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This document was prepared by the Martin Marietta Corporation, Denver
Division, for the National Aeronautics and Space Administration,
Marshall Space Flight Center. This volume forms a part of the Final
Study Report for Contract NAS8-31789, Payload Specialist Station
Study, completed under the technical direction of Mr. William Lucero,
Contracting Officer's Representative, MSFC.

The following documents form the complete Final Study Report:

Volume I Executive Summary

Volume I1 Technical Report
Part I Preliminary Design Document &
Part 17 Contract End Item Specifications (Part I) 2
Part I1{ Program Analysis and Planning for Phase C/D 48

Volume II1I Program Study Cost Estimates a9
Part I Work Breakdown Structure

Part II Cost Data
The following Part I CEI Specifications are included in this volume:

- Multifunction Display System (MFDS) Specification _
= Multi-use Mission Support Equipment (MMSE) Specification %‘”
- Flighc Software Specification ;
- Ground Test Software Specification

= Ground Support Equipment (GSE) Specification
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1.0 SCOPE

This part of thig preliminary specification establishes the require—
ments of performance, design and verification of equipment identified as the
MULTTFUNCTION DISPLAY SYSTEM (MFDS), Contract End Item {CEI) Number {TBD).

The Multifunction Disp.ay System provides the display units (with
video, alphanumerics, and graphies capabilities), associated Elecironics
Unit(s), keyhoards (KBs) in Support of the payload dedicated controls and
displays concept to be located at the Payload Station (PS) in the Shuttle
Orbiter Aft Flight Deck (AFD).
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2.0 AFPLICABLE DOGUMENTS

The following documents, of the exact issue shown, form g part of this
specification to the extent Specified herein. Tn event of conflict between
documents referenced here and other detail content of this_specification,

specificationsg satisfying the intent of . the helow-listed documents may be
used in lieu of the Specifically listed documents afier review and approval
by MSFC. Reference to these documents contained herein shall be by basice
number only,

2.1 Specifications

MSFC Specifications CEL Para.

MSFC~-SPEG-250 Protective Finishes for Space 3.3.58,2

Amendment 1 Vehicles Structures and Associ-

26 February 1964 ated Flight Equipment, General
Specifileation, :

2.2 Standards

MSFC Standards

MSFC-STD-512 Standard Man/Systems Design - 3.3.15
12 Avgust 1974 Criteria Ffor Manned Orbiting

Payloads
MSFC-STD~486 Threaded Fasteners, Torque 3.3.6.2
Awendment 1 Limits For
July 1970
MSFC-3TD-509 Lubricant Selection 3.3.2.4

October 1972

Federal Standards

FED~STD~2098 Clean Room and Work Station 3.3.10
24 April 1973 Req. Controlled Environment
Military Standards and Specifications
MIL—STD-143B Standards and Specifications, 3.3.1
12 November 1949 Order of Precedence for the

Selection of :
MIL-C-17E Cables, RF, Coaxial, Dual Co- 3.3.5.1
12 Juiy 1974 azxial, Twin Conductors and

Twin Lead



Military Standards and Specifications

MIL-STD-1472B
31 December 1974

MIT~STD-1300
1 August 1773

HIL-STD-810(C)
10 Mareh 1975

MIL-~STD-470
21 March 1966

MIL-STD-889A
5 May 1972

MIT~B~-50878(2)
31 August 1970

MI1~5-7742B
15 March 1973

MUT-S5-8879A(1)
Notice 1
15 March 1973

MIT-STD~461A
Amendmant
4 June 1973

MIL-3TD-462{2)
1 May 1970

MIL-STD-189
Notice 2
14 Marech 1961

MIL-STD-12C(2)
1 February 1871

Human Engineering Desipgn Cri-
teria for Military Systems,
Equipment and Facilities

Identification Marking of U,8.
Military Property

Environmental Test Methods
Maintainability Program Require-
ments

Diegimilar Metals

Bonding, Electricai and Light~
ning Protection, for Aerospace
Systems

Screw Threads, Standard, Optimum
Ealected Serial, General Specifi-
cation for

Screw Threads, Controlled Radius
Post With Increased Minor Diam—

eter, General Specification for

Notice 1, 2, 3 Electromagnetic

‘Interference Characteristics,

Reqg. for

Notice 1, 2 - Electromagnetic
Interference Characteristics,
Measurement of

Racks, Electricali Equipment,
19-inch and Associated Panels

Abbreviations for Use on Dravw-
ings, Specifications, Standards
and Technical Documents

CEI Para,.

3.3.15

3.3.9.1
3.3.5.7.3
3.3.6.2.2
3-3.6-2.2
3.3.5.7.1
3.3.5.7.1
«3.12
«2,1

01-15

30 3;1304



2.3

Drawings

MSFC Drawings
MSFC-DWG-40M39582

MSFC—DWG—40M51264(A)

MSFC-DWG-10M90221

YSFC-DWG-50M02442

Harnesses, Electrical Design

Outgassing, Thermal Vacuum,
Spec. for

Materials Managemeni Plan for
Contamination Control

ATM Material Control for Contam-
ination due fo Outgassing

2.4 Shuttle Program Publications

National Aeronauties and Space Administrstion

JSC~07700, Vol. XIV
Revision D

Change No. 17

27 July 1976

T18C-07700, Vol., III
Change No. 16
27 July 1976

Change No. 8
5 July 1976

J8G-07700, Vol, IV
Revision A

Change No. 10

26 March 1975

+5C~07700, Vol, I- _

0l4~Piv-01
Change No. 1

.1 June 1976

EuroEean Space Agency

SLE/2104

Spacelab, Preliminary

May 1976.

EQ-MA~0010, Tssue 1
15 May 1976

8pace Shuttle System, Payload
Accommodations; Program Defin-
ition and Requirements

Program Planning and Analysis

Program Degeription and Requireg~
ments Baseline; Level IT Program
Definition and Requirements

Configuration Management
Requirementsg

Payload Interface Verification;
Vol. I General Approach amd
Requirements

Spacelab Payload Accomodations
Handbook

Data Display S}étem

CEI Para.
3'3.5‘1

3.3.2.3.1
3.3.2.3.1

3.3.2.3.2

3.1.4

3.1.4

3‘2.4.1

3.2.1.2

3.2.1.2
3.2.1.3,1.1
3.2,1.3.1.2

" ude s



European Space Agency

EQ-MA-084, Issue 1

20 May 1976
EQ-MA-0002
Preliminary
14 May 1976

Contractor (RI)

MJ070-0001-1B
15 January 1976

MFOO04-0024
Amendment B-03
14 June 1974

2.5 Other Publications

NHB 5300.4(1D-1)
August 1974

NHB 5300.4(34)
May 1958

NHE 8060.14
November 1971

SE~004~002-21

NHB 1700.1(vI)
July 1969

Data Bus Interconnecting Station

Input Output Unit

Orbiter Vehicle End Ttem Speci-
fication for the Space Shuitle
System Part Ij; Performance and
Design Requirements

Electrical Design Requirements
for Electrical Equipment Util-
ized on the Space Shuttle
Vehicle

Safety, Reliability, Maintain-
ability and Quality Provisions
for the Space Shuttle Program

Requirements for Soldered Elec-
trical Connections

Flammability, Odor, and Offgase-
ing Req. and Test Procedures for
Materials in Enviromment that
Support Combustion

Guidelines for Identifying
Flammability Hazards in Air

NASA Safety Manual
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Other Publicatrions

J3C~-07636
September 1973

NPC200-4
August 1964

DOD Handbook H4-1
Latest Revision

MA-06, Vol. TII
Part I

EIA STD RS-170

v

Space Shuttle Lightning Pro-
tection Criteria Document

NASA Quality Publication

Federal Supply Code of Manufac-
turers Name Lo Code

Work Breakdown Structure

Electrical Performance Standard
Monochrome Television Studio
Facilities, Electronic
Industries Assoclation

CEI Para.

3.2.?.2.1

3.3.2.5

3.3.13.1

3.1.5.2

3.2.1.4.2
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3.0 REQUIREMENTS

3.1 CEI Definition

3.1.1 General Deseription

The Multifunection Display System (MFDS) shall congist of two cathode
ray tube (CRT) display units, associated electronics unit(s) (EU), keyboard(s)
(KB), and required cables, The CRTs shall consist of one black and white
unit with video capability including alphanumeric and graphic overlay fea-
tures (located at Panal L-11, Payload Station, PS), and one tricolor unit
(green/yellow/red, located at Panel L-10, PS),

3.1.2 Missions

The Shuttle Program scheduling, operations planning, flight hardware,
ground gystem requirements, and costs shall be based on the Shuttle Program
mission model deseribed in JSC~07700, Volume III. The £irst use of the MFDS
will be for the first operational flight utilizing th. AFD core C&D capabil-
ity, the Spacelab (SL) 2 mission.



3.1.3 Operational Concepts

The Multifunction Display System (MFDS) will be used by the Payload
Speclaiist to perform various on-orbit tasks. Using the keyboard, the payload
specialist will have the capability to operate wvarious instruments within an
experiment, display experiment status and data, point various instruments
and select several video displays. He will have access to either the S/L
computers or Orbiter computers.




3.1.4 Organizational and Management Relationship

MSFC has been designated as the development management center for the
Aft Flight Deck core controls and display (C&D) program. The core C&D
equipment will be located in the Orbiter AFD, and therefore, JSC will be
required to ensure interface control documentation compatibility,

3.1.5 S8ystems Engineering Requirements

3.1.5.1 Systems Engineering and Integration

Systems engineering and integration will include performance of the
analyses and studies necessary to define requirements for the Aft Flight
Deck Payload Core C&D, interfaces, ground support equipment (GSE) and sup-
port test equipment (STE), and product aszurance. Systems design and inte-
gration, operations requirements analyses, GSE and STE requirements, and
Systems test requirements are all a part of the Aft Flight Deck (AFD) Core
C&D engineering and integration (SE&I) task. Alse included are interface
analyses and definition, PSS specification development and weight management.
The objective of the SE&I analysis is to assure an integrated AFD core C&D
design that provides 2 corxe capability for operating and controlling the many
anticipated payloads for the Shuttle Orbiter, at the lowest life cycle cost
to the Shuttle Program, compatible with the required level of capability and
limitation information to prospective payload developers.

3.1.5.2 Nork Breakdown Structure (WBS)

The WBS for the AFD core C&D will be in accordance with MA-06, reference
Volume III, Part I.

3.1.6 QGovernment Furnished Propertv List

a. Spacelab equipment: Display Unit {(DU); Keyboard (KB): Data Display
Unit (DDU); Remote Acquisition Unit (RAU); Power Distribution Box (PDB).

b. Phase II: One set of Ground Support Equipment (GSE).

3.1.7 Critical Components

3.1.7.1 Enpineering Critical Components List

Not applicable,

3.1.7.2 Logistics Critical Components List

The lailvre mode and effects analysis (FMEA) will be performed and will
be used to prepare the Critical Ttems List (CIL), which will be used to ident-
ify critical spares. This CIL shall include the Single Failure Point Summary
and Criti~al Redundant Items. The corrective action required and/or rationale
for retention shall be determined for each critical single failure point.

9
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3.2 Characteristics

3.2.1 Performance

3.2.1.1 Display Units

Two Display Units (DUs) shall be provided; one shall have the capahil-~
ity of displaying only alphanumerics and graphics in tricolor, and ome shall
have the capability to display both video and overlay symbolic data (alpha-
numerics and graphics) in black and white (B&W). The black and white display
wonitor shall accept video signals from the Orbiter closed clreuit television
system (CCIV) video switching unit.

The majority of the requirements specified herein shall apply to both
the B&W and trienlor type of DUs, and therefore are stated only once with no
specific reference to either unit. Specific requirements pertaining to only
one of the DUs are properly identified herein,

3.2.1.1.1 Brightness

The brightness of generated symbols shall not vary by more than plus
or minus 20 percent when positioned anywhere within the useful screen area.
The brightness level of the black and white Display Unit shall be a minimum
of 46.5 foot lamberts at the maximum writing speed. The brightness level of
the color Display Unit shall be a minimum of 60 foot lamberts at the maximum
writing speed. :

3.2.1.1.1.1 Manual Brightness Control

The Display Unit shall be providec with a continuous manual bright-
ness control, mounted on the front panel of the display uunit.

3.2,1.1.1.2 Automatic Brighitness Control

Readjustment of the brightness control shall not be required at any
ambient light level above 100 faot lamberts when it has been set to a desired
cortrast ratio,
3.2.1.1.2 Contrast

The black and white Display Unit shall be able to provide a contrast
ratio of 8:1 at 100 foot lamberts. The color Display Unit shall be able to
provide a contrast ratio of 1li4 at 60 foot lamberts.
3.2.1.1.3 Resolution and Line Width

3.2.1.1.3.1 TV Scan Resolution

The B&W Display Unit chall provide 525 and 1000 horizontal scanning
lines.

10
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3.2.1.1.3.2 Line Width

The line width growth shall vary no more than 30 percent over the remaining
20 percent viewing area. The line width requirements shall be met for the
line(s) written at ali writing speeds at the required refresh rate and con-
trast ratio requirements.

3.2,1.1.3.3 Resolution

The Display Unit shall exhibit horizontal and vertical resolution of
not less than 42 line Pairs per inch in the central 80 percent of the viewing
area based on a 10 percent modulation index and a square wave video input.

A line pair is defined as one line bright and ome dark adjacent area.

3.2.1.1.3.4 Video Bandwidth

The bandwidth of the B&W video channel shall be flat plus or minus
3 dB from DC to a minimum of 10 MHz for output amplitudes consistent with the
required contrast ratios. Transient response shali bhe such that overall rise
and fall times shall be no greater than 35 ns each when measured between the
10 percent and 90 percent points with overshoots and undershoots less than
20 percent of the Pulse amplitude. The bandwidth of the color channel shall
be flat plus or minus 3 dB from DC to 32 MHz for output amplitude consistent
with the required contrust ratios.

3.2.1.1.4 Linearity

The DU non-linearity shall not exceed plus or minus 2 percent of the
length of any line at any point within the central 80 percent of viewing area
and shall not exceed Plus or minus 4 percent in the remaining area. In
addition, there shall be no deviation greater than plus or minus 0.020 inch
from a straight line in any 0.8 inch segment of a lige. The maximum deviation
shall not exceed plus or minus 0.060 inch at any point of a line of length up
to 6 inches, defined by its end voints.

3.2,1.1.5 Jitter

Displayed symbolization shall not jitter in excess of 0.003 inch under
static conditions. Jitter Phenomena frequencies range from 0.25 Hz to 60 Hz,

3.2.1.1.6 Position St bility

Short term position stability shall be within plus or minus 0.015 inch
vertically and plus or minug 0.015 inch horizontally with a drift rate not itn
exceed .005 inches per minute, Long term position stability shall be within
plus or minus 0.05 inches vertically and plus or minus 0.06 inches horizontally,

11
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3.2.1.1.7 Positional Error

Positional error at any point on the CRT face shall not nxceed 2.0
percent of its location ralative to the center of the presentation.

3.2.1.1.8 Display Centerigg

Display formats shall be centered to plus or minus 0.05 inch within
the viewable area.

3.2.1.1.9 Phosphor

The phosphor for the cathode ray tube (CRT) shall nmeet the require-
ments of this specification. It shall cause no flicker or apparent motion
while the display is viewed under any amhient illumination.

3.2.1.1.10 Bueilt-in Test Equipment {BITE)

rhe DU shall provide BITE and self-test capabilities in conjunction
with a Keyboard Unit, Electronics Hnit (EU), and the EU generated test patterns
interpreted by an operator, shall detect and indicate single-solid faii--
ures in the MFDS to a Probability of 0,96 or better upon operator command.
The test pattern, on command from the keyboard shall be made available for
the operator to check visual performance of the display unit,

3.2.1.1.11 cColer

The display unit shall be capable of displaying tricolors of green,
red, yellow.

3.2.1.1.12 Screen Area

The useful display areas should be at least 8 inches square, each;
however, smaller displays will be considered if off-the-ghelf status provides
cost advantages for the system.

3.2.1.1.13 Power

3.2.1.1.13.1 Input Power

The DU shall meet all the specified performance requirements when
energized by a prime source of 28 plus or minus 4 volts DC or 115 plus or minus
5 volts, 400 Hz AC having the characteristics defined by MF0004-002. In addi-
tion, the DU shall be capable of withstanding, without damage or data loss,
the emergency transient characteristics defined in MF0004-002,

342.4.1,13,2 Grounding and Tsolation
Provisions for equipment grounding; for isolation of circultry from

grounding, power returns, and shields; and for isolation of input power, normally
and under failure conditions, shall conform to MF0004-002,
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3.2.1.1.13.3 Power Dissipation

The DU shall be designed to dissipate the following amounts of power,

¢ . under worst~case eooling conditions, withour compromise to the temparature

derating criteria established for components utilized therein. The derating
criteria shall be compatible with the reliability objectives.

a. Operation (Normal TV Mode) ~ 130 watts maximum monochromatic
= 150 watts maximum color

b. Standby - 25 watts maximim

3.2.1.1.13.4 Power Conversion

The DU shall convert primary input power to internal operating volt-
ages as reauired. Jonversion equipment and characteristics shall conform to
the reguirements of MF0004-002.

3.2.1.1.13.5 Power-on Seguence

Application of input power to the unit shall be sensed and shall
initiate an orderly startu » Teset, and initialization sequence. No special
power-on sequence shall be required.

3.2,1.1.13.6 Power-off Seauence

Removal of input power from the unit shall be sensed and shall initiate
an orderly power shutdown sequence. No special power-—off sequence shall bhe
required.

3.2.1.1.13.7 Normai Power Transient

Input power transients within the limits defined in Specification
MF0004-002, Figure 1, shall not cause unit malfunction or syne anomalies,

3.2.1.1.13.8 Abnormal Power Transients

Input power transients within the limits defined in MF0004-002,
Figure 3, shall not cause equipment damage or spurious behavior. For under-
voltage transients which excred normal limits as defined in 3.2.1.1,13.7 above,
execution of a'shutdown/restari: sequence is permissible.

3.2,1.1.13.9 Power Interruption

Loss of input power shall not cause any DU malfunction, transmission
of erroneous signals nor create amny operating anomalies,

13




3.2.1.1.14 Weight

The welght of the R&W Display Unit shall not exceed 35.0 pounds. The
weight of the Color Display Unit shall not exceed 40 pounds,

3.2.1.1.15 Dimensions

The Display Unit shall be contained in an enclosure not exceeding 12.0
inch height x 11.0 inch width x 20.0 inch depth 2nd mounted into a 19 inch
panel/chassis in accordance with MIL-STD-189,

3.2.1.2 Electronics Unit

The EU shall interface with the Spacelab interconnecting stations (18)
and input and output (I/0) units for both the experiment and subsystem computers
via the serial data buses. The EU shall allow keyboard commands ko be sent to
either the experiment or subgystem computers via the IS, I/0 units and redundant
data buses. A dedicated switch on the keyboard shall select the experiment or
subsystem computer. The EU shall accept and store data from the Spacelab com-
puters and cause the display on tha display unit to be modified in aceordance
with the data (reference Spacelab Payload Accommodations Handbook, EQ-MA-0010,
EQ-MA~084 and EQ-MA-0002).

Normally the multifunction display system shall interface with either
the Spacelab experiment or subsystem computers. However, when the Spacelab
computers are not flown, the MFDS shall be capable of interfacing with the
Orbiter GPC via the Orbiter data bus and input output processor (I0P). The
Orbiter GPC shall then perform the same functions ag the Spacelab computers.

3.2,1.2.1 Symbol Arrays

The EU shall be capable of utilizing sequences of format ~ontrol words
such that a set of symbols can be uniquely specified and identified as if i
were a single-symbol element.

3.2.1.2.2 Symbol Elements

The EU shall be capable of generating at least 128 symbols. The symbols
repertolre shall be such that it cam be changed and not affect the performance
of the EU or require design changes.

3.2.1.2,3 Circles and Vectors

The EU shall be capable of generating the following patterns:
3.2.1.2.3.1 Cireles

Circles of at least 512 radii centered at any point on the display.
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3.2.1.2,3.2 Vectors
Vectors batween any two points on the display field.

3.2.1.2.4 Features Related to Symbols

The EU shall provide the following features that can relate to individ-
ually displayed elements or sets of displayed elements.

3.2.1.2.4.1 ¥lash

Any symbol or set of symbols shall flash when so desgignated.
3‘2.1.2.4'2 Dash

Any circle, vector, or set thereof shall be dashed when so designated.
3.203-02‘4-3 Rotate

Any symbol or set of symbols shall be capable of being rotated about a
center that may be any point on the face of the CRT. TLotation designations shall
be able to specify the angle of rotation as either an absolute rotation from a
fixed reference or as a rotation from a variable reference. A combination of

ratation and translation of the same display element (or set of elements) shall
be possible.

15
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3.2,1.2.4.4 Transiation

Any symbol or set of symbols shall be capable of being translated in
cartesian coordinates when so designated., It shall be possible to specify the
resulting location of a translation as either an absolute position or a posi-
tion relative to the current location of the designated symhol.

3.2.1.2.4,5 Character Size

There shall be at least two sizes. Any combination of sizes shall be
posgible on the same display presentatien.

3.2.1.2.4.6 Intensity

There shall be at least two levels of intensity that can be designa~
ted for amy symbol. All levels (intermixed) shall be poseible in any combin-
ation on the same display presentation, Brightness uniformity shall be main~
talned to within plus or minug 12 percent by linear compensation of intensity
for various stroke writing speeds,
3.2.1.2.4.7 Blanking

There shall be a capability of blanking or unblanking any group of
symbols.

3.2.1.2.4.8 Text Presentation

It shall be possible to designate a text prese itation starting at any
point on the CRT face such that character pogitioning, line positioning, and
boundaries of the display field shall be referenced from that point automatic—
ally within the EU without need of further information.

3.2.1.2.4.9 Scrarch Pad

It shall be possible to designate the last Line of any presentation
as a scratch pad. The scrateh pad shall display symbols consistent with each
KB signal sensed by the EU.

3.2,1.2,4.10 Computer Specified Svymbols

The EU shall receive messages that will rejlace portions of the display
Presentation. These symbols shall be superimposed ipon the part of the display
Presentation that is unalterable.

3.2.1,2.5 Presentation Criteria

All symbols as presented on the face of the CRT of the DU shall be
as follows:

16



3.2,1.2.5.1 Text Data

At least 25 lines of 50 characters at minfmum character size.

3.2.1.2.5.2 Character Relationships

Width = 0.67 to 0.75 of hedight .
Charanter Spacing = 0.20 to 0.33 gf height
Line Spacing = 0.30 to 0,50 of height

3.2.1.2,5.3 Character Size

Height 0.125 inches, minimun

3.2.1.2.5.4 Number of Intensity Levels

Two, rinimum

3.2.1.2.5.5 Refresh Rate

50 Hz, minimum

3.2.1.2.5.6 Character Generation

Stroke

3.2.1.,2.5.7 Position Matrix

1024 » 1024 (addressable Llocations)

3.2.1.2.5.8 Ocelusicn Zone

A software selectable ucclusion zonme shall exist at the bottom of
any displayed presentation.

3.2.1.2.6 Display Informaticn

The EU shall be capable of storing for a read-only mode of operation
at least 512 16-bit words of information. It shall be able o process this
information as a display message, and special symwbol arrays.

3.2.1.2.7 Memory

The nonvolatile Read and Write (R/W) memery shall consist of at least
8196 i6-bit words of information required to support refresh of the display
unlt for a given display presentation. The Read Only Memory (ROM) shall be

lirge enough to contain ail necessary disnlay formats.

17



3.2,1.2.8 Built—in Test

Equipment

DU and F:yhoard Unit shall detect and indicate single-solid failures in the

MFDS to a probability of
detection and indication

0.96 or better Upon operator command. Failyre
shall involve a test pattern, displayed on the by,

interpreted by an operator, Keyboard Unit inputs and a cooperative computer -~

Input/Output, T/6 unit (1.
a detected error occurs,

@, to test the applicable data buses). Whenever
the EU shall generate an error signal for output to

the computer(s) and keyboard control panel,

3.2.1.2,9 power

3.2.1.2.9,1 Input Poyer

The EIf shall meeg

all the specified berformance requirements when

energized by a prime source of 28 plus or minus 4 volts DC or 115 plus or

minus 5 volts, 400 Hz AC

having the characteristics defined by MF0004-~002.

In addition, the EU shall be capable of withstanding, withous damage or data

loss, the emergency trans

3.2.1.2,9.2 Grounding an

ient charcnteristics defined in MFQ004~002.

d Isclation

Provisions for eq
geeanding, power returns,
normally and under failuyr

3.2.1.2.9.3 Power Dissip

uipment grounding; for isolation of circuitry from
and shields; and for isolation of input pover,
e conditions, shall conform to MFGO04-002,

ation

The EU shall be d
power, under worst—case c
temperature derating erit
The derating criteria sha

a. Operation - 2

esigned to dissipate the following amounts of
ooling conditions, without compromise to the
eria established for components utilized therein.
11 be compatible with the reliability objectives.

25 watts

b. Standby - 1p watts

3.2.1.2.9.4 Poyer Conver

sion

The EU shall convert Primary input power to internal operating volt--

ages as required, Conver
the requirements of MFO00

3-2.1:2-9:5 POW&!’.'—DII SEq

sion equipment and characteristiecs shall conform to
4~002.

uence

Application of in
initiate an orderly start
power-on sequence shall b

PUt power to the unit shall be sensed and shail
up, reset, and initialization sequence. No special
e required,
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3.2.1.2,9.6 Power-off Seguence

Removal of input power from thz unit shall be sensed and shall
initiate an orderly power shutdown Sequence. .-~ special power-off sequence
ghall be required.

3.2.1.2.9.7 Normal Power Transient

Input power transients within the limits defined in Specification
MFO004~002, Figure 1, shall not cause unit malfunction or sync anomalies.

3.2.1.2.9.8 Abnormal Power Transients

Input power tramsients witain the limits defined in MFQ004-002,
Figure 3, shall not cause equipment damage or spuriosus behavior. For under—
voltage transients which exceed normal limits as defined im 3.2.1,2.9.7 above,
execution of a shutdown/restart sequence is permissible.

3.2,1.2.9.9 Power Interruption

Loss of input power shall not cause any EU malfunction trensmission
of erronmeous signals nor create any operating anomalies.

3.2.1.2,10 Weight

The weight of the digital electronics unit shall not exceed 37 pounds.
Weight excludes control and dispiay (C&D) interfacing logie and circuits.

3.2.1.2,11 Dimensions

The Electronies Unit shall be contained in an enclosure not exceeding
7.62 inch height x 10.13 inch width x 19.62 inch depth.

3.2,1.3 Keyboards
Two keyboards shall he provided as specified herein.

3.2.1.3.1 General Keyboard

The general keyboard at Panel 1-10 shall be the primary device issu-

ing commands to the computer for experiment control ard display and for IPS )
commands, The Aft Flight Deck panel designations are presented in Figure 3,2-1,

3.2.1.3.1.1 Kev Functions

The functions performed by each key shall be identical to that of the
Spacelab Keyboard specified in MATRA EQ-MA~-0010.

3.2.1.3.1.2 Key Lavout and Nomenclature

The key layout and nomenclature szhall be identical to the Spacelab
keyboard specified in MATRA EQ-MA-0010.
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3.2.1.3,1.3 Gontrol and Staius

The keyboard shall contain the identical switches and indicators as
the Spacelab keyboard.

3.2,1.3.1.4 Bullt-in Test Equipment BITE

Sufficient monitoring circuits shall be incorporated within the key~
board compaiible with detecting 96 percent or better of the single-solid
failures of the entirs MFDS as stated in paragraphs 3.2.1.1,1y and 3.2.1.2.8.

3.2,1,3.1.5 Power

2. TInput Pover - The keyboard shall mest all the specified performance
requirements when energized by a prime source of 28 plus or minus 4 volte BC
or 115 plus or minus 5 volts, 400 Hz AC haviag the characteristics defiped by
MF0004-002. In addition, the keyboard shall he capable of withstanding, with-
out damage or data loss, the emergency fransient characteristics defined in
MF0004-002,

b. Grounding and Isolation ~ Provisions for equipment grounding; for
isolation of circuitry from grounding, power returns, and shields; and for
isolation of input power, normally and under failure conditions, shali conform
to MF0004-002.

c. Power Dissipatrion - The keyboard shall be designed to dissipate
10 watts mwaximum,

€. Abnormal Power Transients - Input power transients within the limits
defined in MF0004-002, Figure 3, shall not cause equipment damage or spurious
behavior.,

f. Power Interruption - Loss of input power shall nof cause any
keyboard malfunction transmission of erroneous signals nor create any operat-
ing anomalies.
3.2,1.3.1. Weight

The weight of the keyboard shall not exceed 15 pounds,
3.2.1.3.1.7 Dimensions

The keyboard shall be contained in an enclosure noi exceeding 2,75
inch height % 16.63 inch widih X 7.75 inch depth and mounted into a 19 inch

- panel/chassis per MIL~8TD~189,
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3.2.1.3.2 Secondary Kevboard

& 52 key keyboard may be considered for the performance of the follow-
ing functions in support of the display unit, located at Panal L-11:

a. Select a video channel for display from the CCTV system.

b. Facilitate in manual pointing control operations such as selec—
tion of the applicable instrumentation pointing system.

c. Dedicated buttons such as "start reposition command" for cross—
hair pointing.

d. Other mission unique functions, including video overlay applica-
tions.

3.2.1.3.2.1 Poyer

The power requirements for the secondary keyboard shall be identical
to those specified in paragraphs 3.2.1.3.1.5.a through 3.2.1.3.1.5.f.

3.2.1.4 Special Features

3.2.1.4.1 Crosshair Pointing

Crosshair pointing is an efficient method by which an instrument
(mounted on an instrument pointing system, IPS) can be positioned to a partic-
ular area of scientific interest.

3.2.1.4.1.1 Position Crosshair

The EU shall accept two inputs which provide the horizontal and vertical
positioning coordinates. The EU shall generate the crosshair and position it
on the display at the position specified by the two inputs. The EU chall con-
vert the two inputs to a digital signal and output this digital signal (repre-
senting the crosshair position) to the computer.

3.2.1.4.1.2 Reposition Command

The EU, upon command from the keyboard or momentary switch, shall send
a start reposition command to the computer. This will cause the computer to
initiate a repositioning sequence to the applicable instrumentation pointing
system,

3.2.1.4.1.3 Crosshair Updating

The crosshairs shall track the IPS from the offset position to the center

of the video presentation. The EU will be updated from the computer during the
IPS translation.

21



3.2.1.4,1.4 Screen Center

Capability shall be provided for displaying an electronic screen
center indication.

3.2.1.4.2 Video Dispiay Unit - Tine Resolution

The black znd white video display unit shall be capable of accepting
both a 1000 line and 525 1ine composite video signal. The display unit upon
commeand shall be able to switch from one to the other. Yhe performamce
characteristics of the 525 line system shall conform to EIA standard RE-170.

3.2.2 Physical

The physical requirements for the MFDS are ineluded under paragraph
3.2.1 presented herein. -
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3.2.3 Reliability
Reliability provisions shall be in accordance with NHB 5300.4 (ID~1).

3.2.3.1 Critical Single Failure Points

As a design goal, the MFDS shall have 1.0 single failure that will
jeopardize achieving the experiment objectives. 1In Systems where this is not

practical, sufficient safety margins should be used to minimize the probability
of occurrence.

3.2.3.2 Failure Deterrent and Detection

The design shall Incorporate the following:

2. The MFDS shall be designed such that fransient out-of-tolerance

conditions or component failures will not cause other damage to, or failure
of, other components.

b. Threaded parts and fasteners shall be positively locked to prevent
loosening during service.

¢. Bypass circuits used in checkout or calibration procedures shall
not override electrical System protective deviges.

d. Solid state switches and amplifiers shall be given preference over

electromechzmical relays and other vibration-sensitive electrical/electronic
parts.

e. Unidirectional components or piece parts shall be designed to pre-
clude backward installation by using nonsymmetry of configuration, different
connecting sizes, or comparable weans.

3.2.3.3 Reliability Goals
The reliability goal of the MFDS operation sﬁall b= TBD,

The probability that no MFDS fatlures will prevent successiul experiment
command or display objectives shall be TBD for on-orbit operation.

3.2.4 Maintainabilitx

The MFDS elements subject to maintenance shall be designed, selacted
and installed to facilitate the performance of such tasks in a reasonable period.

23



At (L

e " e e i ok, A TS L ST PR ey 4 et e ot |

of time with minimum hazard to aquipment and personnel. Maintainability
criteria in accordance with MIL-STD-470 shall be used. The design shall pro-
vide for maximum use of standard tools and test equipmant.

3.2.4.1 Installation/Removal/Replacement QOperations

The installation or removal of the payload dedicated controls and
displays panels or comsoles shall be accomplished at the launch site upon
the return of the Space Shuttle Orbiter. The servicing of the payload ded~-
icated controls and displays panels or consoles shall be consistent within
the payload turnaround time constraints as specified by JSC 07700, Vol. XIV
and JSC 07700, Vol. I-014~PIV-Ql.

The design shall provide for ease of removal, replacement, alignment,
integration, and test.

3.2.4.2 Scheduled Servieing

The MFDS design shall be such that scheduled maintenance frequencies
for critical-limited items are not less than TED vears.

3.2.5 Operatiomal Availabilitz

This preliminary Part I CEI shall be updated as required by the PS
Contractor. The PS Contractor shall maintain this document in the final
Part T CEI form through the change control system established.

The Part I CEI document shall be submitted at the Preliminary Design
Review (PDR) for final approval by MSFC prior to the start of the Developmant
Phase. Review Item Disposition (RIDs) written against the CEI and approved
shall be incorporated into the Part I CEI. After acceptance by MSFC, this
document will be Government property, and shall be formally controlled as
such in accordance with the requirements of the procuring activity.
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3.2.6 Safety

Requirements for the MFDS necessary to preclude hazards o Personnel
and equipment shall be as specified in the Safety paragraph of JsC 7700,
Volume XIV, or contained herein. Hazard definition, classification categor-
iles, and hazard reduction precedence shall be as specified in NHR 5300.4 (ip-1),
Safety, Reliability, Maintainability and Quality Provisions for the Space
Shuttle Program, and NHB 1700.1, NASA Safety Manual.

3.2.6.1 Crash Safety

The MFDS or any part or component of the AFD core C&D shall not en-
danger the crew as a result of the crash landing conditions gpecified in the
J8C-07700, Volume XIV,

3.2.7 Environment

3.2.7.1 Hatural

3.2.7.1.1 Transportation and Storage

The MFDS shall perform as specified herein after exposure in a non~
operating condition to any combination of the environments and ranges speci~
fied in JSC-07700, Volume XIV and MJ070-0001-1B.

3.2.7.1.2 Handling

The MFDS shall perform as specified herein after exposure to the
environmental ranges specified in JSC~07700, Volume XIV when handled
unpackaged.,

3.2,7.2 Induced

3.2.7.2.1 Flight Operational

The MFDS ghall he capable of meeting the operating performance require-
ments specified herein during and after exposure to any feasible combination
of the following conditions:

2. Temperature: Minimum: Mipus ZgoF (operational)
Plus 35 g (full perforumance requirenents)
Maximum: Plus 120°F (full performance regquirements)

b. Pressure: Minimum: 12,36 psia, continuous; 8 psia for 2 hours
Maximum: 18.0 psia

c. Humidity: Minimum: 8 percent relative
Maximum: 100 percent relative
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Sale Fog: Exposure to l-percent salt solution by wedght

Lightning: In accordance with JSC~07636 for indirect effects

Random Vibration:

1) Qualification - Acceptance Vibration Teat {AVT)

Acceleration Spectral Density

20 to 80 Hz

80 to 350 Hz

350 to 2000 Hz

Duration:

2) TFlight

Increasing, at plus 3 dB/octave, to 0.067 glez
at 80 Hz

Constant at 0.067 gZIHz

Decreasing, at 3 dB/octave, from 0.067 gzlﬁz
at 350 Hz to 2000 H=z

Five times AVT per axis

Acceleration Spectral Density

20 to 150 Hz

150 to 900 Hz
900 to 2000 Hz

Duration:
Acceleration:

Shock

Increasing at plus 6 dB/octave, to 0.09 glez
at 150 Hz

Constant at 0.09 gZIHz

Dgcreasing, at minus 9 dB/octave, from 0.09
g°/Hz at 900 1z

48 minutes per axis

Plus and minus 5 g's in all major axes

1} landing: Rectangular pulses of the following peak accelera-
tions, time durations, and number of applications
in the vertical (up) direction during landing.

Aceeleration
pak

Duration

- {ma) Application
170 22
280 37
330 . 32
360 20
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Acceleration Duratio..

(& peak) (ms) Application

0.56 350 9
0.72 320 4
l.50 260 1

2) Transient: 5 to 35 Hz; plus and minus 0.25 g peak.

(Transient shock may be simulated by vibration
one sweep from 5 to 35 Hz at one octave per
minute.)

3.2.7.2.2 Nonoperational

The MFDS shall be capable of meeting the operating performance
requirement specified herein after exposure to the following conditions:

2. Temperature: Minimum: Minus 65°F
Maximum: Plus 120°F with extremes of 150°F for §
hours per day

b. Pressure: Minimum: 3.28 psia
Maximum: 18.0 psia

¢. Shock:

1} Bench Handling: As specified in MIL-STD~810, Method 516.1,
Procedure V.

2) Basic Design: 20-g terminal sawtooth shock pulse of 1il-mg
duration in each of three orthognal axes (both
directions),

3) Crash Safety: 40-g terminal sawtooth shock pulse of ll-mg
duration in each of three orthognal axes
(both directions). Equipment and its mounting
attachments shall not break loose, create a
hazard to personnel, or prevent egress from
crashed vehicle. Operating performance is
not required after this test,

d. Ozone: 3 to 6 parts per hundred million (phm). Total oxi-
dant concentrationg pay reach 60 phm for 1 to 3
hours in any 24~hour period.

e. Fungus: As specified in MIL~STD-810.

27
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3,2.8 Transportability/Transportation

The MFDS shall be shipped in a GSE container specifically designed to
protect the hardware during highway and air transportation. Vibration,
shock, pressure, temperature, humidity and contamination shall be controlled
to levels specified below. Provisions shall be made in the MFDS structure
for suitable tie~down, lift and attachment points. All handling and trans-—
portation equipment shall be compatible with applicable structural and environ—
mental limits. The MFDS shall be designed to be transporied in either the
horizontal or vertical position.

3.2.9 Storage

The MFDS shall have a storage life of tem years. Control shall be
maintained on all parts and materials which are sensitive to age or the stor-
age environments specified in paragraphs 3.2.7.1.1 and 3,2.7.1.2, These parts and
materials shall be identified, and if deterioration is a factor during storage
or after installation for use, the maintenance procedures shall indicate a
replacement cyrle or the necessary retesting.

3.2.10 Operability

3,2.10.1 Operating Life

The MFDS shall be capable of performing all operations specified herein
for a minimum of 18,000 hours.

3.2.10.2 lUseful Life

The MFDS shall have a minimum useful 1life of 24,000 hours which is
aquivalent to 100 orbital missions 4n a 10-year period from date of delivery.
The average orbital mission will be seven days; however, the design shall not
preclude the capability to extend the orbital staytime up to 30 days.
3.2.20.3 Shelf Life

The MFDS shall be capable of operating in accordance with the require-
ments specified herein for a time period of 10 years fxom date of delivery.
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3.3 Desipgn and Construction Standards

3.3.1 BSelection of Bpecifications and Standards

Specifications and standards necessary for the design and development
of hardware, in additiom to those specified in thig document shall be selected
in the following order of preference except as otheiwise specified:

a) NASA specifications and standards.

b) Federal specifications and standards.

c) Military specifications and standards (MIL, JAN, or M8).

d) Other Governmental specifications and gtandards.

e) Specification and standards released by nationally recognized
associations, committees, and technical societies,

£} Supplier specifications and standards.
Specifications and standards shall be selected using MIL~-STD~143 as a guide,

3.3.2 Genaral

3.3.2.1 Materials, Parts and Processes

Materials, Parts, and Processes shall be in aceordance with MSFC-STH-
506. The contractor shall prepare and provide a materials selection and

documenting and approving all engineering drawings for flight hardware baefore
design concepts are finalized. Approval of engineering drawings and alil
changes shall include sign-off by the materials and engineering discipline
for each materials application utilized.

3.3.2.2 Flammahility Reguiremeats

Materials used in the design of the MFDS or contained in equipment
installed therein, shall he compatible with the flammability requirements Spec—
ified in NHB 8060.1A. SE-004~-002-2H shall be used ag a guideline to identdify
flammability hazards in air,

3.3.2.3 Outgassineg of Materials

3.3.2.3.1 Internal Materials

All materials used within the MFDS shall meet the requirements of
MSFC-DWE-10M90221 and MSFC-DWG-40M51264.
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3.3.2.3.2 External Materials

High vapor pressure materials on the ekterior surfaces of the MFDS in
line~of-gight with optically critical surfaces shall conform to the material
requirements of MSFC-DWG-50M02442. Materials not conforming to this require-
ment shall be submitted to MSFC for approval, -

3.3.2.4 Lubrication

The lubrication for all moving parts exposed to the vacuum of space
shall be selected in accordance with MSFC-STD-509,

3.3.2.5 Soldering

Soldering of all slectrical comections in the M¥FDS shaill comply with
NHB 5300.4(34). Solder comnections 'shall meet the requirements of RA064-001-
14, Sectlons 4 through 15 for ingpection purposes, except that references to
NASA Quality Publication HPC200-4; MSC Supplement to NPC200~4, HMSC-ASPO~S=pA ;
and MSC~ASP0-5-5C, MS(~ASPO Soldering Specifi:ation shall be deleted and
replaced by NHB.5300.4(3A), Any requirement of RAOG4~001-~I1A that is incon-
sistent with the provisions of NHB 5300.4(34) is superseded by NHB 5300.4(34).

3.3.2.6 Restriction of Use of Mercury

Mercury in liquid or vapor form shall not be used in the MFDS., WHhere
no satisfactory substitute exists or an alternate design or method cannot be
used, the justification for the use of mercury, the protection provided to
pPrevent its release, and a plan for decontamination in the event of its re-~
lease shall be submitted to NASA/MSFC for approval.

3.3.3 Aeronautical

Not applicable.
3.3.4 Civil

Not applicable.
3.3.5 Electrieal

3.3.5.1 Electrical Wiring

4. The wiring installation shall consist of cabie harnesses where
required. All wire bundles, harnesses and cables extusrnal to the component
or vehicle shall conform to HMSFC-DWG-40M39582, Wire used in cable harnessges
shall conform to Spacification MIT~C=-17.
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b, When etching of wire insulation is required in the MFDS to provide
satisfactory bonding to potting materials, the open end of the wire shall pot
be exposed to the etchant. The preferred process is to form thb wire into a
""" shape, immerse only the bent portion in the etchant, and beld the open ends
above the etchant level. The unetched end of the wire shall not be cut off
Prior to neutralization of tha etchant. Electrical wire ., cable insulated
or coated with polyetrafluoroethylene or fluorinated ethylene propylene shall
be etched prior to potting to assure mechanical bond strength and environmental
seal. Potting shall be accomplished within three wesks after etching.

3.3.5.2 Flectrical Connector Keving

All electrical plugs and Teceptacles used in the AFD core C&D panels
shall be keyed or otherwise configured to prevent incorrect connection with
other accessible plugs or receptaclas.

3.3.5.3 #lectrical Connector Pin Assignment and Pin or Socket Selection

a&. Electrical ecircuits for the AFD core C&D pamels shall not be routed
through adjacent Pins of an electrical comnector if a short circuit between
them would constitute a single peint failure as defined in paragraph 3.2.3,

b. Cable connections of the AFD core C&D panels shall be designed so
that pin and socket connectors arc properly used to pPrevent power from shorting
to ground. They also shall be designed co protect Personnel both whea con-
nected and disconnected through the usz of dead facing, explosion-proof con-
nectors, or similar meansg.

3.3.5.4 Protection of Electrical and Flectronic Devices

Electrical and electronic devices used in the MFDS shall incorporate
protection against reverse polarity or other Improper electrical inputs dur-
ing qualification, acceptance, and other tests if such inputs could demage
the devices in a way that would not be immediately and unmistakably apparent,

3.3.5.5 Eleetriecal and Electronie P:‘Lece-Parts2 Ciosure Constraoction

Electrical and electronic Plece-parts with all welded closure con-
struction shall be used in preference to piece-parts with other types of
closure construction, Other types of comstruction may be used if adequate
PIogram controls are imposed to assure that internal contamination cannot
cause part degradation and failure under zero gravity environment.

3.3.5.6 Electrical Grounding

a. Primary DC Power Grounding - The MFDS negative buses ghall be ref-
erenced to structure at one point. The conductor from the main power return
point to the single-point ground shall be designed to carry the maximum fault
current. The single point ground shall be capable of being comnected to the
Shuttlea.
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b. Component Grounding -~ The primary DC power shall be isolated from
all component structure. The component case ground shall be per MIL-B-5087B.

3.3.5.7 EBElectromagnetic Interference

3.3.5.7.1 Electromagnetic Compatibility (EMGC)

The MFDS shall be designed for electromagnetic self-compatibility
and for electromagnetic compatibility (EMC) for all phases of the mission,
and for EMC with the Orbiter ATD during on-orbit operations., The electrical
and electronic equipment shall not be a source of, nor be susceptible to,
electromagnetic interference as defined by MIL-STD-461A and 462.

3.3.5.7.2 Coroma Suppression

Electrical and electronic subsystems and components shall be designed
80 that thelr proper performance will not be impaired by corona discharge in
normal operating environments and shall not be a source of interference which
adversely affects the operation of other equipment.

3.3.5.7.3 Lightning Protection

Electrical and electronic components shall be adequately protected
from high curreants induced by the lightning occurring at the launch site. The
case ground shall be accomplished with the case connected to the structure
through low-~impedance conductive mounting surfaces. Where shock mounts or
thermal isolation prevent this, then wide, flat, short bonding jumpers may be
used in accordance with the bonding spaecification MIL-B-5087.

3.2.6 Mechenical

3.3.6.1 Design Safety Factors

The desipgn safety factors shall have an ultimate safety factor of 3.0
and a yield safety factor of 2.0,

3.3.6.2 TVegteners

Threaded fasteners used for securing a sinsle component, wheraver
possible, shall be the same type, size and tensile strength. Use of blind
fasteners shall be minimized. Threaded fasteners shall be torqued per MSFC~
STD-486.

3.3.6.2.1 Accessibility of Fasteners

Assembly and subassembly installations shall be designed such that
access to threaded fasteners may be accomplished with the use of conventional
tools.
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3.3.6.2.2 Screw Threads

Screw threads for threaded fasteners used on Shuttle System hardware
{except for GSE) shall be of unified thread form, Class 2, in accordance with
MIL-8~7742 or MIL~S-8879, as applicable:

a., Material tensile uitimate strength levels up to0, but not including,
160 KSI may be threaded per MIL-8-7742 or MIL-S5-8879. Rolled threads are
preferred.

b. Material strength levels of 160 K3I and above shail be threaded
per MIL-3~-8879., External threads shall be rolled after heat treatment.

Screw threads used on airborne fluid systems fittings shall be of unified
thread form, Class 2, in accordance with MIL~8-7742 or MIL-S-8879,

3.3.7 HNuclear

Not applicable.

3.2.8 Moisture, Humidity, and Fungus Resistance

Except as otherwise required by detail design considerations, only
materials which resist the corrosive action of salt air and damage from
moisture/mmidity and fungus shall be used which cenforms to MIL-STD-810.

3.3.9 Corrosion of Metal Parts

Metal parts shall be protected from corrosion by stress-relieving,
plating, anodizing, chemical coatings, organic finishes, or combination there-
of, provided that such protection is compatible with the operating and space
environmental requirements.

3.3.9.1 Dissimilar Metals

Dissimilar metals, as defined in MIL-8ID-889, shall not be used in
combination unless they are suitably coated to prevent eleetrolytic corrosion.

3.3.9.2 Fiaish

The MFDS finish shall be in accordance with MSFC-SPEC-250, except for
special thermal finighes.

3.3.10 Contamination Control

The MFDS cleanliness requirement is 100K clean class per FED-STD=209,

3.3.11 Coordinate System

Not: applicable,
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3.3.12 Interchangeability and Replageability

The MFDS shall be designed for ease of manufactrure, assembly, inspectio
and maintenance. Insofar as practicable, the MFDS subpanels shall be inter—
changeable and/or replaceable in accordance with MIL-8TD-189, The MFDS sub-
pressurized modula,

3.3.13 Identification and Marking

3.3.13.1 JIdentification of Parts

Each part fabricated shall be identified with a part number. The same
specification or part number shall be used to identify all 1ike materials,
processes, and parts. Seller shall assign 2 new part number to the part when
authorized changes make the supergeded part not interchangeable with respect
to interface, rellability, safety, logistiecs, traceability or performance.

For traceable items, the part identification shall additionally include the
manufacturer's identification code in accordance with DOD Handbook H 4-1,
and be lot numbered or serial numbered when required.

3.3.13.2 Supplier Part Number

The supplier part number, which is equivalent to the MFDS procurement
part number, shall be in accordance with MIL-STD-113p,

3.3.13.3 Identification of All Development/Qualificasion Test Specimens

Test specimens shall be permanently and obviously identified prior
to testing with the words “ENG. TEST ONLY" in addition to the identifica-

contrast with the color of the specimen, The lettering size and identifica-
tion location shall be clearly visible to casual observation. Materials

used for the identification shall be compatible with the test specimen and
its operating environment. When the size or configuration of the test speci-
ment is such the identification cannot appear on the specimen, other suitable
means such as attached metal tags shall be used.

3.3.13.4 Nameplatesg

Nameplates shall be marked in accordance with MIL-STD-130 and shall
inelude item pame; buyer's part number; Federal North Atlantic Treaty Organi-
zation Stock Number (FSN/NATO) 3 manufacturer; buyer: manufacturer’s serial
number, part number. Abbreviations, in accordance with MIL-STD-12, may be
used.

3.3.13.5 Identificqg;gn of Wiring

Identification of wiring shall not degrade insulation or shielding.
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3.3.13.6 Electrieal and Electronle Reference Designatrions

Electrieal and electronic reference designations shall ,e affixed to
the hardware in accordance with the USAS ¥32.16~1568 (for eXternal electrical
connectors).

3.3.13.7 Electrical and Electronic Symbols

If schematice information is affixed to the MFDS, the electrical and
electronic symbols shall se Iin accordance with the requirements of USAS ¥32.2~
1967.

3.3.13.8 Reideniification

The part number of the MFDS, its components, and parts ghall be changed
whenever redesign results in a change to dimensional form, fit tolerance, or
functional characteristics from the pPrevious configuration.

3.3.14 .Wbrkmanshig

Workmanship on the MFDS shall be in accordance with the best practice
for high quality equipment within the state of the art.

3.3.15 Human Performance/Human Engineering

The design shall consi «& capabilities and linitations of the
human operator wherever a man-ms..ine interface exists, including torques,
forces, and other functional design characteristics of controls, displays,
and work stations. The principal design guide for the man-machine interface
shall be MIL~8TD-1472 and MSFC-STD-512,

3.4 Logisties
3.4.1 Maintenance

4. The MFDS shall not require scheduled maintenance.

b. The MFDS shall not be designed to preclude the use of special tools
and equipment for site maintenance and repairs. Special tools, if required,
and approved by the buyer, shall he designed to withstand the intended use
throughout the life of the equipment.

C. The MFDS shall be designed to satisfy the requirements of a Line
Replaceable Unit (LRU).
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e. The necesgity for any maintenance serviecing or checkout tasks,
other than built-in test capability, to be accomplighed during flight is pPro~
hihited.

3.4.1.1 Installation

2. The equipment design shall physically prevent the incorrect instal-
lation of modules apd submodules. Clearly visible color coding and labeling in
close proximity to maintenance discomnect points shall be used to facilitate
removal and replacement of any subassembly level of equipment,

b. Components shall be mounted in 2 manner to avoid blind adjustuents.

¢. Threaded fasteners used for securing a single component, whera
practical, shall be the same type, size, and tensile strength.

d. Captive fasteners shall be utilized to fasten LRUs.
3.4.1.2 Accesgibility

a. Electrical connectors sghall be accessible without diséssembly or
removal of funetional equipment or components.

b. Servicing and test points shall be clearly marked and shalil be
accessible without requiring removal of access plates or covers except service
caps. Calibration controls shall be accessible and clearly marked for major
functions.

c. All fasteners on a single access cover shall be of the same length,
diameter, and type.

3.4.1.3 Replacement

&. Mounting nrovisions shall permit SRU removal and replacement without
disconnecting any equivalent level SRU in the line replaceable unit. If removal
of a LRU structural element is required for access, such removal shall not affect
electrical or mechanical alignment, nor shall the mechanical strength of the
unit be impaired to the point that bending of the unit, its assemblies, elec-
trical harnesses, or plumbing attachments will oceur during normal bench handling
of the unit.

b. Attachment fittings for components routinely removed shall he oper~

able without hand tools and shall be accessible without requiring removal of
acecess panels or covers.

3.4.2 Supply

The components, subassembly and assembly panels which make up the AFD
core C&D design shall be recorded on delivery and tracked to assure that thege
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components, subassemblies, and assemblies are available in stock apd ready for
use by each subsequent activity phase that may impact or influence the design.

The following information records shall be maintained for each of the
itens:

2. Part mumbers

b. HName of parts

c. Quantity required and available

d. Required delivery sites

e. Planned use sites

The above records wilil provide the required information to assure

availability of items, and provide sufficient time to resupply components if
it may appear that a shortage could occur prior to the next operation.

3+4.3 Faecilities and Facilitz Equipment

Procured parts and mateirals will be received, inspected and stored in
existing facilities. These same facilities will provide a bonded area which
will store the qualified and acceptance tested parts or assemblies prior to
delivery.

No new or unique facilities will be required for the logistic require-
ments.

3.5 Personnel and Training

Standard aerospace management:, engineer;ng, manufacturing, product
assurance, and test practices as applied to prior Space programs as Gemini,
Apollo, Skylab, etec, will be utilized for the PS eontractor's design/develop-
wtent phase,

This approach will enabie these space program practices to be applied
to the PS contractor's activities and, thereby, no new requirements will bha
needed for personnel training, training equipment and facilities.

MSFC or its designated Government quality representative will verify
the adequacy of the discipline practices utilized.
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3.6 Interface Requiremerits

3.6.1 Interprogram Interfaces

Interfaces batween the AFD core G&D program, of which this specifi~
cation is a part, and other programs (e.g., Orbiter, Spacelab, IUS) will he
controlled by ICDs to he supplied by the Phase C/D contractor for mechanical
electrical and software Interfaces.

3.6.2 Intrapropram Toterfaces

The relationship between this CEI and the other CEIs within the AFD
core C&D program is shown in Figure 3,6-1, Each CET (project leval)

defines the specific interface requirements applicable to the individual
Project.

MEDS MMSE GSE Flight Ground Te
CEL CEL CEIL Software Software
CEI CEI

Figure 3,6-1 Intraprogram CEIs

3,6,3 Intraproject interfaces

Not applicable
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4.0 VERIFICATION

The verification program is designed to verify that the MFDS hardware
conforms to the design, construction, and performance requirements as specified
in Section 3 heredn., Each requirement presented in Section 3 will he verified
by test or assessment as specified in Sectlon 4.

4.1 General

The following subparagraphs specify the orpanizational responsibility
for accomplishing verification, verificarion metheds to be used, requirements
for test/equipment failures, and requirements Ffor prhased verifiecation.

4.1.1 Responsibility for Verification

Organizational responsibilities for performing and supporting verifi-
cation during the various verification phases of Paragraph 4.2 shall be as
defined herein. Responsibilities are defined as primary and supportive. It
shall be the Government's right to witness and verify the results of all
verification accomplished.

Verification *Organizational Responsibility for Verification.
Phase Primary Supportive or Witness
1. Development PS Contractor MSFC
2. Qualification PS Contractor MSFC
3. Acceptance BS Contractor MSFC
*Legend
MSFC WASA-MSFC

4.1.2 Verification Method Selection

Verification methods shall include test during each verifiecation
phase as applicable, or assessment by similarity, analysis, inspection, demon~
stration, and validation or records. These methods are defined in paragraph
4.3.1.

4.1,2.1 Design Margin Verification Selection

Where integrity is verified by analysis only, the following factors
of safety shall be used:

Yield Factor of Safety =~ 2,0
Ultimate Factor of Safety - 3.0
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4.1.3 Flight Hardware Failures

Failures of MFDS hardware coccurring during qualification, acceptance
and integrated system testing shall require a complete analysis of each fail-
ure and corrective action documented by 2 non-conformance report. The PS
contractor shall secure agreement from the designated NASA representative
concerning adequacy of the corrective action before these tests can be resumed
after the occurrence of each failure. Retest or assessment shall be performed
to establish the adequacy or corrective actlon and restore validity of pre-
vious testing. The PS contractor shall report immediately to MSFC any
unusual phenomenon, occurrence, difficulty, or questionable condition oceur—
ring in the conduct of the test.

4.1.4 Test/Equipment Failures

Test policy for the MFDS shall include tests which demonstrate a
completely checked out end item within specificat»sn performance of all sys—
tems for flight readiness. To this end, the tes. _ rogram shall encompass:
all component and system malfunctions corrected or gatisfactorily explained
and accepted to certify Flight readiness, and appropriate reverification
required following equipment replacement because of failure or other reasons.

Retest shall be performed after failure or equipment replacement to
the extent necessary to restore confidence in the equipnent. The vetest
requirements shall be specified at time of failure or replacement and shall
be a part of the contrelling documentation, Reverification may be deferred
to the next scheduled functional test of the affected hardware. Reverifica-
tion must be accomplished prior to launch for flight equipment.,

4.2 Phased Verification Requirements

Phased verification of the Section 3 requirements shall be as speuvified
in the Paragraph 4.3 Verification Cross Reference Index. Definitions of the
verification phases follow in Paragraph 4.2.1 through 4.2.8,

4.2,1  Development

Development verification is the process for verifying the feasibility
of the design approach and to provide confidence in the ability of the hard-
ware to pass qualification. Where visibility and control of vendor hardware
development is required, appropriate direction shall be included in the
applicable procurement drawings/specifications.

4.2.2 Qualifiecation

The MFDBS including all components shall be qualified prior to launch.
Where visibllity and control of vendor hardware is required, appropriate direc-
tion shall be included in the applicable procurement drawings/specifications.

-
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Test types, duratioms and levels shall be specified. Qualification shall be
accomplished by any one or more of the following:

a. Test - Qualification Testing.

b. Assessment - (1) Similarity; (2) Analysis; (3) Inspection; (4) Demon~
stration; (5) Validation of Records.

Qualificarion testing methods are defined in the following paragraphs.
Assessment methods definitions are presented in Pavagraph 4.3.1.

4.2.2,1 Qualification Testing

Qualification testing is an individual or series of performance/func-

tional and environmental tests conducted on flight hardware at environmental
test conditions normally more severe than acceptance test conditions toc estab-

4.2.3 Acceptance

The MFDS including all components, shall be acceptance tested prior
te launch., Where visibility and control of vencor hardware ig reguired,
appropriate direction shall be included in the applicable drawings/specifi-
cations. Test types, durations and levels shall be specified. Acceptance
testing shall be applicable to component through systenm level,

4.2,3.1 Component Acceptance Testing

Component acceptance tests consist of performance/functional and
acceptance level envirommental tests to assure compliance with requirad
specifications. Thig testing is conducted to detect manufacturing filaws
and workmanship defects that cannot be detected by normal inspection tech-
nigues as well as verify functional conformu..ze to design specifications
including environmental eXposures.

4,2,3,2 Subsystem/Systems Acceptance Tests

These tests shall be performed as appropriate following component
dcceptance tests to demonstrate compliance to specifications, Subsysten
and system verification in various operating modes and interfaces at normal
flight: supply voltages will be considered.

4,2.3,3 MFDS Acceptance Testing

The MFDS shall he acceptance tested as an end item prior to its
delivery to the next higher level of hardware agsembly. Testing includes
system to system interface checks, operation of individual MFDS systems,
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combined systems functional and mission sequence simulation tests, Test types,
durations and levely shall be specified,

4,2.4 Integratad Systems

This phase congists of the testing performed after the mating of the
MFDS with the Orbiter or Spacelab subsystems, and will be the responsibility
of the Mission Contractor. The P§ Contractor shall support the Mission
Contractor.

4.2.5 Prelaunch Checkout

This phase of testing will be the responsibility of the Mission
Contractor, and-the P§ Contractor shall support the Mission Contractor,

4.2.6 Launch

This phase of testing will be the responsibility of the Mission
Contractor, and the PS Contractor shall Bsupport the Migsion Contractor,

4,2.7 Flight /Mission Operations

This phase of testing will be the responsibility of the Miszion
Contractor,

This phase of testing will be the responsibility of the Mission
Contractor,

43 Verification Cross-Reference Index

The verification cross-reference index provides a one~for-one eress
reference of each verification requirement for each Section 3 requirement,
Verification shail be by test or assessment. Test types and phases were
deseribed in Paragraph 4.2. Assessment methodg are deseribed below.

4.3.1 Assessment Methods
Z=jessment Methods
Assessment methods include: (a) similarity; (b) analysis; (c) inspec~

tions (d) validation of records; and (e) demonstration, A brief definition
of the methods as used herein followg:
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d. Similarity - Qualification by similarity shall pe considered if
it can be demnnstrated, by review of prior test data or application of hard-
ware (flight or usage experience), that the article is similar or identiecal
in design and manufacturing process to another articile that has previously
been qualified to equivalent or more stringent environmental criteria (e.g.,
Skylab, Apollo and/or Gemini hardware),

b.  Analysis - Analysis may be used for verification in lien of, or
in addition to testing to verify compliance to specification requirements,
The selected techniques may include, typically, systems engineering analysis,
Statistics, qualitative analysis, analog, modeling, and computer simulations,
Analysis may be considered when it can be determined that:

1) Rigorous ang accurate analysis is possibie.
2) Test is not cost-effective,

3) Similarity is not applieable,

4) Verification by inspection is not adequate,

t. Inspection (End-Item) - Inspection techniques (e.g., verification
of compliance with drawings, wire coding, material compliance, ete) may be
used in lieu of or in conjunction with testing to verify design features

(e.g., dimensions, bonding, assembly methods, ete).

d. Yalidation of Records - Manufacturing records may be used at end-
item acceptance to verify latent construction features and Processesz for
Ilight hardware and associated support equipment.

€. Demonstration - Demonstration techniques (e.g., service access,
tranportability, crew-hardware interfaces, replacement provisions, ete) may
be used in ljeu of Or in conjunction with test to verify compliance with the
Tequirements.

4.3.2 MFDS Verification Requirements Matrix

Verifiecation requirements for Section 3 paragraphs are identified in
Table 4,1. The left-hand column of the matrix identifies each Section 3
requirement by paragraph number and where required, by sentence number of
the paragraph, The verification method(s) for the various verification Phases
are presented in the matrix. The right hand column identifies the applicable
Verification Plan paragraph number which defines and directs implementa.-
tion of each verification requirement,

4.4 Test Support Requirements

Test support including test facilities ang equipment, bench setups,
test software and test interfaces shall be ag defined.

4.4.1 Facilities and Eguipment

4., Existing facilities/equipment with NASA or other Government
agencies and contractors shall be utilized to the maximum extent practicable.
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b. MFDS test activities including test facilities/equipment, person-~
nel, and procedures shall be established and included in the VeriFication Plan.

c. Maximum use of the same or common MFDS test equipment ghall be
used for testing at multiple locations to assure uniformity of test results.

d. All test equipment shall be designed with a fail-safe goal such
that test equipment failure will not degrade flight hardware. A1l test equip—
ment chall be tested prior to interfacing with £light equipment to ensure that
no camage or degradation to Flight hardware will be induced, Appropriate
tolerances shall be identified in the procedures, taking into account test
equipment cepabilities and flight hardware specifications, such thar the test
results will verify compliance with the flight hardware specifications.

4.4,2 Articles

Test articles, if required to support the test program, shall he as
identified.

4.4.3 Software

Requirements governing software utilization in support of verification
operations shall be as identified.

4.4.4 Intexrfaces
Where verification requires interfacing of the MFDS with other

STS Project facilities/equipment, the Mission contractor shall direct and support
the test activities in accordance with the applicable contractual agreement (s).
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TABLE 4~1 VERTFICATION CROSS-REFERENCE

REQUIREMENTS FOR VERTIFICATION SHEET 1 OF 7
NOMENCLATURE : CRIT. CAT:
CEL NO. CEL SPEC NO.
VERIFICATION METHOD VERITICATION PHASES
1. TEST A. DEVELOPMENT
2. ASSESSMENT B. QUALIFICATION
a. SIMILARITY C. ACCEPTANCE
h. ANALYSIS I'. INTEGRATED SYSTEM
¢. INSPECTION E. PRELAUNCH CHECKOUT
d. DEMONSTRATION F. TFLIGHT VERIFLCATION
e. VALIDATION OF RECORDS G. LAUNCH
H. POST FLIGHT
N/A = NOT APPLICABLE
PERFORMANCE/DESIGN VERIFICATION METHOD TEST/ASSESSMENT

REQUIREMENT REFERENCE

REQUIREMENT REFERENCE

N/AlA iBlcD|E[FlG|lH

3.2.1.1 Display Units Lij1l1 4.2.1, 4.2.2, 4.2.3
3.2,1.1.1 Brightness 11111 4.2.1, 4.,2.2, 4.,2.3
3.2,1.1.1.1 Manual Brightness Control 2d {2d4[ 24 4.3.1.e
3.2.1.1,1.2 Automatic Brightness " .1)2d] 24 4.2.1, 4,3.1.e
3.2,1,1.2 Contrast 1iif1 4,2.1, 4.2,2, 4,2.3
3.2,31.1.3.1 TV Scan Resolution 1111 4.2,1, 4.2,2, 4.2.3
3.2,1,1.3.2 Line Width rLilt1 4.2.1, 4.2.2, 4,2.3
3.2,1,1.3.3 Resolution 111 4.2,1, 4.2,2, 4,2.3
3.2.%,1.3.4 Video Bandwidth 1171 4.2,1, 4.2,2, 4,2.,3
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Table 4-1 Veriflication Cross-Reference

REQUIREMENTS FOR VERIFICATION SHLET 2 of 7
[NOMEHCLATURE: CRIT CAT:
CEI NO. CEI SPEC NO.
PERFORMANCE/DES FGN eV LRIFICATION METHOD TEST/ASSESSMENT
REQUIREMENT REFERENCE N/alaislclp EiFliGln REQUIREMENT REFERENCE
3.2.1.1.4 Linearity 1111 4.2,1, 4.2.2, 4,2.3
3.2.1.1.5 Jitter 1§11 £,2.1, 4.2,2, 4.2,3
3.2,1,1.6 Position Stability Ij11]1 4.2,1, 4.2.2, £,2.3
3.2.1.1.7 Positional Error il1l)1 4.2.1, 4,2.2, 4.2.3
3.2,1.1.8 Display Centering 1}1]1 | 4.2.1, 4.2.2, 4.5.3
3.2.1.1,¢9 Phosphor 2dj114i1 4.3,1.e, 4,2,2, 4,2.3
3.2.1.1.10 Bite Liia 4.2,1, 4.2.2, 4,2.3
3.2.1,1.11 Color 2d Pd |24 4.3,1.e
3.2.1.1,12 Screen Area 2¢ |~ |- 4.3.1.c
3.2,1.1.13.1 Input Power 13131 4,2.1, 4.2,2, £,2.3
3.2.1,1.13.2 Grounding & Isolation 2C g fa 4.3.1,¢
3.2.1.1.13.3 Power Dissipation 14141 4.2,1, 4.2,3 4,2.3
3.2,1.1.13.4 Power Conversion 1481 1 4.2,1, 4,2,2, 4,2,3
3.2.1.1.13.5 Power-on Sequence 11311 41 4,21, £.2,2, 4,2,3
3:2.1.1.13.6 Power-off Sequence 1l ] 4.2,1, 4.2.2, 4.2.3
3.2.1.1.13.7 Normal Power Transient 1 31 j1 4.2.1, £.2,2, 4,2,3
3¢2,1.1.13.8 Abnormal Power Transients 2b i~ |- 4.3.1.b )
3.2,1.1.13.9 Power Interruption 1 ik 4,21, 4,2, 2, 4.9.3
3.2.1,1.14 Weight 2d1-]- 4.3.1.e
3.2,1.1.15 Dimensions Ze f - f - 4,3.1.¢
3.2.1.2 Flectronics Unit 1§11 4.2,1, 4,2.2, 4,2,3
3.2,1.2,1 Symbol Arrays 11171 4.2.1, 4.2,2, 4.2.3
3.2.1.2,2 Symbol Elements 1§131 4.2,1, £.2,2, 4,2,3
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Table 4-1 Verification Cross-Reference
REQUIREMENTS FOR VERIFICATION SHEET 3 oF 7
NOMENCLATURE : CRIT CAT:
CEI NO. o CEI SPEC NO. B
 PERFORMANCE/DESIGN . VERIFICATION METHOD TEST/ASSESSMENT
REQUIREMENT REFERENCE w/alalslcinielrlcin REQUIREMENT REFERENCE
3.2.1.2.3.1 Circles ij1t1 4,2.1, 4,2,2, 4.2.3
3.2.1.2.3.2 Vectors 11141 4.2.1, 4.2,2, 4,9,3
3.2,1.2.4,1 Flash 1141 4.2.1, 4,2,2, 4.2.3
3.2.1.2.4.2 Dash 1§11 4,2,1, 4.2,2, £,2,3
3.2,1,2.4.3 Kotate 13t )1 4.2,1, 4,2,2, 4,2.3
3.2,1.2.4.4 Translation 1§gl])1 #.2.1, 4.2,2, 4,2.3
3.2.1.2,4,5 Character Size 13111 4.2,1, £,.2,2, 4,2.3
0 3.2,1,2,4,6 Intensity TE1 1 4.2,1, 4,2,2, 4,2,3
3.2,1.2.4,7 Blanking 141 )12 4.2.1, 4.2,2, 4.2,3
3.2,1.2,4.8 Text Presentation 131141 4,2,1, 4.2.2, 4,2.3
3.2,1,2,4,9 Seratch Pad 1311 4.2,1, 4.2,2, 4.2,3
3.2.1.2,4,10 Computer Specified Symbols 141 |1 4.2,1, 4.2.2, 4,2,3 ]
3.2,1.2,5.1 Text Data 141 1 4.2.1, 4,2.2, 4.2.3
3.2,1.2,5.2 Character Relationships 11 |1 4,2,1, 4,2,2, 4.2,3
3.2.1.2.5.3 Character Size 2d 124 |24 4.3.1.e
3.2.1.2.5.4 Number of Intensity Levels 2d 324 |24 4,3,1.e
3.2,1.2,5.5 Refresh Rate 11t i 4.2.1,‘4.2.2, 4.2.3
3.2.1.2.5,6 Character Generation 2¢f -1~ 4.3.1.c -
3.2.1,2,5.7 Position Matrix 2c] -]~ &.3.1.¢c
3.2,1.2.5.8 Occlusion Zone 2df] -~ - 4.3,1.2
3.2.1.2.6 Display Information 1R 4.2.1, 4,2.2, 4.2.3
1 3.2.1,.2,7 Memory 2¢y ~f - 4.3.1.c
3.2.1,2.8 Bite 1111 4.2.1, 4.2,2, 4,2.3
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Table 4-1 Verification Cross-Reference
REQUIREMENTS FOR VERIFICATION SHEET 4 oF 7
NOMENCLATURE ; CRIT CAT:
CEI o, CEL SPEC No.
T PERFORMANCE/DESIGN VERIFICATION METHOD TEST/ASSESSMENT
REQUIREMENT REFERENCE N/AlA|B |c D Branr REQUIREMENT REFERENCE
3.2.1.2.9.1'Input Power 1] 1§ 1 4.2,1, 4.2.2, 4.2.3
3.2.1,2,9,2 Grounding & Ivolation Zef -] - 4.3.1.¢
3:2.1.2.9.3 Power Dicsipy o 1 11 4.2.1, £.2.2, 4.2 3
3.2,1.2.9.4 Power Conveégg;n 1 1§ 1 4.2.1, 4.2.2, 4,23
3-2.1.2.9.5 Poyer-on Sequence 18 1)1 4.2.1, 4,2,2, 4,2, 3
3.2,1.2,9.¢ Poyer-off Sequence 1811 4.2,1, 4.2,2, 4.2,5
3.2,1.2,9,7 Normal Power Transient ig1)1 - 4.2.1, 4.2.2, 4,9,3
3.2.1.2,9.8 Abnormal poyer Transientg 2bi -} - 4.3.1.b
3.2.1,2.9.9 Power Interruption 1§11 4.2,1, 4.2.2, 4.2.3
3.2.1.2,10 Weight 2§ -1]- 4.3.1.e
3.2.1.2,11 Dimensiong 2cf-|- 4.3.1.c
3.2.1.3.1 General Keyboard 2¢c f - | - 4.3.1.¢ -
3.2.1.3,1.1 Key Funetiong 18~131 4.2,1, 4,2.3
3.2.1.3,1.2 Key Layout g Nomenclature 2¢ § = |- 4.3.1.¢
~3:2-1.3.1.3 Control & Statys e |- |- 4.3.1.¢
3.2.1.3.1.4 Bitre 191 )1 4.2,1, 4.2,2, 4,2.3
3.2,1.3,1.5 .
(28) Input power 111 4.2.1, 4.2,2, 4.9.3
(b) Grounding & ISolation e b= |- 4.3.1.¢c
| () Power Disgipation 19141 4,21, 4.2.2, 4,2,3
(d) Normal Power Transient 11141 4.2,1, 4£.2.2, 4.2.3
{2)_Abnormat Power Transients 2b| -1 - 4.3,1,b
(£) Power Interruption 11 h i 4.2.1, 4.2,2, 4,2.3
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REQUIREMENTS FOR VERIFICATION
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I VeriTieat Lo Cross-iolorence

BUEET 5 or 7

NOMENCLATURE: CRIT CAT:
CEI HNO. CEI SPEC NO.
PERFORMANCE/DESIGN VERIFICATION METHOD TEST/ASSESSMENT
REQUIREMENT REFERENCE vaais|clolelricln REQUIREMENT REFERENCE
3.2.1.3.1.6 Weight 2d] -] - 4.3.1.e
3.2.1.3.1.7 Dimensions 2ci -4 - 4.3, 1.¢c
3.2.1.3.2 Secondary Keyboard 13111 be2.1,.4.2.2, &.2.3
3.2.1.3.2.1 Power
(Verification Method same as 3.2.1.3.15{a thry £)
3.2,1.4.1 Crosshair Pointing Ly-}f1 4,2,1, 4,2.3
3.2,1.4,1.1 Position Crosshair Tp-11 4,2,1, 4,2.3
3.2.1.4.1.2 Reposition Command 1i-1]1 4.2.1, 4,2,3
3.2.1.4.1.3 Crosshair Updating 1{-11 4.2,1, 4.2.3
3.2,1.4,1.4 Screen Genter Pd §- |- 4.3,1.e o
3.2.1.4.2 Video Display Unit- 1§11 4.2,1, 4,2,2, 4,2.3
Zine Regolution
3.2,2 Physical 2ci~ |- 4,3.1.c
3.2.3 Reliability X
3.2.3.1 Critical Single Failure Points 1 4,2.2
3.2.3.2 Failure Deterrent and Detection 1 4,2,2
3.2.3.3 Relisbility Goals 1 4,2,2
3.2.4 Maintainability X
3.2.4,1 Installation/Removal/Replacement i 4,2,2
Operations
3.2.4.2 Scheduled Servicimg 1 4.2.2
3.2.5 Operational Availability X
3.2.6 safety 1 4,2,2
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Table 4~1 Verifieation Cross-Reference

REQUIREMENTS FOR VERIFICATION SHEET 6 oF 7
NOMENCLATURE : CRIT CAT:
CEI NO. ‘ CEL SPEC No.
PERFORMANCE/DESTGN VERIFICATION METHOD TEST/ASSESSMENT
REQUIREMENT REFERENCE NalA|Blclolele: ely REQUIREMENT REFERENCE
3.2.6,1 Crash Safety 1 4.2,2
3.2.7 Enviranment X
3.2.7.1 Natural X
3.2.7.1,1 Transportation apd Storage 1 4.2,2
3.2.7.1.2 Handligg 1 4.2.2
3.2.7.2 Induced X .
3.2.7,2.1 Flight Operational 1 4.2,2
1 3.2.7.2.1.a Pemperature 1 4,2,2
3:2.7.2.1.b Pressure 2b 4.3.1.b
3.2.7.2.1.c Humidity i 4,2,2
3.2.7.2.3.d Salt Fop 2a 4.3.1.a
3.2.7.2.1.c Lightning 2a 4,3.1.a
3.2.7.2.1.f Random Vibration o 1 4,2,2
3.2.7.2.1.5 Acceleration 2b £,3.1.b
3.2.7.2.1.h Shock 2b 4.3,1,b
3.2.7.2.2 Nonoperational 2b 4.3.1.b
3:.2.7.2.2.a Temperature - 2b | 4.3.1.b
13.2.7.2.2. b Pressuse | 2b 4.3.1.b
3-2.7.2.2.¢c Shock 1 _ 4.2,2
3.2.7.2.2.4 0zane 2D 4.3.1.b
3.2,7.2.2,e Funpus bb 2§ | 4.3.1.b
3.2.8 Transportability/Trans;mrtation X iR
3.2.10 Storage X
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REQUIREMENTS FOR VERIFICATION

Table 4~1 Verification Cross-Reference

SHEET 7 OF 7

NOMENCLATURE: CRIT CAT:
CEI NO. CEI SPEC NO.

PERFORMANCE/DESIGN __ VERIFICATION METHCD TEST/ASSESSMENT

REQUIREMENT REFERENCE vaalslclolielrfcln REQUIREMENT REFERENCE
3.2.10 Operability X
3.2.10.1 Operating Life 2al 4.3.1.a
3.2.10.2 Useful Life 2al 4.3.1,a
3.2.10.3 Shelf Life 2a 4.3.1.a




5.0 PREPARATION FOR DELIVERY
Not applicable
6.0 NOTES

6.1 Definition and Design Terms

Hultifunction‘ggaplay System ~ AFD Hardware (located at Panels I-11 &
L.-10) consisting ¢ two CRT displays, electronic unit and keyboard., The sys-
tem is used to control & monitor payload experiments on orbit.

Built-in-Test Equipment - Circuitry provided to perform continuous
monitoring of specific parameters, groups of parameters, or functions of the
LRU to provide a go/no-~go indicaticn, This type of built-in-test capability
represents those implementational techniques that are sutonomous and provide
continuous real-time monitoring, but do not interrupt normal operation of the
LRU,

Closed Circuit Television = Orbiter equipment consisting of TV cameras
(located in the payload bay and forward section of the orbiter) and TV moni-
tors (located at the Aft Flight Deck). The system is used for monitoring of
payload bay and cabin area activities,

Display Unit - The display unit consists of one CRT monitor (either
black and white or color) and forms a integral part of the multifunction dis-
play system. The display unit is used to present experiment status and data
in the form of alpha numeries, graphics and video.

Electronie Unit - The electronics unit is an integral part of the multi-
function display system. It interfaces with the various flight computers and
interprets computer commands. Tt creates and controls all displays for the
display enit.

Ground Support Equipment - This ground equipment consists of a mini-
computer, CRT display keyhoard unit, mass storage, line printer and input/
output units, It is used to checkout and verify the AFD core controls and dis-
plays hardware.

Interconnecting Stations - Spacelab equipment used to tie AFD core
equipment to either the Spacelab subsystem or experiment data buses. The inter-
connecting stations isolate and protect the buses from the equipment on the
buses,

Input-Output ~ Interfacing hardware/softwa -~ between a computer and
the equipment it is monitoring or controlling.

Input/Qutput Processor - Similar to input/output but with additional
data formatting and processing.
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Remote Acquigition Unit - Spacelab equipment used to interface a Space-
lab computer to various experiments for monitoring and control,

Read Only Memory - A device used for the storage of information in
digital form. This information cannot be changed. Information can only be
obtained (read) from this MEmMOoTY .

Read/Write Memory - A device used for the storage of information in
digital form., This information may be changed as required. Information in
memory can either be obtained (read) from memory or placed (written) into mMEemory,

Line Replaceable Unit - A combination of components, units, parts,
assemblies, subassemblies, ete. that are contained in one package or are so
arranged that together the combination is common to one moubting and, in addi-
tion, provides a complete function to the larger entity within which is operates,

Shor Replaceable Unit - An integral subassembly of an LRU consisting of
units and parts or a combination of parts so arranged that together the combi-
nation is common to one mounting and, in addition, provides a complete func-
tion to the larger entity within which it operates,

6.2 List of Acronvms

AC Alternating Current

ATD Aft Flight Deck

AVT Acceptance Verification Test
BITE Built-In-Test Equipment

BE&W Black & White

CCTV Closed Circuit Television
CDR Critical Design Review

CEL Contractor End Item

CIL Critical Item List

CRT Cathode Ray Tube

C&D Controls & Displays

DC Direct Current

bou Data Display Unit

Dy Display Unit

EMC Electromagnetic Compatibility
EU Electronic¢ Unit

FMEA Failure Modes & Effects Analysis
GEC General Purpose Computer

GSE Ground Support Equipment

Hz Hertz

1/0 Input/Qutput

iop Input Output Processor

IPS Instrument Pointing System
IS Interconnectirg Station
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KB
LRU
MFDS
MH=
ms
MS
008

1 PDB
PDR
! Fhin
PS
RAU
RID
ROM
R/W
SE&T
S/L
SRU
STR
TBD

WEBS

T it

Keyboard

Line Replaceable Unit
Multifunction Display System
Mega Herts

Milliseconds

Mission Station

On~0rbit Station

Power Distribution Box
Preliminary Design Review
Parts per Hundred Milliop
Paylead Station

Remote Acquisition Unit
Review Item Disposition
Read Only Memory

Read and Write

Systems Engineering & Integration
Spacelab

Shop Replaceable Unit
Support Test Equipment

To Be Determined
Television

Work Breskdown Structure
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1.0 SCOPE

This specification provides preliminary performance requirements for a set
of multi-use mission support equipment (MMSE) to be used in the Shurile Orbiter
aft flight deck (AFD) in support of payload operations. The prineipal interface
requirements for the MMSE are also identified herein.

Figure 1.0-1 ghows the AFD and indicates payload dedicated panel aress,
The MMSE described herein will be located at panels 112, L1l and A7, as part of
the AFD core C&D,

2.0 APPLICABLE DOCUMENTS

The following documents, of exact issue shown, form a part of this specifi-
cation to the extent specified herein, In event of conflict between documents
referenced here and other detail content of this specification, the detail re.
quirements herein shall be considered suparseding, Contractor specifications
satisfying the intent of the below-1listed documents may be used in lieu of the
specifically listed documents after review and approval by MSFC. Reference to
these documents contained herein shall be by basic number only.

2.1 Specifications

MSFC Specifications CEI Para,

MBFC~SPEC~250 Protective Finishes for Space 3.3.9,2

Amendment 1 Vehicles Structures and Associ-

26 February 1964 ated Flight Equipment, General
Specification

2.2 Standards

MSFC Standards

MSFC-S5TD=512 Standard Man/Systems Design 3.3.15
12 August 1974 Criteria for Manned Orbiting

Payloads
MSFC~STo~486 Threaded Fasteners, Torque 3.3.6.2
Amendment 1 Limits For
July 1970
MSFC-8TD=509 Lubricant Selection 3.3.2,4
Qctober 1972
Federal Standards
FED-3TD-20938 Clean Room and Work Station 3.3.10
24 April 1973 Req. Controlled Envirommeng
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Military Stapdards and Specificationg

MIL~STD-143R
12 November 1969

MIL-GC-17E
12 July 1974

MIL-STD=1472R
31 December 1974

MIL-STD~130D
1 August 1973

MIL-8TR-810(C)
10 March 1975

MIL-STD=470
21 March 1966

MIL-STD-8894
5 May 1972

MIT~B-5087B(2)
31 August 1970

MIL-5-77428
15 March 1973

MIL-5-88794(1)
Notice 1
15 March 1973

MIL-STD~461A
Amendment
4 June 1973

MIL~STD=462(2)
1 May 1970

Standards and Specifiecations,
Order of Precedence for the
Selection of

Cables, RF, Coaxial, Dual
Coaxial, Twin Conductors and
Twin Lead

Human Engineering Design
Criteria for Military Systems,
Equipment and Facilities

Identification Marking of U,§,
Military Property

Environmental Test Methods
Maintainability Program Re-
quirements

Dissimilar Metals

Bonding, Electrical and Light-
ning Protection, for Aerospace
Systems

Serew Threads, Standard, Opti-

mum Selected Series, General
Specification For

Screw Threads, Controlled Rading

Root With Increased Minor

Diameter, General Specification

For

Notice 1, 2, 3 Electromagnetic
Interference characteristics,
Req, for

Notice 1, 2 - Electromagnetic
Interferance Characteristics,
Measurement of

CEX Para,

3‘3.1

3.3,5.1

3.3,15

3.3.5.7.1

3.3.5.7.1
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Military Standards and Specifications

MilL-STD=18%
Notice 2

14 March 1961
MIL=-E-84D

MIL-STD-120(2)
1 February 1971

2.3 Drawings

MSFG Drawings
MSFC-DWGu40M51264{A)

MSFC-DWG-10M90221

MSFC~DWG~40M39582

MSFC~-DWG~50M02442

Racks, Electrical Equipment,
19-Inch and Associated Panels

Potentiometer Requirements
Abbreviations for Use on
Drawings, Specifications,

Standards, and in Technical
Documents

Outgassing, Thermal Vactum,
Spec, for

Materials Management Plan for
Contamination Control

Harnesses, Eleetrieal Design

ATM Material Control for Cop=
tamination due to Outgassing

2.4 Shuttie Program Publicaticns

National Aeronautics and Space Administration

e ek e iera—

JsCc-07700, vol, XLV,
Revision b

Change No, 17

27 July 1976

J5C~07700, Vol, III
Change No, 16
27 July 1976

JE8C-07700, Vol, I~01&w
PIV-0L

Change No. 1

1 June 1976

Space Shuttle System, Payload

"Accommodations, Program Defi-

nition and Requirements

Program Planning and Analysis

Payload Interface Verifica-
tion; Vol, I, General Approach
and Requirements

CEL Para,

.12
.1

o3
2.1,1.15

3.2.1,5
3.3.13.4

CET Para,

3.3,2.3.1

3.3,2,3.1

3.3.5.1

3.3920302

3.2.4,1
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Contrgetor Specifications (RI) CEI Par=a,

M43070~0001-1B Orbiter Vehicle End Item Speci- 3.2,7.1,1
15 Yanuary 1976 fication for The Space Shuttle

System Part I; Performance and

Design Requirements

MC452-0049 Procurement Specification for 3.2,1.8
Rotary Switch 3.2,1.5
3.2,1.2
MC456-0053 Procurement Specification for %,2,1.6
Event Timer
MC452-0102 Procurement Specification for 3.2,1.9
Hermetically Sealed Toggle 3.2,1,6
Switch 3.2,1.5
) 3&2.1.1
MC432-0222 Procurement Specification for
Event Indicator 3.2.1,1
Contractor Drawings (RI)
ME452-0102-X105 3.2.1,6,3.2.1.1
ME&‘SZ"D!.OZ"XIOG 302.1.8,302.1|1
ME&‘SZ"OOQB“}.OIS i 3.2.1.5,3-201-2
302'1.4
D[E452-0192-X251 3.2‘1-93302¢103
ME444-0059-~-1001 3.2,1.5
Contractor Specifications
Bendix Corporation Manual Pointing Controller 3.2.1.8
Spec. 1941022
2.5 Qther Publications
NEB~-3300.4 (1D-1) Safety, Reliability, Maintain- 3.2.3
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3.0 REQUIREMENTS

3.1 CEI Definition

3.1.1 cGeneral Description

The multi-use mission Support equipment (MMSE) set shall consist of

comprise that entire panel and shall, when arranged together, conform to the
total overall panel surface dimensions of 19 inches wide x 21 inches high,
Figure 3,1.1~1 shows a typical MMSE layout for panel L12, Other layouts, con-
sistent with the teéquirements specified herein and with human factors conp-
siderations, may also he utilized. The remaining subpanels of the MMSE set
will be located within and form parts of panels L1l and A7 in the aft flight

3.1.2 Missions

The MMSE described herein is generally applicable to STS mission during
the 1980s. The Shuttle Program scheduling, operations planning, flight hard=
ware, ground system requirements, and costs shall be based on the Shuttle Pro-
gram mission model deseribed in J8C~07700, Volume III., ‘The first use of the
MMSE will be for the first operational flight utilizing the AFD core C&aD cap~
ability, the Spacelab 2 mission. Early miseions will utilize that portion of
the MMSE contained on subpanels [12-A1, L1I~-A3 and A4 (manval operation only),
L11~A5 and A7-A2., Later missions which are more complex and involve muliiple-
payload operation will require the additional MMSE on subpanels 1,12-A2, ~A3,
~A, -A5 together with the capability for software activation and control of
the event timers on L1l-A3 and -Ab,

3.1.3 Operztionsl Concepts

operational functions from the aft flight deck of the Orbiter vehicle, The
MMSE is intended to increase user operational flexibility by providing dedi-
cated switches and indicators applicable to specific mission requirements. The
MMSE described herein will be used in eonjunction with MFDS equipment (see MFDS
CEI Specification) and, within the limits described herein, with flight soft-
ware (see Flight Software CEI).



Table 3.1-1 Description of MMSE Set

Subpanel Designation Component Description Qty
Li2-A1 @ 2~position momentary toggle switch 13
8 3-position event indicator 10
@ 3-position toggle switch 1
L12-A2 & l2-position rotary switch 2
® J-chavacter programmahle digital dispiay 2
® 2-position momentary toggle switeh 2
@ l3-character programmable alphanumeric
display 2
@ 10~charactes programmable alphanumerice
display 2
Li2-A3 © 2-position locked toggle switch 18
e 3-position event indicator 6
L12-A4 ® 12-position rotary switch 1
& Horigontal gnalog meters 3
L12-A5 & Potentiometer, single turn, friction 5
® 12-position rotary switch 3
& 2-position momentary toggle switch 9
® 3~position event indicator 9
L11-A3 @ event timer i
¢ 10-character programmable alphanumeric
display i
® 2-position momentary toggle aswltch 3
L11-44 Same as L11-A3 Same ag L1I~A3
L11-A5 ¢ manual pointing controller 1
® 12-position rotarv switch 1
¢ 2~position momentary toggle switch 2
® 3-position toggle switch 1
A7-A2 & 2-position locked toggle switch 12
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Aft Flight Deck core controls and display (C&D) Program. The core C&D
equipment will be located in the Orbiter AFD,and, therefore, JSC wil1 be
Tequired to ensure interface control documentation compatibility,

3.1,5 Systems Engineering Requirements
3.1:5.1 Systems Engineering and Integration

Systems engineering and integration will include performance of the
analyses and studies necessary to define requirements for the Aft Flight
Deck Payload Core C&D, interfaces, ground support equipment (GSE) and sup-
port test equipment (STE), and Product assurance. Systems design and inte-
gration, operations requirements analyses, GSE and STE requirements, and
Systems test requirements are all a part of the Aft Flight Deck (AFD) Core
C&D engineering and integration (SES&I) task. Also included are interface
analyses and definition, PSS specification development and weight management.
The objective of the SE&I analysis is to assure an integrated AFD core C&D

anticipated payload. for the Shuttle Orbiter, at the lowest life cycle cost
t2 the Shuttle Progra., compatible with the required level of capability and
limitation informatior to Prospective payload developers.

3.1.5.2 Work Bre-gdown Structure QEESQ

The WBS for the AFD core C&D will be in accordan.e with MA-06, reference
Volume III, Part I,

3.1.6 Government Furnished Propert List
——————————_T280ed Troperty List

Not applicable.

3:l1.7 Critical Components

3.1.7.1 Engineering Critical Components List

Not applicable.

3:1:7.2 Logistics Critical Components List

The failure mode and effects analysis (FMEA) will be performed and will
be used to prepare the Critical Items List (CIL), which will be used to ident-
ify critical spares. This CIL shall include the Single Failure Point Summary
and Critical Redundant Items, The corrective action required and/or rationale
for retention shall be determined for each critiesi single failure point.

10



3.2 Characteristies

3.2.1 Performance

3.2.1.1 Subpanel 1L12-A1 MMSE

Subpanel L12-Al shall comntain a row of 14 toggle switches. Thirteen of
these switches shall be momentary ¢wo-position swiltches and shall conform to the
requirements specified in the Shuctle Program procurement specification MC457-
0102, sections 3.2 and 3.3, coutrol drawing number ME452-0102-X105. One switch
£hall be a three position switch conforming to the above specification under con-
trol drawing mumber ME452-0102-%106. Ten event indicators shall also be provided
on this subpanel for use in conjunction with ten of the toggle switches, and
these indicators shall conform with the requirements specified in MC432-0222,
sections 3.1, 3.2 and 3.3, part number MC432-0222~-0024.

3.2.1.2 Subpanel L12-A2 MMSE

Subpanel L12-A2 shall contain two 12~position rotary switches: associated
with each rotary shall be a 5-character digital display, a 2~position momentary
toggle switch, and two programmable alphanumeric displays. The ratary switches .
shall conform to the requirements specified in MC452~0049, sections 3.2 and 3.3.
The applicable specification control drawing number is ME452-0093-1013. ‘Two

—character programmable digital displays shall be provided and shall conform to
the requirements specified by the Phase C/D contractor., One 2-position momentary
toggle switch shall be supplied to drive each digital dispiay. These switches
shall conform to the reguirements specified in MC452-0102, sections 3.2 and 3.3,
drawing number ME452-0102-%105. A ten-character programmable alphanumeric digplay
(legend) shall be located above each digital display and a 15-character alphanumeric
display shall be located above each rotary switch. These legends shall be provided
and shall conform to the requirements specified by the Phase G/D contractor.

3.2.1.3 Subpanel L12-A3 MMSE

Subpanel L12-A3 shall contain 18 locked two-position toggle switches con-
forming to the requirements specified in MC452-0102, sections 3.2 and 3.3, drawing
number ME452-0102-X251, Six 3-pesition event indicators shall also be provided,
and shall conform to the requivements specified in MC432-0222, sections 3.2 and
3.3, part number MC432-0222-0024.

3.2.1.4 Subpanel 112-A4 MMSE

Subpanel L12-A4 shall comtain a rotary switch and three analog panel meters.
The rotary switch shall be a 12-pogition switch and shall conform to the require-
ments specified in MC452-0049, sections 3.2 and 3.3, drawing number ME452-0093-1013.
The panel meters shall he designed to be equivalent to Weston Instruments, Inc.,
model 1879, type 465 LW, modified ag necessary to conform to the requirements speci-
fied by the Phase G/D contractor.

11
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3.2.1.5 Subpanel L12-A5 MMSE

Subpanel. L12-A5 shalil contain thiee 12-position rotary switches;
associated with each rotary switch shall be three Z2-position momentary toggle
switches and threa 3-position event indicators. Also, coatained on this sub~
Panel shall ke five single~turn potentiometers, The rotary switches shall
conform to the requirements specified in MC452-0049, sections 3.2 and 3.3, draw-
ing number ME452~0093-1013. The toggle switches shall conform to the requirements
specified in MC452~-0102, sectiong 3,2 and 3.3, control drawing number ME452-0102-
X105. The event indicators shall conform to the requirements specified in MCA32~
0222, sections 3.2 and 3.3, part number MC432-0222-0024. The potentiometers shall
conform to the requirements specified in MIL~R-94D, controi drawing number ME444-
0059-1001.

3.2.1.6 Subpanel L11-A3 MMSE

Subpanel Lil-A3 shall contain an event timer, a 1G~-character programmable
alphanumeris display, and three 2-position Momentary toggle switches for event
timer control, The event timer shall conform to the requirements gpecified in
Procurement specification MC456-0053, sections 3.2 and 3.3. An alphanumeric dis-
play shall be provided and shall conform to the requiremeni's specified by the
Phase C/D contractor. The toggle switches shall conform to the requirements speci~-
fied in MC452-0102, sections 3.2 and 3.3, control drawing number ME452-0102-X105.

3.2,1.7 Subpanel L11-A4 MMSE

The requirements for subpanel L1l-A4 are the same as those for subpanel
L11-A3 (paragraph 3.2.1.6).

3.2.1.8 Subpapel L11-A5 MMSE

Subpanel L11-AS5 shail contain a 12-position rotary switch, a manual
pointing controller, two 2-position momentary toggle switches and one 3-position
tog ;le switch. The rotary switch shall conform to the requirements specified in
MC452-0049, sections 3.2 and 3.3, control drawing mumber ME452-0093-1013, The
anual pointing controller shall conform to the requirements specified in Bendix
Corporation Specification 1941022, part number 1944808-1, The 2-position momen—
tary toggle switches shall conform to the requirements specified in MG452-0102,
Sections 3.2 and 3.3, drawing numher ME452-0102-X105. The 3~position toggle
Switch shall conform to the requirements specified in MC452-0102, sections 3.2 and
3.3, drawing number ME452~0102-X106.

Subpanel A7-A2 shall contain a row of twelve 2-position locked toggle
switches conforming to the requirements specified in MC452~0102, sections 3.2 and
3.3, drawing number ME452~0102-X251.

3.2,2 Physiecal

Applicable physical Yequirements for the MMSE set are contained in
paragraph 3.2.1,

12



3.2.3 Reliability
Reliability provisions shall be In accordance with NHB 5300.4 (ID-1).

3.2.3.1 Critical Single Failure Points

As a design goal, the MMSE shall have no single failure that will
Jeopardize achieving the experiment obhjectives, In systems where this is not
practical, sufficient safety margins should be used to minimize the probability
of occurrence.

3.2.3.2 Failure Deterrent and Detection

The design shall incorporate the following:

a, The MMSE ghall be designed such that transient out-of-tolerance
conditions or component failures will not cause other damage to, or failure
of, other components.

b. . Threaded parts and fasteners shall be positively locked to prevent
loosening during service.

c. Bypass circuits used in checkout or calibration procedures shall
not override electrical system Protective devices.

d. Solid state swiiches and amplifiers shall be given preference over
electromechanical relays and other vibration-sensitive electrical/electronic
parts.,

e. Unidirectional components or pilece parts shall be designed to pre-
clude backward installation by using nonsymmetry of configuration, different
conuecting sizes, or comparable means.

3.2.3.3 Reliability Goals

The reliability goal of the MMSE operation shall be TBD,

The probability that no MMSE failures will prevent successful experinent
command or display objectives shall be TBD for on~orbit operation.

3.2.4 Maintainability

The MMSE elementsg subject to maintenance shall be designed, selected
and installed to facilitate the performance of such tasks in a reasonable period.

13



of time with minimum hazard to equipment and personnel. Maintainahility
criteria in accordance with MIL-$TD—470 shall be used. * The design shall pro~
vide for maximum use of standard tools and test equipment.

3.2.4.1 InstallationfRemoval/Replacement Operations

The installation or removal of the payload dedicated controls and
displays panels or consoles shall be accomplished at the launch site upon
the retusn of the Space Shuttle Orbiter. The servicing of the payload ded-
icated controls and displays panels or consoles shall be consistent within
the payload turnarcund time constraints as specified by JSC 07700, Vol. XIV
and JSC 07700, Vol. I-014~PIV-01.

The design shall provide for ease of removal, replacemeri, alignment,
integration, and test,

3.2,4.2 Scheduled Servicing

The MMSE design shall be such that scheduled maintenance frequencies
for eritical-limited items are not less than TBD years.

3.2.5 Operational Availabilisy

This preliminary Part I CET shall be updated as reyuired by the PS
Contractor. The PS Contractdr shall maintain this document in the final
Part I CEI form through the change control system established.

The Part I CEIL document shall be submitted at the Freliminary Design
Review (PDR) for final approval by MSFC prior wo the start of the Development
Phase. Review Item Disposition (RID~) written against the CEI and approved
shall be incorporated into the Part I CEI. After acceptance by MSFC, this
document will be Government property, and shall be formally controlled as
such in accordance with the requirements of the prceuring activity.

14



3.2.6 Safety

Requirements for the MMSE necessary to preclude hazards to personnel
and equipment shall be as specified in the Safety paragraph of JsC 07700,
Volume XIV, or contained herein. Hazard definition, classification eategor~
ies, and hazard reduction precedence shall be as specified in NHB 5300.4 (1D-1},
Safety, Reliability, Maintainabiliry and Quality Provisions for the Space
Shuttle Program, and NHB 1700.1, NASA Safety Manual.

3.2.6.1 Crash Safety

The MMSE or any part or comporent of the AFD core C&D shall not en-
danger the crew as a result of the erash landing conditions specified in the
J5C-0770C, Volume XIV.

3.2.7 Environment

3.2.7.1 Natural

3.2.7.1.1 Trensportation agd Storaga

The MMSE shall perform as specified herein after exposure in a non-
operating conditiocn to any combinztion of the environments and ranges speei-
“ied in J5C-u7700, Volume XTIV and MJ070-0001-18.

3,2.7.1.2 Handling

The MMSE shall perform as specified herein afier exposure to the
envirommental ranges specified in JSC~07700, Volume XIV when handled
unpackaged.

3.2.7.2 Induced

3.2,7.2.1 Fiight Operatiomal

The MMSE shall be capable of meating the operating performance require-
ments specified herain during and after exposure to any feasible combination
of the following cenditions:

a., Temperature: Minimmm: Minus 20% {operational)
Plus 35°g {(full performance requirements)
Maxiram: Plus 120%F (full performance requirementsg)

b. Pressure: Minimum: 12.36 psia, continuous; 8 psia for 2 hours
Mazimum: 18.0 psia

¢. Humidity: Minimem: 8 percent relative
Maximem: 100 percept relative

15
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d. BSalt Fog: Exposure to l-percent salt solution by weight
e. Lightning: In accordance with JSC-07636 for indirect effects
£. Random Vibration:
1) Qualification ~ Acceptance Vibration Test (AVT)
Acceleration Spectral Density

20 to 80 Hz Increasing, at plus 3 dBfoctave, to 0.067 glez
at 80 Hz

80 to 350 Hz Constant at 0.067 gzlﬁz

350 to 2000 Hz Decreasing, at 3 dB/octave, from 0.067 glez
at 350 Hz to 2000 Hz

Duration: Five times AVT per axis
2} Flight
Acceleration Spectral Density

20 to 150 Hz Increasing at plus 6 dBfoctave, -to 0.09 glez
at 150 Hz

150 to 900 Hz Constant at 0.09 gzlﬁz

900 tec 2000 Hz Dgereasing, at minus 9 dB/octave, from 0.09
. g°/Hz at 900 Hz

Duration: 48 minutes per axis
8. Accelerationt Plus and minus 5 g's in.all major axes
h. Shock

1)} Landing: Rectangular pulses of the following peak accelera-
tions, time durations, and number of applications
in the vertical (up) direction during landing:

Acceleration Duration
{g_peak) __(ms) Application
G.23 170 23
0.28 280 37
0.35 330 32
3.43 360 20

16



Acceleration
(g peak)

2) Transient:

(Transient shock may be simulate
one sweep from 5 to 35 Hz at one

Duration
(ms) Application
350 9
320 -4
260 1

5 to 35 Hz; plus and minus C.25 g peak.

d by vibration
octave per

minute.)

3.2.7.2.2 Nonoperational

As specified in MIL~STD-

of meeting the operating performance
exposure to the following conditions:

Minus 65°F
Plus lZDOF with rxtrem
hours per day

es of 150°F for &

3.28 psia
18,0 psia

810, Method 516.1,

Procedure V.

duration in each of

attachments shall not

hours in any 2&~hour

The MMSE shall he capable
requirement specified herein after
a. Temperat:re. Minimum:
Maximums
b. Pressure: Minimum:
Maximom:

c. Shock:

1) Bench Handling:

2) Bagic Design: 2
d
3) Crash Safety: 4
d
(
h
c
n
d. Ozone: Jtobp
dant con

e. Fungus:

0-g terminal sawtooth shock pulse of 1l-ms
three orthognal axes (both
irections),

0-g terminal sawtooth shock pulse of 1l-mg
uration in each of three orthognal axes

both directions) Equipment and its mounting
break loose, create a
azard to personmel, or prevent egress from
rashed vehicle. Operating performance is

ot required after thig test. .

arts per hundred millics (phm). Tota} oxi-
centrations may reach 60 phm for 1 to 3
period,

As speeified In MIL~-STD-B10.



3.2.8 Transportability/Transportation

The MMSE shall be shipped in a GSE container specifically designed to
protect the hardwure during highway and air transportation. Vibration,
shoek, pressure, temperature, humidity and contamination shall be controlled
to levels specified below. Provisions shall be made in the MMSE structure
for suitable tie-down, 1ift sand attachment points. All handling and trans-
portation equipment shall be compatible with applicable Structural and environ-
mental limits. The MMSE shall be designed to be transported in either the
horizontal or vertical position.

3.2.9 Storage

The MMSE shall have a storage life of ten years. Control shall be
maintained on all parts and materials whie: are sensitive to age or the stor-
age enviromments specified in paragraphs 3.2.7,1.1 and 3.2.7.1.2. These parts and
materials shall be identified, and if deterioration is a factor during storage
or after installation for use, the maintenance procedures shall indicate a
replacement cyecle or the necessary retesting.

3.2.10 Operability

3.2.10.1 Operating Life

The MMSE shall be capabie of performing all operations specified herein
for a minimum of 2500 cycles and 18,000 hours.

3.2,10.2 Useful Life
The MMSE shall have a minimum useful life of 3500 cyeles and 24,000 hours
which is equivalent to 100 orbital missions in a 10-year period from date of deliv-

ery. The average orbital mission will be seven days: however, the design shall not
preclude the capability to extend the orbital staytime up to 30 days.

3.2.10.3 Shelf Life

The MMSE shall be capable of operating in accordance with the require-
ments specified herein for a time period of 10 years from date of delivery.

18
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3.3 Design and Construction Standards

3.3.1 Selection of Specifications and Standards

Specifications and standards necessary for the design and development
of hardware, in addition te those specified in this document shall be selected
in the following order of preference except as otherwise specifiad:

a) HASA specifications and standards.

b) Federal specifications and standards.

c) Military specifications and standards (MIL, JAN, or MS).

d} Other Govermmental specifications and gtandards.

e) Specification and standards released by nationally recoguized
asgociations, comnittees, and technical societies.

£) Supplier specifications and standaxrds,
Specifications and standards shall be selected using MIL-STD-143 as a guida,
3.3.2 CGeneral

3.3.2,1 Materials, Parts and Processes

Materials, Parts, and Processes shall be in accordance with MSFC-STD-
506. The contractor shall prepare and provide a materials selectilon and
verification plan defining a proposed method for coordinating and officially
documenting and approving all engineering drawings for £light hardware before -
design concepts are finalized. Approval of engineering drawings and all
changes shall inelude sign-off by the materials and engineering discipline
for each materials application utilized,

3.3.2.2 Flammabilitg Requirements

Materials used ia the design of the MMSE or contained in equipment
installed therein, shall be compatible with the flammability requirements spec-
ified in NHB 8060.1A, SE-004-002-24 shall be used 2s a guideline to ideatify
flammgbility hazards inm air.

3.3.2.3 Outpassine of Materials

3.3.2.3.1 Internal Materials

All materizls used within the MMSE shall meet the requirements of
MSFC-DWG~10M90221 and MSFC-DWG-40M51.264,
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3.3.2.3.2 Exteramal Materials

High vapor pressure mat wials on the exterior surfaces of the MMSE in
line-of~gight with optically critical surfaces shall conform to the material
requirements of MSFC-DWG~50M02442. Materials not conforming to this require~
ment shall be submitted to MSFC for approval.

3.3.2.4 Lubrication

The lubricatlion for ajl moving parts exposed to the vacuum of space
shall ke selected in accordance with MBFC-8TD-509,

3.3.2.5 Soldering

Soldering of all electrical conmections in the MMSE shall comply with
NHB 5300.4(3A). Solder connections shall meet the requirements of RA064~-001-
14, Sections 4 through 15 for inspection purposes, except that references to
NASA Quality Publication NPC200-4; MSC Supplement to NPC200~4, MSC-ASPO-S-5A3
and MSC-ASPO-S-5C, MSC~ASPO Soldering Specification shall be deleted and
replaced by NHB 5300.4(34). Any requirement of RAQ64~001-1A that is iacon~
sistent with the provisions of NHB 5300.4(34) is superseded by NHB 5300.4(34).

3.3.2.6  Restriction of Use of Mercury

Mercury in liquid or vapor form shall not be used in the MMSE. Where
no satisfactory substitute exists or an alternate design or method cannot be
used, thne justification for the use of mercury, the protection provided to
prevent its release, and a plan for decontamination in the event of its re~
lease shall be submitted to NASA/MSFC for approval.

3.3.3 Aeronautical

Hot applicable,
3.3.4 Civil

Not applicable.
3.3.5 ctlectrieal

3.3.5.1 Electrical Wiring

a. The wiring installation shall consist of cable harnesses where
required. All wire bundles, harnesses and cables external to the conponent
or vehicle shall conform to MSFC-DWG-40139582. Wire used in cable harnesses
shall conform to Specification MIL-C-17. ’
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b, When etching of wire insulation is required in the MMSE to provide
satisfactory bonding to potting materials, the open end of the wire shall not
be exposed to the etchant. The preferred process is to form thb wire into a
"U" shape, immerse only the bent portion in the etchant, and hold the open ends
above the etchant level. The unetched end of the wire shall not be cut off
prior to nmeutralization of the etchant, Electrical wire or cable insulated
or coated with polyetrafiuvoroethylene or fluorinated ethylene propvlene shall
ke atched prior to potting to assure mechanical bond strength and environmental
seal. Potting shall be accomplished within three weeks after etching.

3.3.5.2 Eleectrical Gonnector Keving

All electrical plugs and receptacles used in the AFD core C&D Panels
shall be keyed or otherwise configured to prevent incorrect connection with
other accessible plugs or receptacles.

3.3.5.3 Electrical Connector Pin Assignment and Pin or Socket Selection

2. Electrlcal circuits for the AFD core G&D panely shall not be routed
through adjacent pins of an electrical connector if a shost clreuit between
them would constitute a single point faillure as defined in paragraph

b. Cable comnections of the AFD core C&D panels shall be designed so
that pin and srcket connectors are properly used to prevent nower from shorting
to ground. They also shall be designed to protect personnel both when con-
nected and disconnected through the use of dead facing, explosion-proof con~
nectors, or similar means.

3.3.5.4 Protection of Eleetrical and Elactronic Devices

Electrical and electronic devices used in the MMSE ghalil incorporate
protection against reverse polarity or other improper electrieal inputs dur-
ing qualification, acceptance, and other tests if such inputs could damage
the devices in 3 way that would not be immediately and unmistakably apparent.

3.3.5.5 Electrical and Electronic Piece~Parts, Closure Construction

Electrical and electronic Plece-parts with all welded closure con-
struction shall be used in prefereuce to piece-parts with other types of
clogure construction. Other types of construction may be used if adequate
program <ontrols are imposed to assure thar internal contamination cannot
cause part degradation and failuve under zero gravity enviromment.

3.3.5.6 Electrical Grounding

2. Primary DC Power Grounding - The MMSE negative buses shall be ref-
erenced to structure at one point. The conductor from the main power return
point to the single-point ground shali be designed to carry the maximum fault
current. The single point ground shall be capable of being connected to the
Shuttle,
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b. Component Grounding - The primary DC power shall be isolated from
2ll component structure. The component case ground shall be per MIL-B~-50878,

3.3.5.7 Electromagnetic Interference

3.3.5.7.1 Electromagnetie Compatibiliey (EMC)

The MMSE shall be designed for electromagnetic self-compatibility
and for electromagnetic compatibility (EMC) for all phases of the mission,
and for EMC with the Orbiter AFD during on-orbit operations. The electrical
and electronic equipment ghall not ba @ source of, nor be susceptible to,
electromagnetic interference as defined by MIL~STD-461A and 462.

3.3.5.7.2 Corona Suppression

Electrical and electronie subsystems and components shall be designed
$0 that their proper performance will not be impaired by corona discharge in
normal operating environments and shall not be a source of Interference which
adversely affects the eperation of other sgvipment.

3.3.5.7.3 Lightning Protection

Electrical and electropic components shall be adequately protected
from high currents induced by the lightning occurring at the launch site. The
case ground ahall be accomplished with the case commected to the structure
through low-impedance conductive mounting surfaces, Where shock mounts or
thermal isolation bprevent this, then wide, flat, short bonding jumpers a2y be
used in accordance with the bending specification MIL-B~5087.

3.3.6 Mecheniecal

3.3.6.1 Design Safety Factors

The design safety factors shall have an ultimate safety factor of 3.0
and a yield safety factor of 2.0,

3.3.6.2 Fasteners

Tareaded fasteners used for securing a single component, wherever
possible, shall be che same type, size and tensile strength. Use of blind
fasteners shall be minimized. Threaded fasteners shall be torqued per MSFC-
STD=-486.,

3.3.6.2.1 Accessibiligg of Fasteners

Assembly and subassembly installations shall be designed such that
access to threaded fasteners may be accomplished with the use of conventional
tools,
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3.3.6.2.2 Screw Threads

Serew threads for threaded fasteners used on Shuttle system hardware
(except for GSE) shall be of unified thread form, Class 2, in accordance with
MIL-8-7742 or MIL-S8-887%, as applicable:

a. Material tensile ultimate strength levels up to, but not including,
160 KSI may be threaded per MIL-S-7742 or MIL-S-8879. Rolled threads are
preferred.

b. Material strength levels of 160 XSI and above shall be threaded
per MIL-5-8879. External threads shall be rolled after heat treatment,
Screw threads used on airborne Ffluid systems fittings shall be of unified
thread form, Class 2, In accordance with MIL-S-7742 or MIL-S-8879,

3.3.7 Nuclear
Not applicable.

3.3.8 Moisture, Humidity, and Funeus Resistance

Except as otherwise required by detail design considerations, only
materials which resist the corrosive action of salt air and damage from
moisture/humidity and fungus shall be used which conforms to MIiL~-STD~-810.

3.3.9 Corrosion of Metal Parts

Metal parts ghall be protected from corrosion by stress-relieving,
plating, anodizing, chemical coatings, organic finishes, or combination there—
of, provided that such protection is compatible with the operating and space
environmental requirements.
3.3.9.1 Pissimilar Metals

Dissimilar metals, as defined in MIL-STD~889, shall not be used in
combinztion unless they are suitably coated to prevent electroliytic corrosion.

3.3.9.2 Finish

The MMSE finigh chall be in accordance with MSFC~SPEC-250, except for
special thermal finishes.

3,3.10 Contamination Control

The MMSE cleanliness requirement is 100K elean class per FED-STD-207.

3.3.11 Coordinate System

Not applicable,
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3.3.12 Interchangeability and Replaceability

The MMSE shall pe designed for ease of manufacture, assembly, :lnspeetion
and maintenance. Insofar as Dracticable, the MMSE subpanels shalj be inter-

3.3,13 Identification and Marking

3.3.13.1 Identification of Partg

Processes, and parts. Seller shall assign a new part number to the part when
authorized changes make the supersed:d part not interchangeable wilth respect
to interface, reliability, gafety, iogigties, traceability or performance,
For traceable items, the part identification shaii additionally include the

3.3.13.2 Supplier Part Humber

The supplier part number, which is equivalent to the MMSE Procuremant
part number, shall be in aceordance with MIL-STD-130,

3.3.13.3 Identification of A11 Develcpment/Qualification Test Specimggg

Test specimens shall be Permanently and obviously identified prior
to testing with the words "ENG. TEST onry™ in addition to the identifica~
tion required by the drawing/specification to preclude their use on production
items, The letters shall be indelible and provide a distinctive and vivid
contrast with the color of the specimen. The lettering size and identifica-
tion location shall be clearly visible to casual observation, Materials
used for the identification shall be compatible with the test specimen and
its operating enviromment, When the size or configuration of the test speci-
ment is suchk the identification canuot appear on the specimen, other sultable
eans such as attached wetal tags shall be used.

3.3.13.4 Nameglates

Nameplates shali be marked in accordance with MIL~-STD-130 and shall
include item name; buyer's pPart number; Federal North Atlantic Treaty Organi-
zation Stock Number (FSN/NATO) 3 manufacturer; buyer; manufacturer's serial
number, part number, Abbreviations, in aceordance with MIL-STD-12, may be
used,

3.3.13.5 Identification of Wiring

Identification of wiring shall pot degrade insulation or shielding.
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3.3.13.6 Electrical and Electronic Reference Designations

Electrical and electronic reference designations shall be affixed to
the hardware in accordance with the USAS Y32.16~1968 {(for external electrical
connectors).

3.3.13.7 Electrical and Electronic Symbols

If schematic information is affixed to the MMSE, the electrical and
electronic symbols shall be in accordance with the requirements of USAS ¥32.2-
1947,

3.3.13.8 Reidentification

The part number of the'MMSE, its components, and parts shall be changed
whenever redesign results in a change to dimensiopnal form, fit tolerance, or
functional characteristics from the previocus configuration.

3.3.14 Workmanship

Workmanship on the MMSE shall be in accordance with the best practice
for high quality equipment within the state of the art.

3.3.15 Human Performance/Human Engineering

The design shall consider the capabilities and limitations of the
huwan operator wherever a man-machine interface exists, including torques,
foreces, and other funetional design characteristics of controls, displays,
and work stavions. The principal design guide for the man-machine interface
shall be MIL-STD-1472 and MSFC-STD-512.

3.4 lopisties

3.4.1 Maintenance
a. The MMSE shall not require scieduled maintenance.

b. The MMSE shall not be designed to preclude the use of special tools
and equipment for site maintenance and repairs. Specizl tools, if required,
and approved by the buyer, shall be designed to withstand the intended use
throughout the 1ife of the equipment.

, c. The MMSE shall be designed to satisfy the requirements of a Line
Replaceable Unit (LRU),

d. The MMS5E ghall be designed so that routine corrective maintenance
can be accomplished by the replacement of Shop Replaceable Units (SRUs). The
design shall be such that isolation to a single malfunctioning SRU ean
be aceomplished during bench maintenance utilizing the LRU intevface conmectors
or the addition of a system GSE test comnector is permissible to provide this
isolation capability.
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e. The neceasity for any maintenance servicing or checkout tasks,
other than bullt-in test capability, to be accomplished during flight is pro-
hibited.

3.4.,1.1 Installation

a. The equipment desipgn shall physically prevent the incorrect Instal~
lation of modules and submodules. Clearly visible color coding and labeling in
close proximity to maintenance disconnect points shall be used to facilitate
removal and replacement of any subassembly level of equipment.

b, Components shall be mounted in a manmer to avoid blind adjustments.

c. Threaded fasteners used Ffor securing a single component, where
practical, shall be the same type, size, and tensile strength.

d. Captive fasteners shall he utilized to fasten LRUs.

3.4.1.2 Accesgibhilivy

a. Electrical connectors shall be accessible without disassembly ox
removal of functional equipment or components.

b. Servicing and test points shall be clearly marked and shall be
accessible without requiring removal of access plates or covers except service
caps. Calibration controls shall be accessible and clearly marked for major
functions.

C. All fasteners on a singie access cover shall be of the sama length,
diameter, and type.

3.4.1.3 Replacement

2. Mounting provisions shall permit SRU removal and replacement without
disconnecting any equivalent level SRU in the line replaceable unit. If removal
of a LRU structural element ig required for access, such removal shall not affect
electrical or mechanical alignment, nor shall the mechanical strength of the
unit be impaired to the point that bending of the unit, its assemblies, elec-
trieal harnesses, or plumbing attachments will occur during normal bench handling
of the unit.

b. Attachment fittings for components routinely removed shall be oper-

able without hand tools and shall be accessible without requiring removal of
accese panels or covers.

3.4.2 Supply

The components, subassembly and assembly panels which make up the AFD
core C&D design shall be recorded on delivery and tracked to assure that thage
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components, subassemblies, a1d assemblieg are available in stoek and ready for
use by each subsequent activity phase that may impact or influepce the design,

The following information records shall be maintained for each of the

a. Part numhers

b. Name of parts

C. Quantity required and available

d. Required delivery gites

€. Planned use siteg

The above records will provide the required information to assure
availability of items, and provide sufficient time to Tesupply components if

it may appear that a shortage could occyur prior to the next operation,

3.4.3 Facilities and Facildity Eguipment

Procured parts and mateirals will be received, inspected and stored in
existing facilities. These same faciliries will provide a bonded area whiech
will store the qualified and acceptance tested parts or assemblies prior to
delivery,

No new or unique facilities wiil be required for the logistice require-
ments.

3.5 Personnel end Iraining

Standard aerospace management, engineering, manufacturing, product
assurance, and test practices as applied to prior space programs as Geming,
Apollo, Skylab, ete. will be utilized for the PS contractor's design/develop~
ment phase, :

This approach will enable these space program practices to be applied
to the P§ contractor's activities and, thereby, ne new requirements will be
needed for personnel trainiag, trauning equipment and facilities,

MSFC or its designated Government quality representative will verify
the adequacy of the discipline practices utilized.
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3.6 Interface Requirements

3.6.1 Interprogram Interfaces

Interfaces between the AFD core C & D program, of which this specifi-~
cation is a part, and other programs (e.g., Orbiter, Spacelab, I0S) will be
controlled by ICDs to be supplied by the Phase C/D contractor. These will include
mechanical, electrical and software interface definition,

3.6.2 Intraprogram Interfaces

The relationship between this CEL and the other CEIs within the AFD
core C&D program is shown in Figure 3.6.2-1. Each CET (project level) defines
the specific interface requirements applicable to the individual project.

MEDS MMSE GSE Flight Ground Tegt
CET CET CET Software Softyare
CET, CEI

[ ! l l ]

Figure 3.6.2-1 Intraprogram CEIs

3.6.3 Intraproject Interfaces

The following paragraphs are supplied, as information only, to describe
the functional interfaces required to ensurae proper utilization of the MMSE,

3.6.3.2 Subpanel L12-A1 Functional Interfaces

The MMSE at subpanel L12~A1 will interface with control electronicsg
such that momentary switch closure Precipitates a discrete condition which is
maintained until the opposite switch command is completed,

3.6.7.2 Subpanel L12-A2 Tunctional Interfaces

The MMSE at subpanel Li2-A2 will interface with core C&D software control
(see core C&D Flight Software CEI) such that the selection of a particular posi-
tion on the rotary switch will cause a preprogrammed legend to appear on the as-
soclated 10 and 15-character alphanumerice displays and the proper digital informa-
tion to appear on the S-character digital displiay. Interfacing electronics will
supply the proper inputs to the individual displays., The toggle switch associated
with each digital display will be utilized as a control over the specific parameter
in question; that is, the data bus Interface will alliow the digital display to be
changed via the toggle switch. The command signal from the switch to the display
(via interfacing electronies) will be maintained as long as the switch position is
maintained.
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3.6.3.3 Subpanel L12-A3 Functional Interfacesg

The MMSE at subpanel L12-A3 will have direct hardwire interfaces. Each
toggle switch is lockable in either of two positions. The event indicators
receive discrete commands via the hardwire interface.

3.6.3.4 Subpanel L12-A4 Functional Interfacses

The MMSE at subpanel L12-A4 will be under core C&D software control
such that selection of a specific position on the rotary switch determines
the parameters to be displayed on the three analog meters. Interfacing
electronics will supply the proper analog inputs to the meters.

3.6.3.5 Subpanel 1L12-A5 Functional Interfaces

The potentiometers on subpanel L12-A5 incorporate a direct hardwire inter-
face. The remaining MMSE at this subpanel will be under core C&D software
control. The parameters to be controlled by the toggle switches are detepr-
mined by the specific position on the associated rotary switch (via core C&D
software). Control electronics will be provided such that momentary switch
closure precipitates a discrete condition which is maintained until the op-
posite switch command is completed, The event indicator associated with each
togg:.: switch receives discrete signals under core C&D software control.

3.6.3.6 Subpanel 111-A3 Functiopal Interfaces

The MMSE at subpanel L11-A3 will interface with core C&D software control
such that the 10-character alphanumeric legend will display characters com-
manded by software as decoded by interfacing electronics. The toggle switches
will drive the event timer via interfacing control electronics; switeb position
must be manually maintained to maintain the control signal. Interfacing elac-
tranics will also allow the event timer toe be updated and commanded (start/
stop) via software control.

3.6.3.7 Subpanel L11-Ad Functional Interfaces

Functional interfaces for the MMSE at subpanel L11-A4 are the same as
those for subpanel L11-A3.

3.6.3.8 Subpanal L11-A5 Functional Interfaces

The MM3Y at subpanel L11-A5 will interface with core C&D software coatrol
such that t%e manual pointing controller (MPC) and the asgociated toggle
switches interface with the applicable pointing system via the proper position
of the rotary switch, One of the toggle switches interfaces with conirel elec~
tronics such that momentary switch closure precipitates a discrete condition
waich is maintained until the opposite switch command is completed. The second
2~position switch produces a command signal via the interface electronics as
long as the switch position 1s maintained, The third toggle switch produces a

29




T A T RS N A b e et e e

continuous command signal in each of its three-positions. The MPC position
produces command signals to interfacing electronics for software interpreta-
tion.

3.6.3.9 Subpanel A7-A2 Functional Interfaces

The MMSE at subpanel A7-A2 will incorporate a direct hardwire interface.
Each toggle switch shall be lockable in either of two positions.
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4.0 VERIFICATION

The verification program is designed to verify that the MMSE hardware
conforms to the design, construction, and performance requirements as specified
in Section 3 herein. Each requirement presented in Section 3 will be verified
by test or assessment as specified in Section 4.

4.1 General

The following subparagraphs specify the organizational responsibility
for accomplishing verification, verification methods to be used, requirements
for test/equipment failures, and requirements for phased verification.

4.1.1 Responsibility for Verification

Organizational responsibiiities for performing and supporting verifi-
cation during the various verification phases of Paragraph 4.2 shall be as
defined herein. Responsibilities are defined as primary and supportive. It
shall be the Government's right to witmess and verify the results of all
verification accomplished.

Verification *Organizational Responsibility for Verification,
Phase Primary Supportive or Witness
1. Development P§ Contractor MSFC
2. Qualification P3 Contractor MSFC
3. Acceptance F8 Contractor MBFC
*Legand
MSFC NASA-MSFC

4.1.2 Verification Method Selection
——=ooet10h dethod Selection

Verification methods shali inciude test during each verification
phase ag applicable, or assessment by similarity, analysis, inspection, damon-~
sStration, and validation or records. These methods are defined in paragraph
4'3'1.

4$.1.2,1 Dagign Margin Verification Selection

Where integrity is verified by analysis only, the following factors
of safety shall be uged:

Yisld Factor of Safecy - 2.0
Ultimate Factor of Safety ~ 3.0
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4,1.3 Fiight Hardware Failures

Fajlures of MMSE hardware occurring during qualification, acceptance
and integrated system testing shall require a complete analysis of each fail-
ure and corrective action documented by a non—-conformance report. The PS
contractor shall secure agreement from the designated NASA representative
concerning adequacy of the corrective action before thess tests can be resmed
after the occurrence of each failure. Retest or assessment shall be performed
to establish the adequacy or corrective daction and restore validity of pre-
vious testing. The PS contractor shall report immediately to MSFC any
unusual phenomenon, occurrence, difficulty, or questionable condition ocour-
ring in the conduct of the test.

4.1.4 Test/Equipment Failures

Test policy for the MMSE shali include tests which demomstrate a
completely checked out end item within specification performance of all sys-
tems for £light readiness. To this end, the test program shall encompass !
all component and system malfunctions corrected or satisfactorily explained
and accepted to eertify flight readiness, and appropriate reverification
required following equipment replacement because of failure or other reasons.

Retest shall be performed after failure or equipment replacement to
the extent necessary to restore confidence in the equipment. The retest
requirements shall be specified at time of failure or replacement and shall
be a part of the controiling documentation. Reverification may be deferred
to the next scheduled functionail test of the affected hardware. Reverifica~
tion must be accomplished prior to launch for flight equipment.

4.2 Phased Verification Requirements

Phased verification of the Section 3 requirements shall be as specified
in the Paragraph 4,3 Verification lross Reference Index. Definitions of the
verification phases follow in Paragraph 4.2.1 through 4.2.8.

4.2.1 Development

Development verificativn is the process for verifying the feasibility
of the design approach and to provide confildencz in the ability of the hard-
ware to pass qualification. Where visibiiity and control of vendor hardware
development is required, appropriate direction shall be included in the
applicable procurement drawings/specifications.

4,2.2 Qualification

The MMSE including all components shall be qualified prior to launch.
Where visibility and control of vendor hardware is required, appropriate diree=-
tion shail be included in the applicable procurement drawings/specifications.
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Test types, durations and levels shall be specified. Qualification shall be
accomplished by any one or more of the following:

a. Test - Qualification Testing.

b. Assessment ~ (1) Similarity; (2) Analysis; (3) Inspection; (4) Demon-

stration; (5) Validation of Records.

Qualification testing methods are defined in the following paragraphs.
Assessment methods definitions are presented im Paragraph 4.3.1.

4.2,2.1 Qualification Tegting

Qualification testing is ap individual or series of performance/ func~
tional and envirommental tests conducted on flight hardware at environmental
test conditions normally more severe than acceptance test conditions to estab-
lish that the hardware will rerform satisfactorily in the use environments
with sufficient margin.

4,2,3 Acceptance

The MMSE including all components, shall be acceptance tested prior
to launch, Where visibility and control of vendor hardware ism required,
appropriate direection shall be included in the applicable drawings/specifi-
cations. Test types, durations and levels shall be specified. Acceptance
testing shall be applicable to component through MMSE hardwave levels.

4.2.3.1 Component Acceptanceg@ggging

Component acceptance tests consist of performance/functional and
acceptance level envirommental tests to assure compliance with required
specifications. This testing Is conducted to detect manufacturing flaws
and workmanship defeects that camot be detectwd by normal inspection tech-
niques as well as verify functional conformance to desipn specifications
including environmental exposures.

4.2.3,2 Subsystem/Systems Acceptance Tests

_ These tests shall be performed as appropriate following component
acceptance tests to demonstrate compliance to specifications. Subsystem
and system verification in various operating modes and interfaces at normal
flight supply voltages will be comsidered.

4.2.3,3 MMSE Accentance Testing

The MMSE shall he acceptance tested as an end iten prior to its
delivery to the next higher level of hardware assembly. Testing in-ludes
System to system interfacae checks, operation of individual MMSE systems,
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combined systems functional and mission sequence simulation tests. Test types,
durations and levelg shall be specified.

4.2.,4 Integrated Systems

This phase consists of the testing performed after the mating of the
MMSE with the Orbiter or Spacelahb subsystems, and will be the responsibility
of the Mission Contractor. The PS Contractoer shall support the Migsion
Contractor.

4.2.5 Prelaunch Checkoni

This phase of testing will be the responsibility of the Misgion
Contractor, and the PS Contractor shall support the Mission Contractor.

4.2.6 Launch

This phase of testing will be the responsibility of the Mission
Contractor, and the Pg Contractor shall support the Mission Contractor.

4.2.7 Flight/Missica Operations

This phase of testing will be the responsibility of the Mission
Contractor.

4.2.8 Post—Flight

This phase of testing will be the Tesponsibility of the Mission
Contractor.

4.3 YVerifi~atrion Cross-Reference Index
—== =208 trToss Reference Index

The verification cross-reference ipdex provides s one-for-one cross
reference of each verification requirement for each Section 3 requirement,
Verification shall be by test or assessment. Test types and phases were
describad in Paragraph 4.2. Assessment methods are deseribed below,
4.3.1 Assessment Methods

a=sessment Methods
Assessment methods include: (a) similarity; (b) analysis: (c) inspec-

tion; (d) validation of records; and (e) demonstrat?~n, A brief definition
of the methods as used herein follows:
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a. Similarity - Qualification by similarity shall he considered if
it can be demonstrated, by review of prior test data or application of hard-
ware (flight or usage experience), that the article is similar or identical
in design and wanufacturing process to another article that has previously
been quallfied to equivalent or more stringent environmentai eriteria (e.g.,
Skylab, Apollo and/or Gemini hardware),

b. Analysig - Analysis may be used for verification in lieu of, or
in addition to testing to verify compliance to specification requirements,
The selected techniques may include, typically, systems engineering analysis,
statisties, qualitative analysis, analog, modeling, and computer simulations.
Analysis may be considered when it can be determined that:

1) Rigorous and accurate analysis is possible.
2) Test is not cogt-effective,

3) Similarity is not applicable.

4) Verification by inspection is not adequate,

c. Inspection (End«Item! - Inspection techniques (e.g., verification
of complianqe with drawings, wire coding, materiai compliance, etc) may he
used in lieu of or in cenjunetion with testing to verify design features
(e.z., dimensions, bonding, assembly methods, ete).

d. Validation of Records — Manufacturing records may be used at epd-
item acceptance to verify latent comstruction features and processes for
flight hardware and associated support equipment. '

e. Demonstration - Demonstration techniques {e.g., service access,
tranportability, crew-hardware interfaces, replacement provisions, etc) may
be used in lieu uf or 1in conjunction with test to verify compliance with the
requirements,

4,3.2 MMSE Verificagion Reguirements Matrix

Verification requirements for Section 3 paragraphs are identified in
Table 4.1. The left-hand column of the mztrix identifies each Section 3
requirement by paragraph number and where required, by sentence aumber of
the paragraph. The verification method(s) for the various verification phases
are presented in the matriz. The right hand column identifies the applicable
Verification Plan paragraph number which defines and directs implemenga-
tion of each verifieation requirement.

4.4 Test Support Regquirementis

Test support including test facilities and equipment, bench setups,
test software and test interfaces shall be as defined.

4.4.1 Facilitieg and Equipment

8. Existing facilities/equipment with NASA or other Government
agencies and contractors shall be utilized to the maximwm extent practicabie.
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TABLE 4-1 VERIFICATION CROSS~REFERENCE

REQUIREMENTS FOR VERIFICATION

SHEET 1 OF 1

NOMENCLATURE: MMSE

CRIT. CAT:

CEIL No.

CEL SPEC NoO.

VERIFICATION METHOD

1. TEST
2. ASSESSMENT
a. SIMITARITY
b. ANALYSIS
c. INSPECTION
d. DEMONSTRATION
€. VALIDATION OF RECORDS

VERIFICATION PHASES

A,
B.
C.
D.
B,
¥,
G.

DEVELOFMENT
QUALIFICATION
ACCEPTANCE,
INTEGRATED SYSTEM
PRELAUNCH CHECROUT
FLIGHT VERIFICATION
LAUNCH

H. POST FLIGHT

N/A = NOT APPLICABLE

PERFORMANCE/DESIGN VERTFICATION METHOD TEST/ASSESSMENT

REQUIREMENT REFERENCE vala [8]c|olzlrlcl 5 REQUIREMENT REFERENCE
3.2.1.1 Subpanel 112-A1 MMSE 1l1)1 4.2.1, 4,2.2, 4.2.3
3.2.1.2 Subpanel 112-A2 MMSE 1]1]12 4.2.1, 4.2.2, 4.2.3
3.2.1.3 Subpanel L12-A3 MMSE 1jit: 4.2.1, 4,2.2, 4,2.3
3.2.1.4 Subpanel L12-A4 MMSE 1)1f1 4.2.1, 4.2.2, 4.2.3
3.2.1.5 Subpanel L12-A5 MMSE 1i1f1 4.2.1, 4.2,2, 4.2.3
3.2.1.6 Subpanel L11-A3 MMSE 111 4.2,1, 4.2,2, 4.2.3
3.2.1.7 Subpanel L1l-A4 MMSE 1f1f1 4.2.1, 4.2.2, 4.2.3
3.2.1.8 siﬂ;panel L11-A5 MMSE 1f{1}1 4.2.1, 4,2.2, 4,2.3
3.2.1.9 Subpanel A7-A2 MMSE Tiil1 4.2.1, 4.2,2, 4.2.3




b, MMSE test activities including test facilities/equipment, person-
nel, and procedures shall be established and included in the Verification Plan.

c. Maximum use of the same or common MMSE test equipment shall be
used for testing at multiple locations to assure uniformity of test results.

d. All test equipment shall be designed with a fail-safe goal such
that test equipment failure will not degrade flight hardware. All test equip-
ment shall be tested prior to interfacing with flight equipment to ensure that
no damage or degradation +o £light hardware will be induced, Appropriate
tolerances shall be identified in the procedures, taking into account test
equipment capabilities and flight hardware specifications, such that the test
results will verify compliance with the flight hardware specifications.

4,4,2 Articles

Test articles, if required to support the test program, shall be as
identified,

4.4,3 Software

Requirements governing software utilization in support of verification
operations shall be as identified,

4.4.4 Interfaces
Where verification requires interfacing of the MMSE with other

STS Project facilities/equipment, the Mission contractor shall direct and support
the test activities in accordance with the applicable contractual agreement {s).
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5.0 PREPARATION FOR DELIVERY

Not applicable,

6.0 NOTES

6.1 Definition and Design Terms

AFD core C&D - controls and displays equipment, of which MMSE is a part, to he

Panel/Subpanel ~ surface area upon which MMSE is arran

utilized for payload operations in the Shuttle Orhiter aft flight
deck.

ged; MMSE design includes

one full panel (L12) with five subpanels within it (L12-A1, -A2,
-A3, -A4, and ~A5) and four additional subpanels (Lii-A3, L11-~

A4, and AT7-A?).

6.2 List of Acronyms

AFD
AVT
CDR
CET
CIL
C&D
EMC
FMEA
GSE
ICD
LRI
MFDS
MMSE
MPC
MS
DR
phm
PS
RID
SE&T
SRU
STE
WBS

Aft Flight Deck

Acceptance Vibration Test
Critical Design Review
Contrictor End Item

Critical Items List

Controls and Displays
Electromagnetic Compatibility
Failure Modes and Effects Analysis
Ground Support Equipment
Interface Control Document
Line Replaceable Unit
Multifunction Display System

Multi-use Mission Support Equipment

Manual Poiniting Control
Milliseconde

Preliminary Design Review
parts per hundred million
Payload Station

Review Item Disposition

Systems Engineering and Integration

Shop Replaceable Unit
Support Test Equipment
Work Breakdown Structure
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. COMPUTER FROGRAM DETATL SPECIFICATION
PART I
PERFORMANCE, DESIGN AND VERIFICATION REQUIREMENTS
FLIGHT SOFTWARE
CEI No. )
FOR
AFT FLIGHT DECK CORE
CONTROLS AND DISPLAYS

APPROVED BY APPROVED BY

NASA
CODE IDENTIFICATION

DATE .
DATE
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1.0 SCOPE

This part of the specification establishes the requirements for per-
formance, design, and verification of a Computer Program (CP) CEI identified
as Core Control and Display (CCD) Flight Software for contract end item number
IBD. This CP CEI is used to provide top level software requirements. This
software is required to realize the full operational capability of the CCD
equipment.



2.0 APPLICARLE DOCUMENTS

The following documents, of exact issue shown, form a part of this
specification to the extent specified herein. In event of confliet between
documents reference here and other detail content of this specification,
the detail requirements herein shall be considered superseding. Contractor
specifications satisfying the intent of the below-listed documents may be
used in lieu of the specifically listed documents after review and approval
by MSFC. Reference to these documents contained herein shall be by hasic
number only.

2.1 Orbiter Interface

858-P-0002~170 NASA Computer Program 6/7/76
Development Specification
Volume I Book 7
System Level Reg

85-P-0002-160 NASA Computer Program 6/10/76
Development Specification
Volume I Book 6
System Level Req

Payloads
2.2 Spacelab Interface
EQ-MA-0002 MATRA I/0 Unit 5/14/76
EQ-MA-0003 MATRA, RAU Acquisition Unit 5/1/76
EQ-MA-0010 MATRA. Display System 5/15/76
EQ-MA~084 MATRA Data Bus Interw
connecting Station 5/20/76
EQ-MA-0001 MATRA Data Bus 5/18/76
2.3 Standards
IBD
2.4 Other Publications
J8C 07700 Space Shuttle Systems,

Payload Accommodations,
Volume XIV, Revision C,
Change No. 12.
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3.0 REQUIREMENTS
3.1 CPCEI Definition

3.1.1 General Description

This document is limited to the specification of top level software
requirements. This software ig required to realize the full operational
capability of the Aft Flight Deck (AFD) CRT/KB display and the software
driven controls and displays.

The software to implement these requirements may be partially or
totally located in four different computers/processors depending on the
particular mission flown (Spacelab Experiment Computer, Payload Peculiar
Computer, Orbiter GPC, and the Display Electronics digital processor). It
will be the responsibility of the phase C/D contractor, under WBS 07 01, to
perform trade study analyses to determine the best location of this software
to best satisfy the top level requirements of this specification, and provide
the detailed Computer Program Specification Documents (CPSD). These CPSD
will constitute the "code to" specifications for building the software
programs.

This top level specification is independent of the equipment type and
location of software programs. It represents the results of a software
Tequirements analysis performed on NASA contract NAS8-31789. This analysis
determined that the software required to support each payload in the mission
model had many common requirements. Thse common software modules are defined
in this specification and are referred 12 as the Core Control and Display
(CCD) systems software. This CCD softwa e will fly on every flight requiring
software drivem CCD hardware, and can be thought of as an extension of the
systems software provided by the main computer (Orbiter, Spacelab or payload
provided) interfacing with the CCD.

3.1.2 Missions

The software controlled by this CPCEI is limited to the CCD software.
The relationship (mission) between this software module and payload applica-
tion or systems software is defined in this section.

The application software is mission unique softwara. The requirements
and development of the applications software will be the responaibility of the
payloads. This software will interface with and utilize the services provided
by the systems software and the CCD software. In addition, the systens software
will provide executive structure and contrel for the payload provided applica~
tions software.

The systems software is resident in the main computer (Orbiter G2e,
Spacelab Experiment Computer, or Payload provided computer) at all times apnd
flies on every mission. It is that software required to control and communi-
cate with peripheral hardware, schedule application software programs, and to



handle data management of 31l commanication formats., This software will be
provided by the supplier of the main computer.

The Core Control and Display (CCD) software is a combination of the
display software contained in the CCD electronics unit, and the CCD software
located in the main computer. The maln computer CCD software is an extension
of the systems software., This combination of software is a fixed service
and will therefore fly on every mission. The top level requirements for this
combination of software are defined in this document and represent the purpose
of this CEI.

3.1.3 OQperational Concepts

This paragraph ic not applicable to a CP CEI detailed specification.

3.1.4 O-ganizational and Management Relationship

MSFC has been designated as the lead WNASA center for the Aft Flight
Deck Payload dedicated controls and displays program. The core C&D equipment
will be located in the Orbiter A¥D, and therefore JSC will be required to ensure
ICD compatability.

3.1.5 BSystems Engineering Requirements

3.1.5.1 BSystems Engineeripng and Intepration

Systems engineering and integration will include performance of the
analyses and studies necessary to definme requirements for the Aft Flight Deck
Payload Core C&D, interfaces, ground support equipment (GSE) and special test
equipment (STE), and product assurance. Systems design and integration,
operations requirements analyses, GSE and STE requirements, and gsystems test
requirements are all a part of the Aft Fiight Deck (AFD) Core C&D engineering
and integration (SE&I) task. Alsoc included are interface analyses and defin-
ition, PSS specification development and weight management. The objective
of the SE&I analysis is to assure an integrated AFD core C&D design that pro-
vides a core capability for operating and controlling the many antilcipated
payloads for the Shuttle Orbiter, at the lowest life cyecle cost to the Shuttle
Program, compatible with the required level of capability and limitation infov-
mation to prospective payload developers.

3.1.5.2 Work Breakdown Structure (WBS)

The WBS for the AFD core C&D will be in accordance with MA-06, refer-
ence Volume III, Part I.

3.1.6 Government Furnished Property List

This CP CEI will not imcorporate any GFP computer programs; however,
the core C&D software will include both software resident in ths MFDS electronics
unit as well as in the Spacelab Experiments Computer.

3.1.7 Critical Components

Not applicable.




3.2 Characteristics

3.2,1 Performance

3.2.1.1 System Requirements

There shall be four peripheral functiong serviced by the main computer
via three Spacelab type dats buses (Figure 3.2-1). Three display and keyboard
sets will be serviced on twoe of the data buses, and the MMSE (panels L-11 and
L~12} shall be serviced via a RAU on the remaining experiment data bus, Each
keyboard and display shall have the capablility of communication with either
the subsystem or experiment data bus. All functions on the experiment bus
connected to the RAU shall be serviced TBD times per second to assure prompt
recognition of commands and timely display of data response,

In addition, the electronics unit driving the Multifunction Display
System (MFDS) shall have the capability to interface with the Orbiter data
bU.S (DK""F) ®

3.2.1.2 Operational Requirements

The operational requirements divide into two basic types. The first
type are the display functioms and the second type are the MMSE RAU functions.
Each of these categories contain several subfunctions which are presented in
the following paragraphs.
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3.2,1.2.1 RAU - Event Timer

Provide an "Event Timer" (ET) module with functional characteristics
shown in Figure 3.2-2 and detailed requirements defined in the following
paragraphs. This software module shall interface through a RAU interface
with event timer electronics.

3.2.1.2.1.1 Input

The ET module shall be capable of receiving commands either from a
keyboard or a data base, via application software. A KB request for event
timer setup followed by information specifying KB or data base data control
shall call up the event timer sofiware module and specify its subsequent
operation. The controlling input data shall be page ID, timer number, start
tims, up/down control, and data initiate.

3.2.1.2.1.2 Output

The output from the ET module shall consist of start, up, and down
controls, combined with a starting time wvalue.

3.2.1.2.,1.3 Processing

When data base control is requested the ET shall use the current page
ID number to obtain all subsequent inputs from the data base. If KB entry
is requested the input data shall be supplied from the mission unique applica-
tion software via the KB. The ET module shall format the time into four
transmissions of 4-bit coded data, one for each time character. Using the
input timer number it shall also format the address code for the time charac-
ter (1 of 8) being addressed. The start input shall specify the address of
the variable which the ET module shall monitor to determine when to send the
start signal.
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3.2.1.2.2 RAU - Manual Pointing Control

Provide a "Manual Pointing Control" (MPC) module with funectional
characteristics shown in Figure 3.2-3 and detailed requirements defined
in the following paragraphs. This software module shall interface through
a8 BAU interface with a MPC stibpanel.

3.2.1.2.2.1 Input

There are 19 hilevel and four proportional input signals to the MPC
software module.

4 Proportional - X pitch, + yaw
2 Bilevel - CCW, cw control

3 Bileve] - high, medium, low
12 Bilevel - selector swiieh

2 Bilevel - on, off

These input variables will be obtained from the RAU interface via the main
computer system software input data queue,

3.2.1.2.2,2 Output

The output of the MPC module shall consist of 36 pointing variables
Tepresenting pitch, yaw and roll control for up to 12 different pointing
Systems. The 36 variables shall interface with mission unique application
software.

3.2.1.2.2.3 Processing

The MPC software module shall determine if pointing control is required
by monitoring the on/off input. If off is commanded all output variables shall
be set to zero. If on is commanded the following processing will be performed.
First the selector switch shall be examined to determine which data base and
output variables are currently active. Second the pitch, yaw and roll rate
shall be determined by mueltiplying the rate inputs by a gcale factor obtained
from the data base. Finally, the three scaled outputs shall be placed in the
selected output data ffueue,
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3.2.1,2.3 RAU=3electable Slewed Digital Displave

Provide two "3electable Slewable Digital Display" (SSDD) mudules with
functional characteristics shown in Figure 3.2-4 and detailed requirements de-
fined in the following paragraphs. This software module shall interface through
& RAU interface with digiral displays.

3.2.1.2.3.1 Inputs

The SSDD module shall receive 12 bilevel inputs from a selector switch and
two bilevel signals from the slew command, via the RAlU interface. One propor-
tional input is required from the application software to define the dispiay
value, Ip addition, the data base shall supply the information for the two
LED displays,

3,2.1.2.3.2 Qutputs

All outputs from the SSDD module shall be placed in an output data queue
to be utilized by either system software or application software.

3.2.1.2.3.3 Processing

The SSDD module shall monitor 12 bilevel signals and determipe which
mission unique application has been requested. This selection shall set an
index which will control the data base selection. The data base will furnish
the address of the digital data to he displayed and the titles for the two LED
displays. The SSDD module shall then interrogate the slew command and place
its status in the address specified by the data base. Finally the SSDD shall
Place the digital display data, obtained from the application software in the
output data queue for processing by the output coupler. This output funetion
shall include address encoding for communication with the system software
serial data bus.

11
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3.2.1.2.4 RAU - Meter Displays

Provide a "Meter Display™ (MD) module with functional characteristics
shown in Figure 3,25 and detailed requirements defined in the following para-

graphs. This software module shall interface through a RAU with an analog
meter,

3.2.1.2.4.1 Inputs

The MD module shall receive 12 bilevel signals from the input data
queue of system software. 1In addition, it shall receive three proportional sig-
nals from the mission unique application software.

3.2.1.2.4.2 Qutputs

The output of the MD module shall consist of three proportional vari-
ables to be placed in the System software output data queue, The system soft-
ware shall use this data tg drive the analog meters,

3.2.1.2.4.3 Processing

The MD shall monitor 12 bilevel variables in the input data queue and
derive an index to be utilized by the data base, Under index control the data
base shall specify to the MD the address of where the selected 3 of 36 appli-
cation software variables are, to be processed for meter display. 1In addition
it shall provide the address encoding to communicate with the RAU serial interw

13
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3.2,1.2,5 Ray - Selectable Switches and Status Flags

Provide three "Selectable Switch and Status Flagh (S85F) modules with
functional characteristics shown in Figure 3,2-6 and detailed requirements de-
fined in the following paragraphs. This software module shall interface
through an experiment RAU with these switches,

3.2.1,2.5,1 Inputs
The following inputs are required by the SSSF module:

12 Bilevel-switch selector
6 Bilevel~discrete commands
6 Bilevel-status flag commandsg

3.2.1.2,5.2 Qutputs

output data gqueue, The 6 output variables shall be placed in 6 of 72 variable
locations representing one of 12 switch selections., These variables shall drive
the status flags via the experiment RAU,

3.2,1.2.5.3 Processing

The SSSF module shall monitor the 12 bilevel input commands apd set an
index to be used to control :ielection of data from the data base, The data
base will supply address to specify where the discrete commands are to be sent
(6 of 72), and where ia the application software the status flag commands are
located (6 of 72).

15
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3.2,1.2,6 Display - Experiment Alert

Provide an “"Experiment Alert" (RA) module with the functional charac-
teristics shown in Figure 3.2-7 and the detailed requirements defined in the
following paragraphs. This software module shall interface with the display
data buses to provide alert status on the bottom line of all three displays.

3.2.1.2,6.1 Input

The input to the EA module shall be a data base driven table contain-
ing addresses of 200 applications software variables.

3.2,1.2.6.2 Output

The output of the EA shall be the out-of=tolerance alert variable,
based on a first in first out bases. Wren requested the status of all 200
alert parameters currently being monitored shall also be displayed,

3.2.1.2.6.3 Processing

The EA moduie shall monitor up to 200 variables for out-pf=-tolerance
conditions. The variable name, location, scale factor, upper limit, lower
limit, and system identification shall be stored in the FA data base, If more
than 200 variables are required, the system software, under control of the
mission unique softwere shall be able to change the 200 variable data base,
The EA module shall sequentially check the 200 specified addresses to see that
each variable is within tolerance,

The status of all 200 variables shall be stored in a table for and

display upon KB request. The first alarm entered into this table shall
be sent to all displays using a first in, first out (FIFO) data flow.

17
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3.2,1.2.7 Display - Crosshair Pointing Control L11-2

Provide a "Crosshair Pointing" (CP) module with functionai
characteristies shown in Figure 3.2-8 and detailed requirements defined in
the following paragraphs. This software module shall interface with the
crosshair adjustments, and the video display. This software module shall
allow setup of the next pointing while data is being taken on the curreat
sighting.

3.2.1.2.7.1 Input
The CP module requires the following inputs:

12 Bilevel-switch positions

1 Bilevel-control request

1 Bilevel-pointing execution
TBD Crosshair position signals

3.2.1.2.7.2 Qutput

The CP module shall output signals to the electronics unit to position
"crosshairs" and to the application software for pointing system control.

2.2.1.2.7.3 Processing

The CP module shall monitor the 12 bilevel switch positions from the
experiment RAU to determine which pointing system has been requested. Wext
a determination shall be made if crosshair control has been selected. If so
the crosshair position signals shall be monitored to determine the placement
of the crosshairs on the video monitor. During this operation the crosshair
pointing execution command shall be monitored to determine when point error
signals are to be computed,

When pointing execution is requested the CP module shall determine
the display scale factor from the data base indexed by the switch selection
and compute the difference between video screen center and the crosshair
location. This output shall be made available to application software for
pointing control.

19
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3.2,1.2.8 Display =~ Plot

Provide a plot module with functional characteristics shown in Figure
3.2-9 and detailed requirements defined in the following paragraphs. Thig
software module shall interface with the display data bus,

3.2.1.2,8.1 Input

The plot module shall rec
variable storage and plot variabl

eive inputs from data base stora
the payload user via his mission

ge, display
e storage. These inputs shall b

e supplied by
unique application software.
3.2.1.2.8,2 Qutput

The output from the plot mod
integrated plot for display on the C

3.2,1.2,8.3

ule shall be a block of data providing an
RT,

Processing
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3.2.1.2.9 Display - Set § Bilevel

The majority of all actions on the CRT/KB take the form of selecting
between several items. Because of this, two (one for each keyboard) data

use. A functional sketeh of this software requirement is shown in Figure
3.2~10 and the detailed requirements are defined in the following paragraphs.
The "Set N Bilevel" (5NB) module requires that a page of alphanumerie proced-
ures has been generated by payload mission unique application software and
identified with a unique page number. It further requires that each bilevel
selection has a unique identification number within the text page.

3.2.1.2,9.1 Input

The inputs for the SNB module are the CRT page number, the KB command
number, and the input data queue from the systems software.

3.2.1,2.9,2 Cutput

The output for the SNB module are variables placed in the output data
queue, and response word messages to the display systems software.

3.2.1.2,9.3 Processing

The SNB module shall select the current data base under control of
the CRT page number. The portion of this data base, which is active, shall
be controlled by the KB command number. When the KB command number is received,
the SKB module shall look up in the data base the address of the current com-
mand aumber (i.e., on-address or off-address for power) and place the table
specified command action in the output data queue.

This same KB command shall also direct the monitor module to obtain
the address of the variables to be monitored in the input data queue. These
variables shkall be monitored for true or false readings if bilevel and checked
against upper lower limits if proportional. The monitor module shall then send
the bilevel response generator module a good or bad message associated with
that command, together with the KB command and page number. This information
shall activate the hilevel response generator (BRG) module to obtain from its

software for transmission to the CRT display which activated this sequence.
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3.2,1.2.10 Display - Set § Proportional

Two "Set N Proportional’ (SNP) modules (one for each KB) to set digital
numbers in response to a KB command shall be provided. A functional diagram
of this control and display is shown in Figure 3.2-11 and the detailed require~
ments are defined beloyw.

3.2.1.2.10.1 Input

The inputs for the SNP module are a CRT page number and a KB command
number, and the payload data variables from the mission unique application
software.

3.2.1.2.10.2 Qutput

The output for the SNP module are Proportional command variables for
application software and the response data words to be sent to the CRT dig-

play.
3.2.1.2.10.3 Processing

The SNP module shall obtain the data base defined by the CRT page
command, and operate on that portion specified by the KB command number.
The data requested on the display shall be sent to the address specified by the
data base for use by mission unique application software. In addition, if
specified by the payload user in the proportional response data base, data
will be sent to the display. The addtress of this data shall be obtained from
the proportional response data indexed by the page and KB command number.
These response variahles and any associated alphanumeric message shall be sent
to the display system software for Presentation on the display which generated
the original command.
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3.2.1.2,11 Display

Memory and logic shall he provided to generate 20 display formats.
TBD shall be fixed and furnished to all payloads and TBD shall be available
for mission unique requirements. The standard displays shall inelude:

1. Proportional tables,

2. Bilevel tables.

3. Orbiter Payload Bay Look angle.

4. Segmented (split screen) table formats.

3.2.1.2.11.1 Ipput
Display number and mission unique application software variables,
3.2.1.2,11.2 Output

A block of data containing the integrating foreground and background
information for display

3.2,1.2,11.3 Processing

The display number shall command the display module to access the
display data base and the subset specified by the display number. This data
base shall contain all the: background information for the standard display
and the addresss of the appliecation software variables. The data specified
by the data base addrass shall be obtained, scaled, and inserted in the speci-
fied locations of the data block. The display module shell then output this
integrated data block to the display systems software for output to tha CRT/
E3 which requestad the display. .

3.2.1.3 Dpata Base Requirements

The data base requirements for each functioral module are specified in
paragraph 2,2.1.2.

3.2,2 Reliability

The CCD software shall be classified as error free, Sufficient veri-
fication and validation testing shall be performed fo check all functional
operating requirements,
3.2.3 Environment

3.2.3.1 Transportation and Storage

The flight software shall perform as specified herein after exposure in
a nonoperating condition to any combination of the environments and ranges
specified in JSC-07700, Volume XIV and M7070-0001~1B,
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3.2.3,2 Handling

The flight software shall perform as specified herein after exposure
to the envirommental ranges specified in JSC-07700, Volume XIV when handled
unpackaged,

3.2.4 Qperational Availability

This preliminary Part I CET shall be updated as required by the PS con-
tractor, The PS contractor shall maintain this document in the final Part I
CEI form through the change control system established.

The Part I CEI document shall be submitted at the Preliminary Desgign
Review (PDR) for final approval by MSFC prior to the start of the Development
Phase. Review Item Disposition, (RIDs) written against the CEI and approved,
shall be incorperated into the Part I CEY, After acceptance by MSFC, this docu-
ment will be Goveroment property, and shall be formally controlied as such in
accordance with the requirements of the procuring activity. The software con-
trolled by this CPCEX shall become fully operational after development and
acceptance in the Software Development Laboratory.

3.2.5 TranSportability/Transportation

The flight software shall be shipped in a container specifically de-
signed to protect the software during highway and air transportation, Vibra-
tion, shock, pressure, temperature, humidity, contamination, and magnetic
fields shall be controlled to levels specified below., All handling and trans-

portation equipment shall be compatible with applicable structural and environ-
mental limits,

3.2.6 Storage

The flight software shall have & storage life of ten years. Control
shall be maintained on all parts and materials which are sensitive to age or
the storage enviromments specified in paragraphs 3,2.3.1 and 3.2,3.2, These parts
and materials shall be identified, and if deterioration is a factor during
storage or after installation for use, the maintenance procedures shall ipndi-
cate a replacement cycle or the necessary retesting,
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3.3 Design Requirements

3.3.1 General Desion and Programming Standard s

Since the CCD software requirements spans two computers, the detailed
design and programming standards will be different for each computer. The
general standards should comply with a modular design controlled by the funec-
tion definition of paragraph 3.Z.1. Each function shall be capable of being
developed independently to a common set of standards which control at least
flow chart symbols, input and output processing, documentation, coding tech~
niques, and verification testing,

3.3.2 Human Performance/Human Engineering Standards

The display and MMSE software functions shall be serviced at least TBD
times per second to assure commands are serviced and displays are refreshed in
a2 timely manner,

3.4 Logistics
This paragraph is not applicable to a CPCEI specification.

3.5 Personnel and Training

The CCD software cor ‘d by this CPCEI will be developed by two cone
tractors - the payload stati., -atractor and the mission contractor. The
personnel to maintain the software and train payloads in the use of it shgll
be the responsibility of the mission contractor, The payload station con~
tractor shall furnish a computer program description document for use by the
mission contractor,
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3.6 Interface Requirements

3.6.1 Interprogram Interface Requirements

tion is part, and other programs (e.g., Orbiter, Spacelab, IUS) will he
controlled by ICDs to be supplied by the Phage C/D Contractor. This will |
include machanical, electrical, and software interfaces.

Interfaces between the AFD core C&D program, of which this specifica~

This CPCEL (CCD Flight Software) defines the total software require-
ments to deliver an operational flight CCD system. Tt will impaet the soft-—
ware CPCEI of the main computer utilized, and interfaces with the CCD system
(Figure 3.6-2). The software relationships between the main computer systems
software and application software versus the portion of the CCD software in
the electronics unit Processor is defined ip paragraph 3.1.2.

Early in the Phase C/D contract, trade studies shall be rerformed to

determine which portion of the software functions in this CPCET will be
implemented in the electronic unit processor.

and RAU hardware to software data bus interface functions. This document shall
include enough information to totally define to a Payload user the communica-
tion protoeol of the interface. This shall include but not be limited to:

a, Command formatsg

b. Response request formats

¢. Software to hardware operating desecritpion

3.6.2 Intrapropgram Interface Requirements

The relationship netween this CET and the other CEIs within the AFD core
C&D program is shown in Figure 3.6-1. Each CEI (project level) defines the
specific interface reqairements applicable to the individual proiect.

MFDS MMSE GSE FLIGHT SOFTWARE GROUND TEST
CEl CEI CEI CEI SOFTWARE CEI

Figure 3.6-1 Intraprogram CEIs

3.6.3 Intrapreject Interface Reguirements

Not applicable.
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4.0 VERIFICATION

The verification program is designed to verify that the flight software

conforms to the design and performance requirements as specified in Section 3

herein. Each requirement presented in Section 3 shall be verified by anzlysis
Or test as specified in this section.

4.1 General

The following subparagraphs specify the organizational responsibility
for accomplishing verification, verification methods and the relationship
of verification to management reviews.

£,1.1 Responsibility for Verification

The CCD flight software controlied by this CPCEI will be implemented
in two processors as defined in paragraph 3,6. The portion which is implemen-
ted in the display electronics unit will be developed and verified by the
Payload Station Contractor. The portion which is implemented in the main
Computer will be verified by the Mission Contractor. The combined integrated

testing of the CCD flight software will be verified and accepted in the sofi-
ware development laboratory,

4.1.2 Verification Method Selection

Verificatrion methods shall include test during each verification
phase as applicable. An assessment shall be made whether verification shall
be accomplished by similarity, analysis, inspection, demonstration or test.,

4.1.3 Relationship to Management Reviews

For development of flight software there shall be five management
reviews:

Preliminary Design Review
Critical Design Review
Test Readiness Review
Verification Review
Acceptance Review

These reviews relative to the flight software development shall be as shown
in Figut'e 4 . l—'l .
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4.2 Phased Verification Requirements

4.2.1 Development

During the development phase, independent and parallel development
will be taking place on the two barts of this CPCET (electronics processor
and main computer). To asgure first time operating compatibility between the
two software programs, a high degree of customer and mlssion contractor vis-
ibility in the form of verification by analysis is required. This shall include
an assessment of the ICD software modules to assure that development details
which impact the interface are thoroughly analyzed for systems interface
compatibilities. Tests shall be developed by hoth contractors to verify the
interfaces which are being developed per the ICD. These tests shall be veri-
fied by the customer during the early phase of acceptance.

4.2.2 Qualification

Not applicable.

4,2.3 Acceptance

4,1-1. The development tests .defined in 4.2.1 will be exercised as a part of
early acceptance testing. The Payload Station Contractor shall utilize the
GSE to simulate and test all software interfaces with the main computer.

The second part of acceptance shall be a combined integrated Payload
Station Contractor and Mission Contractor test. This test will constitute
final acceptance of thig CPCEL and shall be performed in the software devel-
opment laboratory.

4.,2.4 Integrated Systems

This phase consists of the testing performed after the mating of the
flight software with the Orbiter or Spacelab subsystems, and will be the res—
ponsibility of the Mission Contractor. The PS Contractor shall support the
Mission Contractor.

4.2,5 Prelaunch Checkout

This phase of testing will be the responsibility of the Mission Con-
tractor, and the PS Contractor shall support the Mission Contractor.

4,2.6 Flight/Mission Operations

This phase of testing will be the responsibility of the Mission Con-
tractor.
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4,2.7 Post-Flight

This phase of testing will be the responsibility of the Mission Con—
tractor.

4.3 Verifiecation Cross~-Reference Index

A verification cross-reference index shall be provided to cross-—
reference each verification requirement with each Section 3 require-
ment. The detailed verification requirement reference for all items
shall be defined in software sectlon of the Master Verification Plan,
Only analyses and test methods shall be used in verification during the
development and acceptance phases. Analysis shall consist of automatilec and
manual verification, which assures that the end item code meets the require~
ments of the detailed code to specification approved during the PDR and CDR
review cycle (see Figure 4.1-1). The test method shall be called Validation.
Validation shall test the end item code against detailed requirements ICD and
CEI specifications. All functions controlled by this CPCEI shall be vali-
dated in a systems test configuration using the flight hardware and software.

4.4 ‘Test Support Requirements

Test support including test facilities and equipment, bench setups,
test soitware and test interfaces shall be as defined,

4.4.1 TPacilities and Equipment

2. Existing facilities/equipment with NASA or other Govermment
agencies and contractors shall be utilized to the maximum extent practicable,

b. Test activities including test facilities/equipment, persennel,
and procedures shall bhe established and included in the Verification Plan.

€. Maximum use of the same or common test equipment shall be used for
testing at multiple locations to assure uniformity of test results.

d. Al1 test equipment shall be designed with a fail-safe goal such that
test equipment failure will not degrade flight hardware. All test equipment
shall be tested prior to interfacing with £light equipment to ensure that no
damage or degradation to flight hardware will be induced. Appropriate tolerances
shall be identified in the procedures, taking into account test equipment cap-
abilities and flight hardware specifications, such that the test results will
verify compliance with the flight hardware specifications.,

4.4,2 Articles

Test articles, if required to support the test program, shall be as
identified.
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4.4.3 Software

Requirements governing software utilization in support of verification
operations shall be as identified.

4.4.4 Interfaces

All software interfaces between the Payload Station Contractor and the
flight software in the main payload computer shall be verified by the Mission
Contractor in a Software Development Laboratory.

5.0 PREPARATION FOR DELIVERY

Not applicable.

6.0 NOTES
6.1 Abbreviations and Acronyms
AFD Aft flight deek
AR Acceptance Review
BRG Bilevel Response Generator
CCh Core control and displays
c&d, ¢/D Controls and displays; Procurement Phases C and D
CDR Critical design review
CPCEL Computer Program Contract End Ttem
cp Crosshair Pointing
CRT Cathode ray tube
DEC Data bus coupler
DDy Data display unit
DEU Display electronics unit
E4A Experiment Alert
ET Event Timer
EU Electronics Unit
FIFO First In First Qut
GFE Government furnished equipment
GPC General purpose computer (Orbiter)
GSE Ground support equipment
ICD Interface Contrel Document
ID ldentification
T/0, 10P Input/OQutput Processor
1/8 Interconnecting station (Spacelahb)
Ius Interim Upper Stage
KB Keyboard
LED Light emitting diode
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MFDS
MMSE
MPC
MS, Mss

NSP
008
PCMMU
PDI

PDR

PL, P/L
PS, PSS

PSP
RAU

RID
SE&I
SIPS

81,

SLC

M

SNB

syp

8S, 8/s
$SDD
SSSF
STE

STS

SW, S/w

TRR
TSP
VR

WBS

Meter Display

Multiplexer-demultiplexer

Multi~Function Display System

Multi-use Mission Support Equipment

Manual pointing controller

Mission Station, Mission Specialist, Mission
Specialist Station

Network signal processor

On~orbit station

Pulse code modulation master unit

Payload data interleaver

Preliminary design review

Payload

Payload Station, Payload Specialist, Payload
Specialist Station

Payload signal processor

Remote acquisition unit

Review Item Disposition

Systems engineering and integration

Small Instrument Pointing System

Spacelab

Spacelab computer

Systems management

Set N Bilevel

Set N Proportional

Subsystem

Selectable Slewable Digital Display

Selectable Switch & Status Flag

Space test equipment

Space Transportation System

Software

Twisted pair

Test Readiness Review

Twisted shielded pair

Verification Review

Work breakdown structure’
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1.0 SCOPE

This part of the specification establishes the requirements for
Performance, design, and verification of a Computer Program (CP) CET
ldentified as Core Contrel and Display (CCD) Ground Test Software for
tontract end item number TED. This CPCEI is used to provide top level
software requirements necessary to control software programg in the GSE.
The combination of the GSE CEI and this CPCEI will constitute a systenm
capable of testing and isclating CCD problems to the replaceable subpanel
level,

2.0 APPLICABLE DOCUMENTS

The following documents, of exact issue shown, form a part of this
specification to the extent specified herein. In event of conflict he-
tween documents referenced here and other detail content of this specifi-
cation, the detail requirements herein shall be considered superseding.
Contractor specifications satisfylng the intent of the below~listed docu-
ments may be used in ifeu of the specifically listed documents after re-
view and approval by MSFC. Reference to these documents contained herein
shall be by basic number only.

2.1 Orbiter Interface

§5-P-0002-170 - NASA Computer Program 6/7/76
Development Speecification
Volume I Book 7
System Level Requirements

55-P-0002~160 NASA Computer Program 6/10/76
Development Specification
Volume I book 6
System Level Requirements

Payloads
2.2 Spacelab Interface

EQ-MA-Qu02 MATRA I/0 Unit 5/14/76
EQ-MA-G003 . MATRA RAU Acquisition Unit 5/01/76
EQ-MA~0010 MATRA Display System 5/15/76
EQ-MA-084 MATRA Data Bus Intercomnecting

Station 5/20/76
EQ-MA-001 MATRA Data Bus 5/18/76

2.3 Standards

TBD




3.0 REQUIREMENTS

3.1 CPCET Definition

3.1.1 General Description

This CPCEI shall control three major functions. The first is the

L/0 processor module. This module shall provide communication with hardware
circuits which Interface with the AFD CCD equipment. The second functien is
the executive and interpreter. This module shall sequentially execute command
and monitor functions as specified by the test Sequence. It will utilize the
I/0 software module to interface with the hardware. The third module is the
test sequence. Thisg nodule is the largest and contains all test intelligence
to allow the GSE to perform its functrion.

3.1.2 Missions

This CPCEI will be used to accept amnd test all AFD CCD equipment,

-

-1.3 Operational Concepts

This paragraph is not applicable to a CPCET detailed specification.

3.1.4 Orpanizational and Management Relationship

MSFC has been designated as the lead NASA center for the Aft Flight
Deck Payload dedicated controls and displays program., The core C&D equipment:
will be located in the Orbiter AFD, and therefore, JSC will be required to ensure
ICD compatability.

3.1.5 Systems Engineering

3.1.5.1 Sygtems Engineering and Integration

Systems engineering and integration will include performance of the
analyses and studies necessary to define requirements for the Aft Flight Deck
Payload Core C&D, interfaces, ground support equipment (GSE) apd special test
equipment (STE), and product assurance. Systems design and integration,
operations requirements analyses, GSE and STE requirements, and systems test
requirements are all a rart of the Aft Flight Deck (AFD) Core C&D engineering
and integration (SE&I) task.

3.1.5.2 WYork Breakdown Structure (WBS)

The WBS for the AFD core C&D will he in accoruance with MA-Q6,
reference Volume I1I, Part I.
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3.1.6 Government Furnished Property List

This CPCEI will not incorporate any GFP computer programs.

3.1.7 Critica) Components

Not applicable.



3.2 Characteristics

3.2.1 Performance

3.2.1.1 System Requirements

The GSE which is controlled by this CPCEI is described in The Ground
Support Equipment CEI. Figure 3.2-1 shows the three major scftware functions
and their relationship to each other and the peripheral hardware.

DISK
¥
TEST etifmn—t KEYBOARD
/o —ae DISPLAY
EXECUTIVE it PRINTER
AND :
INTERPRETER
oot~ CCD

Figure 3.2-1 GSE Software Functions

The Executive and Interpreter (EI) module will request a test from
the Test Sequence (TS) Module stored on the disk, The Interpreter in the
EI module will sequentially decode each test instruction. The first instruc-
tion shall contain the text page for the CRT display. This text shall define
the test objective command, response and success criteria. The second instruc—
tion shall contain the stimulus to be applied to the CCD I/0. The third
instruction shall contain the delay required before the response instruction
is executed. Finally, the total test result shall be dumped to the printer
for a permanent record.

3.2.1.2  QOperational Requirements

3.2.1.2.1 I/0 Module

The 1/0 module shall be capable of commanding and monitoring the
following devices specified in the GSE CEI:

Printer

Disk

CRT Digplay
CCD Equipment
Keyboard



e ————— S S T T ST T N e e

3.2,1.2.2 Executive-Interpreter (EL)

The EI module shall be capable of se
on the disgk, executing commands within the t
sults on the CRT, and printing the final tes

3,2.1,2,3 Test Sequence (T35)

The Test Sequence (TS) module shall contain a series of tests which
check all functions of the QD equipment to the replaceable subpanel, This

IS module shall include, but not be limjted to, the tests defined in Table
3-2-1.

est, displaying the test and ree
t result on the printer,

3.2.1,3 Data Base Reguirements

No data base requirements are required for this CPCEL ,
3.2.2 Reliability

The software shall be capable of isolating

Problems to the replace-
able subpanel without error,

quencing through the tests stored

i
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TABLE 3.2~1 CCD TEST SOFTWARE REQUIREMENTS

MMSE TYPE

Rotary Switch
Toggle Switch

Momentary Toggle
Switch

Status Indiecators

Analog Meters

Digital Displays

Alphanumeric Displays

TEST OBJECTIVE

Verify each position
Verify each position

Verify each position

Verify each position

Verify full-scale
deflection and null

Verify the ability of
the digital display to
accept addressed com—
mands from the experi-
ment RAU and display
Properly the required
numeric characters,

Verify the ability of
the display to accept
addressed commands from
the experiment RAU and
display properly the
TYequired alphanumeric
characters.

COMMAND
Manual
Manual
Manual
Bilevel

Digital Word

Digital Commandg

Digital Commandg

RESPONSE

Bilevel
Bileval

Bilevel

Manual

Manual

Manual

Manua],

SUCCESS CRITERIA

Bilevel received
Bilevel received

Bilevel received

Position activated

Full~gseale defleetion
and null received with
TBDZ accuracy of fulli-
scale

Appropriate characters
displayed

Appropriate characters
displayed

gk e
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]
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TABLE 3.2-1 (Continued)

MMSE TYPE

Event Timer

Potentiometers and
MPC

TEST OBJECTIVE

Verify the ability of
the timer to accept from
either the experiment
RAU or manual input
switches preset times,
count up/down commands
and start/stop com—
mands. Verify the
ability of the timer to
count up/down as re~
guired.

Verify the capability
of the potentiometers
and MPC to supply the
full raage of analog

voltage.

COMMAND

Manual or Digital Word

Mannal

EFESPONSE

Manual

Analog Voliage

e

SUCCESS CRITERTA

Appropriate count up/
down sequences

Proper range of analog

voltage

2celved




TABLE 3.2-1 (Continued)

DISPLAY
UNIT

TEST OBJECTIVE

Horizontal Deflection
Amplifier

Vertical Deflection Amplifier
Video Amplifier

CRT

High Voltage Power Supply
BIT

Low Voltage Power Supply

Low Voltage Control

Front Panel

Harness

COMMAND
TEST SELF TEST
PATTERN BITE PROGRAM RESPONSE
X X X Manual/Digital
X X X
X X
X
X
X X
X X X
X X X
z X
X

SUCCESS CRITERIA

No Errors




TABLE 3.2-1 {Continued)

ELECTRONICS

UNIT

TEST OBJECTIVE

Interface Adapter
Keyboard Adapter
CPU

Data Flow

Memory

Character Generator
Cirecles and Vectors
Status Register
BITE Control
Graphics Generator

Rotatlon

X-Y Deflection Intensity

Backpanel

Connectors

Power Supply

comianp
TEST SELF-~-TEST
PATTERN BITE PROGRAM
X X X
X X X
X X X
X X X
b.4 X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X

RESPONSE SUCCESS CRITERIA
Manual/Digital No Errors
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TABLE 3,2-~1 {Continued)

EEYBOARD TEST OBJECTIVE

Verify the operability of all
keys

VIDEO Verify video capability

COMMAND

Manually depress all
keys -

Composite video signal
with alphanumeric graphic
overlay

RESPONSE

SUCCESS CRITERTA

Key function
displayed on
CRT

Manual,

ALl key functions
correct

Test patiern
verified correct



3.2.3 Enviromment

3.2.3.1 Transportation and Storage

The ground test software shall perform as specified herein after exposure
in a nonoperating condition to any combination of the enviromments and ranges
specified in JSC-07700, Volume XIV and MJ070~-0001-1B,

3.2.3,2 Handling

The ground test software shall perform as specified herein after ex-
posure to the environmental ranges specified in JSC-07700, Volume XTIV when
handled unpackaged.

3.2.4 Operational Availability

This preliminary Part I CEI shall be updated as required by the PS cop-
tractor, The PS contractor shall maintain this document in the final Part I
CET form through the change control systenm established,

The Part I CEI document shall be submitted at the Preliminary Design
Review (PDP') for final approval by MSFC prior to the start of the Development
Phase. Review Ttem Discrepancies, (RIDs) written against the CEL and approved,
shall be incorporated into the Part T CEI. After dacceptance by MSFC, this docu-
ment will be Govermment property, and shall be formally controlled as such in
accordance with the requirements of the procuring activity. The software con~
trolled by this CPCEI ghall become fully operational after development and
acceptance in the Software Development Laboratory.

3.2.5 Iransportability/Transportation

The ground test software shall be shipved in a container specifically
designed to protect the software during highway and air transportation., Vi-
bration, shock, preéssure, temperature, humidity, contamination, and magnetic
fields shall be controlled to levels specified below. A1l handling and trans-
portation equipment shall be compatible with applicable structural and enviropne
mental limits,

3.2.06 Storage

The ground test software shall have a storage life of ten years, Con-
trol shall be maintained on all parts and materials which are sensitive to age

These parts and materials shall be identified, and if deterioration is a
factor during storage or after installation for use, the maintenance procedures
shall indicate a replacement cycle or the necessary retesting,

3.3 Desipgn Requirements

11
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3.3.1 General Desipn and Programming Standards

The general standards should comply with a modular design controlled
by the funetion definition of bparagraph 3,2.1. Each function shall pe cap-
able of being developed independentty to & common set of Standards which cop-

trol at least figy chart symbols, input apd output signals, documentation,
coding techniques, and verification testing,

3.3.2 Humap Performance/Human Engineering Standards

3.4 Logistics

This Paragraph is not 2pplicable to a CPCET specification.

3.5 Personnel and Training

The personnel tg maintain the software and traip Payloads in the use
of it shall be the responsibility of the mnission contractor. The payload sta-

tion contractor shall furnish a Computer program description document for use
by the mission contractor,

3.6 Interface Requirements

3.6,1 Interprogram Interfaces Reguirements

Interfaces between the core AFD C&D Programs, of which this specifica-
tionm is a pPart, and other programs (e.g., Orbiter, Spacelab, 1US) will be cope

trolled by ICDs o be supplied by the Phase C/D contractor for mechanical,
electrical and software interfacesg,

3.6.2 Intraprogram Interfaeces Requiremenrs

assure that alj input output requirements are met

MFDS MMSE GSE Fiight Software Ground Test
|_cez CET | | cmr CEI | iSoftware Cgr
E i I ] |
Figure 3,6-1 Intraprogram CEIs

12



3.6.3 Intraproject Interface Requirements

N/A
4.0 VERIFICATION

The verification program is designed to verify that the ground test
software conforms to the design and performance requirements as specified
in Section 3 herein. Each requirements presented in Section 3 shall be veri~
fied by analysis or test as specified in this section.
4.1 General

The following subparagraphs specify the organization responsibility
for accomplishing verification, verification methods and the relationship of

verification to Mznagement reviews,

4.1.1 Responsibility for Verification

The Ground Test Software controlled by this CPCET will be verified
by the Payload Station Contractor. The acceptance of the AFD C&D equipment
with the GSE and this CPCET software will complete the verificatien task,

4.1.2 Verification Method Selection

The verification methods shall inelude test during each verification
phase as applicable and analysis,

4,1.3 Relationship to Management Reviews

For development of Ground Test software there shall be 5 management
reviews,

Preliminary Design Review
Critical Design Review
Test Readiness Review
Verification Review
Acceptance Review

These reviews relative to'the Ground Test software development shall be as
shown in Figure 4.1-1,

4,2 Phased Verification Requirements

4.2.1 Development

The GSE test software is straightforward and simple in that it consists
of a series of commands and scimulus under manual control of a CRT/KB. Veri-
fication of this software shall he performed by analysis prior to combined

system testing,

i3
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PAYLOAD
STATION | MISSION
CONTRACTOR | CONTRACTOR
SOFTWARE :
MILESTONE APDR  ACDR A TRR VR A [ AAR
e e ——— — — — — _JaL10ATTON - >
i
: GROUND TEST
i
i — ,
e DESIGN PROGRAM g
o DETAILED & 1.} DESCRIPTION -
REQUIREMENTS *1 coE DOCUMENT -
1
— = — ! VERIFICATION |
CONFIGURATION

CONTROLLED

Figure ¢.1-1 Ground Test Softuare Development
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4.2.2 Qualification

N/A

4.2.3 Acceptance

Verification of ground test software at acceptance shall be accomplished
by successful completion of CCD equipment checkout. Both anomalous and operat-
ing checks shall be performed.

4,2.4 Integrated Systems

This phase consists of the testing performed after the mating of the
CCD with the Orbiter or Spacelab subsystems., and will be the responsibility
of the Mission Contractor. The PS Contractor shall support the Mission Con-
tractor,

4.2.5 Prelaunch Checkout

This phase of testing will be the responsibility of the Mission Cone
tractor, and the PS Contractor shall support the Mission Contractor,

4.2,6 Flight/Mission Operations

This phase of tasting will be the responsibility of the Mission Con-
tractor,

4,27 Post-Flight

This phase of testing will be the responsibility of the Mission Cen-
tractor,

4,3 Verification Cross=-Reference Index

The verification cross-reference index provides a cross reference of
each verification requirement for each Section 3 requirement. The detailed
verification requirement for all items shall be defined in software section of
the Master Verification Plan. Only analysis and test methods shall be used in
verification during the development and acceptance phases. Analysis shall
consist of automatic and manual verification, which assures that the end item
code meets the requirements of the detailed code to specification approved
during the PDR and IDR review cycle (see Figure 4.1-1)., The test method shall be
called wvalidation, Validation shall test the end item code against detailed
requirements ICDs and CEIs specifications. All functions controlled by this
CPCEI shall be validared in a systems test configuration using the flight
hardware and software,

15
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4.4 Test Support Requirements

Test support including test facilities and equipment, bench setups,
test software and test interfaces shall be as defined.

4.4,1 Facilities and Equivment

2. Existing facilities/equipment with NASA or other Government agencies
and contractors shall be utilized to the maximum extent practicable,

b. Test activities including test facilities/equipment, personnel,
and procedures shall be established and included in the Verification Plan.

€. Maximum use of the same or common test equipment shall be used
for testing at multiple locations to assure uniformity of test results,

d. All test equipment shall be designed with a fail-safe goal such
that test equipment failure will not degrade flight hardware., A1l test equip-
ment shall be tested prior to interfacing with flight equipment to ensure that
no damage or degradation to flight hardware will be induced. Appropriate tol-
erances shall be identified in the procedures, taking into account test equip-
ment capabilities and flight hardware specifications, such that the test re-
sults will verify compliance with the flight hardware specifications.

4.4.2 Articles

Test articles, if required to support the test program, shall be as
identified.

4.4.3 Software

Requirements governing software utilization in support of verification
operations shall be as identified, '

4,4.4 Interfaces
N/A

5.0 PREPARATION FOR DELIVERY
N/A |

6.0 NOTES

6.1 Abbreviations and Acronyms

AFD Afg Flight Deck
AR Acceptance Review
CCD Core control and displays

16
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C&D, C/D
CPCEI
CRT

ET

GFE

GSE

icD

1/0, I0P
THS

KB

MFDS
MMSE
DR

RID
SE&T
STE

I8

Controls and Displays; Procurement Phases C and D
Computer Program Contract End Ttem
Cathode Ray Tube

Executive Interpreter

Government Furnished Equipment
Ground Support Equipment

Interface Control Document
Input/Qutput Processor

Interim Upper Stage

Keyboard :

Multifunction Display System
Multi-use Mission Support Equipment
Preliminary Design Review

Review Item Discrepancies

Systems Engineering and Integration
Special Test Equipment

Test Readiness Review

Test Sequence

Verification Review

17
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L i AP M s

1.0 SCOPE

This part of this pPreliminary specification establishes the require-
ments of performance, design and verification of equipment identified as
the GROUND SUPPORT EQUIPMENT (GSE), Contract End Item (CEI) Number (TBD).

The ground support equipment (GSE) along with associated software and
operator shall provide the capability to checkout and verify the PS station
Core controls and displays (CCD) equipment. The GSE shall be able to perform
the checkout and verification with or without Spacelab equipment (experiment
RAU). It shall provide the becessary gtimuli (discrete and analog) to the CCD
and it shall monitor the resulting responses. The GSE shall analyze test data .
(wherever possible) and provide & go/no-go indication. Tt shall inform the
operator as to the test sequence to be followed,
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2.0 APPLICABLE DOCUMENTS

The following documents, of the exact issue shown, form & part of this
Specification to the extent specified herein. In event of conflict between
documents referenced here and other detail content of this specification, the
detail requirements herein shall be considered superseding. CGContractor speci-
fications satisfying the intent of the below-1listed documents may be used in
lieu of the specifically listed documents after review and approval by MSFC,
Refarence to these documents contained herein shall be by basic number ouly.

2.1 BSpecifications

Roclwell Tnternational/Space Division Specifications CEI Para,.
MC615-0010 Adapter, Interface, Sarial Multiplexer 3,2.1.3.1
3.2,1.3.4

NASA Specifications

55-P-0002-170 Computer Program Development 3,2.1.3.1
Specification Volume I Book 7 3.2.1.3.4
System Level Requirements

55-P-0002~160 Computer Program Development _ 3.2,1.3,1
Specification Volume I Book 6 3.2.1.3.4
System Level Requir:ments Fayloads

Spacelab Specifications

IF-MA-QQO01 Spacelab Data Bus System Specifica- 3.2,1.3.1
tion 3.2.1.3.3

2.2 Standards

MSFC Standards

MSFC~STD-512 Standard Man/Systems Design Cri- 3.3.15

12 August 1974 teria for Manned Orbiting Payloads

MSFC-STD-486 Threaded Fasteners, Torque 3.3.6.2

Amendment 1 Limits For

July 1970

Military Standards and Specifications

MIL~8TD~1438 Standards and Specifications, Qrder 3.3,1

12 November 1969 of Precedence for the Selection of



Military Standards and Specifications

MIL-C-17E
12 July 1974

MIL-STP-14728

31 December 1974

MIT-STD-130D
1 Aogust 1973

MIL-STD-810(C)
10 March 1975

MIL-STD~-470
21 March 1966

MIL-~STb~889A
5 May 1972

MIL-B-5087B(2)
31 August 1970

MIL-5-77428
i5 March 1973

MIL-S-8879A(1)
Notice 1
15 March 1973

MIL-STD«4614
Amendment
4 June 1973

MIL~STD~462(2)
1 May 1970

MIL~-STD-12C(2)
1 February 1971

MIL-STD~-129
30 March 1973

Cables, RF, Coaxial, Dual Coaxial,
Twin Conductors and Twip Lead

Human Engineering Design Criteria
for Military Systems, Equipment
and Facilities

Identification Marking of U.S.
Military Property

Environmental Tasgk Methods

Maintainability Program Require-
ments ’

Dissimilar Metals

Bonding, Electrical and Light-
ning Protection, Ffor Aerospace
Systems

Scerew Threads, Standard, Optimum
Selected Serial, General Specifi-
cation for

Screw Threads, Controlled Radius
Post With Increased Minor Diame-
ter, General Specification for

Notice 1, 2, 3 Electromagnetic
Interference Characteristics,
Req. for ’

Notice 1, 2 - Electromagnetic
Interference Characteristics,
Neasurement of

Abbreviations frr Use on Draty-
ings, Specifications, Standards
and Technical Documents

Marking for Shipment and Storage

e e R N R MR

CEL Para,

3.3.5.1

3.3.15

3.3.6,2,2

3.3.6.2.2

3.3.5,7.1

3.3.5,7.1

3.3.13.4

5.4



2.3 Drawings
MSFC Dr&wings

MSFC-DWG-40M39582

Harnesses, Electrical Design

2.4 ghuttle Program Publicationsg

National Aeronautics and Space Administration

JSC-07700, vol.
Revigion D
Change No. 17
27 July 1976

J8C-07700, Vol, ITI

Change No. 16
27 July 1976

J8C-07700, Vo, I-

0l4-PTV-01
Change No, 1
1 June 1v76

XIV Space Shuttle System, Payioad

Accommodations; Program Definition
and Reguirements

Program Planning and Analysig

Fayload Interface Verification;
Vol. I General Approach and Re-
quirements

European Space Agency

EQ-MA~0010, Issue

15 May 1976

1 Data Display 8y stem

EQ-MA-084, Izsue 1 Data Bus Interconnecting-Station

20 May 1976
EQ-MA-Q002
Preliminary
14 May 1976

Contractor {RT)

 MJ070-0001-18
15 January 1976

2.5 Other Publications
=== fuolications

¥HB 5300.4(1D~1)
August 1974

Input Output Unit

Orbiter Vehicle End +Lem Spegcifi-
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3.0 REQUIREMENTS

3.1 CEI Definition

3.1.1 General Deseription

The Ground Support Equipment (GSE) shall be comprised of the
following pieces of equipment: central processor; input/output; mass storage;
CRT digplay and keybeard; and line printer. Except for part of the 1/ hard-
ware, all the equipment shall be sStandard commercial equipment,

3.1.2 Missiong

The Shuttle Program scheduling, operations plamuirg, Flight
hardware, ground System requirements, and costs shall be based on the Shuttie
Program mission model deseribed in J8C-07700, Volume III. The first use of
the ' GSE will he for the first operational flight utilizing the AFD core C&D
capability, the Spacelab (SL) 2 mission.

3.1.3 Operational Concepts

The Ground Support Equipment (GSE) shall be used to checkout
and verify the AFD core controls and displays. The GSE will be used to perform
acceptance testing of the MFDS. Prior to inmstallation of the AFD C&D gguipment
into the Aft Flight Deck, GSE is required to verify the core C&D equipment during
System integration both at KSC and MSFC.

3.1.4 Organizational and Management Relationship

MSFC has been designated as the development management center
for the Aft Flight Deck Payload dedicated controls and displays program. The
core C&D equipment will be located in the arbiter AFD and therefore JSC will
be required to ensure 1Ch compatibility,

3.1.5 Systems Zngineering Requirements

3.1.5,1 Systems Engineering and Integration

Systens engineering and integration will inelude performance
of the analyses and studies necessary to define requirements for the Aft Flight
Deck Payload Core C&D, interfaces, ground support equipment (GSE) and support
test equipment (STE), and product assurance., Systems design and integration,
operations requirements analyses, GSE and STE requirements, and systems test
requirements are agll a part of the Aft Flight Deck (AFD) Core C&D englneering
and integration (SE&I) task. Also included ara interface analyses and defini-
tion, PSS Specification development and welght management. The objective of
the SE&I analysis 18 to assure an integrated AFD core C&) design that provides
4 core capability for operating and controlling the many anticipated payloads
for the Shuttle Orbiter, at the lowest life cyele cost to the Shuttie Program,
compatible with the required level of capability and Iimitation formation to
praspective payload developers.



3.1.5.2 Work Breakdown Structure (WBS)

The WBS for the AFD core C&D will be in accordance with
MA-06 reference Volume III, Part T,

3.1.6 Government Furnished Property List

Orbiter TV camera to checkout and verify the EU video
channel,

3.1.7 Critical Components

3.1,7.1 Engineering Critical Components List

ot pplicable,

3.1.7.2 Logistics Critical Components List

The failure mode and effects analysis (FMEA) will be per~
formed and will be used to prepare the Critical Ttems List (CIL), which
will be used to identify critical spares. Tnis CIL shall incitc”e the Single
Failure Point Summary and Critical Redundant Items, The corrective action
required and/or rationale for retention shall be dotermined for each criti-
cal single failure point.

3.2 Characteristics

3.2,1 Performance

3.2,1.1 General Performance

The Ground Support Equipment (GSE) along with associated
software and operator shall provide the capability to checkout and verify
the Aft Flight Deck core comtrols and displays (C&D) equipment. The GSE
shall be able to perform the checkout and verification with or without
Spacelab equipment (experiment Remote Acquisition Unit, RAU). 1t shall pro-
vide the necessary stimili (discrete and analog) to the C&D and it shall
monitor the resulting responses. The GSE shall analyze test data (wherever
possible) and provide a go/mo-go indication. It shall inform the operator
as to the test sequence to be followed. The GSE shall provide the capabil-
ity to load and dump the applicable sections of memory within the electronics
unit. The load and dump shall bhe performed via the data buses between the
electronics unit and the GSE. The primary operational load mode shall be
via the CDMS system, however providing this capability within the GSE will
be useful for system checkout and integration.
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The GSE shall be able to detect fallures within the
Multi~Use Mission Support Equipment (MMSE) at the component level. The
GSE along with the proper test pattern interpretation by an operator
and the Built-In-Test Equipment (BITE) test results shall detect fail-

ures within the Cathode Ray Tube (CRT)/Electronics Unit (EU)/Keyboard
at the card level,

The video capability of the black and white CRT monitor
of the MFDS shall be verified by providing a video signal from an appro~
Priate orbiter camera, The TV camera shall be supplied asg government

furnished property. The video signal shali be igp compliance with EIA-STD-
R8-170.

The Ground Test Software which will control the various
Pilecus of GSE hardware is defined in the ground test software CEI,

A complete set of GSE shall be comprised of the following
pieces of equipment: central Processor; Input/Output (I/0); mass storage:
Display Unit (DU) and keyboard; and line printer. Except for part of the
1/0 hardware which will require a special design, all the equipment shall
be standard commercial equipment, The most important characteristics of
each piece of equipment is listed herein (Sections 3.2.1.2 through 3,2,1,6),
Characteristics not mentioned will generally be satisfied by the presently
available standard commercial equipment,

ia
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3,2.1.2 <Central Processor

The central processor shall execate the software modules
as defined in the Ground Test Software CEI. The central processor shall
control and transfer data between the various items of GSE hardware and the
core controls and displays.

3.2.1.2.1 Architecture
3.2.1.2.1,1 Word Length
The word length shall be 16 bits minimum.

3.2.1.2.1.2 Direct Memory Access (DMA)

There shall be a minimum of six DMA channels.

3.2.1.2,1.3 General Purpose Registers

There shall be a minimum of four general purpoese
registers, ’

3.2,1.,2.1.4 Instruction 3et

The central processor shalil have a flexible group of
input/output and bit manipulation instructions.

3.2.1.2.1.5 Vectored Priority Interrupt Levels

The central processor shall contain several levels of
vectored priority interrupts,

3.2,1.2.2 Memory
3.2.1,2,2.1 Memory Size

Central processor shall contain a minimum of 16K core
read/uwrite memory. The first GSE set delivered shall contain a minimum of
48K core read/yrire memory. This additional memory will be required to
allov development of ground test software,

3.2,1.2,2,2 Memory Parity

The core memory of the central processor shall contain
memery parity circuitry,

3.2.1.2,3 Power Fail Safe/Auto Start

The highest priority level interrupt shall gccur anytime
AC pover is turned on or off.,



3.2.1.2.4 Rezl Time Clock

The real time clock shall cause an interrupt every
500 ms minimum,

3.2.1,2.5 Operator Contrel Panel

3.2.1.2.5.1 Control Panel Interrupt

The central processor shall be interrupted upon
command from the control panel,

3.2.1.2,6 Hardware Floating Point Arithmetic

The central processor shall contain a hardware floating
point arithmetic unit,

3.2.1.3 Input/Output Hardware

The input/outpnt hardwvare shall provide the required
(hardware) interface between the GSE and core control and display equipment,

It shall provide the necessary discrete and analog inputs and outputs, along
with various high speed serial digital 1/0 channels,

3.2,1.3.1 Digital Serial

The 1/0 hardware shall provide the necessary interface
with the Primary and redundant experiment and subsystem data buses, 71t shall
also provide the necessary interface with the orbiter data bus. The inter-
face shall consist of providing the Correct parity checks, data formatting )
and timing signals ag required to send and receive data over these buses,
The GSE data and electrical input/output interface characteristics shall be
compatible with the voltage, data rate, impedance, waveforms and performance
requirements inp IF-14A~0001, $5~P-0002-170, S8-P-0002-160, MC615-0010,
EQ-MA-0010, EQ-MA-084 and EQ-MA-0002,

3.2.1.3,2 Subsystem Data Buses

The GSE via the subsystem data buseg shall interface with
the electronics unit(s) associated with the black and white CRT and tri-
- color CRT located at Panels 1~10 and L-11. The GSE shall interface to the
electronic unitsg Stated above via both the Primary and redundant subsystenm
data buses. The GSE shall be able to send commands to each electronic unit

with the electronics unit(s) associated with the black and white CRT and
tri-color CRT located at panels 1-10 and L-11. The GSE shall interface to
the electronic units stated above via both the primary and redundant
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to send commapds tq each electronic upit and receive Tesponses from each
alectronic unit in the identical manner as the orbiter computer, The Qgg
electrical ap. data characteristics shall be compatible with the voltage,
data rate, impedance, Wave forms ang Performance requirements in 85~P-0002-

170, S5-P-C002-160 and MC615-0010,

3.2.1.3.5 Multi-Use Mission Support Equipmggg (MMSE)

The GSE shalj checkout ang verify all items of MMSE,
This includes all MMSE‘interfacing With a RAU or that which ig handwired,

3.2,1.4 Masg Storage

ment of ground test softwara,

3.2,1.4,1 Masgs Storage Type

" The type of mass Storage shall pe either a Fixpq head
Or moving head dige,

3.2.1.4,2 Storape Capacity

The total mags storage ghall be a minimup of 1.0 miliion
16 bit words, In additionai mass storage to facilitate develqpment of
ground test softyape will be required,

3.2.1,5 Msplay and Kevboard Unig

The CRT display and keyboard shall provide the operatoy the
Weans to obgerve the test requirements apg tagt results, and ghaly allow
him tg interact (via the keybeard) with the tege Propram,

ia



3.2.1i.5.1 Screen Size
The screen size shall be 12 inches diagonal (minimum).

3.2.1.5.2 Display Format

The display format shall be 20 1ines minimum, 80 characters.

3.2,1.5.3 Character Repertoire

There shall be 64 alpha~mmerics and symbols ASCITI coded.

3.2.1.5.4 Editing Features

The editing features shall include character and line insert/
delete, character over write horizonial.

3.2.1.5.5 Input Power
The input power supply source shall be 115 volts 60 Bz,
3.2.1.6 Line Printer

The line printer shall provide a hard copy of the test se-
quence and test results.

3.2,1.6.1 Printing Rate

The printing rate shall be a minimm of 60 lines per minute,

3.2.1.6.2 Character Set

The character set shall conglist of 10 numeric digits (0
through 9). 26 upper case letters (A through Z) and 26 special characters,
All characters shall be ASCII compatible.

3.2.1.6.3 Columns

There shall be the standard 132 maximum columns per line.

3.2.1.6.4 Controls

The following controls are a minimum requirement.

3.2.1.6.4.1 Stop/Start Switch

The start/stop switch shall be lighted when "on".

3.2.1.6.4,2 Top of Form Switch

The top of form switch shall allew manual slewing to top
of form.

11
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3.2.1.6.4.3 Forms Override Switch

- The override switch shall allow the operator to
complete the form being printed before changing paper,

3.2.1.6.5 Input Power
The input power shall be 115 VAC, 60 RZ,

3.2,1.7 Tape Drive Unit

Tape drive for intercomputer program transfer {develop-
ment unit only). One tape drive shall be required to enable development
of core C&D software on an TIBM 360/370 for tranefer to the electronics
units’ memory in the MFDS,

3.2.2 Physical

Physical characteristics pertaining to the GSE shall be ob-
tained from applicable sections of paragraph 3,2,1.

3.2.3 Reliability

Reliability provisions shall be in accordance with NHB5300,4
(ID~1).

3.2,2.1 Critical Single Failure Points

At a design goal, the GSE shall have no single failure
that will jeopardize achieving the test objectives. In systems where this
is not practical, sufficient safety margins should be used to minimize the
probability of occurrence.

3,2,3.2 Failure Deterrent and Detection

The design shall incorporate the following:

2. The GSE shall be designed such that transient out-of-
tolerance conditions or component failures will not
cause other damage to, or failure of, other components,

b. Threaded parts and fastenerg shall be positively locked
to prevent loosening during service,

c. Bypass circuits used in checkout or calibration proce-
dures shall not override electrical system protective
devires,

d. 8o0lid state switches and anplifiers shall e given
preference over electromechaniecal relays and other
vibration~gensitive electrical/electronic parts.

e. Unidirectional components or piece parts shall be de-
signed to preclude backward installation by using non-
symnetry of configuration, different connecting sizes,
or comparable means,

12



3.2.3.3 Reliability Goals

The reliability goal of the GSE operation shall be TBD.

The probability that no GSE failures will prevent success-
ful experiment command or display objectives shall be TBD for on-orbit opera-
tiom. ‘

3.2.4 Maintainability

The GSE elements subject to maintenance shall be designed,
selected and installed to facilitate the performance of such tasks in a rea~
sonable period of time with minimum hazard to equipment and personnel.
Maintainability criteria In accordance with MIL-8TD~470 shall be used. The
design shall provide for maximum use of standard tools and test equipment,

3.2.4.1 Installation/Removal/Replacement Operations

The installation or removal of the payload dedicated controls
and displays panels or consoles shall be accomplished at the launch site
uponr the returan of the Space Shuttle Orbiter. The servicing of the payload
dedicated controls and displays panels or consoles shall be consistent within
the payload turnaround time constraints as specified by JSC 07700, Volume XIV
and JSC 07700, Volume I-014-P1V-01.

The design shall provide for ease of removal, replacement,
alignment, integration, and test.

3.2.4,2 Scheduled Servicing

The GSE design shall be such that scheduled maintenance fre-
quencies for critical-limitaed items are not less than TED years,

3.2.5 Operational Availability

This preliminary Part I CEI shall be updated ag required by the
PS Contractor. The PS Contractor shall maintain this document in the final
Part I CEI form through the change control system establighed.

The Part I CET document shall be submitted at the Preliminary

-Design Review (PDR) for final approval by MSFC prior to the start of the

Development Phase. Review Item Disposition (RIDs) written against the CEI
and approved shall be incorporated into the Part I CEI. After acceptance by
MSFC, this document will be Government Property, and shall be formally con~
trolled as such in accordance with the requirements of the procuring activity,

3.2.6 Safetx

Requirements for the GSE necessary to preclude hazards to per-
somnel and equipment shall be as specified in the Safety paragraph of JscC
07700, Volume XIV, or contained herein., Hazard definition, classification
categories, and hazard reduction precedence shall be as specified in NHB
3300.4 (1p-1), Safety, Reliability, Haintainability and Quality Provisions
for the Space Shuttle Program, and NHB1700.1, NASA Safety Manual,

13
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3.2.6.1 Crash Safetz

Not applicable.
3.2.7 Environment
~roroument
3.2,7.1 ggggggi

3.2.7.1.1 Transggrtation and Storage

The GSE shall perform ag specified herein after EXposure

in a nonoperating condition to any combination of the environments and ranges
specified ip JS8C-07700, Volume XTIV and MJ070~-0001~1B,

3.2.7.1.2 Handling

The GSE shall perform as specifiad herein after exposura
to the envirommental Tranges specified in JSC~07700, Volume XTV when handled
unpackaged,

3.2,7.2 Induced

3.2.7.2.1 Flight‘Operational

Not applicabie,

3.2.7.2.2 Nonoperational

Not applicable,

3.2.8 Transportability/Transportation

The GSE shall be shipped in a container Specifically designed
to protect the hardware during highway and air transportation, Vibration,
shock, Pressure, temperature, humidity ang contamination shall be controlled
to levels specifiad below, Provisions shaly be made in the €SE structure for
suitable tie-down, 11ft apd attachment pointg, All handling and transporta~
tion equipment chall be compatibie with applicable structural and environment.
al limits, The GSE shall pe designed to he transported in either the Horizontal

3.2.9 Storage

The GSEshall have a Storage life of ten vears. Control shall
be maintained op all parts and materials which are sengitive o age or the
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3.2.10 Operability
3.2,10.1 Operating Life

TBD
3.2.10.2 Useful Life

The GSE shall have a minimum useful life to support up
to 100 orbital missiens in a 10-year period from date of delivery.

3.2.10.3 Shelf Life
The GSE shall be capable of operating in acecordance with
the requirements specified herein for a time period of 10 years from date

of delivery.

3.3 Design and Construction Standards

3.3.1 Selection of Specifications and Standards

Specifications and standards necessary for the design and
development of hardware, in addition to those specified in this document shall
be selected in the foliowing order of preference except as otherwise specified:

2. NASA specifications and standards.

b. Federal specifications and standards.

c. Military specifications and standards (MIL, JAN, or MS).

d. Other govermmental specifications and standards.

e. BSpecification and standards released by nationally re-
cognized asseciations, committees, and technical societies,

£. Supplier specifications and standards.

Specifications and standards shall be selected using MIL~STD-
143 as a guide. '

3.3.2 General

3.3.2.1 Materials, Parts and Processes

Not applicable.

3.3.2.2 Flammability Requirements

Materials used in the design of the GSE Or. contained in equip-
ment installed therein, shall he compatible with the flammability requirements
specified in NHB 8060.14A. 5E-~004-002-2H shall he used as a guideline to identify
flammability hazards in air.

15



3.3.2.3 Qutgassing of Materials

3.3.2,3.1 Internal Mzterials

Not applicable.

3.3.2.3.2 External Materials

3.3.2.4

3.3'2'5

3.3.2.6

Not appliecable,
Lubrication
Not applicable.
Soldering
Not applicable.

Restriction of Usa of Mercury

Mercury in liguid or vapor form shall not he used in the

GSE. Where no satisfactory substitute exists or an alternate design or

method cannot be used, the Jjustification for the use of mercury, the protec-
tion provided to prevent its release, and a plan for decontamination in the

event of its release shall be submitted to NASA/MSFC for approval.

3.3.3

3.3.4 Cdvil

Aeronautieal
—=tohdueieal

Not applicable.

Not applicable,

3.3.5 Rleegtrical
3.3.5.1 Eleectrical Wiring

.

The wiring installation shall consist of cable harnesses
where required. All wire bundles, harnesses and cables
external to the component or vehicle shall conform to
MSFC-DWG-40M39582., Wire used in cable harnesses shall
shall conform to Specification MIL-{-17.

When etching of wire insulation is requirved in the GSE to
provide satisfactory bonding to potting materials, the
open end of the wire shall not be exposed to the etchant.
The preferred process is o form the wire iInte a "pg"
shape, immersze only the bent portion in the etchant, and
hold the open ends above the etchant leval, The unetched
end of the wire shall not be cut off prior to neutraliza-
tion of the etchant., Electrical wire or cable insulated
or coated with polyetrafluoroethylene or fluorinated
ethylene propylene shall be etched prior to potting to
assure mechanical bond Strength and environmental seal.
Potting shall he accenplished withir three weeks after
etching.

16



3.5.5.2 FElectrical Connector Keying

All electrical Plugs and receptacles used in the AFD core
C&D panels shall be keyed or otherwise configured to prevent incorrect con-
nection with other accessible plugs or receptacles,

3.3.5.3 Eiectrical Connmector Pin Assignment and Pin or Socket
Selection )

8. Electrical circuits for the AFD core C&D panels shall not

b. Cable connections of the AFD core C&D panels shall be de-~
signed so that pin and socket comnectors are Properly
used to prevent power from shorting to ground. They also
shall be designed to protect personnel both when connected
and disconnected through the use of dead facing, explosion-
proof connectors, or similar means.

3.3.5.4 Protection of Electrical and Electronic Devices

Electrical and electronic devices used in the GSE shall in-
corporate protection against reverse polarity or other improper electrical
inputs during qualification, acceptance, and other tests if such inputs could

damage the devices in a way that would not be immediately and unmistakably
ap:- +rent.

3.3,5.5 Ele¢ "rical and Electronie Piece-Parts, Closure Construction

Not applicable.

3.3.5.6 Electrical Grounding

a. Primary DC Power Grounding -~ The GSE negative buses shall
be referenced to Structure at one point. The conductor
from the main power return point to the single-point
ground shall be designed to carry the maximum faultg current,

The single point ground shall bhe capable of being connected
to the Shuttle,

b. Component Grounding ~ The primary DC power shall be
isolated from ail component structure, Tha component
tase ground shall be per MIL-B-5087B.

3.3.5.7 Electromagnetic Interference

17



3.3.5.7.1 Electromagnetic Compatibility (EMC)

The GSE shall be designed for electromagnetic self-
compatibility and for electromagnetic compatibility (EMC) and for EMC with
the Space Shuttle for phases that the GSE is active and in Proximity with
the Shuttle. The electrical and electronic equipment shall not be a source
of, nor be susceptible to, electromagnetir interference as defined by MIL-
STD-461A and 462.

3.3.5.7.2 Gorona Suppression

Not applicable.

3.3.5.7.3 Lightning Protection

Electrical and electronic components shall he adequately
site. The case ground shall be accomplished with the case connected to the
structure through low-impedance conductive mounting surfaces. Where shock
mounts or thermal isolation prevent this, then wide, flat, short bonding
jumpais may be used inp accordance with the bonding specification MIiL-B-5087.

3.3.6 Mechanical

3.3.6.1 Design Safety Factors

The design safety factors shall have ap ultimate safety
factor of 3.0 and a yield safety factor of 2.0.

3.3.6.2 Fasteners
Threaded fasteners used for securing a gingle component,
wherever poessible, shall be the same type, size and tensile strength. Use
of blind fasteners shall be minimized. Threaded fasteners shall be torqued
per MSFC-STD-486.

3.3.6,2,1 Accessibility of Fasteners

Assembly and subassembly installations shall be designed
such that access to threaded fastepars may be accomplished with the use of
conventional tools.

3.3.6.2.2 Screw Threads

Screw threads for threaded fastepers used on Shuttle systemn
hardware (except for GSE) shall be of unified thread form, Class 2, in accord~
ance with MIL-8-7742 or MIL-5-8879, as applicable:

&, Material tensile ultimate strength levels up to, but
not including, 160 KSI may be threaded per MIL-8-7742
or MIL-S-8879, Rolled threads are preferred,

18



b. Material strength levels of 160 KST and above shall be
threaded per MIL-S-8879. External threads shall be
rolled after heat treatment. Screw threads used on
airborne fluid Systems fittings shall be of unifiad
thread form, Clags 2, in accordance with MIL-§-7742 o
MIL-5-8879,

3.3.7 Nuclear
Not applicable.

3.3.8 Moisture, Humidity, and Fungus Resistance

Except as otherwise required by detail design considerations,
only materials which resist the corrosive action of salt air apd damage from
moisture/humidity and fungus shall he used which conforms to MIL-STD-810.

3.3.9 Corrosion of Metal Parts

Metal parts shall he Protected from corrosion by stress-reliey-
ing, plating, anodizing, chemical coatings, organic finishes, or combination
thereof, provided that such protection is compatible with the operating and
Space environmental requirements,

3.3.9.1 Dissimilar Metalg

Dissimilar metals, as defined in MIL~STD~889, shali not be
used in combination unless they are suitably coated to prevent electrolytic
corrosion,

3.3.9.2 Finish
Not applicable.

3.3.10 Contamination Control

Not applicabie,

3.3.11 Coordinare System

Not applicable.

3.3.12 Interchangeability and Replaceability

The GSE shall be designed for ease of manufacture, assembly,
inspection and maintenance. Insofar as Practicable, the GSE components shall
be interchangeable and/or replaceahle in accordance with MIL-1-8500,

3.3.13 Identification and Marking

19



3.3.13.1 Identification of Parts

_ Each part fabricated shall be identified with a part
number., The same specification or part number shalil be used to identify
all 1like materials, processes, and parts. Sszller shall assign a new part
number to the part when authorized changes make the superseded part not inter-
changeable with tespect to interface, reliability, safety, logistics, trace-
ability or performance, For tracesble items, the part identification shall
additionally include the manufacturer's identification code in accordance with
DOD Handbook H 4~1, and be lot numbered or sgerial numbered when required.

3.3.13.2 Supplier Part Number

The supplier part number, which is equivalent to the GiE
Praocurement part number, shall be in aeccordance with MIL~STL-310,

3.3.13.3 Identification of A1l Development/Qualification Test

Specimens

Test specimens shall be permanently and obviously identi-~
fied prior to testing with the words "ENG. TEST ONLY" in addition to the
identification required by the drawing/specification to Preclude their use
on production items., The Yetters shall bhe idelible and provide a distinct-
ive and vivid contrast with the color of the specimen. The lettering size

men and its operating environment. When the size or configuration of the test
Specimen is such the identification cannot appear on the specimen, other suit-
able means such ag attached metal tags shall he used,

3.3.13.4 Nameplates

Nameplates shall be marked in accordance with MIL-STD-13¢
and shall include item name; buyer's part number; Federal North Atlantic
Treaty Organization Stock Number (FSN/NATO) ; manufacturer; buyer; manufactur-
er's serial number, part number, Abbreviations, in accordance with MIL-STD-
12, may be used.

3.3.13.5 Identification of Wiring

Identification of wiring ghall not degrade insulatica or
shielding.

3.3.13.6 Electrical and Electronic Reference Designations

Electrical and electronic reference designations shall he
affixed to the bardware igp accordance with the USAS ¥32.16-1968 (for external
electrical connectors).
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3.3.13.7 Electrical and Electronic Symbols

If schematic information is affixed to the GSE, the
electrical and electronic symbols shall be in accordance with the re~
quirements of USASY32.2-1967.

3.3.13.8 Reidentification

The part number of the GSE, its components, and parts shall
be changed whenever redesign results ip a change to dimensional form, fit
tolerance, or functional characteristics from the previous configuration.

3.3.14 Wbrkmanshig

Worlmanship on the GSE shall be in accordance with the best
pPractice for high quality equipment within the state of the art.

3.3.15 Human Performance/Human Engineering

The design shall consider the capabilities and limitations of
the human operator wherever a man-machine interface exists, including torques,
forces, and other functional design characteristics of “ontrols, displays,
and work stations. The principal design guide for the man-machine interface
shall be MIL-STD-1472 and MSFC-STD-512.

3.4 Logistics

3.4.1 Maintenance
a. The GSE shall not Tequire schedulead maintenance,

b. The GSE shall not be designed to preclude the use of
special tools and equipment for site maintenance and
repairs. Special tools, if required, and approved by
the buyer, shall be deslgned to withstand the intended
use throughout the 1ife of the equipment.

€. The GSE shall be designed to satisfy the requirements of
2 Line Replaceable Unit (LRU).

d. The GSE shall be designed so that routine corrective
maintenance can be accomplished by the replacement of Shop
Replaceable Units (8RUs). The GSE design shall be such
that isolation to a single malfunctioning SRU can be accom-
plished during hench maintenance utilizing the LRU inter-
face connectors or the addition of a System test connector
1s permissible to provide this isolation capability.
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3.4.1.1 Installatioq

a. The equipment design shall Physically prevent the in-
correct installation of modules and submodules. Clearly
visible color coding and labeling in close proximity to
maintenance disconnect points shall be used to facilitate
removal and replacement of any subassembly level of equip-
ment,

b. Components shall be mounted in a manner to avoid blind
ad justments.

¢. Threaded fasteners used for securing a singls component,
where practical, shall be the same type, size, and tepn-
sile strepgth.

d. Captive fasteners shall be utilized to fasten LRUs.

3.4.1.2 Accessibility

a. Electrical connectors shall be accessible without dis-
agsembly or removal of functional equipment or components.

b. Servicing and test points shall be clearly marked and
shall be accessible without requiring removal of access
plates or covers except service caps. Calibration cop-
trols shall be accessible and clearly marked for major
functions.

¢. All fasteners on a gingle access cover. shall be of the
same length, diameter, and type.

3.4.1.3 Replacement

2. Mounting provisions shall permit SRU removal and replace-
ment without disconnecting any equivalent level SRU in
the line replaceable unit., If removal of a LRU structural
element is required for access, such removal shall not
affect electrical or mechanical alignment, nor shall the
mechanical strength of the unit be impaired to the point
that bending of the unit, its assemblies, electrical harn-
esses, or plumbing attachments will occur during normal
bench handling of the unit.

b. Attachment fittings for components routinely removed shall
be operable without hand tools and shall be accessible
without requiring removal of access panels or covers.

3.4.2 Supply

The components, subassembly and assembly panels which make up
the AFD core C&D design shall be recorded on delivery and tracked to assure
that these components, subassemhlies, and assemblies are available in stock

and ready for uge by each subsequent activity phase that may impact or in-
fluence the design.

22



The following information records shall he maintained for
each of the items:

a. Part numbers.

b. Name of parts.

€. Quantity required and available.

d. Required delivery sites.

€. Planned use sites,

The above records will provide the required information to
assure availability of items, and provide sufficient time to resupply com-
ponents if it may appear that a shortage could occur prior to the next opera-

tion,

3.4.3 Facilities and FPacility Equipment

Praocured parts and materials will be received, inspected and
stored in existing facilities. These same facilities will provide a bonded
area which will store the qualified and acceptarce tested parts or assemblies
Prior to delivery.

Ne new or unique facilities will be required for the logistics
requirements.

3.5 Personnel and Training

Standard aerospace management, engineering, manufacturing, product
assurance, and test practices as applied to prior Space programs as Gemini,
Apollo, Skylab, ete. will he utilized for the PS contractor's design/develop~
ment phase.

This approach will enable these space Program practices to be
applied to the PS contractor's activities and, thereby, no new requirements
will be needed for personnel training, training equipment and facilities.

MSFC or its designated government quality representative will
verify the adequacy of the discipline practices utilized.

3.6 Interface Requirements

3.6.1 Interprogram Interfaces

Interfaces between the AFD core C&D program, of which this
specification is a part, and other programs (e.g., Orbiter, Spacelab, IUS) will
be controlled by ICDs to be supplied by the Phage C/D contractor for mechanical,
electrical and software interfaces.
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3.6.2 - Intraprogram Interfaces

The relationship hetween thig CET and the other CEIs within
the AFD core C&D program is s

hown in Figure 3.6.3-1. Each CET (project

specific interface requirements applicable to the individ-
ual project.

MFDS MMSE GSE Flight Ground Test
CET CEI CET Software Software
CEI CET

Figure 3.6.3-1 Intraprogram CEIs

3.6.3 Intraproiec. Interfaces

3.6.3.1 CRT angd Keyboard/Central Processor

The CRT and Keyboard shall be

comnected to the central pro-
cessor via any of the stan

dard asynchronous interfaces.

3.6.3.2 Magg Storage/Central Processor

The mass stora

ge unit shall be Connected to the central
Processor wia either a parallel

data bus or a direct memory access channel,

3.6.3.3 Line Priﬁter/Central Processor

The line printer shall be connected to the central Processor
via either a serial or parallel data buyg interface,
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4.0 VERIFICATION

The verification program is designed to verify that the GSE hardware
conforms to the design, constructicn, and performance requirements as specified
in Section 3 herein. Fach requirement presented in Section 3 wiil be verified
by test or assessment as specified in Section 4.

4,1 General
The following subparagraphs specify the organizational responsibility
for accomplishing verification, verification methods to be used, requirements

for test/equipment failures, and requirements for phased verification.

4.1.3 Responsibility for Verification

Organizational responsibilities for performing and supporting verifi-
cation during the various verification phases of Paragraph 4.2 shall be as
defined herein. Responsibilities are defined as primary and supportive. It
shall be the Government's right to witness and verify the resiilts of all
verification accomplished.

Verification *Orpanizational Regponsibility for Verification.
Phase Primary Supportive or Witness
1. Development PS Contractor MSFC
2, Qualificatiomn PS Contractor MSFC
3. Acceptance PS Contractor MSFC
*Legend
MSFC NASA-MSFC

4.1.2 Verification Method Selection

Verification methods shall include test during each verification
phase as applicable, or assessment by similarity, analysis, inspection, demon-
stration, and validation or records. These methods are defined in paragraph
4.3.1,

4.1.2.1 Deeign Margin Verification Selection

Where integrity is verified by analysis only, the following factors
of safety shall be used:

Yield Factor of Safety - 2.0
Ultimate Factor of Safety - 3.0
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4.1.3 Flight Hardware Failuresg

Not applicable.

4.1.4 Test/Equipment Failures

Test policy for the GSE shall include tests which demonstrate
a completely checked out end item within specification performance of all
systems. To this end, the test program shall encompass: ail component and

retest requirements shall be specified at time of failure or replacement and
shall be a part of the controlling documentation. Reverification may be de-
ferred to the next scheduled functional test of the affected hardware. Re-

verification must be accomplished prior to launch for flight equipment,

4.2 Phased Verification Requirements

4,2,1 Develogment

Development verification is the process for verifying the
feasibility of the design approach and to Provide confidence in the ability
of the hardware to pass qualificatizn. Where visibility and control of ven-
dor hardware development is requi ed, appropriate direction shall be included
in the applicable Procurement drawings/specifications.

4.2,2 Qualification

The GSE including ail components shall be gualified prior to
launch, Where visibility and control of vendor hardware ig required, ap-
propriate direction shall be included in the applicable procurement drawings/
specifications. Test types, durations and levels shall be specified. Quali~
fication shall be accomplished by any one or more of the following:

2. Test - Qualification Testing

b. Assessment - (1 Similarity; (2) Analysis; (3) Inspection;
(4) Demonstration; (5) Validation of Records.

Qualification testing methads are defined in the following
paragraphs, Assessment methods definitions are Presented in Paragraph 4.3,1.
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4.2,2.1 Qualification Testing

Qualification testing is an individual or series of perfor-
mance/functional and environmental tests conducted on hardware at environmmental
test conditions normally more severe than acceptance test conditions to estab-
lish that the hardware will perform satisfactorily in the use environments with
sufficient margin.

4.2 3 Acceptance

The GSE including all components, shall be acceptance tested
prior to launch, Where visibility and control of vendor hardware is required,
appropriate direction shall be included in the applicable drawings/specifica-
tions. Test types, durations and levels shall be specified. Acceptance test-
ing shall be applicable to component through syztem level,

4.2.3.1 Component Acceptance Testing

Component acceptance tests consist of performance/functional
and acceptance level environmental tests to assure compliance with required
specifications, This testing is conducted to detect manufacturing £laws and
workmanship defects that cannot be detected by normal inspection techniques as
well as verify functional conformance to design specifications including en-
vironmental exposures,

4.2.3.2 Subsystem/Systems Acceptance Test,

These tests shall be performed as appropriate following com-
ponent acceptance tests to demonstrate compliance to specifications. Sub-
system and system verificationm in various operating modes and interfaces at
normal supply veltages will be considered.

4.2.3,3 GSE Acceptance Testing

The GSE shall be acceptance tested as an end item prior to
its delivery to the next higher level of hardware assembly. Testing includes
system to system interface checks, operation of individual GSE systems, com-
bined systems functional and mission sequence simulation tests. Test types,
durations and levels shall be specified,

4.2.4 Integrated Systems

This phase consists of the testing performed after the mating
of the GSE with the Orbiter or Spacelab subsystems, and will be the responsi-
bility of the Mission Contractor. The PS Contractor shal! support the Mission
Contractor,

4.2.5 Prelaunch Checkout

This phase of testing will he the responsibility of the Mission
Contractor, and the PS Contractor shall support the Mission Contractor.
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4.2,6 TLaunch

This phase of testing will he the responsibility of the
Mission Contractor,

4.2,7 Flight /Mission Operations

This phase of testing will be the responsibility of the
Mission Coutractor,

4.2.8 Post-Flight .

This phase of testing will be the responsibility of the
Mission Contractor,

4.3 Verification Cross—Reference Index

The verification cross-reference index Provides a one-for-one

cross reference of each verification requirement for each Section 3 require-

ment,

Verification shall be by test or assessment, Test types and phages

were deseribed ip Paragraph 4.2. Assessment methods are described below.

(¢) inspectio
definition of th

4,3,1 Assessment Methods

Assessment methods include: (a) similarity; (b) analysis;

n;

(=49

(d) validation of records; and (e) demonstration, A brief
e methods as used herein follows:

Similaritz = Qualification by similarity shall be con-
sidered if it can be demonstrated, by review of prior test
data or application of hardware (f£light or usage experience),
that the article is similar or 4dentical in design and many-
facturing process to another article that has previously
been qualified to equivalent or more stringent envirommental
criteria (e.g., Skylab, Apollc and/or Gemini hardware),

Analzsis ~ Analysis may be used for verification in lieu

of, or in addition to testing to verify compliance to speci-
fication requirements. The selected techniques may include,
typically, systemns engineering analysis, statistics, quali-
tative analysig, analog, modeling, and computer simulations.
Analysis may be considered when it can be determined that:

1) Rigorous and accurate analysis is possible,
2) Test is not cost-effectivea.

3 Similarity is not applicable,

4) Verification by inspection is not adequate,
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c., ‘Inspsction (End-Item) - Inapection techniques (e.g.,
verification of compliznce with drawings, wire coding,
material compliance, ete) may be used in lieu of or in
conjunction with testing to verify design features (e.g.,
dimensions, bonding, assembly methods, ete),

d. Validation of Records - Manufacturing records may be used
at end-item acceptance to verify latent comstruction fea-
tures and processes for flight hardware and agsociated
Suppoxt equipment.

€. Demonstration - Demonstration techniques (e.g., service
access, transportability, crew-hardware interfaces, re-
placement Frovisions, etc) may be used in lieu of or in
conjunction with test to verify compliance with the re-
quirements,

4.3.2 GSE Verification Requirements Matrix

Verification requirements fc. Section 3 paragraphs are identi-
fied in Table 4.1. The lefr~hand columu of the matrix identifies each
Section 3 requirement by paragraph number and where required, by sentence
number of the paragraph. The verification method(s) for the various verifi-
cation phases are presented in the matrix. The right hand column identifies
the applicable Verification Plan paragraph number which defipes and directs
implementation of each verification requirement,

4.4 Test Support Requirements

Test support including test facilities and equipment, hench
setups, test software and test interfaces shall be ag defined,

4.4.1 Facilities and Equipment

a. Existing facilities/equipment with NASA or other goverament
agencies and contractors shall be utilized to the maximum
extent practicable,

b. GSE test activitieg including test facilities/equipment,
persomnel, and procedures shali be established and in-
cluded in the Verification Plan,

€. Maximum use of the same or common GSE test equipment shall
be used fer testing at multiple locations to assure uni-
formity of test results,

d. All test equipment shall he designed with g fail-safe

goal such that test equipment faflure will not degrade
flight hardware., A1l test equipment shall be tested prior
to interfacing with flight equipment to ensure that no
damage or degradation to flight hardware will be induced.
Appropriate tolerances shall be identified in the Proce~
dures, taking into account test equipment capabilities and
flight hardware specifications, such that the test results

- will verify compliance with the flight hardware specifica-
tions,
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4,4.2 Articles

Test articles, if required to support the test program,
shall be as identified.

4.4.3 Software

Requirements governing software utilization in support
of verification operations shall be as identified.

4.4.4 TInterfaces

Where verifiecation requires interfacing of the GSE with
other STS project equipment/facilities, the Mission Contractor shall

direct and support the test activities in accordance with the applicable
contractual agreement(s).
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TABLL 4-1 VERIFICATION CROSS-REFERENCE

KEQHIRIMENTS PO VERIFICATION

SUERET | oar 2

ey - — e v

ROMENCLATURE :

CRIT. CAT:

CEL NO. _ -

CEL SPEC

NO.

VERTFICATTON METHOD

VERIFICATION PHASES

1. TEST A. DEVELOPMENT
2. ASSESSMENT B. QUALIFICATION
a. SIMILARITY C. ACCEPTANCE .
b. ANALYSIS D. INTEGRATED SYSTFM
c. INSPECTION E. PRELAUNCH CHECROUT
d. DEMONSTRATION F. FLIGHT VERIFICATION
e. VALIDATION OF RECORBS G. LAUNCH
H. POST FLIGHT
N/A = NOT APPLICABRLE
PERFORMANCE/DESIGN VERIFICATION METIOD TEST/ASSESSMENT
REQUIREMENT REFERENCE w/ala Islcip EiFrigln REQUIREMENT REIERENCE
3.2.1.1 General Performance -1-]1 4£.2.3
3.2.1.2 Central Processor -t~} ~
3.2,1.2,1 Architecture - 1=12C 4.3.1.C
3.2,1.2,2 Memory - 1-12C 4.3,1.C
3.2..1.2.3 Power Fail SafefAuto Start -I~-j1 4.2.3
3.2-102.4 REal Time Clﬂﬂk - - l 4‘02.3
3.2.1.2.5 Operator Control Panel -j-11 4.2.3
3.2,1.2.6 Hardware Floating Point - |-11 4.2.3
3.2.1.3 Input/Output 181412 4.2,1, 4,2,2, 4,2.3
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REQUIREMENTS FOR VERI FICATION

Table 4-1 Verification Cross-Reference

SHEET 2 OF 2

NOMENCLATURE: CRIT CAT:

CEI NO. CEI SPEC mpn.
PERFORMANCE/DESIGN st ERIFTCATION METHOD TEST/ASSESSMENT
REQUIREMENT REFERENCE n/aalslcinlelrlo " REQUIREMENT REFERENCE

3.2,1.3.1 Digital Serial -1_11 4.2.3

3.2.1.3.2 Subsystem Data Buseg -J1~-1i1 4.2.3

3.2.1.3.3 Experiment Data Buses -]-11 4.2.3

3.2.1.3.4 Orbiter Data Bus -t~ i1 4,2.3

3.2,1.3.5 MMSE - i~ 1 4,2.3

3.2.1.4 Mass Storage - 1= {1 4,2.3

3.2.1.4.1 Mass Storage Type - i- j2C 4.3,1.c

3.2,1.4,2 Storage Capacity - [~ l2¢ 4.3.1.C

3.2.1.5 Display & Keyboard Unit - - 11 4.2.3

3.2.1.5.1 Screep Size - = |2C 4.3.1.C

3.2.1.5.2 Display Format - I~ §2C 4.3.1.C

3.2.1.5.3 Character Repertoire - - 4.2.3

3.2.1.5.4 Editing Features - - IL 4,2.3

3.2.1.5.5 Input Power - - j2C 4.3.1.C

3.2,1.6 Line Printer - |- i1 4.2.3

3.2.1.6.1 Printing Rate - 1- j2c 4.3.1.¢C

3.2.1.6.2 Character Set - - I 4.2.3 -

3.2.1.6.3 Columns - b f2c 4.3.1.c

3.2.1.6.4 Controls -~ j2C 4.3.1.C

3.2.1.6.5 Input Power - -~ B 4.3.1.¢




5.0 PREPARATION FOR DELIVERY

Preservation and Packaping - GSE end items shalil be preserved
and packaged in accordance with the following:

5.1 Physical Protection

Containers shall be compatible with on-site transportation,
handling and storage methods. TFor convenient handling and stacking, con-
tainers having a gross weight of more tham 150 pounds shall be provided
with integral skids or pallets for shipment. Attach points shall he
provided where applicable for crane hoist and tie-down. Padded van ship-
ments will generally be utilized for racks and consocles,

5.2 Weight and Size

The weight and dubic displacement of packaging and packing
shall be held to a minimum consistent with the requirement of the item
and the method of Ltransportation., GSE shall be designed so that the con~

figuration (i.e,, item)may be disassembled as required and packaged for
shipment.

5.3 Parts Protection

There shall be an efficient, reliable and economical systenm
for the protection of all GSE parts during manufacturing processes and
in-plant handling and Storage. There shall bhe standardization of parts
Protection procedures, methods, materials and devices such as carts, boxes,
containers or transportation vehicles necessary to Prevent damage to parts.

Containers shall be marked according to the requirements con-
tained in MIL-STD-129, '
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6.0 NOTES

6.1 Definition and Design Terms

Multifunction Display System -~ AFD hardware (located at
panels L-11 and 1L~10) consisting of two CRT displays, electronic unit
and keyboard. The system is used to control and monitor payload experi-
ments on orbit,

Built-Tn-Test Equipment - Circuitry provided to perform con-
tinuous monitoring of specific parameters, groups of parameters, or func-
tions of the LRU to provide a go/no-go indication. This type of built-in-
test capability represents those implementational techniques that are
autonomous and provide continuous real-time monitoring, but do not inter-
Tupt normal operation of the LRU,

Closed Circuit Television - Orbiter equipment consisting
of TV cameras (located in the payload bay and forward section of the
orbiter) and TV monitors (located at the aft flight deck). The system
is used for monitoring of payload bay and cabin area activities,

Display Unit - The display unit consists of one CRT monitor
(either black and white or color) and forms a integral part of the multi-
function display System. The display unit is used to Present experiment
status and data in the form of alpha numerics, graphics and video.

Electronic Unit - The electronics unit is an integral part
of the multifunction iisplay system. It interfaces with the various
flight computers and interprets computer command-. It creates and con-
trols all displays for the display unit,

Ground Support Equipment. -~ This ground equipment consists
of a minicomputer, CRT display keyboa. 'd unit, masgs storage, line printer
and inputf/output units., It is used tc checkout and verify the AFD core
controls and displays hardware.

Interconnectggg Stations -~ Spacelab equipment used to tie
AFD core equipment to either the Spacelab subsystem or experiment data
buses. The interconnecting stations isolate and protect the buses from
the equipment on the buses.

InEutIOUtRut ~ Interfacing hardware/software between a
computer and the equipment it is monitoring or controlling,

Input/Output Processor - Similar to input/output but with
additional data formatting and processing.

Remote Acquisition Unit - Spacelab equipment used to inter-
face a spacelab computer to various experiments for monitoring and cop-
trol.
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Read Only Memory - A device used for the storage of in-
formation in digital form. This information cannot be changed. In-
formation can only be obtained (read) from this nemory.

Read /Write Memory - A device used for the storage of in-
formation in digital form. This information may be changed as required.
Information in memory can either be obtained (read) from memory or placed
(written) into Memory.

Line Replaceable lnit - A combination of components, units,
parts, assemblies, subassembliies, etc., that are contained in one package
OF are so arranged that together the combination is common to one mouni—
ing and, in addition, provides a complete function to the larger entity
within which it operates.

Shop Replaceable Unit ~ An integral subassembly of ap LRU
consisting of units and parts or a combination of parts so arranged that
together the combination is common to one mounting and, in addition,
provides a complete function fo the larger entity within which it operates.

Standard Commercial Equipment -~ Standard commercial equipment
as utilized herein shall be defined as equipment identical to, or modified
from equipment items whick are normally, or have been, sold or offered to
the publie commercially by any supplier and which are incorporated as com-
1onent parts/assemblies in or to be used with the GSE.

6.2 List of Acronyms

AC Alternating Current
ASCII American Standard Code for Information Interchange
AVT Acceptance Verification Test
AFD Aft Flight Deck

BITE Built-In-Test Equipment

B&W Black & White

CCn Core Controls and Displays
CCTV Closed Circuit Television
CDR Critical Desigr Review

CEI Contractor End Item

CEL, Critical Item List

CRT Cathode Ray Tube

C&D Controls & Displays

DC Direct Current

opy Data Display Unit

DU Display Unit

EMC Electromagnetic Compatibility
EU Electronic Unit

FMEA Failure Modes & Effects Analysis
GPC General Purpose Computer

GSE Ground Support Equipment

hz Hertz

I/0 Input/Output

Iop Input Output Processor

IPS Instrument Pointing System

1s Intercomnecting Station

KB Keyboard

LRU Line Replaceable Unit
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MFDS

ms
MS
00s
PDB
PDR
Phtm
Ps
RAU
RID
ROM
R/W
SE&T
s/L
SRU
STE
TED
v
WBS

Multifunction Display System
Mega Hertz

Milligeconds

Mission Station

On-Orbit Station

Power Distribution Box
Preliminary Design Review
Parts Per Hundred Million
Payload Station

Remote Acquisition Unit
Review Ttem Disposition

Read only Memory

Read and Write

Systems Engineering & Integration
Spacelab

Shop Replaceable Unit
Support Test Equipment

To Be Determined

Television

Work Breakdown Structure
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