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1.0 INTRODUCTION

The Labcraft Payload General Specification (LPES) amplifies

those general requirements in the Laberaft Program Specification (LPS)

to ensure that all hardware, software and STS elements will success-

fully function as an integrated system to accomplish the objectives

of the fivst Labcraft mission. Contract End Item Specifications (CEIS)

and Procurement Drawings (FDs) will be prepared and implemented for all

deliverable hardware and software elements.

See Figure 1,0-1,

LABCRAFT
Project
Plan
Level 1
Level II
LABCRAFT.
Program
Specification .
LABCRAFT LABCRAFT
Users Interface -
Handbook Controtl
To Spacelab
To Shuttlie
Level III
LABCRAFT LABCRAFT
Tnstrument LARCRAFT LABCRAET - merat Mission Support
Systems Interface 5 Y ?fi Sion Requirements
General . Control pecivica Document
Specification 155101 Mission 1

: L- EIS's

To Instrument;—]

% Refssue or Addenda, depeﬁding on maéﬁifude'uf chan

Missions 2 & Up*

. —L—.fcsz's. PD's

ge.

,[4ﬂ1ssinn 2 & Up*

Figure 1,0-1 - Labcraft Top Level Requirements Tree.
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The interfaces between Laberaft, Orbiter, Spacelab and instruments
will be defined and controlled by Interface Control Documents (ICDs);
experiment and instrument ground and mission operations requirements
will be defined in the Laberaft Mission Support Requirements Document
(ILMSRD) ; and Labcraft instrument design will be controlled by the Lab-
craft Instrument Systems General Specification (LISGS) and individual
instrument End Item Specifications (ELSs), The relationship of these

documents is also shown in Figure 1.0-1.
1.1 SCOFPE

The LPGS is a systems oriented specification which defines the
fequirements for performance, design, integration, verification and
operation of Labcraft Payload #1, These requirements shall be used
as the basis for planning and performing the following Labcraft
activities:

a, Definition of.instrument and program payload‘requirements;

b, Conducting analyses (mission, ground, crew, compatibility,

software, etc), studies and trades; |

Co Allocat;ng of performance and design requirements (instrument,

STS, Spacelab or FSE); | |

d. Establishing and implementing mission assurance (safety,

reliabilify, qealitj, ete)

e, DeSLgn, development fabrlcatlon, 1ntegrat10n and test of

'Labcraft fllght support equipment, MGSE EGSE and aoftware-



B,

h.

il

Installation, assembly and checkout of instrumeni/FSE/
Spacelab systems;

Configuration, interface, design and performance, verifica-
tion and operations documentation preparation and control;
Payload operations support; and

Post landing refurbishment and data evaluation,

The Laberaft payload performance and design requirements support-

ing these activities are defined in subsequent sections of this speci-

fication.



2,0 APPLICABLE DOCUMENTS

The following documents of the exact issue shown form a part of
this specification to the extent specified herein. In the event of
a conflict between documents referenced here and other detail content
of Sections 3 and 4 to follow, the detail content of Sections 3 and 4
shall be considéred a superéediﬁg'requiremEnt.

APPLICABIE

DOCUMENT
NUMBER. TITIE

Space Transportation Systems _
1, Spaﬁe Shuttle System Payload Accommodations, JSC 07700,
Vol, XIV, Rev, D, Change 16
2. KSC Launch Site Accommodations Handbook for STS P/Ls,
_K-STSM~14.1, June 1976
3. Safety Poliéy énd Requirements for Payloads Using the
 National Space Transportation System, NASA HQ, June 1976
4, Safety, Reliability, Maiﬁtainability,.and,Quality Pro-
visions for the Space Shuttle Program, NHB 5300.4
(1D-1), August 1974 |
5. o Space Tranmsportation System ?ayload Safety Guidelines
Haudﬁook, JsC 11123, July 1976.
6. - . Space Shuttle System Pyrotechnic Specification, JSG
08060A, August 29, 1975 . |
7. B :Schification,-Contamination Qpntrol_Requirements for
the Space Shuttle Program, SN-C-0005, JSC, March 1974
"8, - - Baseline Operationg Plam, JSC (TBD)
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APPLICARIE

DOCUMENT
NUMBER TITIE
Spacelab
' 9. Spacelab Payload Accommodations Handbook, ESTEC SLP/2104,
May 1976
10. Spacelab GSE Allocation and Requirements Plan, MSFC
40A98005, June 25, 1976
11, _ Spacelab GSE Items Description Document, MSFC 40A99006,
June 25, 1976
Labcraft
- l2, - Labcraft Mission Support Requirements Document (IBD)
13, labcraft Interface Control Documents (TBD)
1&. Labcraft Program Specification_(TBD)_
15, Laberaft Instrument Systems General Specification (IBD)
NASA
16, Requirements for Soldered Electrical Connections,
NHB 5300.4 (34)
17. ' GSFC,.AEIOSPaCE Data Systems Standards, X-560-63-2
18, Contamination Control Handbook, NASA SP-5076, Office of
Technology Utilization, NASA, Washington, D.C., 1969
19. Generél'Specification for Protective Pinishes for Space
Vehicle Structures and Associated Flight Equipment,
| MSFG-SPEC-250, 2/26/64 S

20, Standard Man/System Design Criteria for Manned Orbital

Payloads, MSFC~-STD-512



APPLICABIE
DOCUMENT
NUMBER

TITIE

a1,
22,

23,

24,

25,

26,

Military
27,

28.
29,

30,

MSFC-STD-136, Parts Mounting Design Requirements for
Soldered Printed Wiring Board Assemblies, June 1971
MSFC -STD-154A, Standard For Design, Documentation and
Fabricétion of Printed Wiring Boards (Copper Cléd)

NHB 8060.1A, Flammability, Odor and Offgassing Require-
ments and Test Procedures for Materials in Eavironments
That Support Combustion

Requirements for Packaging, Handling and Tranmsportation
for Aeronautical and Space Systems Equipment and Asso-
ciated Components, NHB 6000.1 (1B)

SE -R-0006, NASA/JSC Requirements for Materials and
Processes

Revision D, Multi-Use Mission Support Equipment Catalog

(NAS10-8902)

Cables; RF, Coaxial; Dual Cbaxiai, Turn Conductors; and
Twin Lead, MIL-C-l?E

Wire, Ele\:rié Fluoropolymer—Insulated, Copper or Cobper
Alloy, MIL-W-22759D

Wire,.Electric, Polymide-Iﬁsuiated, Copper or Copper

Alloy, MIL-W-81381A

- General Specification for Connectors; Electrical,

Miniature, High Density, Quick Discommect, Environment

Resistant, Removable Crimp Contacts, MIL-C-38899F
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APPLICABIE
DOCUMENRT

NUMBER

31.

32.

33,

34,

35,

36.

37.

38,

39.

40,

TITLE

Bonding, Electrical and Lightning Protection for
Aerospace Systems, MIL-B-5087B(2)

Brazing of Steel, Copper, Copper Alloys and Nickel
Alloys, MIL-B-7883B ‘ i,

General Requirements, Design;.fnstallation, Test, and
Data Requirements for Hydraulic‘ﬁystems; Aircraft Types
1 apd 2, MIL-K-5440F

Engineering Drawing Practices, MIL-STD-100B
Identification Marking of U.S, Military Property,

MIL-STD-130D, July 30, 1971

Order of Precedence for the Selection of Standards and

. Specifications, MIL-STD-143B, Nov 12, 1969

Military Standard, Human Engineering Design Criteria
for Military Systems, Equipment and Facilities, MIL-
5ID-1472B

MIL-STD-810B, Material Standards for Environmental Test
Methods

MIL-STD-454C, Standard General Reguirements for Elec-
tronic Equipment

MIL-HDBK~5B, Metallic Materials and Elements for Flight

Vehicle Structures, Sept 1, 1971



APPLICABLE
DOCUMENT
NUMBER

. PITIE

Other

41,

42,

Specification, ARINC-4044, Air Transport Equipment
Cases and Racking, 15 March 1974
Clean Room and Work Station Requirements; Controlled

Environment , FED-STD-2098, Apr 24, 1973



3.0  PERFORMANCE AND DESIGN REQUIREMENTS
3.1 INSTRUMENT GCOMPLEMENT
The instrument complement to be accommodated on labcraft Mission

#1 is shown in Table 3.1-1.

Table 3,1-1 ZLaberaft #1 Instrument Complement

Gas Release Module

OBIES (Ls TV)

Electron Acceleraﬁor

Gas Plume Release System

OBIPS (L3 TV on RMS)

Vector Fluxgate Magnetometer
Faraday Cup, Electrostatic
Analyzer, Plasma Potential
Probe

Laser Sounder

Cryo-Cooled Far-IR Radlometer

Near~IR Spectrometer

Cryo-Cooled Interferometer/Spectrometer

E-Field Power Spectral Density Analyzer
B-~Field Antenna and Receiveér

Langmuir Probe

Ion Mass Spectrometer

Vector Magnetometer
 Planar RPA _

Neutral Mass Spectrometer

IECM
Mass Spectrometer

: Optlcal Effects Monltor
‘Camera Photometer

Array of Spectrophotometers
(300" to 3500 8)"




The éesign and interface requirements for these instruments are
dontained in tﬁe.individuél’inétruﬁant End Item-Speciﬁications and
Interface Control Documentsn respectively., The operational usage
requirements for the insﬁrumeﬁﬁé duiiﬁg the performance.of é2periments
is contained.in the appendices of the Labcraft Mission Support Require-

“ﬁenﬁs'Docﬁﬁenﬁ;
3,2 SPACE TRANSPORTATION SYSTEM (STS) EIEMENTS

The.pafload shali ﬁe dééigned for launch and return by'tﬁe NASA
Space fransportation System and shall be designed te make maximum use
of the existing éystems and hardware capabi1i£y of”the:Orbitér, Spacé—'
lab and other capabilities such as the TDRSS, SIDN, cxisting GSE,

. facilities, MMSE, etc.
3.3 GENERAL CONFIGURATION

The Orbiter/Spacélab coufiguratiun fﬁr the.fifst Laﬁérafﬁ.ﬁission.
is shown in Figure 3.3-1. The configuration util;zgs the Orbiter and
its Simgle Remote Manipulator System; the Spaceiab tunnel, EVA hatch,
pressurized module, three pallets and associated subsystems, etc. The
-instruments locations shown are typicélu Actuél locations will be

jdetermined-from_instrumﬁnt/experiment_requirements,_

10
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Figure 3.3-1 Labcraft Configuration ”
3.4 MISSION DESCRIPTION

iaberaft Mission #1 will be launched at 1200 hoﬁs on“.AJtA:ly 15, )
1980, from Kemnedy Space Center an_d_-:'_.nsérted into a 200 to 210 kilo-
meter circular orbit with an inclinatiom of 57 degrees. The missiqn
_'ﬁill' be seven days .i_n duration and will be performed using é-cre_w
complement of sixz imcluding the basic Shuttle crew, B
The major sciemtific ob jectives of this mission will be to:
"‘a:.,, - Study _t-'l_ie source. meéhanism,» : propagation dharacteristics_aﬁd
" othér properties of _n#turally.'»-occurring'»' gravity waves in the

" earth’s atmosphere by generating artificial gravity waves;

it -



b. Study the,natﬁré_qﬁ ehergeﬁic eiectron beém interactions
Witﬁ the neutral and.ioﬁized atmoéphéfe'in the.vicinity ofAA
the Shuttle; and

c. Study the role of trace constituents in the cﬁeﬁisfry and
dynamics:pf the atuosphe;e by rémote excitatiqn.and segsing
and provide diagnostic measurements-for'piasma]aﬁﬁosPHéfé

- interaction experiments, . |

The experiments which will be carried oﬁt to éddresg.tﬁése.bbjed-

. tives are:

| a, Acoustic Gravity Wave Generation;

b. Atmospheric Minor Constituent Profiles;

¢, Electron Beam Studies;

d, EMI and Orbiter Wake Mapping;

e, Particulate and Gas Effluence Contaminate Studies; and

£. Solar Flux Monitoring Calibration.

12



3.5 SYSTEMS DESIGN AND INTEGRATION REQUIREMENTS

' The Laberaft design and integration requirements shall be as |

specified in the following paragranhs.
- 3.5.1 GENERAL

__A._ The Labcraft payload shall be de51gned to allow for evolution
and coﬁblnatlon of payload bulldup for downstream m1351ons . |
- B, The Laberaft payload shall be de51gned to make meximum use of
Ithe exlstlng Shuttle Spacelab TDRSS/T DOMSAE MMSE CapablllthS and :
: fac111t1es (POGC and MEC)
- G, The Labcraft payload shall be designed to‘make maximum use of_
.Shuttle GSE Spacelab GSE and Multl-Use MlSSlon Support Equlpmﬁnt GSE.
D. The Labcraft payload shall be d351gned ﬁor ease of turnaround
to allow up. to six (6) £lights per year.
E. 'All hardware design shall be controlled by End Item Specifi-
‘cations, ICDS and PDs.
F. The Laberaft payload shall be de51gned such that venting of
payload elements-combined_with-payloao:bay’purge Will.not_cause_an :

overpressure in the payload bay during pre-launch, launch, and ascent,
3.5,2 SAFETY.
A, The Labcrafi payload shall be designed fail safe such thét no

* " credible single failuré can fesult in a hazard to Elight or ground =

13



'perSOnnel ef'prevent safe termination ofetheﬁmiSSien;.'

B. VAll Labcreft pyrotechnics shall use the NASA Standard Initiator
(NSI) and'the'?yrotechnicelnitiator Céntfdilerx(PIC) and shall meet the
requirements of the Space Shuttle'System[Pyrotechnic Specification, J3C
08060A. | S |

C. All pressure vessels used in the Labcraft payload shall meet
fhe reﬁuifemenfe'specified in fhevNASE ﬁeadquérterSuﬂsafety Pbiicy‘and
.: Re'quial:emerits for Payloads Using the Space Transportatiom System.‘" '

.D.. Whefe'it>ié neﬁfposéiﬁle to preclude the‘ekisténce;'or”ochf-
ence of a known hazard devmces shall be 1ncluded in the Labcraft pay-
'load deSLgn for tbe tlmely detectlon of the condltlon and the generatlon .
 of an adequate warning signal coupled W1th automatic or manual contin-

:geﬁcy pebcedures.deSigned.to eﬁsﬁfeJthee tﬁé”hazara cehuot become ‘un-
. controlled
N .E. Hezardees.or cofr051ve materials'fromweayloads.sﬁall not he’
released in the payload bay,

F. Labcraft payload contavnlng or using radloactlve mateflals.or
fhet generate 1on1z1ng radiation shall be 1dent1fled Fud approval oh-
talned for thEII use, N | | ‘ | |

G. All Labcraft payload elements shall be desmgned thh attach-

ment fittings. that Wlll retain the elements under crash landing loads

- as defined in the Space Shuttle Paylced.Aqeqmmodatlons Handboqk,

J8C 07700, Vol XIV.
All Labcraft payload deployahle 1nstruments and appendages
Whlch could prevent closure of the payload bay doors shall be desxgned _

;-Wlth redundant retractlou mechanlsms aud/or JEttlSOﬂ capablllty.:

14



' 3.5.3 ENVIRONMENTS

The Laberaft hardware shall be designed to be compatible with the
defined environments of the STS. In addition all payload elements must
‘be compatible with one another per GSFC Labecraft Mission #1 Environmen-

tal Specification TBD.
3.5.4 CONTAMINATION

- 'The Labcraft hardware shall be designed to operate at. the levels
of contamination defined for manufacturing, assembly, transportatioh,
test and operations as specified in the Laberaft Contamination Control

Plan TED,
: 30505 SOET[‘JARE

A, The Labecraft ﬁaYloéd shall use existing.STS édftware to the
. maximum extent poSSibléQ' | A
B. The Labecraft software developed for the payload shall prOVldE
maximim commonallty of use for GSE/Test mission 51mu1at10n, fllght
post fllght and data evaluatlon.
| ' C;i Labcraft software shall be of modular deslgn such that far:
succeséive ﬁlSSlons modules may be added or removed dependlng upon
spec1f1c experlment/m1551on requlrements;’ N L -
D, Software shall ba wrltten in a hlgher -order languagé; 91£her |

a 'HAL s, GOAL, or FORTRAN

15 A



E, Primary airborne computer will_be the Spacelab Experiment Com-
puter.and utilizétion of ﬁhe Orbiter On—Boérd Computer will bé minimized,

¥, The software development shall be defined, documented, qu_con—
tﬁolled.using methods similar to, and comsistent with_hérdwére develop-

ment activities and in accordance with the Laberaft Software Plan TBD,
3.5.6 MASS PROPERTIES

The total Laberafi payload weight and distribution shall be com-
patible with the requirements defined in Spacelab Payload Accommoda-

.. tious Handbook,
 3.5.7 - 10GISTICE

A, The Lébcraft payload hardware shall ‘be designed for<r§uting;
maintenance and vefurbishment operations to be performed at the launch -
site.

B., The Labcraft payload and GSE shall be designed for tramsport
-as specified in the Laberaft Transportation Plan_(TBD).

C. The Laberaft payload hardware shall be capable of being stored
45 a controlled environment For extended’ periods up to TBD. without

degradation,
3.5.8 RELIABILITY/MAINTAINABILITY

A, Norsingle failure point shall exist on Laberaft that can’

16



result in loss of life or serious personnel injury, mission termira-
tion, or majbr degradaﬁion causiﬁg 1055 of'mﬁre than 50% of the instru-
ment /experiment data,
Bo‘ Where rédundancy is.2mployed the Laberaft desigﬁ shall inclﬁde:
o the capability ro check out redundant elemants as a part
of thé norﬁél'gfbﬁnd'éheck;ut éeqﬁenée; -
c rp:ovisions to minimize_the probability that gll redundént
_ éieménts can be lost by single credible-#auée or évent;
o the cgpabiiity to detect failures of redundant elements
| dﬁriﬁg oﬁerafion, |
C. ;The:Labcraft payload shall be designed for accessibility for
, "blaék bo%,lévei”.maintenanca on tﬁe ground ﬁith”the péﬁioéd not in-
~stalled in the payload bay. . .
D; Thére.willlbg no planned oﬁ—orbit mainténaqéejofbtﬁe Labéfaft -

equipment,
3.5.9 GROUND OPERATIONS

A, The Laberaft hardware will be designed for either horizontal
or vertical removal of the payload f£rom the STS Orbiter,
-B. The hardware Will'Be designed for horizontal payload instal-' -
1atioﬁ'pn1y.
G, Cryogenically cooled systems shall be designed for servicing
on the launch pad with the Orbiter iﬁ'the ﬁertical oriéntation.

S De _.'Grdu'nd" Support Eguipment required to interface the payload
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shéll be suﬁjectbto the same grodnd environments as the Flight

Support Equipment and instruments,
3.5.10 CREW SYSTEMS

Labcraft hardware to be operated and maintained by man shall be
d351gned in accordance Wlth the requirements of Human Engineering
Design Criteriazfor Military Systems, Equipment and Facilities, MIL—»
STD 14723 and Standard Man/System Design Criteria for Manmed Orbital

Payload, MSFG-STD-512,

3,5,11 -INTERFACES .

Labc#aft hardﬁafe.ipﬁerfaces shali be defiﬁéd and controlled 34
the Interface Control Documents (ICDs) listed in Table 3.5,11-1.

Table 3.5.11-1 TILabecraft ICDs

Title | control Number

Labcraft CFSE) to Instruments IGDs
o Electron Accelerator ' TBD
o O0BIPS ST : : TBD
o - Laser Soﬁhder . : | B TBD

Ete. | TBD
Labcraft to Spacelab TBD -
Laberaft to Shuttle- = | TBD °
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3,6 SUPPORTING SYSTEMS ANALYSTS

Supporting analyses shall be conducted to definitize and optimize

systems design and integration requirements. These analyses shall be

conducted for the instrument complement and mission description defined

in aectlon 3.1 and based on the System 1equ1rements of Section 3.2,

As a mlnlmum, supportlng ana1y31s shall be provided for the sys-

tems listed below and any other necessary to translate this specifica-

tion into Laberaft operational equipmentQ

0

0

Safety

Enviraﬁmants
Natural
Induced Gﬂﬂl Spacecraft charglng, etc)
Bayload

Goﬁtamination

Mass Eropertigs

Software

LOngthS

Rellab111ty/Mainta1nab111ty

- Ground Operations

Mission Operations

:Intetfaces.(Inst:umEnt,_Spagelab?-OrhiLmr, ete)

Crevw Systems -

Compatiﬁility?g  '~:v~1
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3.7 SUBSYSTEM PERFORMANCE AND DESIGN REQUIREMENTS

The Laberatt subsystems shall be designed to be compatible with
the provided capability of the Orbiter/Spacelab as defined in Space
Shuttle System Payload Acconmodations (JSC 07700, Vol XIV) and the
Spacelab Payload Accommodations Handbook, They shall also be developed
within the design and construction standards as defimed in Paragraph
3.4, Performance and design requiréments are defined to include pre-

launch, launch, ascent, orbital operatioms, reentry, landing, mainte- -

e ®

nance and refurbishment phases of a Labcraft flight.,
3.7.1 STRUCTURAL/MRCHANICAL SUBSYSTEM

The Laberaft Structural/Mechanical Subsystem shall provide the
‘mecessary equipment for the payload to install the instrument equip-
ment on the Spacelab pallets or in the pressurized module, to install
unique progfam fligﬁt sﬁpport eqﬁipment”on'Spacelab”pallets of modules,
or to provide specialized mechanical support suﬁh as deployment, ejec-
tion, capture/release or bther'requiréd funétidﬁs t6 meet.instfument/
experlmEnt requlremEnts or SIS constraints.

The performance and de51gn requﬂrements to be 5pec1£1ed for thls
subsystem shall be orlented toward a specific Labcra’t payload to be
 def1ned later and Wlll 1nc1u&e de51gn Limits for the follow1ng'”

a, Payload envelope, weight, moment-of-inertia and center~of -

-gfaviﬁy?  o | | | |

b, Instrument field-of-view and orieuntation;
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Desipn criteria for intermediate support trusses and brackets

' for fastening instruments or other FSE to the Spacelab pallets

or module structure. Both static and dynamic structural per-
formance criteria of these'subsystems will be specified,
Functional requirements for mechanisms, such as capture,
releasé; deployﬁeﬁt mechanisms for deployed packages;
Functional requirements and criteria for mounting of thermal
coﬁponénts, such as curtains, environmental canisters, etc,

Structural characteristics and packaging criteria for deployed

 packages.

3.7.2 THERMAL CONTROL SUBSYSTEM (TCS)

The Labecraft TCS will provide the nebessary equipment to control

the temperature of the payload and unique f£light support equipment

within the limits required for equipment operation. 7The performance

and design requirements to be specified for this subsystem shall in-

clude design limits for the following:

S

b.

Instrument and FSE operating and non-operating temperatures;

Natural and induced environmental conditions iwposed on

_payload and FSE;

Specific design requirements for GFP supplied canisters,

-cold plates, ete; -

'Deployed instrument and FSE temperatures (operating and

nonfoperating)s

Deployed package thermal control design criteria;
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f. Overall design criteria governing the use of thermal curtains,

heaters, multilayer insulation, coatings, etc,

'3,7.3 ELECTRICAL POWER AND DISTRIBUTION .SUBSYSTEM (EEDS) .

: The_Labcraft_EPDS_ghall”prqyide the necessary equipment to support

distribution of the Orbiter/Spacelab provided electrical power to the

payload and to-condition this power to meet unique voltages and currents .

not suppliéd by the Spacélab/Orbiter. The performance and design re-

.

quirements to be specified for this subsystem shall include design.

limits £or the following:

a,

€,

Power and energy requirements for instruments and FSE (DG

and AC);

L]

‘fEﬁﬁétional réquirehenEs_and'desigﬁ criteria for power com-~ . .. "
~ ditioning equipment such as high voltage power supplies and

"peaking batteries;

Functional requirements and design criteria for intrapallet
power distribution equipment;

Design criteria fqr_intérconnecting harnesses (i.e,, wire
ine;HSiéing;Lcablé.éfécing;'éhieldiﬁg,'et;);

Functional requirements for primary source power to support

deployed dr eJectéd7instruméﬂté,

' 3,7.4 ATTITUDE, POINTING AND CONTROL SUBSYSIEM (APGS)

' The Laberaft APCS shéii'ﬁrovide the necessary equipmént to“aSSQré' 
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that the payload instfumcnts can be oriented propérly and poiﬁted/
scabilized within the required accuracy as specified for the payload.
Capcbility.over-and abave that'suppliéd by the Orbitcr éystem shall be
selected from the available standard GFE pointing platforms. The
performance and de51gn requlrements to be spec1f1ed for this subsystem
_shall 1nclude the design llmlts for the follou1ng.
' a. P01nt1ng accuracy for instruments 1nclud1cg co-alignment
~ b. Pointing stabilicyifor instruments;
C. .Mission orientaticn profiie and tcrgét déta;
d. . Scan requirements and rates;
e, Tiﬁe duration-ﬁcf eﬁbefimﬁncaticﬁ;
- £, TField-of-view limitations and requirements; ..,

g. -Orbital and vehicle geometric constraints.
3.7.5 DATA MANAGEMENT SUBSYSTEM (DMS)

The DMS shall provide the necessary equipment to route, forﬁct,
process and store the data generated by the payload as scientifin data
as well as instrument status data, It shall also provide the inter-
facing of the payload with the Spacelab control and display capability.

The performance and design requirements to be specified for this sub-

. system shall include the design limits for the following:

a. ,Data'rétés and types for instruments;
";b;; Prdgram,formatAréquiréments;..'
¢, Near real time and real time.display and controlrrequiremects
'(onfbcacdfandﬂonfthé ground) ;.
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d. Recording requirements (digital/analeg/video);
e, Deployed instrument data processing re{uirements (data

types, rates, formats, etec),
3,7.6 CONTROLS AND DISPLAYS

The Laberaft Gontrols and Displays subsystem shali'be designed to
be compatible with the STS systems as defined in the Space Shuttle
System Payload Accommodations (Vol XIV) and the Spacelab Payload

' Accommodations Handbook, This subsystem will enable the crew to
interact With Laberaft instruments and flight support equipment to
'pefféfmhexpérimenfation énd7ﬁonit6f hardware status. Additionally,

 this subsyétem‘will interface with Shuttle and Spacelab Systems for

supbort. Design criteriarof'the Labcraft controls and displays will.

Se.éétéﬁlished.fogzthé folloﬁiﬁg:

a, Determining circuit breaker reéet and display requirements;
b. Défiﬁing panél iighting, including items such as comsole

| fiobdlighting, intensity cﬁhﬁrol of nﬁmeric displayé, and

' lémp.tesf requirementé; |
c. Establishing the thermal loads and ducting requirements for
cooling the éonsalés,"' | e :

4°: Determining thé ;equiremanté for automatic Qersus ménual.
o fuﬁctioné; éﬁd f;f'maﬁualiy §véfridiné'éqﬁgmgéiéﬁfuﬁéfééﬁsj'
e, Deté;@iﬁipg reéuiﬁements for the don;ro; of.p?fotechnic

circuitry;
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£. Establishing the functional interactions with Labcraft in-
;truments and FSE to define hardﬁére,'software and ﬁoice
i ;quirgments;_
g. Developing the fidelity fequireméﬁts for'onbéafd éisplaysg'
h. Devgloping the requirements for.transfey of ground dp—link

commands.
3.7.7 COMMUNICATION SUBSYSTEM

The ILaberaft andeiS.Communicétion Subsystem shall pfﬁvide.tﬁe
necessary equipment to transmit data and commands bgtween the space-~
craft and the ground terminal.aud betWeeﬁ the spacecraft and remotelj.
operating gatellitgs, Ground cqmmuniqapion_will_be sup?lied Qnﬁirely
by OrBiter/TDRSS and subsfstem design wili.iimit déta te be ﬁrans—
:mitteq Wiﬁhin;the provided capab;lities,_ The performance and design
requirements to be specified for this subsystem shall include the.dé-

-sign limits*for_the following:
a. Deployed instrument spécification data such as relative
- position, type of data, data rates, etc; 41
- b, Link margin reqﬁrements ;o
e ~Tfacking_requiremants:fof deployed insﬁrumﬂnt'packageg;:'

d,  Overall-data quantity profile.
3,7.8 CAUTION AND WARNING
Labcraft caution and warning design shall be established to inter-

' face with the Spacelab/Shuttle caution -and warning systems, = = -
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3,7.8.1 CLASSIFICATION OF CAUIION AND WARNING IEVELS

4. Emergency is classified as a éféﬁ haéard; which'rEQuire
immediate instinctive attention.
B, Warning is classified as an actual or imﬁeﬁdiﬁg:anoﬁaléus o
hagardous condition requlrlng immediate crew attentlon.
C, Caution is deflned as “an actual or 1mpénd1ng anomaloué con-
dition which in combination with other failures constitgtes a system
"canfigurétiOn thét cbui& be.ﬁézardous'to the véhiclé or créﬁ and Te- -

quires action or procedural changes for corrective measures,
3.7.8.2 CAUTION AND WARNING SENSORS

The Labcraft payload shall prOV1de censors and pOSSlbly 51gnal
condltloners to 1nterface Wlth Spacelab RAUS or the Orblter MDM vDe; 
131gn 1nterface characterlstlcs shall 1nclude sensor and load parameters
.(RAU MDED such as line 1ength voltages—-analog, dlgltal discretes,
rlpple and noise, Ilse/fall tlmes, etc. Five direct inputs to the_
Caution and Warning Electronlcs Assembly from”Spacelab.are possibie,

Details and avallablllty”are TBD,
3,7.9 GROUND SUPPORT EQUIPMENT

_.Ihe_Mthanical;andiElgctrical'G:ound;Supporgquqipmgnt (MGSE;IEGSE)_:'"

shall provide the ground support to assure atfainment of the Laberaft
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mission objectives by providing the necessary support functions and
CapabilitiesAduring érélaunch, 1auncﬁ and post launch operatibns.
Performance and design criteria for the Laberaft GSE shall be estab-
iiiéhéd fﬁrAthg:foilowiﬁgt   | - -
a. Gﬁound Haﬁdling Equipment (GSE) to move, hoist, handle%
o é;ééﬁﬁié,.éﬁéééé én& tfaﬁSéorﬁ.fhe iﬁfégratéd payiaéd aﬁd
‘paylogd elemEQts;
b. 'Mbpﬁanicai Sérviciﬁg.Equipment.(MSE) to éerﬁice; pﬁrge,
_Pﬁéésurize:agd leak test the Systéms;
é. .ﬁi;étricaiVSupport.Eéﬁipméﬁt (Eéﬁj to suppl§ poﬁ;r énﬁ to.
- support ﬁe#ificgtion of the_integ:éped payload and pajload_”

elements.
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3.8 DESIGN AND CONSTRUCTION STANDARDS

Labcraft De31gn and Constructlon standards Ulll adhere to current
faerDSPace technology state of the~art and will make as much use of
proven technology as p0531ble De51gn standards w111 be 1n accordance
: wrth requlrements deflned in the Shuttle/Spacelab Accommodatlons Docu-
‘ments, whenever appllcable. Spec1f1catlons and standards shall be
ISEIected; using MIL-STD;143B Order of PrecedEnce for Selection of
Mllltary Standards and Speczflcatlons as a gulde _ Design drawings__

shall be in accordance Wlth MIL-STD~ lOOB Englneerrng De51gn Draw1ngs.ar
SCBANICAL/STRUGTURAL,
3.8,i.1 FAcroas OF sAFerY

.Tabie 3.8-1 lists values of the factor-of-safety to be applied to
.1rmir_loads, pressures, or stresses to obtaim the ultimate or yield. ...

design loads, pressures, or stresses for the Labcraft,

- ‘Table 3,8-1 Factors of Safety .

Spacelab Module (Internal) - General. Structure_

Yleld Factor -of Safety ~ TBD
Ultimate Factor of Safety - TBD

Pallets - General Structure

Yleld ractor of Safety - TBD
Ultimate Factor. of Safety - TBD

Hydraullc or Pneumatic Systems_

' Proof Pressure - TBD TlmES lelt Pressure
Burst Pressure - TBD Times Liimit Pressure
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3.8.1.2 STRENGTH

.- .8tructures. shall be-dgsigned-to-the faqtors of safety defined in - .
Paragraph 3.8.1.1 and shall have sufficient strength to withstand the
calculated loads while subjected to the environments defined in Para-
graph 3.5.3 Without'experiencing plastic deformation, The contrac-
tor shall design for sufficient strength to the requirements of MIL-
HDBE-5, Metallic Materials and Elements for Flight Vehicle Structures,

" so fracture doesn't occur under crash load conditioms. Structure shall
be designed to withstand simuitaneously the ultimata.loads and  other

. accompanying environmental phéncmena without failure.
3.8.1,3 DEFORMATION

‘StruCtﬁreS'Shall:bé designed so that no permanent yielding occurs

during normal Labcraft operations (except crash loads),
3.8.1.4 FATIGUE /FRACTURE MECHANICS

The éffects of repeated loads and pressure cycles shall be con-
"éidéfea'iﬁ the.éééign.dfﬁﬁheﬁstrﬁcéﬁféi'éleﬁenté'of.thé Laﬁcraff;h"f
Equlpment shall be de51gned to Wlthstand the v1brat10n requlrement&

' deflned in the 1nd1v1dua1 lnstrument ICDs and.indLV1dual Support Equlp;' ”

ment End Item Specificationm,
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3.8,1.5 FASTENERS

Fasteners, e.g., for capture/rélease mechanisms, shall be designed
in accordance with elther MIL-HDBK 5 or NASA approved contractor fur-

:nlshed test data.
' 3,8.1.6 DECOMPRESSION

Containers shall be designEd_struCtufally to be capable of with-
standlng the rapld decompr3381on and rePressurlzatlon experlenced
durlng ascent and reentry, respeetlvely. These pressure environments

~are deflnedvlnvParagraph_3.5.3
3.8.1,7 TEMPERATURE

The gfﬁccts of~temperatu;e extremes spcciiied_in-Tgble_(TBD).A
shcll be concidered in the design of the structural elements of the .
- Laberaft. Thermal effects on the structure, including heating rates,
ceﬁperatu:es, chcrmal stresses and deformations, and mechanical and
pbySical property changes; shall be on a:critical three sigma heating - -

environment.
©3,8.1,8  STRESS CORROSION
—Matals susceptible to stress corrosion cracking in the environ-

mental or service conditions defined in this specification shall not -
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be used upnless test data are furnished which indicate material suit-

ability.
' 3.8.1.9 STRESS CONCENTRATION

Appropriaté stress concentration factors shall be applied in

stress analysis,
©3,8,1.10 MISATIGNMENT AND TOLERANCES

Tﬁe:effécts of allowable structural misaligonments, control mis-
aligﬁments; andxéfher'perﬁiésible'aﬁ&:éxpecteé dimeﬁéiéﬁ&lsfblefaﬁdes
~shall be considered in the analysis of all loads, load distributions,
aud.struéfufélbadequaéy, Eo: eétabiisﬁing”alloﬁébie Stféésés and‘
_éritical design stres$gs;>the ﬁost critical'combiqatigq éf desiég?

tolerances shall be used.
3.8.1.11 MATERTALS PROPERTIES AND STRENGTH ALLOWABLES

Allowable material strengths used in design shall reflect the
effects of load, temperature, and time anddqgcleg associated with the.

design environment, Allowable yield and ultimate properties are the

AW values listed in MIL-HDBK-5, &



3.8.1.12 WELDING/BRAZING

Welding/brazing shall be in accordance with SE-R-0006, NASA/JSC

Requirerents for Materials and Processes.
3.8.1.13 CASTINGS

Castings shall be designed in aceordance with MIL-C-6021, Use of

castingS'should”Be avoided when feasible, '
3.8.1,14 LOADING CONDITIONS

Laberaft ‘structures shall be designed to mEétvthé'loadiﬁg'éOH&i-
tions specified in the Space Shuttle System Payioad~ACcommodations |
(Vol XIV) for prelaunch, launch, ascent, orbital opération, re-entry,
landing, and during maintenance and refurbishment activities.

”f‘A&ditioﬁal'loading caused Ey.the-rélease of dépioyed péckéges is.

TBD,
3.8.2  EILECTRICAL/ELECTRONIC
3.8.2.1 GROUNDING, ISOLATION AND BONDING

Clrcult groundlng, power and 51gnal 1301at10n and equlpment case

Hbondlng are deflned in the upacelab Payload Accommodatlons Handbook
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3.8.2.2 WIRE BUNDLE AND HARNESS PROTECTION

ALl wire bundles:aqd harnesses shall be'desiéned to withstand
anticibated.ﬁéﬁdiiﬁg, iﬁclﬁding disconneétionIaﬁd.féconnection, énd
operating deformations ﬁi#hoﬁt damage to the Wires,_insulatiqn, or
eiéétfical conne@tions. .Wife smaller ﬁhan 22 guagé shail ﬁot be.&séd
in wire bundles, Routigg_anﬁ installgtion_qf a11 wi:g bundles and

'hafnesses.shall be specifiéd on the drgﬁings. épecial precautions
shall be taken to prEVEFﬁvdamage as a::esulp of extreme temperature

conditions, chafing or any other conditions that may result in damage,

. .The insulation resistance between each conductor and shield, and

- between each econductor and comnector shall be at least 100 megohms at

500 VDG potential,
3.8.2:3 WIRE/INSULATION -

Wire used in cables shall be in accordance with MIL-W-22759D-- -
Copper or Copper Alloy Wire, Electric Fluoropolymer-Insulation,
-_MILJW—SlBSLAfprpper'or‘Copper-Alloy'Wire;-Electric, Polymide-Insu- .
lation, and MIL-C-17E--~Cables; RF, Coaxial, Dﬁal Coaxial, Turn Con-

~ductors and Twin. Lead, .
- 3.8.2.4  CONNECTORS .. -

Connectors shall be in accordance with MIL-C-38999F, General

Specifications for Comnectors., When redundant paths are provided
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in the cabling, they shall be routed through separate connectors,
3.8.2.5 SOLDERING
Soldering shall be in accordance with NHB 5300.4 (34),
3.8.2,6 CONFORMAL COATING
TBD
3.8.2.7 PRINTED CIRCUITS
Soldered printed wireboard assemblies shall be designed in accord-
ance with MSFC-STD-154 and shall be mounted in accordance with MSFC-
STD-~136,
3.8,2n8 PROTECTION OF EXPOSED ELECTRICAL CIRCUITS
Electrical circuits of flight hardware which are to be discon-
‘nected in the mormal couréé of mission events shall be protected
against short circuiting or compromising of other ecircuits during .
bhe'fémaiﬁing phases of the mission,
3,.8,2.9 PROTECTION OF ELECTRICAL AND ELECTRONIC DEVICES

Electrical and electronic devices shall incorporate protection



against reverse polarity or other improper elecirical inputs during
qualification, acceptance, and other tests, if such inputs could damage
the devices in a way that would not bé immediately and unmistakably
apparent, If it is impractical to incorporate adequate protection as

Ia pari of the device, protection shall be provided externally by ground-
based equipment at the interface between the device and the ground test

equipment,
3.8.,2,10 MOISTURE PROTECTION OF ELECTRICAL AND EIECTRONIC DEVICES

Electrical connectors, wiring junctions and all electrical and
electronic devices used in Flight Hardware shall be hermetically

sealed or otherwise positively protected against moisture.
3.8,2,11 CORONA SUPPRESSION

Electrical and electronic systems and components of Experiment
Hardware shall be designed so that proper functioning will not be im-
paired by corona discharge under any of the redquired operating condi-
_tiqns.

Where adverse corona effects are avoided by pressurizing or evacu-
ating a component, the seals used_shall.be_capable of maintaining the
required internal pressure throughout the useful life of che hardware,
Where adverse corona effggts-are_avgidgdvin puqealed.compqnents by

restricting operation to space vacuum conditions, the ability of the
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equipment to reach the required vacuum level of 10.-5 Torr in 10 hours:

or less of time on orbit shall be demonstrated,
3,8.2,12 NEW ELECTRICAL COMPONENTS

Newrccmponent designs'shall use conservative derating factors of
. no less than 30% for component parts, especially for power semicop- -
ductors, switching and fault isolation devices and capacitors,

3.8.2.13 POWER MANAGEMENT

Capability of power system evaluation and power management from

the Mission Control Center as well as by the crew shall be provided.
3.8.2.14 BATTERIES

Peaking batteries are required to support the Laberaft High.in-
tage supply and batteries are required for the deployed packages.

Design standards are TBD,

3.8.3 PLUID DESIGN SYSTEM
"The'dééigﬁ;”iﬁétéil&tibn.and tést requirements of fluid systems

shall be in accordanﬁe'with MIL-H-5440F , Design, Inétallation and

Data Requirements for Hydraulic Systems: Aircraft Types 1 and 2,
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Routing and iﬁskaliatioﬁ'of all fluid lines for flight herdware,ﬁie?
cluding pressure-sensor lines, shall be epecified on the drawings.
Speeial precautiens'ehall be teken to preﬁent-the iﬁetalletion efueuch
_ llnes Where they would be exposed to extreme temperature condltlons.
A de51gn analys1s shall be made for each such line lnstalletlons to
show that the temperature extremes tO'Wthh the line will be subJected

are within limits acceptable for the £luid 1nvolved
3.8.4 DATA MANAGEMENT /COMMUNICATIONS

The design of the Data Management/Communication Subsystems shall

_be_in_accordance with guidelines of X-560-63-2.
3.8.5 HUMAN ENGINEERING -

Labcraft. support equipment and instruments shall be designed in
accordance with humin engineering criteria of MIL-STD-1472B. Touch
temperature limits of internal surfaces shall be within 55° to lOSQF_

during all operational phases of the Labcraft f£lights.
3.8.6 CIEANLINESS /CONTAMINATION
For ground operations activities the Labcraft shall be maintained

in aclass 100K environment per FED-STD~209. Design standdrds for’

minimizing contamination shall be in accordance with NASA-SP-5076 and

S SN-G-0005.
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3.8.7 MATERIALS

Subsystem design for the Labcraft shall 1nclude but not be

' 11m1ted to the materlal con51derat10ns, that follow.
3,8.7.1 FLAMMABILITY OF WIRING INSULATION, MATERIALS AND ACCESSORIES
Flammability and off.gassing requirements of materials to be used
in env1ronmants that supporh combustlon shall be in accordance Wlth
NHB 8060 1.,
3.8.7.2 ODOR REQUIREMENTS

Odor properties of materials to be used in environments that

support combustion shall be in accordance with NHB 8060.1.
3.8.7.3 TOXICITY

_Mhteria}s shgll:not_be_used in.habitablg”areas of Tabecraft or . -
test facilities which, when oéerating at operationai'temperatures and
.. pressures up to the maximum antiqipatedﬁduring'the flight5LWill gener-,
ate toxic or noxious-fumeé,'of dust,'iﬁ Such concenﬁfétion as to im~

pair crew performatnce or safety.. =



3,8.7.4 CORROSION PREVENTION

Metals used shall be corrosion-resistant type or suitable treated

ItD resist corrosive conditions likely to ‘be met in menufaeture,'e55em-'

bly, testlng, se1V1c1ng, sLorage or normal service use. :Pfotective
coatlngs shall not crack chlp, peel or scale with age When subgected
te the env1ronmenta1 extremes spec1fied Unless suitable protected

‘agalnst electrolytlc corr051on, dlSSlmllar metals, as deflned in

' ’MSEC SPEC 250 shall not be used in dlrecL phy51cal contact. Any
protectlon used shall offer a low 1mpedance path to radlo frequency

' cur;ents. Hardware shall'be deeigned so that no failures will occur
‘due tb:eéreee eeffosion'resﬁifiﬁg from e#pesuiefte'epeeifiedgﬂeturel

Vend induced enviromnments ox from fluide used in_or_on the ha:dwe;e
or:eeﬁponents.ef the hardwefe dﬁring ﬁaﬁfiéaﬁion,.cleaning,rflﬁshiﬁg;

inspection, testing, or operating,

3.8.7.5 FUNGUS RESISTANCE =

Materials Which are non-nutrieqt to the'fungi defined in MIL~STDe‘J‘

‘810, Method 208 Shculd be used. When fungus nutcient materlals must
be used they shuuld ‘be hermetleally sealed or treated to, prevent
fungus gquth for the effective lifetime of the compopent. Materials
: not_meeﬁing this requiremeqt_she}libe identified.ae_ailim;tegiiiﬁee:_
compenent and shall identify eny,ectioﬁ required such ee inspection,
_maintenance, or replacement periods. Fungus treatment should not
adversely_effecf unit performeﬁqe or SErvi;erlife. Mﬂterialeﬂso
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treated should be protected from moisture or other environments that
. would be sufficient to leach out the protective agent. Fungus inert

materials are listed in MIL-STD-4564 (Requirement No. &),
3,.8.8 - STANDARD PARTS

NASA, Air Forcenmavy.(AN), Militafy Standards (MS) or joint Air
Force;NaVy (JAN) standard'pafts shail-be:used in fiight'hardwére ﬁheré'
applicaﬁle. Maximum econoﬁic standafdization.ofrpafts and compoﬁents
“1$hallfbe_providednxIWherEfideﬁticél“or'simiiéf fuﬁction§ afé peffﬁrmed.“
in mﬁre than one application within the system, effort shail berﬁade

- to use only one item-deéigh for 311:Syétém applications.’
3.8.9 IDENTIFICATION AND MARKING

ﬂ'SubSystEmé'shall_be-marked'fdr identification in accordance with

MTL-STD-130,"
3.8.10 INTERCHANGEABILITY AND REPLACEABILITY

~Labcraft subsystems shall be designed for ease of manufacture
assembly, inspection, maintenance, and components with the same part

" number shall be physiéélly.aﬁd-functidﬁall§ interchangeéble.
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- 3.8,11 PYROTECHNIC DEVICES-

Pyrotechnic devices required for support of Laberaft subsystems

shall be designed in accordance with JSC—OBOﬁD;



4.0 VERIFICATION
4.1 GENERAL

The Labcraft payload systems verlflcatlon progrém.shall dem§n~
stfate by test or other verlflcation methods thah the hardware and
' software will __p__e_ar_fqrm__their ip_tér;d_ed __fut_lc_i_:i_ons._. _Thi_s. program_ Wﬂ’.vl.
Vinclude FSE/GSE.develapmgﬁt, éﬁalificaﬁion, énd acceptance;, é# néces-
sary, I.'SE/GSE system level tests" and complete payload 1ntegrat10n and.
checkout (Lgvel.IV). The sPec1£1c tests, tect methods, and environ- ‘t
mental tésﬁ ievels_wll; b§ as_def;ned_1n.the_Labpraftanyload Verlf;-‘

cation Plan (TED).
4,2 FLIGHT CONFIGURED HARDWARE FAILURE REPORT ING
Failures of FSE/GSE hardware during qualification, acceptance and
. payload-integration testing __Sha.ll_.re_q_uilje a complete analysis of each -
‘faijlure and corrective action documented by a non-conformance teport.
. The contractor shall secure agreement from NASA/GSFC. concerning the -
adequacy of the corréctive action before tests can be -esumed.

4,3 . WAIVERS AND DEVIATIONS

TBD
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5,0 PREPARATION FOR DELIVERY

The Labcraft pay]_.qé_d and payload elements preservation and

packaging shall be in accordance with the Transportation Plan (TBD).
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6.0 ABBREVIATIONS AND ACRONYMS

2
AG
AN
APCS
B
C/D
CEIS
CEIs
C&x
D¢
DMS

DOMSAT -

EGSE
EISs
EML
ESE
EPDS
EVA

FSE
GFP

GSE
G5FC

ICD
IECM
IR
JAN
J5C

LISGS
L3ty
LMSRD
LPGS
LPS
MDM
MGSE
MMSE

MSE
-MSFC

NASA

NSI

OBIPS

Angstrom
Alternating Current
Air Force ~ Navy

‘Attitude Pointing and Control Subsystem

Magnetic Field
Design and Development
Contract End Item Specl;lcatlons

" Contract End Items

Caution and Warning
Direct Current
Data Management System

Domestic Satellite

Electric Field

Electrical Ground Support Equipment

End Item Specifications

Electromagnetic Interference

Electrical Support Equipment

Electrical Power and Distribution System
Extra Vehicular Act1v1t1es

Degrees Fahrenheit

Flight Support Equipment

Govermment Furnished Procurement

Ground Handling Equipment

Ground Support Equipment

Goddard Space Flight Center

Headquarters

Interface Control Document

Integrated Environmental Contamination Monitor
Infrared

Joint Air Force - Navy

.Johnson Space Center

Thousand (x 103 bl

Laberaft Instrument Systems General Specification
Low Light Level Television

Laberaft Mission Support Requirements Document
Labcraft Payload General Specification

Laberaft Program Specification

Multiplexer Demultipler

~ Mechanical Ground Support Equipment
Multiuse Mission Support Equipment

Military Standards

Mechanical Servicing Equipment

Marshall Space Flight Cernter

National Aeronautics and Space ‘Administration
NASA Standard Initiator

Optlcal Band Imager and Photometer System
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PDs - Procurement Drawings

PIC - Pyrotechnic Initiator Controller

P/Ls ~ Payloads

RAUs - Remote Acquisition Units

RF - Radio Frequency

RMS -~ Remote Manipulator System

RPA - Retarding Potential Analyzer

SLP - Spacelab Project

STBN - Spaceflight Tracking and D:ta Network
5TS - Space Transportation System

TBD - To Be Determined

TCS - Thermal Control System

TDRSS - Tracking and Data Relay Satellite System

TDRSS/T - Tracking and Daca Relay Satellite System Terminal
vVoeC - Voltage Direct Current
% - Percent
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