivements, Figure II-2 cites
the actual acca{npliahmnt: of major program tasks, refleseting digerete ad-

Justments, and accomplishmant of major program objectives within the

plarma;i time spans,” Data requirements attendant to the program, e.g., monthly.

techniesl status raports, were administaredhby'astabiidhma'nt of an inte~
grated scheduling program raport a.nri paeriodic status monitoring performed
by the Program Control orpanization, Throughout the pregram, the Pregram
Control organimation was active in estab liéhing and periodically status-
ing schedula, cost iand technical i:equ:!.remnts to énaure succagaful accom-
_plishmnt of contractual objectives, .

The project team complement for this p:mgram is sbown in Figure II-3,
Its relationship to the MMC Danver Division is siwwn :l.;::.' Figure II-4, The
project supervisor, Mr, Joseph C, Spencer, was résponsibla for lead direction
of the pr&gram, ancompassing planning of tasks, r:lirect_:l.ng all work asaign-
mt-ent,s, and evaluating program progress and results,

On 15 July 1969, z progvam eoxientation meeting was held at NASAMSFC
to discuss the genaral program approach, sequire NASA~-supplied reference
materials, and esta‘b;l.iah tachnical criteria for the inftial kit defini-

tion analyals, NASA~MSFC representatives provided, and assisted fn the




2 P Astrmtzs Pt Eiﬁs < F s Ta e le<]s Lo Ja [e|uw |- "
R N Contxuch Gowéhead o Al il ] )
¢ '| 2. orientarion Meering mAsA and W) _ ' - - e

”a 3, Definiluion of RefPai.r&hIe Items g D I SEE S Sy 0 - b
7" 14, Definirlon of Xik Components and Availability i . B N e e 30

‘:\: 3, Crlgerin Rﬁ‘ﬂﬂﬁ' mELSA and MM@) L - ‘ T T T 'L._:_' ,::_-h- )

% |6, Goncaprunldestgm - - i e ENEREERSE S

il

B
1)-.
i“*
Jl‘
4
1
|
1
§
13
|
[
]
TIT
i
[}

Concepiuval. Deslgn, Review OSASA aml MME) i
wﬁmmMMMM\ 1 “ i
& 'xechn;!.qal Raviaw Qe Intarmﬂl) . . . IA 1 &

110, Fingl Deaigit Review m‘A&A gnd MMCY © - . L 1. J AN : RN e
11, Pebwriaation L ; ' | el .

T P
\

LI
] ; i

12, Haxdware Dellvery

o 113, Repowntng |
4,  Monthly ?rogress Raporta ‘ A Z\ A A &

I b, Tinsl Repory Draft Submivkdl ' , I

w 4. e, Final Report Drafe Approval (IASA) ' ‘ A

£7§- 4, Tinal Report Distributlon | i - , A

AP LY sae G Al TR
N mEA?
. !

-‘v \.‘
E
o

. . - ' Figura II-2 Pi:'pject; Maater Schedule (Actual}

m . * o - -




REPORTS TO MANAGHR,

SYSTEMS RESEARCH & DEVELOPMENT

PORTABLE ASTRONAULS TEST KIT

Projeci: Supervisox
Joseph G, Spencer °

PROGRAM CONTROL

Gontracts

Firance

Hateriel

Planning & Costt Manngement

TECHNICAL. ADVISORY GROUP

George A, Rodney

Jozseph T, Kealey
Rugene C. Wood
John M, Hensgchke

Lynden R, Andexsom

ASSTSTANT PROJECT SUPERVISOR

Rochert M, Belless

EKIT DEFINITION ANALYSIS MI@
Bobart M, Belless P, Corveleyn
John H, Vowells

FABRICATION QUALITY & RELIABILITY
ASSURARCE
?, Corveleyn Edward W, Edstrem

Pigure II-3 Project Organization




- . .""3?;‘:.',\' A

P

STE v

Lyt

MARTIN MARYETTA CORPORATION

DENVER DIVISION

Vice President and Genexral Manager

William G, Purdy

N

APOLLO APPLICATIONS

PLANETARY SYSTEMS

]

}

Director
Caleh B, Hurit

Viece President
Albexrt J, Kullss

JAUNCH VEHICLES

MANAGEMENT OPERATIONS

Viece President
Donald S, Levine

Vice President
Dongld 8, Burrows

An el T
PR

TECHNICAYL. OPERATIONS

Vice President
Robert S, Williams

0 Manufacturing

®Enginsering

®Quality
Materiel

RESEARCH & DEVELOPMENT

Direcitor
8, R, Sadin

l

SYSTEMS BESEARCH DEPARTMENT

-~ Manager

Geoxge W, Smith

PORTABLE ASTRONADTS TEST

KIT

Project Supervisor
Joseph G, Spencer

Figure II-4 MMC Denver Division Organization

o Conkracts
9Finance

®Plans & Administration

o Professional & Industrial

Ralrtions




acquisition of, the following prime-reference’documentatioﬁz

i

NASA CR-1108, Vols, T, IT and III, "Maintainabllity of
Manned Spacecraft for Long-Duration Flights", July 1967
(NASA~Ames Contract NAS2-3705),

NASA TM X-53725, Vols, I and IL, "Space Tool Devalopment,
Statamof-the~Art Survey", 15 August 1968,

NASA CR-1334, "A Study of Astromauts Extravehicular

Work Capabilities in Weightless Conditions", May 1969

(NASA~Langley Contract NASI~7571).

Anplysls eriteria established during this meeting to assist and

orient the kit definition phase included (these criteria effectively

augmented criteria contained within Exhibit "A" of Contract NAS8-24296)¢

A

Use available Failure, Modes, Effects and Analysis (FMEA) datﬁ
and other related data from existing spacecraft system programs
to agtablish "most likely" inflight méintenance candidates,

The endeavor here was to minimize new and hypothetical analyses,
and emphasize use of exiasting information,

Develop an inplace maintenance capability tailorsd to classes

ox categorles of typical space system hardware (e,g., fluid
system valves) rather than to spacific and individual hardware.
1tems (e.g,, Command Module Cooling Cireult, Glycol Diverter .

Valve No, E-~5219),
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3. Since the Apollo Applications Program (AAP) offers good
"test bed" gpacecraft system information, it was agreed
that AAP data would serve as a baseline for development
of & maintenance kit that would be useful to the AAP and
also applicable, in principle at least, to the Space Station
Program,

4, Generally assume that spacecraft hardware items that are
likely inflight maintenance candidates are, or could be made
to be, accessible and convenlent; for maintenance actions.

5,' Plan for development of a maintenance’kit core that is
supplemented at the time of need with kit elements obtained .

from stowage that are peculiar for the assigned task,

B, Analysis - The analysis effort was begun by accumulating and
raviewing useful reference data, Special emphasis was placed upon
use of data that was (1) assoeiated with actual mann;d spacecr;EE pro-
grams (e,g., Apollo and AAP), (2) relatively current, and (3) readily
available, Data typlfied by the following were obtained and enabled
the selection of inflight maintenance candidates:
NASA CR-1108 Cluster Sysiems Description Docu~
ment, AAP, May 1969,
MSFC 10M30899, Rev, B AAPISystems Compoeite Mechanical
Schematics and Index of Finding

Numbers, 15 April 1969, ~




NASA TM X-53725, Vol. L Space Tool Development, State~of-the~
Art Suxvey, 15 August 1968,

Report No, 85-3414, Vol, II AAP Envirommental Control and Life
Support System Reliability Analysis,
10 Jamiery 1966,

8D 68-926=-15, Vol, 15 . AAP FMEA, Electrical Power Subsystem,
CSM, 27 January 1969,

Document: 1063 Alrlock Desién Data Book, AAP, 18

_ October 1968,

The objective of the analysls was to determine likely and representa-
tive candidates for inflight maintenance (inclusive of both scheduled ;nd
unscheduled maintenance but limited to first-level, or inplace, actions),
To determine such candidates, reviews were first made of reference data
to isoclate potential malfunction, fallure and damage occurrences, and
spacific peariodic mervieing rxequirements, considered representative of
those to be expected in near-future mamned spacecraft systems, Products
of these initial reviews were reduced to & final~analysis group by congid-
ering only those oceurrences or requirements that:

1, Are most likely to occur during the projected migsion time due
to lower reliability, i,e,, those having the highest predicted
probability of failure duxing ralative mission periodsg

2, . Critically affect crew safety and/or mission success as they.

occur in specific predicted modes and for which system downtime

can be toleratedj
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3. Are .not ﬁbacked up" by extensive redundancy or alternative
migsion operations}

4, Provide.a good "sampling level" indication of potential
requirements within the more suspect or mission-critical
equipment subsystems, e,g., environmental congtrol/life
support, electric power and distribution, instrumentation
and communication, guidance and contrais, and controls and
displays; ‘

5. Could be raé.liaticaliy remadied by performa.'n,ce of i?flight
maintenance actions that are limited to firgt-level only
performance}

6., Can be remedied by performance of maintenance action; that
allow, to a 90% level, performance within an intravehlcuiar
(IVA) environment.

Potentlal occurrences and requirements resulting from this analysis

were compiled on speclel anmlysfs sheets typifiad by Table I, Sheets such

as this were prepared for sach of the'subsystems identified in sub-
paragraph 1L,B,4, above, and were, upon completion, transmitted to the
NASA for review and comment, -An explanation of colummar footmotes that
appear on Taeble I Ls provided within Item 1 of Appendix B, '
fhe work sheet package officially transmitted to NASA-MSFC 20 Auguat
1969 18 repregented by Items 1 gnd 3 of Appendié B, This analysis phase,
-by revealing potential requirements for meintenance, developed thg;logic

“needed to .estgblish potential toole and & rationale for demonstration of

.
-
A
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- Table L,  Ip~Flight Maintenance Reguiraments ) . ‘
Contract: MNAS8~24296 " Date: J-30-69
; 3 7
E:ti_ul_'e Maint. . -{ Equip, MainFenance Tack llie_qm.rements 4 Comments.
Subsystem/Equipment (Pex Crit, Repair- Mzint, |Complex. i ) " and
R 5 |10 mr) Catego]r_y ahlln.Ey Type Description Time 4 Indax4 Support Provisions ) Raferences

A. ENVIROMMENTAL CONTROL (ELS)

A.1 LIFE SUPPORT -

a, Hydrogen Bas Removal Equip. - | 10,0+ Ih Good | Sch., !Perform periodic task to obtain acd chemi~ | 8ch, ~1 - 1 Water sampling container and apalysis test- | L,Apollo 10
M - Fails to work. Lack of : and cally analyze samples of potable water | b.5 Hx er; built-in valve device to obtain sample, failure report,
backup equip, to detect level Unsch. | supply., Replace, on as-necessary basis, do-Unsch- or buile-in water filter, e,g., silver 2, 1OM30899-B
of, and remcve, fuel-cell- ' vice used to remove hydrogem gas from . 0,3 ir palladium, Lo remove gas as it léaves fuel
generated hydrogen gas from potable water, cell, - Spare gas~removal device, e.g.; hand-
crewd pobeble water can lead held spinning device, if applicable, :
to serigus crew discomfort, ’ . ’

b. {Quick disconnmect - MDA Find 5 Iz Fair | Unsch,!One crewman mist attempt physical disecon~ | .8 Hr 1 Visual isclation; momitoring not reguirved, { l.10M30899-R
No, EZ001 = fails to dis- nection of coupling, MDA docking tunnel or or System activation provides retest, Tools 2.ED2002~-850-1
comnect, N must be pressurized, Vented, full pressurd 1,5 Hr 2 that may be fequired incl. open-end’ =

IVA suit used. Tumnel entry made from CM wrenches, large crescent wrench, serew
. side, Assumed failure mode; Failsg to - drivers, pliers, drift punch, soft face
disconnect., If physical discommection ‘hanmer, portablgl light, parts holder and
- cannot be effecied, disassembly or re- spare parts stowage provision. {ne spare -
- placement actions may be pecessary. ) E2001 QDIS Assy, Should be spared. .Simple
- instructions needed; no supplies required.
c, (J2 & N2 F-:i._lter =~ CM Find. ~ 1 LIT Fair | Sch, One crawman periorms time scheduled rem .8 Hr 1 | Tools inel, acrew driver, open-end wrenches) 1. 10M30899-1
Ne. E5L11 (.‘é:o ed placemen: of Filter element, Shutoff portable Light,,parts holder, and spare 2,88-3414
M 88 valves provide system isolation, Pex- parts-stowage, One spare element reguired. | 3,ED2002-756
formed in press, portion of CM, Access No instructions or supplies are needed. )
. panel removal veguired, Post-maint. test not requived,

d. Cabin Press, Transducer - MDA 1.C IIT Good | Unsch.| One crewman replaces transducer. ZIscla- 1.0 Hx 2 Eleclr disconnect or short each of two 1, 1{M30899-1
Find No, E2065 « Mech, Fallyre : tion needed teo distinguish between faulty | - IDCRFs to isolate -faulty one. Replace 2,85~ 3414
Erroneous Qutput and baclwp XDCR, Performed in pressurized using wire cuntters, pliers, ratchet-& 3,ED2002-756

atmesphere, socket get. 7Parts holder, portable light
and spare parts stowage provisicn. One
- spare needed, no supplies, and simple
instructions, -

e, OCabin Ventilation Fan ~ AM & 8.3 ITT Good { Unsch, One crewman replaces obviously failed fan,’| .8 Hr 1 Tools incl. screw driver, wire cutters, 1.10M30899.1
MDA Find Neo's, E2016 & EL255 - Reactivate elect, circuit to retest, Per- pliers, box-end'wrenches, ratchet and 2.85-3414
Fails to Operate - formed in press, atmosphere. T sockef set, parts holder, portable light, 3,Fb2002~756

and spare partsistowage, One spare meeded, [ 4.ED2002-850-1
No supplies, and simple instructions. 5,4polle & and
R ' 9 Failure
- 3

f. Tlexible Ventilation Duer - 1.0 ITI Fair { Unsch.| One crewman effects in-place repair. Equip,] .5 Hz 1 Tocls incl. glass mending tape, purtable _ L. 10M30899-1
MpA Find No's, E2019, E2067 - shutdown may be unnecessary. Leak isola- light, supplies) stowage provisior. No 2,55-3414
Accidental tear or puncture tion effected visually, Performed in presg instructions or ipost maint. test needed. - 3.ED2002~756

) atmosphere, . \ 4,ED2062~-850~1 .
) !
- ) .

FGLDOUT FRAME \
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tool kit cgpability, Analysts performing this part of the effort were

aided in their establishment of support brovisions (inciuding tools)!
through familisrity with this type of analysls and the avallability of

a tools selectlon list (see Table II, Appendix B), Th£s 118t was drbi-
trarily‘compiled for referance to raflect a gross cut of tools sufficient
or cap;ble of supporting performance of first—le§e1 gpacecraft maintenance,
As the apalysis proceeded, tool and supply neaeds prescribed in the suppoert
provisions column (Table I) were transferred to support requiremants
sheets -(Table II) to censolidete and summarize all identified
requirements, - The Tabie II sheet was further instrumental in aiding

determinations of subsystem support requirements priorities in terms of

- gubsystem nead and relative merit, The methodology associated with this

anzlysis process, and typlified by the Table IT sheet, is essentiadlly the
same as that covered wiéhin.the NASA CR~1108 documentation, Three cate-
gorles of Table IL sheets wera compliled, covering stemndard tools and
test. equipmaent, special tools and test equipment, and task support pro-
viaipns ksee Tebla II, Appéndtx B, for total summarization),

Tha'Table IX Bh;ets revealed a need for a large number of high~volume and,
in many instances, unrelaked tools and supplies, PFurther delibexations led '
to the canclu;ions that (1) certain tools almost~always used would be reserved
for the “core" of the kit, (2) certain funut;on-related, yvet leas used, tools
should be gréuped aﬁd consgldered for innqiporgtion;into specialty~tagk gitb~

kita, (3) certain infrequently used and spacinl~use tools sheould be reserved'

I
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o - Table IT1  Summary of Maintenance-Support Requirements gpd Priorities ‘

-t

Contract: = NAS8.24296

Data: 7=-31-62 -

Subsystensg
Environ, {Instrum, | Guidance|Controls |Power & iority
Control |& Comm, | & Comixwoll& Disples, |Distrih, Pategory
Parcent of Total Syptem Failures 467, 26% 15% 67 2%
Priority Basdd Upon Above Percent 1 2 3 4 5 IIT|Or
Maintengnea Suppert Requirementssy
B, Special Tools & Test Equipment
1. leak Detector X X
2, ¥Fluid-Contairment Deviee X X X
3, WidisWetting Watoer Applicator X
4, Wetnesselevel Sensor X
5, Heat Shield (Ablative) Repair Kit X
6. Master Radiation Survey Meter X
7. Ext, Panel Fastener Removal Tool X X
8, Apsllo-Type Panel Fastener Removal
Tool X X
9. Multimetexr X X
10, Test Leads with Heavy-Duty Probes X X
11, Comnector-Pin Alipmmnt Tool X X
12, Potabla Water Samplexr & Tester X
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for large spacecrakt ool cribﬁ storage and, therefore, not innludedh

in the kit, (4) certain tools may yet require developmant, or may not be
availabla for near-futura démonstr'a.tion, (5) certain kit {tams may be
gatisfied by reapplication of spacial hardware developed for .past spaces~
craft, and (6) kit tools needed to be resolved as soon as possible to
epable kit layout, and detérminations of & powar‘suppl§, electrical inter-
connections, welght computations, ete. .

Efforts were inftlated to evaluate in detail each of the above 1tems
(exeluding Item 6); preparé sketches of conceptual packaging approaches,
and solicit responses from commercial and aerospace suﬁpliers for hard-
ware_configuration and delivery information, and presentations of hérdﬁhre
capabllity. Information and materials relevant to this .activity phase,
ineluding deta transmitted to NASA-MSFC-20 Auguat 1969, were accumulated
and readiad f;r review with NASA-MSFC program technical representatives
in a meeting held at Martin Denver 8«9 September 1969, The meeting pro~
ducad eignificant results; the more significant of‘which wer; directives

for contimuing efforts! :At this point, the anzlysis effort was effectively

_ dipcontinued and emphasis:plagad upon definition of kit contents, con~ .

. ceptunl ‘development of kit configumtiony and prelimindry design of

kit-support aids.: 2

C, Design'gnd FabFleatfbn 4 Following the 8-% Séptember 1969.criteris review,

JEERE N

prograf emphasis wag placdd upon design development of the kit cotifiguration,

f



http:definition.of

!

1

Inherent in this development was the need to include the capability

to parform and support the maintenance tasks desired by NASA-MSFC

for physical,demonstration, Using the analysis data, and MMC recommenda-
tions supplied during the September meeting, NASA.MBFC adviszed that
demongtration procedures would be based upon ﬁerformance of the follow~
ing representative tasks:

1. Removal and replacement of a typical spacecraft mechanical

aystem f£luid pump, -

2; Inplace fault confirmation, and subsequent removal and

raplacement, of & battery charger and regulator module,

3, Inplace fault diagnosis of a commnd-signal type, mamually

operated, rotary switch,

4, Removal ap& replacement of a typieal spacecraft mechanical

gystem pressure regulator valve,

5,  Removal and repiaaément of a typicél spacecraft sysatem,

fluid-line installed, pressure transducer,

By 24 September 1969, speacific kit contents had been resolved,
Certain of the contents xequired further detail definition, however,
before detall development of the kit body could begin, e.g,, styla
and size of the electrical multimeter, type and size of hand-held
electrical lights, and typa and size of the kit mounting boom assembly.
The basic list of resolved contents included ‘

1, Installed oxr Incorporated in Kit

a, Electrical Multimeter (one)




1.

Portabla 1lights (two hand-held, extendible with mounting

provisions),

Tasglk procedures readout device (one, lighted panel),
Tegt probes (compatible with 1.a, above),

Kit mounting boom (ome, foldaway type).

Battery power supply (ona, integral, mockup).

Small spares stowage compartment (one or more).

Large spares mounting panel (one or more),

Astronaut carrying and translation handle (ome, fixed),
Work~shelf~type panel with parts restraint devices (omne).
Tether comection fixtures (two ox more),

Astropmaut and equipment tethers (two or more),

Carried Sr Stored in XKit

a,
b.
c,
d,

e,

',

Serewdrivers (set; includes panel fastener tool).
Pliers (ome).
Crescent wrench (one),
Dingonal wire cuttars (one),
Metal shesrs (one),
Tapé dispenging reels (two).

Safety wire digpenser (one).

General purpeose tle cord digpenser {one),

Loak seal material digpemser (one),

Fluid containment device (one),



k, Mechanical leak seal plugs (set), “

1. General purpose rags (one or more), |

m, Vglero tape fastenar patches (set).

n. FElectricel test leads with clips (two).

3. Carrled or Btored in Sub-kitsg

a, Mechanical

D
2)
)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)

Deep~well socket set (3/8" drive)

Ratchet for socket set (one)

Open~and wrench set

Vise gripe wrench (one)

Allen wrench set

Thread cleaning/deburring tool

Parts retriaver tool

Soft face hammer ¥

Drift punch¥*

Torque wrench®

Leak detector®

Vacuum and pressure sensing and measuring device*
.?ortabla N2 gtorage and spray containex¥®
Window glass cleaner®

Dacontamination kit*

Ablative material kit¥

* Thepe ittems are reserved for sub-kits that could be formlated, but

are not, \"furn:{.ahad as elements of the mochup kit, .

S
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18)
"19)
20)
21)

© 20

Space suif repalr kit#
Electron beam welder¥®

Portable vacuum cleandr¥
Small portable pawef tool kit*

Elapgad time indicator¥

be. Electrical

L
2)

Pin alignment tool (one)

Elactrical Connector tool (one)

3) Wire stripper and crimping tool (ome)

4) Terminal lugs (set)

Wherever poasible, kit elemants were selected and obtained from

quality commercial gources, In certain instances, commercially-avall-

able items were modifiéd to enable use, e,g,, ratchet hanﬂle,'panei

fastener teool and the safety wire dispenser, In these instances,

gervices of an engineering model shop were used for modification

requirements, In the case of functioning equipment, unique solutiona

wera used to circumvent problems of extremely high unit cost and un~

avallability of space qualified hardware, ‘Examples are:

1. The multimeter used was selected for its quality, reasonable

price; package slze, and digital presentation, It is re=-

presentative of a unit desired for this purpose that is also

spaca qualified, A development contract will probably be

* These ltems are reserved for sub~kits that could be formulated, but

are not furmished as elements of the wmockup kit,
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required to scquire a unit compatible with space environmaﬁt.
The two portable lights are mockups of a unit developed

by a f£irm for use on the Apollo Program, This sﬁacific
light, of those presently available, best satisfies the
requiraments of this kit, An operational version of this
lighr is very costly,

The tagk procedures readout device recommended for this

kit is a miecrofilm device developed under another NASA
contract, Due to unit cost, theversi&npravided under

this ;ontract is a mockup, having a lighted panel and
identical physleal diménsions.

A mounting boom that has a telescoping tube capébilit;
is highly recommended for use with the PATK.- Due to
unavailability of an off-the-shelf mounting boom, and’

prohibitive development costs, a non-telescoping ball-

joint type boom assembly was developed for the mockup,

In other instanées, conceptual and éreiiminary designs ware
accomplished to enable definition of the element to be accommodated
by the kit, Examples of this are: portable light mechanical extension
rods, battery power supply mockup, and the astronsut carrying and
translation handle, When kit elements, location-and-volume critical
to kit configufation, ware then preliminary defined, full design-phdse

emphasls was placed upen development of the overall kit comfigurationm,




Design sketches were initially useful to assess varlous kit shapes,

closure openings, handle locations, and mounting boom positions.

Compogition-material mockups were made of certain alements, particu-

larly those having "deep" dimensions, to batter visualize packaging

.approaches,

Attention was given to functional grouping of elements,

end desired presentations to an astropaut in a typical spacecraft,

Pesign criteria of spacial importance to packaging development were

carefully re~evaluated at this point,

1.

Examples are:

10% of the potential tasks will involve extravehicular

activities (EVA),*

One astronaut will manually transport the kit from loca~

tion to location,

The kit shall eagily pass througﬁ a 24-inch diameter

opening,

The kit ghall be sultable for use by an astronaut in the

following environmental modess

8.
b.

<.

"d.

IVA, astronmaut in "shirg-sleeve" uniform,
IVA, astronaut in unpressurized space suilt,
IVA, astronaut in pressurized space sult,

EVA, astronsut in pressurized space suit,

Specialty toolg may be considered being available in modu-

larized, sub-kits that can be attached te the basic kit,

* The reservation of 10% EVA capability was later re-evaluated ﬁy MMC

with a resulting recommendation to NASA-MSFC (sea the 30 September 1969
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monthly report, MCR-69-439) that the kit and associated supplies be
developad for IVA enyiromment only, This approach was mutually

agresd to during the 13 Novewmber 1969 interchange msating.

A number of internal, project-team design reviews were next
held to:review and tradeoff various packaging approaches, To improve
the effecﬁivanass of the reviews plastic foam mockups of each‘major
kit element were produced that ensbled a third-dimenasion, visual
building block procegs, These reviews regulted in adoption of a
packaging configuration that éenerally remained unchangéh. 'iecﬂni-
eal {llustrations of-this configuration were next prepared and,
in conjungtion.with tool~elements~selection and designpefforﬁ-
scheduling information, presented to NASA-MBFC during the formal
7 October 1969 Conceptual Design Review held at MSFC, During this
review, MMC also proposed to deliver & demomstration test panel,
conslsting of a work beard on which maintenance~-task hardware 1s

mounted in an integrated mamney, to facilitate the MSFC-conducted

demongtration tests, NASA-MSFC comments were worked both during and

after the meeting, and necessary adjustments made o the design
configuration, Delivery of the test panel by MMC was formélized,
and integrated with overall pregram schedules,

Upon completion of this review, a fuil detail design effort was.
implemented to acquire all hardware elemehts, finalize kit and sub- |

kit designs, and prepare for fabrication of "build" items. -As the




products of this effork.began to materialize, the MMC ¥rogram Control

Organization established the requirements for a MMU-internal, formal
contract technical review, During this review of 23 October, 1'969,
a.l‘l ggpects of the program wera presented and reviewed, e.g., program
requiremants, program status, budget performance, technical approaches
and hardware dé.ta.ils. }:“ollowing this review and rp;so_lut:ién- of ell aection
1tems, hardware acquisition and kit design continued at an accomplishment
rate compatibla with the 14 November 1969 design completion date,

A formal review of the MMC kit and test panel final das;{.gns was
conducted at NASAMSFC on 13 November 1969, A rumber of demomstration-
test aspects presented by NASA-MSFC were reviewed and discussed, and
resulted in agréements for adjustments to program delivery schedule,

A summary of prbgram a.ctic;ns gnd agreements resulting from 'tiais meat-
ing follows:, - .

1. Prior to hardware delivery, MMC wc:i;ld submit copies of kit
and tea‘t panel electrical schematics for NASA-MEFC safety
reviews,

2. Xit daesign woild be oriented toward 100% IVA involvement,

3, MMC solicitad NABA-MSFC support in obtaining typical zero~
space hardware needed for development and fabrication of
the test panel, .

4, MMC requestad NASBA-MSFC review and comments relative to

NASA desired paint colors and finishes, nameplates and decals,




MMC suggested that the format of the deliverable end item

specification be in general accordance with one previocusly
preparad under Contract NASS-21279 for the "Serpentuator”,
HABA~MSFC agreed to review this apecification and advise
MMc of_acaeptability (the format proved acceptable énd wesg
used for the deliverable specification),

Plans for re@uced-gravity tegting of the kit by NASAMSFC
were presented by NASA test representatives, and discussed

by the meeting panel. The test program was, in general,

_Bcceptable but did introduce a rumber of additional require-

ments:
a, Reduced gra&ity tests of the kit would be performed
at MSFC by NASA, with use of NASA-MSFC faeilities,
b, In support of the NASA-MSFC testing, MMC would pro-
vide the following:
1) Idemtification of the center of gravity of thg
deliverable kit,
2) Kiteincorporated attachment provisions ‘for' NASA~
furnished helium balaqcing bélloons°
3) Singla~-point electrical grounding for the kit and
tagt pansal,
4) Provieions on the tast panal to alloé taestwprogram

attachmant of the kit,
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5) Flaxibility in the design of the test panel to facili-
tate adaptation of the MMC-furnighed test panal to
the HASAnfurnishad test equipmant panal,

6) Technical data ccvering test panel layout and
recommended demonstration-test proéedures to
enaﬁle NASA-MSFC preparation of detalled test pro-
cadures,

7. Because of the additional work requirements, MMC requested
congdderations for extension of the 19 December 1969 hardware
delivery date, Following dipcusslons, it was égreed that
the contractual hardware delivery date would be extended to
23 January 1970. This agreement enabled effective MMC support
of the test program while maintaining delivery of hardwara
within the overall 39-week limitation on total~performance
completion efrcan£:gct, _

Immediately following the f£inal design review, program emphasis

was placed upon f£inal procurement of outstanding items, fabrieation
and assembly of the kit, and design and fabrication of the test panel.
Generally, fabrication and assembly'requirements were aceomplished
within MMC ghop facilities; however, subcontractor services were used
where special capabilitias‘and delivéry time priorities wirranted,
Aerospace standards for paint, finishes, fasteners, identification

<
maxrkings end materiala weré used throughout the kit and exceptioms to
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this.were allowed only where absolutely necessary, e.g., 8 commercial-
atandard plastic iens;raan was uged in the task instructions readout
device to gain the light'diffusion desired for easgy reading., Extensive
uge was made of plastic materials, particularly as a mﬁteri&l for
packaging of hand tools and as a‘ f1ller in small-parts panel. areas,

The fabrication £lexibility, neatness, and tool-retention capability
offered by the plastic materials used significantly enhanced kit
packaging. ‘

Teat panel development was hampered by difficulties experienced
in a;éuiring typleal gpacecraft systems hardware, Design of the
panel was dependent upon hardware that could be made avallable from,
for the most part, surplus inventories, MMC and NASA~MSFC efforts
exerted to scquire sultable hardware‘specimens consumed considerable
tige but did culminate In acquisition that was timely for-the design

and fabricatlion phases,

D, Delivery - Delivery of hardware to NASAFMSFC was effected 26

Jantary 1970, The mstjor hardware elements included in the delivery were:
the basic assembled kit, & functional assembled sub-kit, & non~functional
gub~kit (moclup), a full-size mockup of the Apollo Program color-IV’ |
camara, the assembled test pamel,and carrying cas;s te accommodate,

and provide for safe handling of, the entire set of hardware, Quality
reViGWB\Of hardware during development and upon completion, and deliver-

able data products, were performed by members of the project team and




representativas of the MMC Quality Assurance Organization, under juris-

diction of that specific organization,

Certain data products delivered to NABA-MSFC formally and informally

in advance of hardware delivery were developed in support of MASA~MB¥C
planning to develop a demonstration test program, Appendix C, herein,
deseribes the mctual procedures used by NASA-MSFC to perform demonstra-

tion testing following formal hardware acceptance,
I1I, DELIVERABLE EQUIPMENT INFORMATION

A; 2&2& - The deliverable PATK is basically comprised of a core kit,
a detachable and functional sub-kit, and a detacheble non~functional
sub-kit (refer to Figure I~1l), A general description of the kit and
its elements is provided in Paragraph 3.1.1,.2.3 of the CEL specifica-
tion, Volume IX, A set of drawings applicable to the PATK is provided
in Appendix A, —The drawings reflect actual design of the deliveéable
mockup-version PATK With the exception of two kit elements: (1) a
mounting boom assembly having a telescopic tﬁbe provision is recom~
mendgd for use with the PATK, and is design suggested by drawings
included in Appemdix 4, The mockup-version boom assembly 1s func-.
tionally similar; however, telescoping, lock and arc-movement features
are not provided due to cost considerations; and (2) drawings of the
special Holst and Support Harness (Flgure III-1), used té hoist

and- suspend the PATK during test activities, were not prepared since
the Harness was subcontractor fabricated in accordance with specifi-

cation requirements.



Figure III-1 PATK Hoist and Support Harness



The core kit Ls approximately 16" x 16" x 22", and 18 comprised

of & weld fabricated aluminum structure, to which aluminum frent, bottom
and top doors are hinged., Mounting provisions are available on the
left side fixed panel for attachment of such kits and lrrge sparesy
storage bags for small spares and the main PATK earrying handle are
provided on the right side fixed panel, A mounting boom aggembly is
located in stored position on the backside of the core, It isz both
stored and positionad in its work loeation by one ball-lock pin device
that iz Integral with the boom. Cilrcumferentianl locking devices are
provided on both ende of the boom to facilitate manual positioning
and locking of the beom ball-joint mechanisms.

The two sub-kits are approximately 15" x 15" x 3=-1/4", The
functional sub-kit, containing a slideout drawer and handtools, is
an alumimum sheet fabrication, on the external surfaces of which are
provision for attachmant to the core kit, and attachment of elastic
cords used to hold large spares to the PATK, The non-functional sub-
kit iz a plywood fabrication that incorporates identical exterior
attachment provisiona, The purpose of this sub~kit 1s alwply to
demonstrate add-on capability of the PATK, Elastic cords used in
conjunetion with large spares are storéd within small compartments
under the top aceess cover,

Cperation ~ The PATK is suitable for demonstration with the PATK

rasting on the boom cover or rear panel, or when the PATK is mounted
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to a vertical wall using the meunting boom assembly and counterweight
provisions not furnished ss a part of the kit (Note: PATK must not
be,suspanded from a wall in ig atmosphaere, with the mounting boom
aggembly furnished, without use of counterwelght provisions). The
bottom, front and top covers can be opened without use of tools, using.
the manually-activated latches that are provided, The sub-~kits can
be attachad ox detached'at any time, without use of toolsg, using the
mechanical connections provided, '

The fwo mockup portable lights, located on the front panel
ingide the fromt cover, are attached to flexible electrical cables
that are reel mounted ingide the core kit strueture. The light units
can be manually withdrewa from their atored locatlfons and removed
a walking distance of, 4«6 faest, Flexible metal rods are located
in the two lower corners of the front panel, They will extend approxi-
mately 10 inches and commect to the base fittings on the portable lights,
This feature allows lights to be mounted, and illumination to be
focuged on desired locations, The lights used in this kit are mockup
verslons of a portable electric floodlight developed by Grimes Mami-
facturing Company for the Apollo Progr;ﬁ Lunar Module, ascent ;tage.

A power supply moeckup (red painted, wood block) s located in~
aida the core kit structure to simulate operational~unit installation,
Access to the power supply mockup 1s achieved by opening the top

access door. Configuration and size are based upon computations of




needs and a design selection of 28 VDC nickel-cadmium battery cells,
all of‘which is c;varad on Drawiné RES 31664, Appendix A, To co-
venience mockup demonstrations, all elécérically—powered devicesn
are suitable for use wit1:1 110-120 V AC 60 Hz source supplied from
.any convenience outlet, An electrical connection point 1s provided
on thé reay slde of the cors kit, Interconnecting wiring 1is in~
corporated within the kit, including common-point grounding, that:“‘
involves the following kit alectrical elements:

1. Digital Readout Multimeter

2. Visual Instructions Readout De?ice‘

fhe ﬁnckup PATK incorporates a front-panel mounted digital
" multimetér, An Iinstruction manual covering operation, mainténance
and replacement parts 18 Iincluded as an 1tém of Appendix A. Though
this particular metég will not meet space qualifiéation requirements
nor service AC systems, it 1is representative of what 1g desired of a
space qualified unit (as desecribed in Volume II of this report) in
the areas of: digital readout, panel size and presentation, voluma;
welght, rack mounting capabllity, rotary function/range switch, and
convenlent location of terminal commection points. This multimeter
18 desigped into the kit for operatien from a 110-120 V AC 60 Hz
power source,

The visual instructions readout device in the deliverable kit is

a mockup version of a microfilm storage and display assembly developed
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by the Denver Division of MMC under NASA Contract NAS9-8144, The
physical configuration of the mockup is interchangeable with the
operational unit} however, the mockup version merely simulates partial
operational c;pability. A typical waintenance task readout frame 1s
permanently installed in the lenscreen opening and can be backlighted
by depressing the "POWER" button located on the right side of the
control panel,  The backlighting is turned off by depressing tha
"MOTOR - STOP/CLEAR" button located i{n the same panel avea, The "PUONER"
button switch is also lighted by four Wo, 327 lawps that are powared
by outlet power through an intarnal stepdowu tvansformay aud a lateh-
ing relay, Two 110~120 ¥V AC 60 Hz 6~watt lamps, having screw thread
bases, are located under the lenscreen to provide lightiﬁg of the
tagk frame, Access to any of the interlor hardware for éhecks,
repairs or replacements ié accomplisghed by removing the top lenscreen
cover (or flange)., To facilitate demonstration of the operational
Microfilm Storage and Digplay Assembly, MMC has prepared & 16 mm
color and sound f£ilm for delivery to NASA-MSFC under this contract
that provides approximately 4500 frames of film covering oparational
demonstration (delivered as an item of Appendix A), In addition,
the top aassemhly drawing for the Microfilm Storage and Display Assemhly
is provided as an ltem of Appendix A,

The PATK color and paint scheme ig primerily besed upon use

of- two colors, medium and dark blue, All exterior painted surfaces,




excluding plastic and commercial-product finishes, were subjected
to zinc chromate priming (using MMC Standard MMSK3l4, Finish Coat
225), and finish coats of blue using the following commarcially-
available paint:
1. Sherwin-Williams KEM LUSTRAL Industrial Enamel,
F68LQ37 (Medium Blue), Blended for 50% gloss level.
2. Sherwin-Williams KEM LUSTRAL Industrial Enamel,
F681Q57 (Dark Blue), blended for 50% gloss level,
The paint used on the front panel of the moclup Microfilm
Btorage and Display Assembly is Fed-8td-595 No, 26492 Gray, semi-
gloss oll base enamel, Finlgh 648, TTE529B, and 18 available through

commercial paint suppliers,

B, [Test Panmel ~ The deliverable test panel is basically comprised
of a 24" x 36" x 3/4" plywood mounting board, on which ‘are mounted
a number of integrated hardware elements u;ed to demongtrate capability
of the PATK, and convenience carrying handles and a mounting plate
for attachment of the PATK, A frontal presentation of the test
panel isg provided by Figure III-1.
The test panel mounting board i1s surface finished with white
oil~base enamel, over which gray paint has been usad to similate
wall and floor, spacecraft-type grid plate, A triangularly-shaped

doubler plate is located in the lower lefthand cormer, with three
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mounting holes, for'attachment of the PATK using the mounting
boom assembly,

An array of mechanical hardware elements is located on the
panel for demonstration purposes., Major elements are: a 1-5/8"

0.D. metallic hose with Marman clamp end conn;ctions, a sample

fluid pump, a pressurc tranasducer, an Imperial shutoff valve, a
Republic shutoff valve, 8 pressure switch, a pressure regulator

valve, and interconnecting tubing and fittings, The ﬁechanical
subsystem is not active, and has beén primarily developed for
demonstration of remove-and-replace maintenance tasks using tools "~
and supplieg provi&ed by the PATK.

Two electrical components arc also located on the panel for
demonstration purposes: a simulated battery regulator and charger,
and an electrical test panel, Interconnecting cabling is provided
between the two components, Some active circu#try exlsts within these
components for task-demonstration purposes and is schematically presented by
MMC Drawing RES 31690 (see Appendix A). Within the active circuitry,
monitor jacks, a rotary switch containing a built-in malfunctioning
part (a reslstor), a dry cell battery, a potentiometer, and active

interconnecting wiring are avallable to perform a number of demonstra-

tion tasks.
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Table IIL provides a list of suggested demonstration tasks,
using this specific teét panel and the PATK, that were informally

transmitted to NASA-MBFC at an earlier program date.




Table III, page 1

Table YILL  Suggested Demonstration Task Procedures

Removal and Replacement of the Fluid Pump

Ho

e’

Tesgt Kit installed on pansl at point "A" and both front and
bottom doors and sub-kit open,

Remove upper fitting mut from pump (use cpen end wrench),
Remove lower fitting mut from pump (use open end wrench),
Remove four (4) muts and lock washer holding pump to mounting
pad (use open end wrench), Place nmuts and washer on bottom
door captive devica.- Place pump on bottom door,

Reinstall pump using reversea procedure,

Removal snd Replacement of the Preasure Switch

e

f.

Remove safety wire with diagonal cutters and place removed wire
on bottom panel captive device, |

Remove electrical comnectors (using commector wrench),
Unscreﬁ_;;itch from tee fitting in line using open end wrenches.
Place switch on bottom panel,

Take spare from small spares storage bag and screw into tee
fitting (using open end wrench), re-safety wire (uaing wire
supply and pliers), and re-conmect electrical lead (using

connector wrench),

Place removed prassure switch Iin storage bag,

Removal and Replacement of a Valve

=

Remove fitting nuts from valve using open end wrench.
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Table LIT Suggested Demonstration Task Procedures {(Cont)

b,

e,

Remove tweo (é) nuts and lock washers holding valve to mounting
pad and store on bottom door captive device (use open end
wrendh)"

Remove valve and place on bottom door,

Take spare valve from storage bag and install on mounting pad
using reverse procedure, : b

Place removed valve in storage bag.

Inplace Test of Switch (4in Test Panel)

a,

ba

£,

Conpact test probes from multimeter to Test Penel,

Use rotary switch to vary veltage to éemonstrate miltimeter,
Ona bad reading will ocecur,

Uge screw driver to open panel,

Use tasé probes to check-continulty across switeh terminals
to find bad eircuit,

Use jumper wires to remedy cireuilt and verify by reading
miltimetar,

Regtore to normal,

Inplace Adjustment and Removal of the Battery Regulatoxr

B

Remove all electrical comnectors (using commector wrench),
Connect test probes from multimeter to regulatoer,

Adjust voltage with screw driver at test point on regulaéor.
Remove four (4) screws and lock washer using socket and ratchet.

Place nuts and washer on bottom cover captive devices, Attach
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Table IXI  Suggested Demonstration Task Procedures (Cont)

regulator on iarée spare storage side of gub~kit using elastic

cords,

e, Reingtell regulator using reverse procedure,

o



v,  CONCLUSIONS AND RECOMMENDATTIONS

A, Conc}uaions - Tﬁis program waé egpecially noteworth§‘in that: it
elevated an aspect of gpace maintepance from the conmceptual to the
reality lavei. Conslderable information is available that covers needs
for toolé,ldavalopment of special tools, and testing of specific tools,
This program endeavored to span a multftude of studies.and specialty

development contracts to produce a physical set. of tools capable of

damonstraiing a large nunmber of useful tasgks.in a spacecraft environ-

ment, Avallability of an integrated set of space~useful tools paves
the way for subsequent mctivities such as: demonstration of tool merits
and limitations, asgessment of fool adequacies in space~similation
facilities, practicality of applying such tools to basic system-restora
tasks, develobment of improved usage tools, identification of other
tools for first-level maintenance tasks not presently included in the
kit, astronaut agsessment of the kit and tools, and application of
the basle kit to a spacific space program,

Annlysis, design and fabrication phases of this program were effective
in sigpifying state-of~the-art lag and apparent development greas, Examples

are:

1, Bpace Compatible Materials -~ Avallable selectfon ligts saricusly

handicaﬁ design and induce high-cost~level materials procura-
went, Updated materials information is badly needed, as well

as development of new space~compatible materials,
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Space Design Standards - Standards for materials, finighes,

human factors constraints, f{llumination levels, color coding,

fastener hardware, translation mids, tethers and restraint

alds, ete,, are presently fragmentari, out-of-date, or

difficult to obtain,

Historical Data ~ Data of benefit to programg such as this,

e.8., FMEA, mission records, crew debriefing, maintenance
reportsj and that 1s current and equipment relevant is
dtfficult to obtain, particularly where it is appligable

fo recent ox current programsz, If detailed data cannot be
made available in a timely manner, statistieal-form summary

Information would be beneﬁicial,

B, Recommendationms ~ A numbar of program-type and hardware-oriented

recommendations have resulted from this program, Reacommendations of

major importance are:

L.

Continued Space Maintenance Work - It is strongly recommended

that development work oriented toward achieving a space
maintenance acceptance and capablility contime, Development

work 1g needed, and program-pecullar capebilities should be

defined:
&, Development Work Xtems

1) Digital Readout Multimater ~ A space-~qualified veraion

should be congidered for development., Studies ghould
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3)

also ba performed to determine the most affective

' multimétarsgonfiguration for early-mission use,

l.e., perhaps 2 more standard readout device with
lighted panel is an optimum golution, The MMC
also recommends that further development of this
PATK might consider removal of the multimaéer fr&m
the cére‘kit and Iintegration of it with an‘elactri—
cal~tagk sub-kit, Tﬂia mighE ethance early apécé
qualification of a basic kit, and also add the
multimeter to a smaller-size kit readily adaptable
to bench-~level maintenance, .

Visurl Instructions Readout Device ~ Space-qualified

verﬁions should be located, 1if available, and assessed
for near-future space applications, If investigation
reveals a lack of developed capability, development

of sultable readout devices should be considered.

This item, like the multimeter above, cen present
problema in the areas of non—outgaséing and non-
flammability,

Portable Iights - Studies are neaded to determine

realistic {llumination requirements for astromauts
performing space maintenance tasks at all applicable

levels of maintenance, i,e,, first, second and possibly



4)

5)

6)

third. Development of suiltable light devices iz

also neadad, As earlier cited, the PATK provides

a mockup of a portable light developed for cabin use
on the Apollo Programj this light would probably
raquire enlarging for uses projected within this
report, - l

Emoergency Fluid Contaimment Device -~ Techniques and

hardware devices are needed to cope with migcellan~
eous and varying-rate fluid system leaks, A capa~
bility to lsolate, package and drain off leaking

fluids while minlmizing or elimin‘a.ting eabin atmosphere
contamination 1s sought, Hérdware developed for this
purpose should algo emable "£ix" of the lemk by inplace
:;e:p.air or replacement tec;ﬁniques.

Leak Seal Handtool and Puncture Seals - Techmiques

and hardware devices are also needed to remedy joint
leaks In gaseous and f£fluild systems (e,g., by use of &
"contained" sealant applicator), and patch small hole

penetrations in pressure veasels, spacecraft hulls, ete,

" The PATK provides suggested solution methods that

require follow-on development,

Lesk Detection Device ~ A survey should Bé performed

of available hardware, aad current research and
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10)

development of techniques, used to gense and provide

fgolation of fluid and gaseous system leaks, Space
qualification and effectiveness of such hardware
may necegsltate further development,

Bpace Tool Heldar = Purther vesearch and devélop;

ment are needed to define & holder for tools that ]
will "house' the tools, restrain them through launch

environment, and make them readily available for

' checkout and one~handed operations,

Space Work Bench ~ A survey should be performed to

determine status and availability of hardware suitable

for use ag a spacé workbench, Proérams such as the

Space Station suggest a pead for second and third-level
maintenance capabilities that necegsitate use of a special

bench,

Ablative Material Repalr XKit -~ Matarials and techniques
to enable space raepair or replacement of ablative '
material reglons are deservant of early-development
consilderation, particularly with the advent of fong~-
term missions and space shuttles,

PATK Subwkits - Sub=kits, as suggested and developed

by this program, are ideally sulted to packaging of

hardware needed to perform specific categories of apace
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maiﬁtenahca. A single kit might be developed, for
exampla, to provide -total mission capability to sniff,
igolate éﬁd reﬁair ] leaking thermal control system,
It 1ig also'recommaﬁded théé space tools daveloped
undar NASA Contract NAS8-25067 for space repalr of
propulsion systems be considered as ca;didétés for
an‘addnon.sub-kit that could be demonstrated uging

the tagk panel also generated b} that contract.

b, Special Study and Development Items

1) PBATK for Apollo Program - Investigations should be .

perfofmed to determine feasibility of apﬁlying a

smaller configuration of the PATK to the on~going

Apollo Program that provides basic toola plus alements
oriented to the program! s oparations; e,8,, vacuum
cleaning aquiément, leak sealing hardware and procedures,
and 1eaking~fluid»containmepé provisions, A sub-kit
approééh might be c;nsiderad'to provide support for
lunar and orbital operations when in varying space
system configurations,

PATK for AAP and Space Station ~ Work should be performed

to effect application of a maintemance kit mnd capability
to the second-generation, AAP, cluster configﬁration;

and the Spaca Station, Definltion of a kit should be




accomplished in consonance with developing main-
tenance concapts for space maintenance at the
first, second and third levels, and adoption of

system-wide checkout capabilities,
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APPENDIX A

DESIGN DRAWINGS

Martin Marietta Corp,

Drawlng Number Sheet Title
RES 31650 : Portable Astronauts Test Kit
RES‘ 31651 Main Frame ‘Is_omatric
RES 31652 1 Main Frame
2 Plate, Pivot, Front Door Hinge
RES 31653 1 Front Door Asgembly
2 Tool Installation Front Door
RES 31654 Fnd Panel - Right
ﬁES 31655 1 Top Panel
; 2 Top Panel, Hinga Details
; . 3 Top Panel, Latch Details
RES 31656 1 Bottom Panel
; 2 Bottom Panel ﬁetéils
; 3 Bottom Panel Detaills
_I}ES 31657 . L Tool Installation, Sub, Kit Core
2 ;Iool Installation, Sub Kit Core
1}33 31658 1 Cage Assembly, Sub Kit
i 2 Cape Asgembly, Sub Kit
] : 3 Case Assembly, Sub Kit
?ES 31659 1 Front Panel Aspembly
! 2 Bracket Asgembly
i

3 Frame ~ Retaining




Martin Marietta Corp.
Drawing Numberé

* 31660

31661
31662 -

© 31663

31664
31680
31681
31682
31683
31684
31685
31686
484013000
484013110

484013120

484013130
484013140

Sheet

Title.

3

Meter Bezél
Slide Tube Assembly

Front Panel Insert

Portable Light - Flex Arm Assembly
Bottom Plate

End Panel - Left

Tegher

Test Kit Battery

Telescopic Boom Assembly

Plate, Mounting, Telescopic Boom
Seat, Locking, Telescopic Boom
Seat, Ball, Telescopic Boom )
Tube, Telescopic Boom

Ball, Telescopic Boom

Anchor Plate Assembly, Telescopic Boom
Boom Asgembly

Handleé, Telescopic Adj.

Lever, Telescopilc Adj.

Locking Pin, Telescopic Adj.

Bolt Assy. Special
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Martib Marietta Corp.
Drawing Number Sheet

+

670509714 1 ¢

‘No number

RES31690 - 1

RES31690 . 2
i

RESB1E63

Title

Fairchild Instrumentation
Instruction Manual for Model
7050 Digital Multimeter (one
copy hand delivered to NASA-MSFC
under this contract),.

One roll of lémm sound and color
movie £ilm covering the MMC
Denver Division Microfilm
Storage and Dieplay Unit (one
£film roll hand delivered to
NASA-MSFC under this contract).
Produced by the MMC Denver
Division,

Test Panel Assembly

Tegt Panel Electriecal Schematic

Teat Kit Eleet, Schematic
<



DENVER
DIVISIOoN

- MARTIN MARIETTA

A-5

RES 31659 —

RES 31657, 8

T res 31651, 2

“NRES 31654

RES31650

PORTABLE ASTRONAUTS TEST KIT
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B-2
Tabie B-I Inflight Maintenance Requirements ’

Contraect: WASE~24296 . Date; 7~31-69
. Fail, |Maint, |Zquip. Maintenaneg Task Requirements .
Subaysten/Equipment Rate | Critie. | Repair- Maint, | Complex ’ orm;engts

{Per Category| ability Type Degeription Time Index Support Provisions .

106 o 1 9 4 References
A, ENVIRONMENTAIL COHTROI (ECS)
A1 Life Support

i, Quick Discommect - MDA 5 1L . Fair | Unsch | One crewman must attempt phyafcal dis- 8 Hrf 1 Visual isclation; mopitoring not required,| L, 10M30890-B
Find No,E200L ~ Faile . copneciion of coupling, MDA docking or "I ow System metivation provides reteat, Tools 2, EDZ002-850-1
to Disconnect, tunne! maist be pressurized, Vented, full | 1,5 Hr] 2 thet may be required inel, open-end wren-

pregsure IVA suit used, Tupnel entry made chesg, large cresceat wrerch, screwdrivers,
frem CM side, Assumed fallure mode: pliers, drift punch, seft face hamwmer,
fails to disconnect, If physical dis- portable light, parts holder and zpare
conneetion camnot be effected, disassem- paris stowage provision. Ope apare E£2001
bly or replacement dctions may be QDIB assy. should be gpared, Simple
necessaTy, instructions needed; no supplies required,

h. 02 &Nz Fiiter -~ CM Find 1 ITI Fair | Sch One crewvmen performs time scheduled BHr 1 Teold inel, screwdriver, open-end I, 10M30899=1
Na, E5111 - Clogged replacement of filter element, Shutoff wrenaches, portable light, parts holder, 2, 88~3414

" b vaives provide system lsolation, Pep= and spare parts stowage, One spare ele- 3, ED2002-756
formed in preas, portion of CM, Access ment required. No inmstructions or supplies
panel removal required, are needed, Post=maint, test not required,

¢, Cabin Press, Traneducer - 1.0 IIT Good | Unach | One crewmdr replaces transducer, Ilsola- 1.OHe{ 2 Elect disconnect or short each of two 1. 10M30899-1
MDA Fipd No, E2065 - Mech, tion needed to diztinguish between XDCRYs to fsolate faulty one. Replace 2, 553414
Feilure, Ervoneous Outpuk, faulty and beclup XDCR, Performed in using wire cutters, pliers, ratchet & 3. ED2002~756

preasurized dtmosphere, socket set, parts holder, porteble Llight
and gpare parts -stowage-prevision, One
apare neaded, no supplies, and simple
instructions.

d, Cabin Ventilation Fan - 8.3 ILL Good | Unsch | One crewmsn replaces chbvicualy failed .8 Hrf 1 Taola inel, serewdriver, wire cutters, 1, I0M3089%9.1
AM & MDA Find Nols, fan, Reactivate elect, cireult to retest, pliers, box-end wrenches, ratchet and 2. S8-3414
E2016 & EL255 = Fails Performed In prass, atmosphere, socket set,parts holder, portable 3, ED2002~755
to Opexate, light & spare parts stowage, One spare 4, ED2002-850-1

- needed, no supplies, and simple instruc- 5. Apollo § and
tiong. 9 Fallure

e, Flexible Ventilation 1.0 11T Falr | Unsch | Ope exewman effects ipplace wepair, .8 Hx| 1 Teols inel, .glass mending tepe, porteble 1, 10M3089%9-1
Duck ~ MDA Find No'e, Equip, shubdown may be unnecessary, light, supplies stowage provislon, Mo 2, §5-3414
E2019, ®2067 = Accidental Legk isolation effected viawalily, inatructions or post mdint, test needed, 3. ED2002-756
Tear or Puneture, Performed in press atmoapherve, ' 4, ED2002-B850-1

£, G, Press, Reg. Asey. ~ CM. 6,0 Ix Falr (Unsch | One crewman effects replacement, E5126 CGol 1.5 Hr] 3 Tools inel., open and box-end wrenches, 1. 1(M30899-1
Find Nols. 5125 & H5140 flow XDCR asslets fault i_sula.tion plug docket, & ratchet set, lLeak detector, . 2, 85-3414
Tails Clu;ed (Ko Output) shutoff valves. S0Vis also enable portable light, parts holder, spare assy. 3, ED2002~.756

* physical isolation of reg, assy's, for stowage provialon. One spare and detailed | 4, ED2002-850-1
replacement actlons, Performed in press inskructions neaded,
atmosphere,

g. MOL Sieve Inlet Solids 0.1 IIL Good |TUnsch | One crewman replaces trap in response SHe| 1 Tools inel, serewdriver, socket & 1, 10M30899-1
Trap ~ STS Find Ho, F112% - ko E1228 delts ¥ XDCR {ndication, No ratchet get, porteble Light, parts holder | 2. §8-3414
Prohibits Flow, phyaiesl isolation problem. Performed and spare parts stowage.provieion. One 3, ED2002-756

o \ in press, stmosphere, spare, no supplies and no instructions. 4. ED2002-~850-1
LU TRAT
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Table B-1 Inflight Maintenance Requirements

B-3

Contracts: NAS8-24206 Date: 7-31-69
FailuréMaint, Equip, Maintenance Task Requirements - c
Rate [Critic. |Repair- Maint. | Gomplex. omm:nts
Subsystem/Equipment (Pexr [Category|ability| Type Description Time | Index ! Support Provisions an
106 Ay 1 2 g | 4 ) References
' H i .
A,1 Tdfe Support 4.0 Ib Fair | Unsch | One crewman attempt inplace repair, If | 1.5 Hr ; 3 . Open & Box~end wrenches socket & ratchet, | 1, 10M30899-3
h, gzbinVP:{ess. ﬁléifd& ;emedies do nué:B';iéx" ,bieplacemenFern;y : i i'gemporary cabinbljn.z:eii, hPlus a;::.'a.ll:.1 is&k g 153222252850-1
mp Valve - T 2 Necessary. cavin press, i ¢ detector, portable ght, parts holder, . -
Wo, ®3300 ~ Fails. closed, signifies high pressure, Phyalesl i . spare assy, stowsge provision. Cme apaxre, | 4. ED2002-756
leolation of valve is good and faclli- T * new peals, and detalled instructionas :
tates maint, actlons. Reactivate gystem ! : ' needed.
for test, Pressurized cabin atmosphare, l ;
- I - : | '
i. Waste Water Tank -~ CM 0,5 11T Good | Unsch [ Ope crewman attempt inplace vepair, v L0 He ; 2 | Glass mending tepe, porteblé light, | Same
Find No, E5400 ~ Small ext, Water in cabin atmosphere signifies : i supplies stowage provisiorn, foam spray
leak, leak, Performed in ecabin atmoephere, , i sealer, leak detector, instructions
: é needed, | :
j. Waste Mansgement System 3.0 IiI Good | Unsch | Ssme asz A,1,d, above, . 1.0 Hri' 2 §Same as A,1.d, above. . Bame
Blower - CM Find Wo, 14,1 - : i :
faila to operate. 1
: :
A2 Thermal Control . : ' :
2, Glycol Diverter Valve - 5,0 IT Fair | Unsch | One crewman effects veplacement, E5250 | 1.8 HrJ 3 {8ame as A 1,£, above, plus fluid contain- . Same
CM Find Mo, E5219 - temp, control valve and emp. senacrs : : imenl: device, )
fails closed. in 8M and temp, transducer in CM emable - { : :
isolation of fault, S0V's emable physi- | ! 3 -
eal isolation for eireult disassembly, ° : .
Reactlvate system for test. Pressurized | 3 ';
cebin aimosphere, : : :
i : :
b. Glycol Pump (primary) -~ Paxt | 20,0 IIZ Fair | Unsch |One crewman effects repairs of sssy, by ! 2.0 Hr, 3 “iSame as A.1.f, above, plus wire cutters, : Same
of CM find Wo, E52L7 pump replaclng faulby pump, E2576 press, E \ ipliers and fluid containment device,
assy, - falls to start XDOR useful to detection and Isolation. ! ;
or run, Secondary glycol system gctivated during i :
repair cycle, Remctivabe system for test,: !
preasurized cabin etmosphere. { i
¢, Cabin Alr Recirculation 8.3 IIT Geod | Unsch | Same asz A,Ll.d 1.. 3 Hr 2 Bame as A, 1.d, above Same
Blower -~ CM Find Mo, E5401 - } i
cfails to operate, t ] .
. i
: :
d, Cabin Temp, Control Valve - 6,0 ¥ Falr | Unsch | Same as A.2,a ; L.§ Hr 3 ‘Bame 2s A.1.%, above, plus wire curters, ; Same
j > l
CM Find No, E5255 -~ { H Ppliers and fluld contalnment device, .
fails closed. ; i i
{ i Z61d T
| | | FOLBBYT Fraye 2"
| | ;
1
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Table B-I Inflight Maintenance Requirements

B-4

Contract: .. Datei 8-7=6%
Fail, [Maint, {Equip. Mainitenance Task Recuirements X o
Rate |Critie, {Repaiz= Malnt. |Compled] v
Subsystem/Equipment (Fer  |Category|ability| Type Desexipsion [Time  |Pndex Support Provisioas an
106 1) 1 o 3 4 L References
A, ENVIRONMENTAL CONTROL
AL Life Support
e, Compreseor - AM Part Wo, 14,8 Il ¥elr |Unach | Perform remove/raplace of inoperative 1.8 Oxy 2 Sgcket: & ratchet set, apen & box-end 1. 85-3414
52.83700-419, Compressor compragsor, Fartial system shubdown . wrenches, wire cutters, pliers, screw= 2, AM Degign
Inoperdtive, required; alt, operation capability driver, tool and spare part holder, perts Data Book
existe. Ferform im cabin gtmoaphere, holder, detailed inetructions and a 3. 10M30899-3
Use gystem sensing & readout devices 5,15 1b, spare part (MDAC recommends
to yarify aystem rastoration, one flizhi spare),
. - i
1. Hydregen Ggs RBemoval Equip. = }10,0 b Good | Sch Perform periedic tesk te cbtain and Sch, = Water sempling container and analysis 1. Apolloe 10
CM = Failas to Work. Lack of chemically analyze samples of potable 0,5 Hr 1 tester, bullt~in valve device to obtain Failure
Backup Equip, to Detect Level water supply. Replace, on as-necessdry Tnsch safple, or huili-in water filter, e.g., Report,
of, and Remove, Fuel-Cell- busig, - device uged to remove hydrogen 0.3 Hr silver palladium, to remove gas as it 2. 10M30899-B

Generated Hydrogen Gas from
Crew's Potable Water Can Lead
to Sexrdous Crew Discomfort.

zag from potable witer,

leaves fuel cell, Spare gas-rTemoval device,

e.g.y hand-h:elé apinning device, Lf
#pplicable, - - . R

FOLDOUT FRAME \
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Table B-T Tnflight Haintenance Requirements

B-5

Contxact: NAS8-24295 Date: 7=31-690
FoilurgMaint, |Equip. Maintenance Task Requirements e
Bate ]Oritic, |Repair- Meint, [Complox _ °“”;§§t5
Subsysten/Equipment ]_E)%el?r , Gategoiy abiligy Type Degeriphion Time s Indexd Support Provisions References
A, 2 THERMAY, CONTROL -
e, Suit Cooling Heat Ewchr - 2,0 III Good | Sch Perlodically check wet status of wicks 0.5 Ar 1 Screwdriver, socket and xatchet set, 1, 10M30899-E
AM Find No*a, ELO18 & E1019 and zpply H,0 as necessary or replace portable light, H,0 spray~type applicacor, | 2, Apello 10
wicks, Presgurized cabin atmosphere, parts and supplied holder, wetness senserx, Fallure
Simple ipstrctions, no monltor, apd no Reports
retest requirements, 3, Ep2002-756
£. CGold Plate Commectors 0.5 I Poor |[Unasch | Une crewmsn perform pressurized EVA,. 1.3 Hr 3 Serewdrivery pliers, socket and ratchet Same
{Ffittings) = ATH Find Ho, external task to repalr ledk source, get, -open and box~end wrenches, leak
EACL8 {&ypical) ~ External Diff press EDCR E4061 senses lealk, gealant, or tape, fluild conteiament device
Legkage. Visual check required ta isolate lealk, and parts, supplies holder, portable light
80VYs E4042/E4045 apd CV's E4006 enable and leak detector, Detailed inatructioms,
clreuit disaasembly, Remctivate system ‘remote monitoring and eireuit activabtibn
and perform vlaual check for pest-mmint. Tatest arve required,
tesi.
g. Thermal Fluid Fltker - 0,5 IT Poor §Unsch | One crewmdn perform pressurized EVA ext, | 1.0 Hr 2 Same as A,lL.g., plus fluid contalnment Same
ATM Find No, E4004 - Clogged, § task to remove and replace fltter ele- device and leak detectox. .
ment, Pregsure XDCRFs in clreult sense -
problem, Backup pressure oato CVhs
EAQ06/ 7 should show on Diff, Press, )
. XDCRAs E4073 and E4074 so that fifter
fault i determined, Reactdvate and
readout system for post-maini. test.
B, INSTRUMENTATTION &
COMMUNICATTON i : - R
B.l Pressure Transducers = CSM 1,0 Ih Poor | Unseh | Quantity zeges on CSD panels signify 1.3 Hr 3 Glass mending tdape, leak sealant, micro- 1. 10M30899-5
ME449~0052 Moniters (in vaxi- [ loea of supplies, Failure also detected gcope, portable light, supplies holder, 2, 55-3414
ous appliceilong), Fxcessive ' by ground via telemetry. Crew tasks ip- lesk detector, detailed instructions. 3. 8D68~926-19
Legkege Due to Weld Failure, volve both IVA & EVA gnd leak repalr,
EOLDOLIT s ! . ) EQLpay s P W
=y n ‘l—‘uuul rrU'\ME L’a—

L ¥ O ‘




Table B-I Inflight Maintenance Requirements 7 " B-6

Contract: NASB-242%6 . . Dates B-4-59
Fallurel Maint, quip, Maintenance Task Requirements i a e
Rate | Critfc. [Repair- Yaint, | Compiek T Wiﬁ &
Subsysten/Fquipment ggx_'ﬁr) Gategol ilit:g Type Deseription . Time . Index4 Support Provisions References
B, INSTRUMENTATTON AND
COMMUNTCATTON - R i i
B.2 Radiskion Survey Meter = .0 4 Ib Good Sch Pericdic check performed, wing master 1005 Hr 1 Master comparative meter, continuity 1. Sb68-926-19
G8M RFB~0OP~d~2-~001 (Used comparative meter, Performed in cabin tester, acrewdriver, socket & ratchet 2. 88=3414
a3 Radiation.Indicator for atmosphera, - aet, pliers, tool holder, and brief-
Space Crew) = Shoxt, Open or instructions,
Out of Tolerance.
B, 3 VHF/FY Transmitter Switch - 1.0 It Falxr Ungech § One crewmin confirm and locate falled 0,8 Bz 2 Sarewdriver, contimity tester, socket &. {1, SDG8-926-6
Q8 - No Output, ltem, Detected by crew as logs of IM/ATM ratchet set, tool holder and -brisf 2, MI17,540
. ) control, Alternafe operation ezpability - inatructions, wire cutters, wire stripper,
not avallable, Performed in cabin atmos— crimping tool and terminsl kit. Spare
phere, Tagk involves rsmoval/replacement switch with lug festeners.
of failed switch,
B.4 S«Band Omni Antennas CSM . ig Eoor Unsach ] One crewman perform EVA to confirm and - {2.5 Hr 3 Heat shield® repair kit, tether, kit and 1. SD68-926-6
ME481~0048-0001~Physieal . assess heat shileld damage. Perform emer- supplies holder, task insgtructions for
Destruetion of Quartz Rod . . geney wrepalz, 1f posaible, to restore other crew mewmbers to read from and
Due to Vibration Causing . thermal balance and ensure safe re- moritor task, visual moaitoring device,
Hole in Heat Shield and . entry, Aasume and pextable light (*eat shield ablative
Loss of Thermal Control, matexial),
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Table B-1 Inflight Mzintenance Requirements - - . R B-7
Contraet: NASB.24296 ) - ) . L. ! . Date: B8-7-69
j?ai_i;' Moint, [Equip. Mapintenance Task Requirements ! Commenta .
Rate | Gritie, [Repdir- Maint_ | Comple ) . and
Subsystem/Zguipment (Paw | Categ ility | Type " Description . Time Tndex Support Provislons . Refarenceg
1e° ") 1 ) - 3 4
E., ELECTRICAL POWER & DISTRIBUTION , . . R
E,1 Nickle-Cadmium Battery - ' Iz Good | Ungch | Remove/replace inoperative cell modules,. { 1.8 Hxl 2 Bocket & ratchet set, wire cutters, pliers,{ 1. AM Degign
AM (comprises 30 seriea - h Solar array provides daytime baclup : parts hdlder, portable light, apare parts . Deta Book
conneeted nickel-cadmium- . . - capabllisy, EVA required by task, System stowage, spare cell module, and brief . 2. M=BE-31
sealed cells)., Fatlure mode: provides detection-and checkout provis— inatructions used by other crewmen, TV or
call shorteut. lons, . . vyisuel monitoring required, Use system
- . : for poat-malnt, ‘kest, Tethering & crewman
i \ restréint equip, required,
\ | 1 .
E.2 Fuel Gell = GSM - No voltage §.. | ity Poor | Unsch | Remove/raplace inoperstive cell, EVA 2,38 3 8M panel-fastener removal tool, sarew- 1. SD68=926-15
‘ cutput - possible contamina~ ) - . required en Apollo, System provides driver, wire cutters, pliers, crewman 2, M-68-21
tion of S/C water. - detection, isolation &nd postemaing, restraint equip,, openvend wranches, - i}
‘ l . checkout provisions, socket & ratchet set, parts holder,
| ’ : portable ‘light,: spare parts stowage,
| spare fuel cell, visual monitoring, fiuid-
contaipment device, Use s:rst:em for post-
maintenance test
N - | .
E,3 Circuit Bresker - GSM ~ 0.5 IiT Fairx | Unach ! Remove/replace defective bresker. Fall- | 1.8 Hrj 2 5M panel-fastener removal tool, screws 1. SD63-926-15
Fual Gell Pump & Fan- - . ure detectable by erew. System provides driver, wire cutters, pliers, crewman 2. WMIT-HDBE-217
fail open cauging loas of - - post~maint. test capabllity, EVA ) resktraint equip., combilnation wrench 3, SMZA-03~
one fuel cell & inability - required on Apollo, set, -parts holder, partable light, spare Block IT
to select AC bua, ) - ) . part stowage, spare.C,B,, visual monitor- (AAP 1932)
- 1 ing. R
E,4 Buck-type Battery Chargex { 111 Feir { Unsch | Perform inplace tests of Input and out- _{ 2,0 Hr{ 3 Combination wrepnch set, wire cutters, .1, AMDesign '
Regulekoxr, AM, Failuze put voltage/current valves, using both’ | pliers, detalled instructidns, crew . Datd Bock
Mode: charging current : i amp=hour meter and astrondud switch . restraint equip , portable light, mltd-
output too high, induced commands, If connections are meter, test “éads with heavy-duty probed,
. faulty perform inplace: repairi if regu-- plp=alignment tocl, visual monitoring, .
lator is faulty, perform xamove/replace - parts holder, apare parit stowage, spare regl .
action, EVA required, System provides ' oL . : ) B
. i N peat-maint, checkout ecapability, + ’ ) . - _
E.5 Charger, Batiery, & Regula- ITT Falr | Unsch | Same as E.4, shove, incl, EVA, 2.5 Hr] 3 .1 Same as E,4, above, 1. MSFC-Man-
tor Module, ATH, Fallure Modes - - ! ] -00L-A%
Frratlic and out~ocf-tolerance i .
OQutpui, 3
E,6 Rotary Switch (Selector for 1.0 iI Falr | Unsch | Crewmen able to visually detect & 1aolatei 0.8 Hrl 2 Screwdri\rer,'alflen wrench, socket & ratchet{ 1, MIL-HDBE-217A
Battery Chargimg: CH Item fault using system C&) equipment, Alfer- set, continuity£ tester, teol holder, 2, SM2A-03=Tlock
G272=24203528), Fallure X nate operstional capability not available, brief instructibns, wire cutters, wire II (AAP #1932
Modey Fail Open, Recommend remove/replace task in cabin stripper, crimper tool and thermal kit, - [ 3, 8D6B-926-15
atmogphere or scross-terminal jumpering - apere switch with Jug fasteners, clip
for more exigent response. .- . type test (Jumper) leads,
] : - | } FOLDOUT. e
- VST FRAME D

FOLDDUT P RAWE l\




- Table-B~T Inflight Maintenence Requivements ’ - ) i B-8
. Contrect: NAS8-24296 Date: 8-L5-69

allure] Matnt, |Equip. . Mainpenance Task Requirementsa !
te Critic, |Repaly- Maine, |Comples : Conmente

Subsystem/Equipmeni (P%r, Category} abilicy Type Deseription Time Index Suppgrt Provisiona and

_ _ 102 He) 1 2 . - 3 4 ‘ References
B, ELECTRICAI. POWER &

DISTRIBUTLION . ’ A

E,7 Motor Switeh, IM/ATM ~ CM TiT Falr Unach  Faflure detectable by crew, Task iavoelves 0.8 Hr 2 Screwdriver, allen wreach, socket & L. SD 68-928-15
Power Transfex, P/N ME«452 R - inplace vizual check of switch and ratchet set, continuity tester, wire p. 16 of 23
(2 Required)y Open (Fail connections (having first discommected cutters, wizre stripper, crimping tool
to Actugte), . the contrel panel), contimuity test of . & terminal kit, spare switeh with lug

) gwltch, #nd switch replacement or fepteners, clip type test (jumpex) Leads,
ragtoraiten of furnction by jumping tool holder, spdre part stowege pro~
N the switeh terminmls, . vision and brief instruetions.

E,8 Temperature Contreller, AM IIL Falx Unsch  Perform incrementel contimmity tests to {1.5 Hx Z Multimeter, elip and probe test leads, L. MDAC Report |
P/N 61BB300010~19%Panel Meter lsolate fault, Disengage connector partable N2 etorage bottle with gas-jet F673, p. 4,2.1
Indicates No or Inacourate ! halves, physically inspect ping and
Temperature, Agsume Thisg . recepiicles for surface conditfon and ?{ii‘:{ﬁt}z:’ t;g;‘;ﬁiig:l :0;1; :I;eif;'e d
Mode Caused By Connecter stralghtnesa, Dry comector halves . Eht. n @ ’

Pins Beling Shorted by - thoreughly using portable N2 supply and
Eacabc?::sive Molsture fn 8/C . hend-held gas spray applieator,

‘ ‘ : EQLBSUT FRawE L

FOLDOUT: FRAME
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Table {B-1 Footnote Explanatioms

1. Footnmote No, 1, "Malntenance Criticality Categoxy” ~ This entry
is an arbitraéy indication of the importance of maintaining equipment
in support of safe and effective spacecraft operation, Coded entry
definitions are as follows (Reference: 8 & E-QUAL~69-9, NABA-MSFC):
Ia ~ Applies to equipment that must receive maluntenance attention
withinia specified time In order to effect safe abort of
the crew.’
ib - Applieé to equipment that must receive maintenance attention
within a specified time In order to prevent abort of crew
or loss-of 1ife,
II =~ Appliés to equipment that must recelve malntenance attention
i in order to preclude major degradation of the mission,
III =~ Applies to all other items,
| 2.  Footnote No, 2, "Equipment Repairability” ~ An entry of
either Good, Fair, or Poor, indicates the.extent
to which an item 1s capable of being serviced, repaired, replaced, etc.,
gn its normal installed location. This entry {s a messure of item and
stem~level maintainability, accounting for such factors as item main-
quancegconveniences (e.g2., test points, lubrication fittings, and
ﬁamovabie fagteners) and ILtem accessibility in the installed location.

i 3. Footmote No, 3, "Maintenance Time" - Time entries are in hours,

And inelude the time required to fault detect, lsolate, obtaln spares and -

!
t




MCB~69~618

working equipment and perférm the specific maintenance task fncluding
systemnlevel checkout, vhere applicable. The time entries do nof include .
astronaut translation time, IVA or EVA suiting, prebreathing, or post -
EVA airlock times, The buman factors time portions of overall spacecraft
time perlods allocated to, or consumed by, maiuteﬁance requirements are
established by subsequent analysis, &s necessar&.

4, TFootnote No, 4, "Complexity Index' - This entry is an arbitrary
indication of the complexity of maintenance tasks earlier described in
the Table I form, Coded entry defini£ions are as follows:

i 1, This signifies low-complexity-level maintenance requirements,
] 2.8., visual inspéctiOna, minor adjustments to out-of-tolerance
equipment, and replacement of filter elements, Some maintenance
' instructions and hand tools may be needed, but no gpeclal crew
skills or task difficulties would be expected,
{ 2. This signifies madiumrcomplexit}-level maintenance requirements,
e,g., removal and replacement of falled end-iéem equipment,
Such maintenance will commonly require use of fault isolation‘
, equipment, maintenance ingtructions and tools/test equipment,

The crew must also have greater system knowledge and technilcal

skills .than for the 1" level, ahove,

3. This signifies high-complexity-level maintemance requirements,

e.g., (a) removal and replacement of failed epd-item, and sub-
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assembly portions of assemblies, equipmeﬁt; and (b) in-place

repalr of falled or damaged equipment., Sophisticated fault

isolation equipment, detailed maintenance procedures, and

tools/test equipment may be required, The crew mist possess

highly specialized maintenance skills in addition to their

capabllities for performing mission operations,

5. Footmote No, 5, "Find No," - Signifies AAP~assigned loeatien/

identification numbers (see M~D prepared NASA-MSFC Document 10M30899,
-Rev. B, 4-15~69, for typlecal list of AAF "find numbers"), AAP "£ind

ﬁumbers" are used.whenever applicable and available,
i
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Table B-II Tool Selection List .

Température meters

Portable Electric hack saw

Moto tool (grinding, sanding, buffing, polishing, carving, co%nter
sinking, sawing, cleaning, slotting) in storage case with aceessories
Flexible ghaft tools )
Boft face hamﬁar/ma}let

Offset screwdriver

Ceclamps

Vise grips

Crescent wrench

Pipe wrench/strap wrench ‘

Hand vise

Spring Eiamp

Combination pattern tin snips

Cold chigal

Specially treated, vepalr ¥kit glass tape

Alumipum/steel patch~type sealing putty (does not depend upon.
evaporation). :
Porteble lights (plug~in apd battery-powered)

Continuity teatér

Wire stripper

Flaring tool
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21,
22,
23,

24,

25,

26,
27,
28.
29,

30,

Lo w W () ta L2
[~ TV ¥, SR -SSUUPRE UF S .
L ] ] - L ] »

W
0 o B .
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B

.

Metal amaw (see 3, above)

Tuhing cuttaf

General purxpose sclssors

Ratchet/socket get

Pin-type spanner wrench

Flle/file handié s;t

Inspection mirror

Pin vises ) - ) .!;1
Opaﬁ-end wrench set

Combination wrench set

Screwdriver (standard 5/16" x 8", and 8" Phillips)
élieré (standard 8" aize) '

Wire~cufting plieré

Drift punch

Leak detector (€.g.p mﬁs;:spectrometer, leak~chaeck tool)

Torque wrench

Dewpoint sensor/indicator (Deweal sénsing Aevica, moist@re mond tor)
Multimeter |

Grimping'Tool and Terminal Kit

_ Portable signal generator

PCM Test Set

Test leads with heavy duty probes
Alligator clip test leads

Strain gage calibrator (shunt calibrate strain gage transducer)
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45, DC millivelt seurce (for testing millivolt signal conditioning agsembiies)

46, Watt-meter {(measures spacecraft transmdtter power output)

47, Input swifch box ~ Multiplexer and single side~-band unit (monitors

signals or applies input ﬂignaﬁs) o

48, Digital voltmatex

49, Portable power supply y

50, Portable pscilloscopa Cwiﬁh_probas)

51, Electrical-connector, p%nraligﬁmfnt tool

52. Fluid-lines blank-offs or closures kit

53. Assorted fittings and pressure caps

54, Electrical extension cables

55, Jumper cables

Sé. Portable IV -monitor camera/and central cabin-area TV receiver

5%. Elapsed time indicator

5&. Solid state cireuit checker

5?. Flovmeter kit

60, Coneseal wrenches (backup wrenches for conoseal flanges) -

6;.. Gasaous/liquid system sampling tools (to sample media for possible
: particulate contamination) ,

6%. Long~nose pliers

65. L-shaped "Allen" or hex wrenches

.GAL Heavy~duty service tweezers

65. Knifa sat

Gé. Lape rule
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67. écrew extractor set

68, Voltage insulation and leakage tester

69, Beau=tech vacuum system (small, portable vacuum handler of miniature
parta)

70, Leb~vac vacuum

‘
L
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"7 ‘Table B-TII * Summary cf Maintenance Support Requivemsnts and Priorities

[ - ke wa mmme b moae e imd e o ox

Contract: NAS8w24296 . Date:
- T o e T T ’ i Suhsyﬂt:ema

Environ, | Instrum. {Guidence [Coantrols | Power & |[Prioxity
. _ Contre}l |& Comm, & Gontroli& Diapls,)Distrib, jCategoxy

Percvent of Total System Fallures 46% 26% 15% 6% 2%
{ Prierity Bssed Upon Aboye Por Cent 1 2 3 4 5 I It
| Maintenanes Support Bequirements:

7-31-69

A, Standard Toels & Teat Equipment

1. Screwdrivers

2, Wireouters

3 Plim

4, Opeu-End Wrenchas

5, BoxeBnd Wrenches

6, Sockat & Ratchet Set
7. Large Crescent Wrench
8, Prifg Punch

9, Soft~Faca Hammer
10, Continuity Tester b4
11, Combination Wrenches
12, Vise Grips
13, Torgue Wrench
14, Power Tool Rit, e.g., "Moto Tool”
15, Wire Stripper & Crimping Tool, e.g.,

" Super Champ”

16, Electricsl Sommeator Pip~-Alignment Teol
17. Elapssd Time Indicator

B M
MoK
P bd b
M O MMHM
M MMM

Pd b P B pd B4 bd Pd P4 B4 B
AP MMM M
B
]
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S e mmees e o \ Subsystems
. 4 ettt e
Eavireon, | Instruwm, | Guidance|Gentxols {Power & |[Priority

— — " Gontrol | & Comn, | & Conroll® Displs.| Diskrib, Category
Peingent of Totdl Syatem Failures 46% 26% 15% 6% 2%
Priovity Based: Upﬁm Abova ;Per Gamz |3 2 3 4 5 I [IXj0x

WWss -

By Spacial Tools & Tesg Equipmant

1. lLieak Detecto®
2, Fluide@ontatiwment Davice
3¢ Wlclpwetting Water Applicator
44 Watm&m»hwel Sengey
4, Heug Shield. (Ablative) Repaix kit
é;. H&sm Rediztfon Suwxvay Matex
7 Ext, Panel Fastaner Removal Tool
8, ApocllowXype Panel Fastener Removal Tool
9, Mialrimeter
10, Test Leads with Heavy«Duty Probes
11, ConpacgonePin Alignment Tool ‘
12, Wotable) Water Sampler & Tester S ¢ X
13, Space SBuit Rapair Kit (Sewing, Patching, |-
3 . Beal Raplmacmant)
14., Poxrtable Life Support System (PLSS)
Maintenance & Repair Xit (Jube, Spare
, "¢eRinga and Patching Tape)
.15, Eleatron Beam Weldar
16, Blended«Cas Anzlyszer
17, Vaguun Senglog/Mossuying Device
18, Batiery/Battery Cell Tester
19, Aix Flow Senser/Display Metex
20, Fabrid Repalr Kit (e.z,, for OWNS Ceiling,
Shower Stalls, Beda, este,)
21, Qabin Pressuxe Measuring Device
T 23-.Qabin Fempoxpture-Howsuring Device
23, Portmble Elsctxic Hack Saw
24, Portable Ny Storage Bottle with Gas-Jet
Applicaker (for "Drying' Use) X X

Contracty NAS8.24296 - Date: 7=31-69
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APPENDIX C

SPACE STMULATION, DEMONSTRATION TEST INFORMATION
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INTRODUCT ION

The Portable Astronaut's Test Kit {PATK), developed by Martin Marietta
Corporation under Contract NAS8-24296, was delivered as a mockup suitable
for demonstration testing in space-simulation test facilities. The purpose
of demonstration testing was to evaluate the various design featwres and
working characteristics and to obtain useful experience with the perform~
ance of inflight maintenance that could be applied to future kit and in~
flight meintenance task developments, ‘

The NASA-Marshall Space Flight Center (MSFC) technical monitor for
Contract NAS8-24296, Mrs, A, Folsom, arranged for reduced-gravity space
simulation tests to be performed in the Manufacturing Engineering Mechanical
Simulation Laboratory at MBFC on 2-3 March 1970, The test program was
developed and conducted by the MSFC Reliability & Quality Assurance
Lﬁboratory (R-QUAL)., The MSFC Manufacturing Engineering Laboratory (R-ME)
p%ovided technical ;upport that included test facility setup work and
aétive participation in té&st operations. The Martin Marietta Corporation
also provided direct support that included test materials, and technical
personnel.

TEST SETUP _

Setup work for tests was based upon use of mechanical space-simulation
test facilitles and equipment located in the MSFC-Manufacturing Englneering
L%boratory Buildiné 4711, 'The speclfic test-facility location was the
sénoth-floor test iaboratory that 1s specifically prepared for air-bearing;
pad test equipment., A description of test and support equipment used follows;

: FIVE-DEGREES-QF-FREEDOM SIMULATOR ~ This device consists of three major
aésemblies; a cradle for supporting the test subject in an erect position, -

a roll yoke, and-a base structure that distributes the total load of the




-

simulator and test subject to three alr-bearing pads equally spaced around

" the nominal yaw axis (Figure C-1). Detailed information relative to this

simulator 1s available in Referemce (1), pp. 2-3,

FREE-FLYING AIR BEARING PLATFORM ~ This is a 1ightweight ad justable
platform used as a sﬁpporf mount for the PATK during simulated space
translation and attaghment activities. The basic platforﬁ 18 & welded
aluminum tubular structure with mounting platform on top for the PATK, and
a floor base contalning bladder-type aipnbggriﬁgpiﬂair.pgmp‘gqg eledtric .
control attachments (Figure G-1). Detailed information relative to. this
platform 1g available in Reference (1), pp. 16-17.

MECHANICAL SIMULATION TASK BOARD - The task board is mounted on an

adjustable and.transportable YA" frame, and {s equipped with tether points,

‘mobility handrails and mounting fixtures for test hardware (Figure C~1),

For this test, the task board served as a handrail facility in support of

translation activities. Detailed information relative to the task board 1s
avallable in’RefereAce (1), pp. 12-13,

i LUNAR GRAVITY & EARTH ORBITAL SIMULATOR - This device is a frictionless
a;é-bearing parallelogram that provides a single (vertichi) degree of
freedom to a work panel counter-belanced to give an ;pward force equal
to:1/6 of khe test subject’s weight (¥igure C-2), For this test, the ‘

gimulator was used to provide vertical freedom only, and was modified as

followsy -

% 1. A horizontal strut with platform was added to support the PATK

i during test activities when the Free-Flying Air Bearing Platform

was not used (Figure C-3).
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Figure C-1 Five-Degrees-of-Freedom Simulator
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Figure C-2 Lunar Gravity and Earth Orbital Simulator




2. The PATK Task Demonstration Panel described below was rigidly

attached to the upper right section of the work panel (Figure c-2).

3. A translation rail and tether connection points were located

to be useful, yet non-interfering, during tests (Figure C-4).

Detailed information.for this simulator work panel is available in
Reference (1), pp. 10-11,

DEMONSTRATION TEST PANEL - This panel was develcped and supplied by
Martin Marietta to facilitate demonstration of representative space mainte-
nance tasks, and capabilities of the PATK. The panel is approximately
24" X 36", on which are mounted a number of integrated spacecraft hardware
items, carrying handles, and a mounting plate for physical attachment of
the PATK (Figures C-4 and C-5)., A detailed description of the panel is pro-
vided in Reference (2), pp. 33-35.

HOIST & SUPPORT HARNESS - A flexible, strap-type support harness was
developed and supplied by Martin Marietta to enable hoisting and suspending
of the PATK in preparation for PATK mounting to the task board and work
panel (Figure C-6). An adjustment feature is incorporated into each pf the
four suspension straps to enable establishment of center of gravity (CG)
of the PATK under different operational conditions, and balanced position-
ing of the PATK.

COUNTERBALANCING BALLOON - One large test balloon filled with gaseous
helium had been prepared by the ME laboratory to provide 1-1 ratio counter-
balancing of the l-g weight of the PATK, thereby providing a weightless
state for the PATK. It was learned during test setup that the balloon was
inadequate for PATK weight, and intended balloon use was discarded; however,

the balloon was used for unintended services of offsetting weight of test







Figure C-4 Demonstration Test Panel




Figure C-5 Demonstration Test Panel




Figure C-6 Hoist and Support Harness
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cantilevered devices.

ASTRONAUT RESTRAINT - An adjustable and rigidizable astronaut waist
restraint device was supplied by Martin Marietta for test-subject use,
during selected test activities (Figure C-7). This device was a prototype
of the article being developed by Martin Marietta under NASA-MSFC Contract
NASB-24840,

MISCELLANEOUS EQUIPMENT & SERVICES - A number of ancillary equipment
and facility items and personnel services were provided in support of test
activities, These included:

1. Headset communication capability was provided by NASA between
test conductor, test subject, and test observer (the test subject's
well being" was constantly monitored during suited operations).

2. Television monitoring and recording were provided during the
entire test activities by NASA,

3, 8till and movie film equipment was made available by NABA for
selected coverage of test activities,.

4. Test subject suit equipment (Apollo flight coveralls and space
suit) was provided by NASA,

TEST PROCEDURES

An initial set of suggested demonstration task procedures was developed
by Martin Marietta and submitted to NASA-MSFC, R-QUAL-F, for considerations
(Reference 2, pp. 35-38). The R-QUAL-F office subsequently developed
formal test procedure documentation (Reference 3) that served as test
outline, test-indoctrination material, training material for the selected
test subject, and a record sheet for task time observatioms. Table I

presents a condensed version of the formal NASA procedures that signifies
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Figure C-7 Astronaut Waist Restraint
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the gross test operations that were performed, and the respective test-subject
suit mode in which they were performed., Test procedures, activities and
tool configurations were previously based upon potential space needs of a

spacecraft system typified by the AAP Skylab I.




N,

Table I Test Operations Bynopsis

Coveralls

Test Operation Walk-Thru

Test
test

Test
test

Test
test

Test

subject translates to
panel with PATK (Fig, 1).%* X

subject tethers PATK to
panel worksite (Fig. 8).* X

sub ject tethers self to
panel worksite (Fig, B8).* X

subject attaches PATK to

worksite with mounting boom

assembly,*

Test subject exercises PATK
panels and latches (Fig. 9). X

Test subject exercises sub-kit
tool holder (Fig. 10) X

Test subject removes & replaces
spares, exercising storage
pouches (Fig. 1l1).

Test subject removes & replaces
large spares stored in end of

PATK

Test subject removes & replaces
tools stored in core and sub-
kit locations of PATK X

Test subject removes tool items
contained in front panel of
PATK, and installs and stores
PATK illumination devices

(Figure 13).

Test subject exercises microfilm
storage & display unit, and
multimeter including use of test

probes

Test subject performs selected
maintenance tasks on test
panel (Fig, 13).

Test subject removes PATK
from worksite,. % X

Test subject untethers and
translates with PATK,* X

*PATK was supported by separate
air-bearing stand during the A,B,
C,D,M and N operations,

Coveralls
Timed

Space Suit
Timed




Figure C-8 Tethering to Demonstration Worksite



Figure C-9 Exercising of PATK Panels & Latches
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Figure C-10 Exercising of PATK Sub-Kit Tool Holders




Figure C-11 PATK Spares Storage Pouches
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Figure 12 Exercising of PATK Tools and Lights
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Figure C-13 Performing Maintenance Tasks with PATK




TEST OFERATIONS SUMMARY
Test operationg are visually presented by 16 mm moving-film coverage
that ig the property of the R~QUAL-F office, NASA~-MSFC. Figures C-1
through C-13, herein, also present selected portions of test activities.
\
In addition to these sources, the following information and informﬁtion
provided in the Conclusions and Recommendations section are provided.
During the translation, tethering and attachment tasks, the PATK wa;
supported on the small Alr Bearing Platform (Figure C-1). The remainder
‘ of the tasks were performed with the PATK mounted on the Lunar Gravity
;nd Earth Orbital Simulator (Figure C-2). The objective was to make the
_ PATK and the Démonstration Test Panel static with respect to each other
/a8 they would be in space orbit once the PATK was attached to the space-
craft structure, In orbit, the PATK would be free to rotate about the
_ .’mounting boom assembly, To simulate this, it was necessary for the PATK
to be rotated on the stand by observer assistance.

Tegt activities commenced on the morning of 2 March. The tesgt subject
was placed in the Flve-Degrees-of-Freedom Simulator and balanced. The
balancing was repeated for each run, The Lunar Gravity and Earth Orbital
Simulator was also balanced. The test subject was then conducted through
a coveralls-mode familiarization or walk-thru rum, During this time; the
teét subject used flexible, strap-type tethers. All other test runsg were
made'with the telescoping walét restraint device. Following the familiar-
ization run, the first coveralls-mode runs were made. The coveralls-mode
portion of the demonstration tests was completed on 2 March. The following
day, the same test subject donned the space suit, was pressurized, and then

- placed in the Five-Degrees-of-Freedom Simulator. The test subject then

made the suited runs of the test, Both movie and still photographic




coverages were obtained during the test runs on both days, Television

monitoring and recording were also provided. The test subject was normally

directed through the tests by headset communication with thée test conductor

and observer. Loud speakers were used to transmit the communications.to

other test observers and audience personnel,

TEST PARTICIPANTS AND OBSERVERS

PARTICIPANTS -

¥
‘S, Peck NASA-MSFC (R-QUAL-F)  Test Conductor
C. Graham NASA-MSFC (ME) ~Test Subject
oo _H. Blaise NASA-MSFC (ME)
, 1 C. Troup NASA-MSFC (ME)
: Jl ‘ R. Belless Martin Marietta
| J. Spencer Martin Marietta‘
P OBSERVERS -
[
ﬁ.? W. Cowart NASA-MSFC (S&E-ASTN-SO)
A R. Sperr NASA-MSFC (S&E~ASTN~S0)
] D, Shipman NASA-MSFC (FPM-AA-EI)
! E, Harris NASA-MSFC (PM-AA-SW)
i W. Funston " NASA-MSFC (FD-UP-T)
L V. Yost NASA-MSFC (ME)
D. Bpanglexr McDonnell~Douglas, West Division
J. Compton McDonnell-Douglas, West Division

TEST CONCLUSIONS AND RECOMMENDATIONS

GENERAL COMMENTS -~

1.

The PATK deaign approach and maintenance capabilities

demonstyated appear to be good. A number of representative
tasks were successfully performed on the Demonstration Test
Panel, It is suggested that learning-curve eﬁReriﬁngtcan
profit from further task performance with the PATK,
bbserver comments stressed the need for neutral buoyéncy
testing to better evaluate translation, attachment, and
genergl PATK operation. Certain limitations of mechanical

simulation were recognized, e.g., the high inertias involved
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in the airbearing machines, the interferénce of the bases
of the different machines, the l-g weight of some parte of
tﬂe test'such as the man, the kit, and the tool, and the
limited movement created by the test setup.' A suggestion
was made to.mount the PATK on a rigid sheif on the task
board rather than on a movable arm.

The tést subject would have préferréd éﬁe:kit t; have been

mounted on his right side where he ‘felt he could have done

a better job., (Note: The subject was right handed),

- The test subjéﬁt could have benefited from more familiar-

igatibn wikh the PATK, Demonstration Test Pénéi,_and‘éhe
test sequence had time permitted.

During the_initial cdverail-mode rués with the ;igid tether:
the test aubjeét was not'properly balanced én the Flve-
Degrees-of-Freedom éimulator. He coﬁld not £it back into.
the body eradle due £o interference with the tether belt.
This was later rectified by mounting tﬁ; belt on the out-
side of the cradle. The cradle was later modified for
pressure-sulted activities.

The kig wag designed for pressure-suited, unpressurized-mode
operation, however, the suited test was performed in the
pressurized mode which provided good results. This allowed
observations. of worst-case conditions. It was felt that this

would provide the greatest benefit and, had time permitted,

the quressurized mode also could have been performed,
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7. It is recommended that l-g teets be performed to study
reach problems, look-angle liﬁitations, one-handed
operations, and tesk timing,
8, Gloved-hand operations did not present many problems
(pressurized), ’
In general, the PATK design displeyed many good features, The test
results signified afeas for investigation and imprévement. A smaller a;d

the present PATK as a baseline reference.

DETAILED COMMENTS -

1.

The test subject translation tasks demonstrating the

r : more specific kit for AAP Skylab application should be considered using

meneuverability and handle deaign of the PATK were easily
accomplished in both the suited and coverall modeé;

The attachment of the PATK to the Demonstration Test Panel
was easily accomplished In the coverall mode but difflcalty
was experienced and considerable time consumed before attachment
could be made by the suited test subject, The mockup attach-
ment boom did not adequatély demonstrate the ultimate design
principle, The pin attachment device could be improved by“

a different pin handle and incorporation of a lead-in on

the device. Such features could have been built into the
mockup but only at greater expense than was allowed for
mockup fabrication,

“The PATK traﬁslation and attachment tasks illustrated the
need for several tether points on the kit exterior, These
are needed for kit-to-man and kit-to-worksite flexible

tether attachment points,




&

Fa

C-24

It appears' that a move rigid kit-to<worksite attachment
device may be neéded. Neutral buoyancy tests should be

run tovconfirm this point, A posaible solution is to
provide lockable joints at each end of the tele;copiné

boom rather than using a fixed friction joint. Ancther
possibility would be to provide hand holds on the kit

such that the reaction forcé could be applied by a crewman
with his free hand. 8till another possibility is to pro-
vide séparate tethers to act as guy lines augmeﬁting the
rigid boom.

All corners on all kit edgea and components should be well
and smoothly rounded, This was apparent in the handle area.
For worksite operation, a rigid tether for the man is &
must., The flexible tether proved teo be of little help, A
combination of restrained feet ('"Dutch'shoes) and a rigid
waist tether is,highly recommended.,

The location of both the larger and small spares stowage
devices requires more study to ensﬁre exﬁediené ‘apares
handiing by crewmen. A neutral buoyancy study of the

tasks involved is recommended. The type of man-to-worksite
restraint and kit-to-worksite restraint will greatly effect
the locations, The present locations may be more acceptable
in a O-~g environment, The need for larger, more flexible
spares stowage pouches was also evident.

The front door deslgn concept is good; however, the mockup
door required two hands for closing operations, The concept

of fixed positions at l0-degree increments appears good;

1}




10,

11.

12,

13,

14.

€-25

1

however, an aasy-lock-unlock mechanism should be utilized.

All other panslas were easily opersble; however, the latch-

ing mechanisms deserve further study.

The cords for the mockup portable lights wére in éhe Qay

of certdin operations. This can be corrected by relocation

of the light receptacles and the flexible attachment arms,

More light attachment arms may also help. ’

More Btuéy is required‘of tool locatilons with respeét to
frequency of use; also, tool holders should not require
orientation of the tool prior to replaceéent in the PATK,

Tool silzes should alsc be made readily apparent,

More study is required in the area of tool éetheringx Whether
ali independent tools need tethering is not at this time clear.
The electrical test probes gould'be egslly removed and replaced
from storage with the test subject in the coverall mode,’

Tﬁe container for the ﬁrobes should ellow eaBy repesatability
of the remove-replace task. ~Gloved-hand replacement was

difficult. A set of probes with jack pins on both ends is

requlired, The set used for demonstration used jack pins on

1)

the multimeter end, and probe pins on the other. The result was
that the probe pins were inclined to £fall out of the test jacks
on the Demonstration Test Panel.

The multimeter, microfilm display, and test panel switches

could be operated easily in both suited and coverall modes,
Sub-kit extending and retracting operations were effected;

however, two hands were required, The latching mechanism

of the sub~kit drawer did not exhiblt good repeatability,
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This latch will require a redesign, The rotating member of
the drawer requires addition of a device to prevent rotation
when removing or replac‘ing a tool. The concept calls for
detents at varioué intervals; however, a hand hold to provide
the éeact;ve force may be required. This would require two~

handed operation but would be positive.

o
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