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1.0 INTRODUCTION

Verification documentation is considered by this handbook to be that documentation that is
required to document verification planning, verification requirements, and verification
requirements compliance information. The examples provided in the handbook are intended to
show the type of information generally required in each document and the detail necessary to
describe verification activities or to define verification requirements. The information presented
by the examples is not intended to describe activities or to define requirements applicable to a
particular project, even though most of the information is material that has been utilized or will
be utilized by MSFC projects. Much of the documentation presented in this handbook has been
modified to provide more complete examples.

1.1 Purpose

The purpose of this volume is to provide examples of verification documentation as specified in
Volume I of this handbook that can be used as a guide in the development of or in the assessment
of similar documentation.

1.2 Handbook Organization

This handbook is divided into two volumes. Volume I, Verification Process, defines a
verification process and variations to the process. Volume II, Verification Documentation
Examples, provides examples of the documentation that are generally required as products of a
verification program. :

Volume II is subdivided into six sections, each of which consists of examples of documentation
for six verification activities: (1) Verification Requirements Matrix (VRM), (2) Verification
Plan, (3) Verification Requirements and Specifications Document (VRSD), (4) Verification
Requirements Compliance Document, (5) Integrated Payload Verification Plan (IPL), and (6)
Operations and Maintenance Requirements and Specifications Document (OMRSD).
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2.1.1 INTRODUCTION

The Verification Requirements Matrix (VRM) defines how each requirement of a program
requirements document is to be verified and the phase of the verification program when the
verification activity is to occur. The VRM examples present the two formats generally used for
defining verification methods. Example 1 provides the format generally used for small payload
programs that would provide limited program design and performance requirements. Example 2
provides more detail in defining the verification methods and repeats the requirements in the VRM
to allow all information related to the requirement to be readily visible. Both examples provide
visibility of verification methods and phases as they relate to a particular type requirement.

Example 1 is the Configuration End Item (CEI) Specification with the Verification Requirements
Matrix for the Solar X-Ray Imager (SXI) Program. Example 2 is the Verification Requirements
Matrix for the Systems Requirements Document (SRD) of the National Launch System Program.
Both examples were developed within the Science and Engineering Directorate of MSFC.
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SOLAR X-RAY IMAGER
CONFIGURATION END ITEM SPECIFICATION
PART1
1.0 INTRODUCTION

1.1 SCOPE

This specification establishes the design, fabrication, performance, and verification requirements
for the Solar X-ray Imager (SXI), the requirements for associated ground support equipment,
and the associated functional software requirements.

1.2 OBJECTIVE
The SXI's purpose is to provide repetitive images of solar activityin%
bands for real time monitoring of solar events for use in solar foree

2.0 DOCUMENTATION
2.1 APPLICABLE DOCUMEN

The following documents, of the latest revisio:
specification to the extent specified herein. !
herein and the contents of this specification)
superseding requirement.

erwise specified, form a part of this
4t conflict between documents referenced
of this specification shall be considered a

2.1.1 Marshali SpacefFli r Documents

ASFC Part and Material Traceability

FC Specifications and Standards, Approved
# Baseline List

MSFC Software Management and Development
Requirements Manual

MM5300.12
MM8070.2

MMB8075.1

MMI8040.15 Configuration Management

MSC-ID-001 Crimping of Electrical Connections

MSFC-HDBK-505A Structural Strength Program Requirements

MSFC-HDBK-527 Materials Selection List for Space Hardware
Systems

MSFC-PLAN-1975 Software Quality Assurance Plan for the Solar X-
ray Imager

MSFC-PLAN-2236 Verification Plan for the Solar X-ray Imager

MSFC-PLAN-2241 Product Assurance Plan for the Solar X-ray Imager

MSFC-PLAN-2242 SXI Contamination Control and Implementation
Plan

MSFC-PLAN-2252 Integration and Assembly Plan for the Solar X-Ray
Imager

MSFC-PLAN-TBD Calibration Plan for the Solar X-Ray Imager

MSFC-PROC-404B Drying and Preservation, Cleanliness Level and
Inspection Methods for Gases

2.1-12
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2.1.3

2.14

MSFC-SPEC-1198
MSFC-SPEC-1493
MSFC-SPEC-2112
MSFC-SPEC-250A
MSFC-SPEC-445

MSFC-SPEC-494
MSFC-SPEC-521B

MSFC-SPEC-522
MSFC-SPEC-708
MSFC-STD-1249
MSFC-STD-246

MSFC-STD-355
MSFC-STD-383C

MSFC-STD-397
MSFC-STD-486A
MSFEC-STD-506
MSFC-STD-531
MSFC-STD-555
MSFC-STD-557

MSFC-STD-781

S-415-001 =
X-601-84-3
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Screening Requirements for Nonstandard EEE
Parts

Electrostatic Discharge Control Requirements

SXI Software Requirements Specification

General Specification for Protective Finishes for
Space Vehicles Structures and Associated Flight
Equipment

Adhesive Bonding, Process and Material
Inspection

Installation of Harness Assembly Electrical Wiring
Electromagnetic Compatibility Requirements on
Spacelab Payload Equipment

Design Criteria for Controlling Stress Corrosion
and Cracking
Identification Markers for Space Systems Electrical
Harnesses

Standard NDE Guidelines
Fracture Control Program

Environment Areas
Radiographic Insp
Rubber Stamping

for Spacecraft Applications of 6A1-
\ Alloy Threaded Fasteners
d'tor Electrical Contacts, Retention Criteria

Requirements Specification for the Solar X-ray
Imager for the GOES L/M Spacecraft

The Space Radiation Environment for GOES
Missions

Space Systems / Loral Documents

SJ-E007077

Interface Requirements Document for Solar X-ray
Imager to GOES

Other Documents

CCSDS-102.0-B-2
MIL-STD-100E
JSC-SP-R-0022A

CCSDS Standards - Packet Telemetry Blue Book
Military Standard Engineering Drawing Practices
General Specification, Vacuum Stability
Requirements of Polymeric Material for Spacecraft
Application
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MIL-B-5087
MIL-B-7883B

MIL-HDBK-17B
MIL-HDBK-5E
MIL-STD-1285
MIL-STD-129
MIL-STD-130F
MIL-STD-1515A
MIL-STD-975

NASA SP-8013
NASA-STD-2100-91

NHB5300.4(1D-2)

NHB5300.4(3A-1)
NHB5300.4(3G)

NHB5300.4(3H)
NHB5300.4(3I)
NHB5300.4(3])

NHB5300.4(3K)
NHB6000.1C

NHB8060.1

SSP30425

REFE

MSFC-PLAN-2111

NAS8-39041, Attachment J-

1

NAS8-39409, Appendix A

S-415-001
SS/L-TRO0750A
SXI-MA-SPEC-001
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Bonding, Electrical, and Lightning Protection, for
Aerospace Systems

Brazing of Steels, Copper Alloys, Nickel Alloys,
Aluminum and Aluminum Alloys

Military Handbook, Polymer Matrix Composites
Metallic Materials and Elements for Aerospace
Vehicle Structures

Marking of Electrical and Electronics Parts
Marking for Shipment and Storage

Identification Marking of U.S. Military Property
Fastener Systems for Aerospace Applications
NASA Standard Electrical, Electronic, and
Electromechanical (EEE) Parts List

Meteorite Environment Model

NASA Software Documentation Standard Software
Engineering Program
Safety, Reliability, Maintaj
Provisions for the Space S

‘_ lity and Quality

Requirements fo
Harnesses, and Wi
ire Wrap

g Boards

Coating and Staking
g Boards and Electronic

nts for Rigid Printed Wiring
bly

'S for Packaging, Handling, and
ion for Aeronautical and Space System
and Associated Equipment

bility, Outgassing and Odor Requirements
+ Test Procedures for Materials for
ironments that Support Combustion

+ Space Station Program Natural Environment
- Definition for Design

E DOCUMENTS

The following documents contain material referenced in this document.

SXI Software Management, Development, and
Test Plan
Solar X-ray Imager Sun Sensor Specification

Stepper Motor/Encoder Unit for the Solar X-ray
Imager

Requirements Specification for the Solar X-ray
Imager for the GOES L/M Spacecraft

Solar X-ray Imager (SXI) Accommodation Study,
Volume I- Final Technical Report

Mirror Specification for the Solar X-ray Imager

2.1-14



Downloaded from http://www.everyspec.com MSFC-HDBK-2221
February 1994

3.0 REQUIREMENT

The following paragraphs contain specific requirements to which SXI shall be designed and
fabricated, and the operational performance SXI shall meet. These requirements shall be the basis
for verification of SXI as included in section 4.0.

Paragraph 3.1 contains general requirements for SXI and paragraphs 3.2 and 3.3 contain high
level requirements which apply to the operation and performance of SXI. Paragraphs 3.4 through
3.14 contain requirements specific to hardware assemblies which make up SXI. Paragraphs 3.15
through 3.19 cover subsystem requirements which apply across several hardware assemblies.
Paragraph 3.20 covers SXI software, including GSE software. Paragraphs 3.21 and 3.23 through
3.30 covers SXI requirements pertaining to various disciplines (e.g. reliability, safety) Paragraph
3.31 covers external interface requirements for both the EUV and the GOES satellite.

3.1 GENERAL REQUIREMENTS

The Solar X-ray Imager consists of an x-ray image detector, an opgal system for focusing an
image of the sun onto the x-ray image detector through any one of #s8 of filters, a high accuracy
sun sensor (HASS) to monitor the solar aspect angles relative tothénstrument line-of-sight at
image integration time, and interfaces to spacecraft telemetry, el®etr%% power and command

subsystems. 4

“pdolar array yoke is shown in
e/ XI telescope and electronics
wMmajor SXI components and their
layout of the SXI telescope, and has

A conceptual representation of the SXI configuration omghe

identified each of the major assemblies.

y{e’ (GOES) -L will provide a sun pointing

The Geostationary Operational Environm el
i ral axis pointed at the center of the solar disk to

platform (SPP) and control to maintaimghe SX§opl
within 3 arc-min in elevation and 4.8 ¢ j
The spatial resolution, sensis '1 Mynd ic range specified are intended to be sufficient to
allow the reconstruction of suchi&glar fBgtures as active regions, loops, and coronal holes and the
site of flares with enough¥gtail for Operational purposes.

3.1.1 Interna¥ PYyfer

The SXI shall include ‘2 fgoungfcommandable internal subsystem to generate internal test signals
which can be used both on¥g#bit and during spacecraft integration and test to verify the integrity of
the total SXI system. If iMs not practical for this subsystem to include realistic excitation of the
image detection system then a means to do this using a removable test fixture shall be provided for

use during spacecraft thermal vacuum testing.
3.1.2 Scientific Performance

The scientific performance of the as-built instrument shall be determined by calibration at both
subassembly and assembly levels in accordance with MSFC-PLAN-TBD.

2.1-15
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Electronics Boxes
(Note: The boxes are mounted to the

backside of the panels indicated, within
the structural members of the yoke)

Telescope

X-ray Positioner

Instrument Mounting Yoke

Panel

Figure 3.1-1 SXI Configuration on the GOES Yoke
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3.2 OPERATIONS REQUIREMENTS

3.2.1 Time of Operation

SXI shall meet all performance requirements while in the orbiting geosynchronous spacecraft,
within 168 hours after power up, and from 30 minutes after spacecraft dawn until spacecraft
sunset.

3.2.2 Insertion into Orbit
SXI shall survive for a maximum of 2.5 hours in an unpowered configuration during post launch
deployment, after which time heater power will be available.

3.23 Operational Life
SXI shall be designed for an on-orbit operational life of 3 years, with a goal of 5 years.

324 Modes of Operation
The SXI instrument operates in one of 4 modes: -
1)Standby Mode. In this mode, the SXI executes routines ges¥e
information, and gradual activation of the various SXI subsyste
SXI software routines, using ground commands to step form state
2)Image Acquisition. In this mode, the SXI is imaggng th
and/or statistics. Control of imaging is either via ground-co¥g
the SXI software.
3)Safe Mode. In this mode, the SXI is in a "s4
subsystems susceptible to damage when used fopt
commands from the ground.
4)Survival. In this mode, the SXI is in
operational mission-allowable limits through

lened to provide diagnostic
W his mode is governed by

. #Ownlinking image data
gypfontrol tables loaded into

#fned to prevent damage to SXI
#y. In this mode, the SXI awaits

peratures are maintained within non-
ostatically controlled heaters.

3.3 PERFORMANC ENTS
3.3.1 Image Bandy i '
The x-ray image data shall .am Ref neBpreal-time solar images in the spectral range from at least

3.3.2 Spectr it

% Fand ﬁlters shall be capable of detecting the flux levels indicated in
Table 3.3-1, using an intcYpe fion time of 100ms or less, for the various filter combinations for
radiant flux emanating frosfi an extended source. The "capable of detecting” provision shall mean
that the signal amplitude is 3 sigma referred to the on-orbit noise conditions.

Spectral Band* Source Min Detectable Flux
ergs cm-2 m-cslec'2 sec”
6-20 A AI83 A 15X 10-8
6-60 A CH4A 6X 108

*The above spectral sensitivity requirements must be met with the combination of the
filter wheel component and selected prefilter.

Table 3.3-1 Spectral Sensitivity Requirements
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3.3.3 Response to Charged Particles

SXI shall be designed to operate in the geostationary orbit trapped charged particle environment
with a worst case degradation due to spurious detector signals which shall not exceed the response
to the minimum detectable signal defined in 3.3.2.

34 MIRROR ASSEMBLY REQUIREMENTS
SXI shall contain a grazing incidence mirror assembly which consists of a mirror set, supporting
structure, and mounting ring. The mirror assembly is defined in SXI-MA-SPEC-001.

3.4.1 Encircled Energy

Image encircled energy is specified on the flat image surface at the principal focus of the mirror
assembly. The required minimum encircled energy percentages shall be as specified in Table 3.4-

Encircled-energy
Wavelengt percentage within 5

-energy
within 20

h arc-seconds diameter iameter at
A | at 0 arc-minutes field ks field
angle

Requireme Goal
8.3 40%
44.8 56%

Table 3.4-1 Enci

equirements and Goals

3.4.2 Effective Area
The effective area of the mirror,a

source, with a wavelength of §
4.2cm2, for 44.8A, is requige

¥images an infinitely distant on-axis x-ray point
aximized. A minimum of 1.5cm2, for 8.3A, and
t mirror assembly.

343 Focal ;.
The axial position of]
plane defined by the
measured position of b
+0.001cm.

- paraxial rays shall be 65.0 plus zero/minus .5cm behind the
Jon of the two reflecting surfaces. After fabrication, the actual
#cus of the mirror assembly shall be determined to a precision of

344 Alignment Reference

An alignment reference mirror shall be on a portion of the front (edge) surface of the first
paraboloid/hyperboloid mirror. The alignment reference shall be optically flat to within one quarter
of 5461A. The area of the reference mirror shall be at least five cm? and suitable for
autocollimation purposes. The normal to this alignment mirror shall be parallel to the telescope
optic axis to within 30 arc-seconds with a goal of 10 arc-seconds.

3.4.5 Off Axis Mirror Resolution
The mirror shall be capable of resolving two point sources at infinity separated by 15 arc-seconds
located anywhere within 15 arc-min of the optical axis.

3.4.6 Mirror Geometry
The axial length of the reflecting surfaces on each mirror shall not exceed 4.75cm.
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3.4.7 Mirror Mass
The mirror assembly shall weigh less than 3kg.

348 Resonant Frequency
The constrained resonant frequency of the mirror assembly shall be greater than 200Hz.

3.49 Optical Axis Location
The location of the optical axis of the mirror assembly shall fall within a circle of radius 0.0127cm

centered at the center of a circle defined by the attachment points of the mounting ring. The
location shall be measured to within $0.0025cm.

3.4.10 Mirror Temperature Monitoring

The mirror assembly shall include a thermistor, as specified in the Interface Requirements
Document for Solar X-Ray Imager, hereafter refered to as the IRD, for passive temperature
monitoring by the GOES PCM telemetry. An active temperature sgnsor shall be provided for
temperature monitoring by the SXI housekeeping subsystem.

3.5 OPTICAL BENCH ASSEMBLY REQWY!
SXI shall provide an optical bench assembly which consiNg
flanges, and secondary support structure. The optical bengh
stable mounting structure for the optical/mechanical cégp

3.5.1 Unfocused Light
No light leakage shall be allowed which would p}
the detector for integration periods of up tg:

3.5.2 Outgassing -

Internal outgassing of water and other: rthe optical bench shall not exceed TBD.

3.5.3 Venting :

The optical bench assembly 8 means for venting internal gases during launch/ascent

to prevent contamination 8§comy oy WY

3.5.3.1 %

The instrument shall t d ¥ a minimum TBD rate to preclude damage to filters.

3.6 APERTURE PLATE ASSEMBLY REQUIREMENTS

SXI shall provide an aperture plate assembly consisting of an aperture plate, prefilters, and baffles
if required. The aperture plate assembly shall prevent unreflected x-rays from reaching the image
plane. The aperture plate assembly shall be located in front of the mirror and defines the mirror
aperture.

3.6.1 Aperture Plate ' .
The aperture plate shall not obscure more than 10% of the frontal area of the mirror, nor will it
vignette targets at infinity within half a degree of the optical axis.

3.6.2 Prefilters

IR, UV, and visible light prefilters shall be located at the telescope entrance. The prefilters shall
transmit x-rays with wavelengths shorter than 60A with an efficiency greater than 5%. They shall
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provide a thermal reflecting surface and have a total transmittance to UV and visible light
(wavelengths greater than 1000A) of less than 10-3.

3.6.2.1 Prefilter Frames
The prefilter frames shall not contribute to the obscuration of the mirror or to the vignetting of the
image except as described by section 3.6.1.

3.7 FILTER WHEEL ASSEMBLY REQUIREMENTS

SXI shall provide a filter wheel assembly which consists of a filter wheel, filter wheel motor,
filters, filter frames and a mounting bracket. The filter wheel assembly shall be designed to limit
any amplification of the launch environment that will be experienced by the filters.

3.7.1 Filter Wheel
A filter wheel with 12 positions for broadband spectral filters shall be provided.

3.7.1.1 Filter Wheel Location
The filter wheel shall be located such that the plane containing the
no closer than 0.75in to the focal plane, in order to minimize the

being illuminated shall be
uniformity in the filter materials. '

$she image of any non-

3.7.2 Filters
The filters provided, when used in conjunction with,

d the x-ray mirror, shall select
the wavebands indicated in Table 3.7-1.

Filter Qty Waveband A
6 - 60
6-20
6-16
6-12
0

e D D B e 130 A7

>1500

3.7.2.1 Fil Size
The filters shall be sized so as not to obstruct or vignette the field of view.

3.7.2.2 Filter Mass

The filter wheel assembly shall be capable of accommodating ten filters of negligible mass (as

~ compared to the filter frame) and two filters, each with a mass of up to 2 grams. The filter wheel
shall be balanced about the axis of rotation so as not to degrade the performance of the filter wheel

motor. :

3.7.3 Filter Wheel Motor

SXI shall provide a brushless dc stepper motor and position encoder to turn the filter wheel and
verify location. Absolute knowledge of the filter wheel position at each of 12 evenly spaced
positions shall be provided. Detailed requirements for the motor are specified in contract NAS8-
39409.
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3.7.3.1 Filter Wheel Rotation

The motor shall be designed to operate as an intermittent duty unit with the duty cycle of 2
revolutions in 20 seconds, off for 20 seconds, repeated every 40 seconds for a total of 4 million
cycles. (One cycle is two revolutions).

3.7.3.2 Motor Torque Requirements

The motor output shaft speed shall be at least 6 revolutions/minute at a minimum output torque of
5.5 ounce inches, approximately 8-times the minimum torque required to turn the filter-wheel.
These values shall be obtained when the motor is provided with +24V power.

3.7.3.3 Filter Wheel Operating Torque
The filter wheel motor shall nominally be operated at +12V dc, providing 1/2 of the maximum
motor torque, approximately 4-times the minimum torque required to turn the filter-wheel.

For limited duration, emergency operations, the filter-wheel motor can be operated at +24V. This
operation requires a ground command to change the power supply outgut voltage.

3734 Bi-directional Rotation y
The motor and control electronics shall provide for bi-directional

3.7.3.5 Settling Time
The time to turn to an adjacent filter position and settle-s

feld of view of the imaging
detector is entirely covered by a single filter-wheel

breater than 5 seconds.

3.7.4 Ultraviolet Disperser :
The ultraviolet disperser shall provide flat field

jnati hrof the x-ray detector. It shall transmit
radiation with wavelengths longer than 15002

Meigh no more than 2 grams.

3.7.5 Radiation Shield g
The radiation shield shall be mounte.:d:i‘ he

Bor wheel and shall provide partial shielding for the
x-ray detector against energetic pfiticld 2

weigh no more than 2 grams.

38 HIGH C¥/SUN SENSOR REQUIREMENTS
SXI shall provide a HA . §i
39041 Attachment J<1.
processing to locate th

AS& shall provide solar pointing information to be used in ground
r JF the solar image relative to the SXT boresight.

3.8.1 Field o
The HASS shall have a field of view no less than 2 degrees by 2 degrees.

3.8.2 Accuracy

The HASS shall provide data (error) signals which indicate the offset of the pointing axis of the
HASS from the center of the solar disk in two mutually orthogonal axes (pitch and yaw) with an
absolute accuracy of better than 1 arc minute when the center of the solar disk is within a 42 arc-
min field of view centered on the HASS's optical axis.

3.8.3 Resolution
The resolution of the HASS shall be better than 5 arc-sec in each axis.

3.84 Short Term Stability

The total short term drift of the HASS shall not exceed 5 arc-sec/min. "Short term” is defined as
periods of 5 minutes in which the HASS operating temperature does not vary by more than 2°C.
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3.8.5 Integration Time
The HASS integration time, the time over which the sensor needs to be illuminated in order to
distinguish a change in the pointing direction of 2.5 arc-sec or more, shall be 30 msec or less.

3.8.6 Alignment Reference

The HASS shall provide an alignment mirror to permit bore sighting of the HASS optical axis.
The normal of the alignment mirror shall be parallel to the HASS optical axis to within 1 arc-min.
The alignment knowledge of the reference with respect to the sensor’s optical axis shall be better
than 5 arc-sec.

3.8.7 Solar Pointing Data Readout Frequency
HASS data shall be available for telemetering to the SXI within 100 msec of the command to
~ initiate a measurement.

3.9 FOCAL PLANE ASSEMBLY REQUIREMENTS
SXI shall contain a focal plane assembly which consists of a camgra¥ssembly, detector housing
assembly, spacer and radiator. %
3.9.1 Camera Assembly

SXI shall include a camera assembly consisting of 1) a
electron gain mechanism, 2) a phosphor layer for visible
coupling, 4) a solid state area imaging detector, and J;

pife x-ray photosurface and
nyeérsion, 3) a fiber optic image
Quencing and data electronics.

3.9.1.1 Camera Pérformance

3.9.1.1.1 Geometric Characteristi
The camera system shall provide a minim
covered effective field of view of 4
seconds.

. by 512 square aspect ratio pixels for the
pinutes.  The pixel size shall be 5 by 5 arc-

3.9.1.1.2 Operating

illumination in the 10 to 20A range, the detector response
: 1ip€ar within +/-0.3 percent of full scale over a minimum factor of
300 above the minimum igole signal defined in 3.3.2.

3.9.1.1.2.2 Blooming
The image detector shall be selected to minimize the spreading of an illuminated area when the
incident flux exceeds the designed dynamic range.

3.9.1.1.2.3 Integration | :

The camera assembly shall be capable of supporting integration times from 1ms to 4sec. Nominal
integration time shall be minimized by design to avoid image smearing by solar motion or platform
Jitter.

3.9.1.2 Camera Component Elements
The camera assembly shall be comprised of the component elements described below.

3.9.1.2.1 Microchannel Plate Element _
The photosensitive detection element of the camera shall be an 18mm active area microchannel plate
having a pore size of 8 microns. The thickness of the plate shall be approximately a 60:1 ratio of
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the pore diameter. The plate shall be processed to provide a high channel bias current to maximize
the dynamic range of the MCP gain. The bias angle of the plate shall be 0°.

3.9.1.2.1.1 MCP Storage
The MCP shall be stored in a clean, oil free, dry environment with no greater than TBD humidity
(or TBD ppm water) and TBD cleanliness level.

3.9.1.2.1.2 MCP Operating Pressure
The MCP shall be under pressure of 1X10-6 torr or better while operating.

3.9.1.2.1.3 MCP Contamination Protection
After SXI deployment, the MCP shall remain protected from contamination due to outgassmg of
materials for TBD hours.

3.9.1.2.2 Fiber Optic Coupler
The camera assembly shall include a fiber optic coupler to transmit t}
to the readout detector array. The fiber optic coupler shall be cogap
provide for taper magnification/minification as required to match th§
selected detector pixel area.

converted/amplified image
¥ed of 6 micron fibers and
cal plane plate scale to the

3.9.1.2.3 Solid State Array Detector . %
The readout detector shall be a solid state array with a m® ¥12 rows of 512 elements per
row. The aspect ratio of the pixels shall be square. % - F

39.1.24 Camera Assembly Tempera Ty
The camera assembly shall include a thermjstor
monitoring by the GOES PCM teleme

3.9.2 Detector Housmg

SXI shall contain a detector h My which consists of a structural housing, vacuum
door assembly and charge/vagu §(sy/etc. The detector housing assembly shall provide a
controlled environment for th&QMCEaduring storage and ground operation. The storage

environment provided sh3j) be per 3971.2.1.1. The on-orbit environment provided shall be per
3.9.1.2.1.2 and 3.9.1€

3921  H
The housing shall provrd’ ;
component elements (M

fr the mounting, alignment, and positioning of the discrete camera
fiber optic coupler, CCD array, and drive electronics).

-

3.9.2.1.1 Detector Housing Feedthroughs
The housing shall provide vacuum type electrical connection feedthroughs for the following:
HVPS - 1000V supply line
HVPS - 5000V supply line
HVPS - signal retumn line
MCP - heater supply line
A feedthrough shall also be provided for a vacuum line. The combined leak rate of all housing
penetrations shall be less than TBD.

3.9.2.2 Vacuum Door Assembly
SXI shall provide a vacuum door and window for ground checkout purposes.
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3.9.2.2.1 Door Position Sensor
The vacuum door assembly shall provide a position sensor such that it can be determined that the
door is in the open position.

3.9.2.2.2 Window
The ‘ﬁcuum door assembly shall contain a window which will transmit ultraviolet light below
2000A.

3.9.2.2.3 Door Actuation
The door shall be actuated one time on-orbit by ground command.(i.e. manual reset of the door).

3.9.2.2.4 Door Seals

The door seals shall be designed such that the vacuum box can sustain a vacuum of 1X1076 torr in
order to operate the MCP for instrument checkout. The door seals shall be designed to sustain the
prelaunch environment defined in section 3.26 while on the pad.

393 Flight Spacer

SXI shall provide a flight spacer for focal length adjustment.
394 Light Baffle

TBD

3.9.5 Radiation Shielding

SXI shall provide the maximum shielding practic,

ctor, within the specified weight
and volume limits, in order to minimize individ i

onse to discrete high energy events.

3.10 HYPERBOLOID STOP URCE REQUIREMENTS

3.10.1 Hyperboloi )

A hyperboloid stop shall be proygded ¥pnt singly reflecting x-rays from reaching the focus.
The stop shall be located 43 irds of the focal length) behind the principal plane of
the mirror. ’

3.10.2

TBD

3.11 HVPS ASSEMBLY REQUIREMENTS

SXI shall provide a high voltage power supply to provide power to the microchannel plate and the
UV lamp. The HVPS shall provide three supply lines as defined herein, and a power return line.
The HVPS assembly shall also house the camera electronic module and provide a distribution
structure for all cables interfacing to the SXT optical bench assembly.

3.11.1 5000V Programmable Supply Line
The HVPS shall provide a programmable supply line to the FOT aluminized layer with the
following characteristics:

- 5000V full scale output

- +10V steady state accuracy

- 10 microAmps current

- Average voltage programmable to SOV resolution
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3.11.2 Programmable Supply Line
The HVPS shall provide a programmable supply line to the MCP with the followmg
characteristics:

- nominal duty cycle: 3.0 seconds/minute or lower

- 1000V full scale output

- average voltage programmable to 4V resolution

- maximum transition time* per image: 500 microseconds
- steady state ripple: 5V or less
- 150 microAmps current
*The transition time is the time required for the voltage to rise from 200V to within 5%

of the steady state average value plus the time required for the voltage to fall from the steady state
average value to a value below 200V. Actual rise and fall times need not be equal, so long as the
total transition time meets the requirements of the above definition.

3.11.3 Packaging
The HVPS shall be packaged within a 6.25X3.25X3 in envelope, without connectors.

3.11.4 Mounting
The HVPS shall be housed and mounted on the optical bench.

3.11.5 Turn-on Sequence &
The HVPS design shall permit application of the 5000V ) pp_ g to P prior to the application
of the 1000V supply.

3.11.6 UV Lamp Power Supp
The HVPS shall provide a power supply for the.l

This shall consist of a start up voltage
of 550Vdc, with a sustain voltage of 120V,

3.12 TELESCOPE MOUN] MENTS

The telescope mount shall be de g he requirements of the IRD, section 3.11.2 and
3.2.2.

3.13 POWE‘L 'RONICS BOX ASSEMBLY REQUIREMENTS

SXI shall provide a aveg eleclpfiics box which shall supply low voltage power to the data
subsystem, the HVPS, %heSB§ WV spectrometer, the filter wheel motor, the x-ray detector, the
HASS, and distribute hes gAver to the thermal control subsystem.

3.13.1 Lo% Voltage Power Characteristics
The power electronics box shall supply the voltages with the corresponding charactenstlcs
indicated in Table 3.13-1.
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Voltage Supplied to Total Load
+5V Data subsystem 3A
Motor System Electronics
HASS
+5.2V Data subsystem 3A
-5.2V Data subsystem 2A
+20V Data subsystem .6A
Camera
HVPS
EUV System
HASS
-20V Data subsystem 3A
EUYV System
HASS
+0/+12/+24V Motor (off/nominal/emergency) 0/.2/.4A
20V* heaters Y S12mA
* Voltage shall be switchable, either +20 or -20V .
Table 3.13-1 Low Voltage Power Chs ristics
3.13.1.1 Voltage Regulation '
Voltage regulation shall be £200mV for the 5V outp or all other outputs.

3.13.1.2 Inrush Current Limit
Inrush current shall be set to TBD.

EMBLY REQUIREMENTS

shall be used to control the SXI imaging
¥Spacecraft for safety and health monitoring, and

fe data electronics box shall also control interfaces to

3.14 DATA ELECTRO
SXI shall provide a data electroni
capability, and interface the datgsto t}
transmission of image data to jhe
the SXI sun sensor and the

3.14.1 ipéments

The data produced ' into three categories: image data, ancillary and housekeeping
data, and safety telemet

The image data shall con data from the imaging detector, the solar pointing angle contained
within the data from the HASS, and all internal housekeeping or status required to reconstruct the
image on the ground.

Ancillary data shall include all SXI housekeeping data, duplicates of the PCM telemetry, and
additional EUV spectrometer and HASS data.

Safety telemetry shall include all data required for safety'and health monitoring of the SXI by the
SOCC. This data shall include temperature read from thermistors during eclipse, 3 analog voltages
and 3 digital status lines. This data shall be provided to the low rate PCM telemetry stream. ‘

3.14.1.1 Image Availability

The SXI design shall permit completed image integration and transmission of a single full-CCD
image within one minute of a command to image the sun, from either the ground or the control
tables loaded into software.
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3.14.1.2 MDL Data Link

The I-channel of the spacecraft Multi-Use Data Link (MDL) transmitter is dedicated to SXI for
transmission of both image and ancillary data, to the ground. SXI shall use the MDL as described
in the IRD, section 3.2.3.6.1, for the transmittal of imaging data (including EUV and HASS data)
and all associated housekeeping data at a 100kbps rate. In order to maintain data synchronization,
SX1 shall transmit data continually, including fill patterns if no image is available.

3.14.1.3 Data Format
The SXI data shall be formatted in compliance with CCSDS standards.

3.14.1.3.1 Data Content :
In addition to solar data, SXI image data shall include the CCSDS headers, and all other
information necessary for reconstruction of the solar image and EUV flux measurements.

3.14.14 Synchronization and Errors
Data format shall be chosen to facilitate maintaining bit, phase, and
coding shall be selected to facilitate detection of link transmission egpor$

e synchronization. Data

3.14.1.5 HASS Data
The data electronics box shall capture HASS data at the maxif
it to the ground in the image telemetry data. This data wil P
the x-ray image integration. This data will be included imghe ¥z
Additional HASS data shall be used to form ancillan;y;' ?

S fadout rate, and provide
i I pointing angle during
ata packet sent to the MDL.

3.14.1.6 EUV Data
The data electronics box shall capture EUV flux\d
measurements per minute. B

3.14.1.7 On-Board Data Preg
The SXI data electronics box shall hav
including read capability. This sifall afow

3.14.1.8 Filter Wheel Ré&tatioR;

The data electronics box sigll cogtro®he€ direction of rotation of the filter wheel and select the final
position of the filter wiggelipon §on#nand from the ground or software routines. In addition, the
data subsystem shail 8. pimplement the emergency torque mode of the motor, upon
command from the grout

3.14.1.9 Onboard Amage Processing Resolution

The data electronics box shall provide 10-bit analog-to-digital (A/D) resolution. Dual analog input
channels to the A/D converter will be provided. One channel will preserve linearity; the second
will have a logarithmic transfer function, to enhance resolution for low energy pixels.

Selection, for an entire image, of either the linear or non-linear channel shall be controlled by
software.

3.14.1.10 Data During Eclipse

There is no requirement for data electronics box activity during an eclipse. The data electronics
box shall continue to function nominally during an eclipse so long as power is provided to the
operational bus, within the limits of section 3.27. When no regulated power is provided from the
operational power bus, the data electronics box shall be unpowered (and inactive).
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3.14.1.11 Safety/Health Monitoring
The data electronics box shall provide the PCM telemetry system with a three bit status word,
defined as Bi-level Type A telemetry. This interface shall provide the following safety/health
information:

Command error detected

Internal error detected

Imaging mode (Yes/No)

Duplicates of this data will be provided in the MDL ancillary data packets.

3.14.1.12 Telemetry Downlink
The SXI data electronics box shall provide interface to the MDL interface, and shall control the
supply and content of the information to this interface.

3.14.1.13 Analog Housekeeping Data
The data electronics box shall provide an internal subsystem for mulg
signals in to the image data A/D converter. Conversion of thig-d
electronics box control, and shall not interfere with conversion of tHg

lexing internal analog
ta shall be under data
ar image data.

3.14.1.14 Digital Status
The data electronics box shall interface to the appropri
of all commandable subsystems.

s in order to obtain status

3.14.2 Timing Requirements
The data electronics box shall provide capability:

3.14.2.1 Exposure Duration
The data electronics box shall provide for
eight seconds, with a resolution of 1

(rations of an image exposure from 1ms to

3.14.2.2 Internal Clock #
The data electronics box shallg
time can be altered by ground

fh imlernal clock for time-tagging image data. The elapsed
dWp a resolution of 1 sec.

rage Time
d 3l the imaging detector before digitization, shall be minimized in
el response to discrete high energy events.

The time that the inyis
order to minimize indi

3.14.3 Motor Control Electronics
The data electronics box shall provide control electronics for the filter wheel motor.

3.14.3.1 Filter Wheel Position
The control electronics shall provide absolute knowledge of the final position of the filter wheel.
The position of the filter wheel shall be controllable by the data subsystem.

3.14.3.2 Bi-directional Filter Wheel Rotation
The control electronics shall provide for bi-directional rotation of the filter wheel.

3.15 STRUCTURAL/MECHANICAL DESIGN REQUIREMENTS

2.1-30



Downloaded from http://www.everyspec.com

MSFC-HDBK-2221
February 1994

3.15.1 Structural Strength
SXI shall be designed to meet the structural strength program requirements specified in MSFC-
HDBK-505A. Factors of safety for glass structures shall be specified in Table 3.15-1.

Glass Condition | Analysis Factor Qualification

of Safety Test Factor
Analysis Only 5.0 N/A
Bonds for Structural 2.0 1.4

Glass

Table 3.15-1 Glass Factors of Safety

3.15.1.1 Joints To Glass

Structural joints which use adhesive bonds to glass shall be analyzed to A-basis strength properties
using the specified material, configurations, processes and environments in which the bonded
joints will be used.

3.15.2 Deformation
SXI shall not exceed its dynamic envelope, specified in the IRD, .2.2, when subjected
to the loads specified in sections 3.26.2.4. :
3.15.3 Non-Destructive Evaluatio
Non-Destructive evaluation for SXI composite stry¢!
STD-1249 and MSFC-STD-397.

3.154 Natural Frequency,
The SXI telescope and electronic boxes %
have a base frequency greater than 65 Hz.

3.15.5 ( by

The instrument focal distance shz lbe ’v ed to £.001 inches (£.002cm).
3.15.6 S¢

The total x-ray path ob upport structures shall not exceed 10%.
3.16 POIN sND ALIGNMENT REQUIREMENTS
3.16.1 Alitnment Reference

SXI shall provide an optical alignment reference.  SXI shall meet the interface alignment
requirements specified in section 3.1.1.4 of the IRD.

3.16.2 Optical Axis Alignment to the GOES
The alignment reference shall permit bore sighting the SXI optical axis to the GOES XRS
alignment reference to within 30 arc-sec.

3.16.3 Mirror Assembly/HASS Co-Alignment o
The optical axis of the HASS shall be aligned to the optical axis of the telescope to within +2.0 arc-
min.

3.16.3.1 Mirror Assembly/HASS Alignment Long Term Stability
The alignment of the optical axis of the HASS to the optical axis of the telescope shall not vary by
more than 10 arc-sec across the operating temperature range of SXI.
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3.16.3.2 Mirror Assembly/HASS Alignment Short-term Stability
The alignment of the optical axis of the HASS to the optical axis of the telescope shall not vary by
more than 5 arc-sec while the SXI is in thermal equilibrium of +2°C.

3.16.4 Optical Axis Perpendicularity

The focal plane detector shall be perpendicular to the optical axis to within 60 arc-seconds. The
perpendicularity of the mating surfaces on the interface pads of the mounting ring to the plane
defined by the optical axis shall be within 60 arcseconds.

3.16.5 Image Centering
The instrument shall maintain the optical axis centered on the focal plane detector to within +10 arc-
sec.

3.16.6 CCD Alignment
The lines of the CCD shall be perpendicular to the SXI telescope mougting plane to within .2°.

3.16.7 Instrument Pointing »
The absolute pointing errors contributed by the SXI instrument t
not exceed 2.0arcmin East-West, 2.0arcmin North-South, 0.5
with respect to the solar /Earth-Equatorial Reference Ax '
values is given below.

Al pointing budget shall
9 (line-of-sight rotation)
Mget distributing the above

apd Uncertainty

pointing misalignment and mechanical
yte pgmting errors contributed by centration
RB}Y arcsec.

3.16.7.1 Instrument Pointing and Misglis
The absolute pointing errors contributed by inst
uncertainties shall not exceed 30arcsec. The
errors due to mechanical tolerances shall b

3.16.7.2 Launch Shifts %
The absolute pointing errors contribut
vibration environment shall not efceed

3.16.7.3 Thermal &
The absolute pointing erf¥gs co

N d by any permanent shift in alignment due to variations
arising from the expe Ason

ff diurnal thermal environments shall not exceed 30arcsec.

pxy Outgassing
S contributed by any permanent shift in alignment due to the

3.17 ELECTRICAL REQUIREMENTS

3.17.1 Survival Power Budget
Survival power for SXI during preorbital and eclipse operation shall not exceed 11.0W.

3.17.2 Operational Power Budget

The total power consumption for SXI, including the HASS and the EUV spectrometer, shall be
less than 42W average. The total power consumption of SXI for a limited duration event, upon
ground command, may exceed 42W average.

3.17.3 HASS Power . .
The HASS shall be supplied low voltage power from the power electronics box in accoradance
with Table 3.17-1.

2.1-32



Downloaded from http://www.everyspec.com MSFC-HDB K-222 1

February 1994
Voltage Supplied Maximum Current Supplied
+20V 35 mA
=20V 35 mA
+5V 25 mA

Table 3.17-1 HASS Power Characteristics

3.17.4 Heater Power

All power for survival heaters shall be provided by the heater I/F to the power bus interfacing to
the GOES spacecraft.

3.174.1 Survival Heater Power
SXI shall distribute 11 W of survival heater power drawn from the survival power bus, to the
optical bench, the power electronics box and the data electronics box. %

3.17.4.2 Operational Heater Power
SXI operational heater power shall be drawn from the operatj nal
the optical bench.

s and be distributed to

3.18 THERMAL REQUIREMENTS 4
SXI shall provide a Thermal Control Subsystem&I'CS)gwhic shall maintain all SXI subsystem,
component, and interface temperatures within speifiedNegquirements, as defined in this section,
during the on-orbit phases. The on-orbit phgse hideshe stowed, deployment, non-operating,
operating, and safemode configurations. ‘In\ad¥iglon, Yee TCS design shall be based on worst case
orbital combinations of vehicle onent ,tlon Mitude,Attitude, and beta angles. The TCS shall also

plical properties, interface conductances, MLI

performance, power conﬁgurano s mifgioMgmefine and orbital heat rates.

3.18.1 _ H '
The maximum change ingocal iéMath ge to thermal distortions shall be no more than TBD in.
during image acquisitiga’ §hicM corresponds to a TBD change in temperature of the optical
bench assembly. ' N

The focal point in the plas e sensor shall not deviate more than TBD in. from the center of the

change in temperature of e SXI telescope.

Thermal distortions in the mirror shall be no more than TBD in. in the radial direction and TBD in.
in the longitudinal direction, which corresponds to a TBD change in temperature of the mirror.

3.18.2 Orbital Temperature Limits

SXI shall maintain its components temperatures within the limits specified in Table 3.18-1, while
on orbit. Interface temperatures are given as the temperature on the SXI side of the interface.
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Component Operating Non-operating
Min/Max °C Min/Max °C
Telescope Mount I/F TBD TBD
Mirror Assy -10/20 -40/30
Filter Wheel Motor -25/50 -40/66
HVPS Assy -40/40 -55/50
SXT Data Electronics Box -40/40 -55/50
Assy
SXI Power Electronics Box -40/40 -55/50
Assy
HASS Electronics -40/40 -50/40
Camera Electronics -55/21 -65/21
HASS Sensor Head -10/40 -50/40
EUV Spectrometer -40/40 -55/50
Prefilters TBD - TBD
MCP >2 -20/40
CCD .
Table 3.18-1 Component Tempéga fes
3.18.3 Image Quality '
SXI thermal and structural design shall maintain ality within specification for any

time-of-day and any season of the year, exclud

3.184 Sizing of Heater
SXI shall provide heaters which are sized foryg

3.18.5 Electronig Qs

The TCS shall be designed to m#gntai pefature limits with the electrical dissipations given in

Table 3.18.2. These dissipatiiggreprefent'minimum and maximum estimates and encompass all
Jhe€e values do not include dissipations provided by heaters.

operating conditions whil

Minimum Nominal | Maximum
(watts) (watts)

0.4 0.5 0.55

e 3 % 72

Filter Wheel Motor -continuous 0 — 025 01T

20 sec/60 sec 2.5 (0.83) 0.83
SXI Power (Box1) 6.2 7.75 8.6

SXI Data (Box2) 13.2 16.5 18.2

HASS Electronics 0.64 0.8 0.88

otals 24.4 - 32 36.4

Table 3.18-2 Electrical Dissipation
3.18.6 MCP Heater Design

The detector stack shall be provided a heater to maintain the MCP temperature above 0°C. The
capability to remove power from the heater shall be provided. The capability to change the heater
dissipation without changing the heater element itself shall be provided.
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3.19 DATA MANAGEMENT SUBSYSTEM REQUIREMENTS

3.19.1 Acceptable Data Quality
SXI data format shall be designed to permit detection of transmission errors.

3.19.2 Frequency Stability
The short term frequency stability of all data transmitted to the MDL shall be at least TBD. The
long term frequency stability of all data transmitted to the MDL shall be at least TBD.

3.19.3 Transition Density

The SXI data shall be Manchester encoded to provide a guaranteed transition at the center of every
bit. The fill pattern transmitted between CCSDS Transfer Frames shall consist of an alternating
pattern of 0's and 1's in order to maintain phase-lock.

3.194 Time Tagging %
SXI data packets shall be time-tagged to a resolution of at least 1 E

D 7 (to be provided to the
fion. This packet shall be
d between reception of the

A synchronizing data packet shall be produced and provide
ground), indicating the time of the initiation of the x-rayim¥
available to the MDL with a maximum uncertainty of ogg

3.19.5 Eclipse Data
There is no requirement for data during eclip:
However, SXI shall make provisions for pa¥igye G
telemetry system, by inclusion of thermistongin't§ ” fance with the conditioning circuit provided
by GOES, as described in the 2 i 3
following:

ind COntroller Operational Health Data

The Data Management S sysgPm shall provide an interface to the GOES PCM telemetry stream to
eakblata to the ground controllers at SOCC. This data shall include:

input current over the operational power bus

temperatures of the mirror , detector, and electronics

error status

internal voltage references

3.19.7 Data Frequency
Image data frequency shall be controlled by ground commands. Housekeeping and ancillary data
shall be sent to the ground at least once per minute when SXI is not transmitting images.

3.19.8 Data Content

Each image shall be accompanied by all the information necessary to reconstruct the image on the
ground, including all free imaging parameters.
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3.19.9 Data Format

SXI image, housekeeping, and diagnostic data shall be formatted as CCSDS packets, per CCSDS
102.0-B-2 "Packet Telemetry Blue Book." The length of each CCSDS Transfer Frame shall be a
fixed length.

3.19.10 Continuous Data Production
The Data Management Subsystem shall transmit filler data when a CCSDS packet is not ready for
transmission. .

3.19.11 Transfer Frame Synchronization
Transfer Frame synchronization within the data stream shall be maintained by preceding each
CCSDS Transfer Frame with the 32-bit CCSDS synchronization marker.

3.20 SOFTWARE REQUIREMENTS
System level flight and EGSE software requirements are defined hereig, SXI shall meet the detailed
software requirements specified in MSFC-SPEC-2112.

3.20.1 Software Standards .

SXI flight software shall be developed in accordance with M jstying the documentation
intent of NASA-STD-2100-91. Detailed development standg e given in MSFC-PLAN-
2111. _

3.20.2 Flight Software Requig ‘ :

Flight software shall be written of operate the SX§gmictq§processor. This software shall be stored

in Read Only Memory (ROM) devices, and wi .
tables for control or selection of dynamic paNg hatl be provided both in ROM and Random

b information.

Flight software shall perform monitopiy
and formatting, and coordination§bf cag
control through the GOES/SX§cer

3.20.2.1 Program%.ang
Flight software shall bdegelop
for execution speed,‘coRgpag

| s ANSI C, with the use of assembly permitted where required
s$Bf code, or ease of coding.

3.20.2.2 Design irements
The following define the désign requirements for the SXI flight software.
3.20.2.2.1 Timing Requirements
The timing characteristics of the SXI flight software shall be such that:
1) No uplinked commands are overwritten
2) The uncertainty in the time stamp applied to any software or hardware
activity is <lmsec.

3.20.2.2.2  Operational Maintenance )
The flight software shall be stored in dynamically unaiterable ROM. No alterations of flight
software after creation of the flight ROM's shall be allowed.

3.20.2.3 Interface Requirements _

All interface requirements for flight software are internal to the SXI instrument. GOES interfaces
are handled via the internal SXI subsystems. These interfaces are described in the following
sections.
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3.20.2.3.1 Hardware to Software Interfaces

All hardware interfaces are memory mapped. Control of internal subsystems shall be
accomplished by writing designated bit patterns to memory-mapped addresses in the third memory
page. Data/status from internal subsystems shall be accomplished by reading from memory-
mapped addresses in the third memory page.

3.20.2.3.1.1 Software to Software Interfaces
The SXI flight software does not interface to any other software.

3.20.2.4 Functional/Performance Requirements

The flight software shall provide the overall management and control of the SXI operational flight
hardware and subsystems for the life of its mission. The flight software shall provide the
initialization of the SXI hardware upon power-up, control image acquisition, readout the
sunsensor data, EUV data, and housekeeping data, respond to commands, and format data for
downlink to the ground. The following subsections contain specificfunctional and performance
requirements for SXI flight software. = 2

3.20.2.4.1 SXI Initialization
The flight software shall be operational as defined in secff
software shall initialize all SXI operational subsystems, detlg
and transmit initialization results. i

#h power-up, the flight
and status, and format

3.20.24.2 Command Processing v
All commands to SXI flight software from the/glgpund Ypall be received in the memory-mapped
GOES interface. The flight software shall has "y
execute, and store commands and partial cor

3.20.2.4.3 Data Processing
The SXI flight software shall have the\apility
q R/ M the EUV data converted by the analog housekeeping
‘Rhe fogowidg processing capabilities shall be provided.
Racke®pransfer Frame Formation

e Statistics Calculations

3.20.2.4.4 Monitoritgs#
SXI1 flight software shall pbvide the capability to monitor health status and report the health status
data for downlink via the MDL, and PCM telemetry. This shall include:

- Monitoring of critical parameters during imaging

- Detailed monitoring of all parameters during diagnostics

- Determination of the status of all commandable subsystems

Subsystems/functions monitored by flight software shall be:
- Filter wheel position
- Time elapsed (via SXI elapsed time timer)
- Temperatures, currents, and voltages of SXI components
- Activation of the vacuum box door actuator and open/closed sensor
status

3.20.2.4.5 Control

SXI flight software shall control data collection, and hardware configurations. This shal} be
accomplished by writing command patterns to the SXI memory map. Data collection capability
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shall include housekeeping, EUV, sun sensor, and x-ray image data. configuration information
shall include filter-wheel location and rotation direction, HVPS programmed voltages, vacuum box
door status, and power system discretes.

3.20.2.5 System Environment
The flight software shall be designed to operate with a single Analog Devices ADSP2100A
operated at 6.144 MHz.

SXI flight software shall function when provided the following resources:
- 16k x 24 Words ROM (Program Instructions)
- 16k x 24 Words ROM (Program Data)
- 16k x 16 Words RAM (Page 1)
- 16k x 16 Words RAM (Page 2)

- 16k x 16 Words Memory-Mapped subsystems (Page 3)
Note:1k x 16 locations of Page 1, Page 2 and Page 3 are configured as shared address space.

3.20.2.6 Special Considerations
Command patterns shall be selected to decrease the likelihood of nduced upsets converting
routine commands into mission-critical commands, and vice verS' S: ,._o n-critical command is
defined as any command that, if executed at an mappropnat :

SXI system or damage to ground personnel.

3.20.3 EGSE Software

ht software and hardware in simulated
gvide the required simulations of the
functions, timing, and other characteristic aces and dynamics which effect flight

hardware or software.

Il provide for data collection and post-processing
fare and software under test.

3.20.3.2 Progra
The use of assembly 9
compactness of code. Cog
shall be permitted and sha
with the developed code.

ge shall be permitted where required for execution speed or
nercial Off The Shelf (COTS) software or reusable MSFC software
not be limited to C/C++ development, provided the code is executable

3.20.3.3 Design Requirements

3.20.3.3.1 Sizing and Timing Requirements

The EGSE software shall be designed to meet all functional requirements when executing from the
EGSE computer system, as defined in section 3. 20 .3.5

3.20.3.3.2 Interface Requirements

The EGSE software shall be designed to meet and simulate all data processing interfaces of the
SXI/GOES interfaces.
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3.20.3.3.3 Hardware to Software Interfaces

The EGSE software shall interface to the sensor and GOES simulators, via the data acquisition
hardware. In addition, the EGSE software shall interface with video display, data entry,
communication peripheral, and mass storage devices.

EGSE software shall provide the capability to control all interfaced hardware, providing the
protocol of the function that is being simulated or controlled.

3.20.3.3.4 Software to Software Interfaces
The EGSE shall interface to other software packages, such as statistical analysis packages, etc., by
providing inputs/output of SXI and EGSE data in compatible formats.

3.20.3.3.5 External Interface Requirements
The EGSE shall interface with the Space Systems/Loral ground support equipment via the
communications requirements of the IRD, section 3.4.3. The EGSE software shall control this
interface, including the defined data exchange protocol.

Additional external interfaces shall be facilitated via a standargd
V42.bis), for remote data exchange. The EGSE software sha
exchange via this interface, when the EGSE software iggiot p

analysis.

3.20.3.4 Functional/Performance Requi s
The EGSE software shall be capable of performi a capture, storage, processing and data
display functions of experiment checkout equipr}

The EGSE software shall: -
1) provide executive comm3
2) Provide display fungtion
including the ability t
3) Provide contrekan

iSE control, SXI control, and SXI data,
3gnify any arbitrary region of the CCD display;

1 simulation for EGSE GOES interface simulators,

, and the x-ray imaging system simulator;

d and data processing funct10ns compatible with

3.20.3.4.1  Analysis  Packages
The EGSE software shall provide COTS packages for calculating pixels statistics such as
deviations, mean, rms and peak deviations across a frame.

3.20.3.5 System Environment

The EGSE software shall be designed to meet all functional requirements when executed from a
system consisting of a single 80486 processor, with an ISA bus structure, 16 MBytes of RAM,
anc} téle MS-DOS 5.0 (or later) operating system. A 9600 baud V42.bis internal modem is
included.

3.20.3.6 Special Considerations

The EGSE software shall be designed and implemented to protect against the accidental issue of
mission-critical SXI commands.
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3.21 PHYSICAL REQUIREMENTS
SXI shall meet the physical envelope, mass characteristics, and mounting requirements specified in
the IRD.

3.21.1 Packaging

SXI shall consist of a telescope assembly mounted to the Instrument Mounting Panel (IMP) of the
XRP platform of the GOES spacecraft solar array assembly and up to three electronics assemblies
(one containing HASS electronics) all mounted to the yoke of the GOES spacecraft solar array
assembly. The physical interfaces shall be as specified in the IRD, section 3.1.

3.21.2 Telescope Envelope

The telescope shall be packaged within the three dimensional envelope specified in the IRD, section
3.1.1. Actual packaging shall allow incorporation of any thermal blankets required by the thermal
design.

3.21.3 Electronics Boxes Envelopes
- The electronics boxes and HASS electronics shall be packaged withj
IRD section 3.1.1.

envelope specified in the
3.21.4 HASS Dimensions _
The HASS shall be packaged per NAS8-39041 Attachment

3.21.5 Mass
The maximum mass of the SXI system shall be 2

Component um Mass
SXI Telescope

Electronics Bo.

70.8 1b (32.1 kg)

Maximum Mass

3.21.6 ty
The SXI center of gray, pecified in the IRD, section 3.2.2.4.
3.21.7 ‘of Inertia

The SXI moments of i be as specified in the IRD, section 3.2.2.4.

3.21.8 Cd odinate Systems
The SXI telescope and SXI electronics boxes coordinate systems shall be as specified in the IRD,
section 3.1.

3.22 GROUND SUPPORT EQUIPMENT REQUIREMENTS

3.22.1 General

SXI shall provide any ground support equipment that is required to support final assembly,
checkout, calibration, shipping, storage, integration or operation of the instrument. The physical
configuration and power and data interfaces of SXI GSE used by or in conjunction with the
spacecraft contractor shall be as specified in the IRD.
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3.22.2 Electrical Ground Support Equipment

SXI shall provide EGSE for operating and testing the instrument and electronics assemblies, in
both a stand alone and the GOES integrated configurations. The EGSE shall provide for all inputs,
controls, and monitors necessary for operating and testing the instrument. The EGSE shall
provide a capability for ingesting, processing and displaying the SXI data from the spacecraft MDL
link during tests after spacecraft integration, and the capability of powering any stimulus required
to simulate data inputs.

3.22.2.1 EGSE ADP Equipment
The EGSE shall provide ADP equipment to capture, store, process and display SXI data and to
provide a user interface.

3.22.2.1.1 Data Capture and Storage

The EGSE ADP equipment shall be capable of capture and storage of all SXI data. Prior to SXI
integration, this shall be provided by use of the EGSE spacecraft simulator. After integration, SXI
MDL data shall be provided to the IGSE, following RF demodulatigon and bit synchronization.
The interface to the SS/L. GSE providing this function is detailed in theSRD.

Supported data input/output methods include:
- storage for at least 100 images
- storage retrieval via MS-DOS compatible:
- laser printer capable of 300X300 dpi
- 9600 baud modem for use with stan

3.22.2.1.2 Data Display Capability
The EGSE ADP equipment shall be capable o
computer monitor output capable of at least g5

inting the SXI image data using VGA
2 display. '

3.22.2.1.3 Data Transmission,
The EGSE ADP equipment shall inch

3.22.2.2.1 GOES ¥
The GOES interface sitr

The EGSE shall provide an interface simulating the GOES MDL. This interface shall receive data
from the SXI and shall pass the data to the EGSE ADP equipment.

3.22.2.2.1.2 Command Interface Simulation

The EGSE shall provide an interface simulating the GOES proportional command number 36.
This interface shall receive data from the ADP equipment, and pass data to SXI, in simulation of
the action of the GOES spacecraft.

3.22.2.2.1.3 PCM System Interface Simulation
The EGSE shall provide interfaces simulating the interfaces between the SXI and the GOES PCM
telemetry system. This consists of data defined in 3.14.1.2.

3.22.2.2.1.4 Power System Interface Simulator

The EGSE shall provide interfaces simulating the interface between the SXI power system and the
GOES power busses.
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32223 EGSE Power
The EGSE shall provide power to the SXI vacuum pump and calibration sources which require
external power.

3.22.24 EGSE Software
The EGSE shall provide software to issue all SXI commands, and analyze SXI data as defined in
3.22.2.1.2, Data Processing Capability.

3.22.2.5 EGSE Interfaces
The EGSE shall provide an interface to the GOES GSE to provide MDL data to the EGSE. This
interface shall be defined in the IRD, section 3.4.3.

3.22.3 Mechanical Ground Support Equipment
SXI shall provide MGSE which consists of an aperture plate cover, a vacuum servicer, a dry gas
purge system, and a means to cool the CCD.

3.22.3.1 Aperture Plate Cover
An aperture plate cover shall be provided for the instrument to p
damage during ground operations. The plate shall be removgtl pri

strument prefilters from

3.22.3.2 Vacuum Servicer )
A vacuum pumping station shall be provided to::
operations. The pumping station shall be oil a

detector housing down to at least 1X1076 torr.

detector housing for ground
mination free and be able to pump the

3.22.3.3 Dry Gas Purge System:
A dry gas purge system shall be provide
storage, shipment, after integration, i

purge shall be removed as close to
PROC-404B.

“the instrument from contaminants during
e telescope assembly is not in testing. The
gisible. Dry gas shall be prepared using MSFC-

3.23 SAFET - ION ASSURANCE REQUIREMENTS
3.23.1 | . ASsurance

SXIT quality assurance ents shall be in accordance with MSFC- PLAN 2241.
3.23.2 Rehabllnty

SXI reliability requirements shall be in accordance with MSFC-PLAN-2241.

3.23.2.1 Useful Life and Shelf Life

The SXI instrument equipment shall be designed to meet the requlrements of this specification
during the operational life specified in 3.2.3, following terrestrial storage under controlled
conditions (shelf life) of up to five years.

3.23.3 Safety
SXI safety requirements shall be in accordance with MSFC-PLAN-2241.

3.234 Software Quality Assurance
SXI software quality assurance requirements shall be in accordance with MSFC-PLAN-1975.
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3.24 MAINTAINABILITY REQUIREMENTS

3.24.1 Filter Changeout
SXI shall provide access to the filter wheel, in order to change out and verify filters, without

affecting mirror alignment. The high voltage cables shall be capable of being disconnected from
the HVPS housing.

3.24.2 Prefilter Changeout
SXI shall provide access to the telescope prefilters for changeout, without affecting mirror

alignment.

3.25 Deleted

3.26 ENVIRONMENTAL REQUIREMENTS
SXI shall be designed to meet its specified performance require

 prior to, during and after
being exposed to the environments specified herein.

3.26.1 Prelaunch . W
SXI shall be capable of meeting the requirements in thiss atiqpe after exposure to any of the
following conditions during the prelaunch period at bofa t %g#fon and launch sites:

-Pressure: TBD

-Thermal: TBD

-Humidity: i

3.26.2 Launch /
SXI shall be capable of meetmg nts in this specification after exposure to the
following conditions: ,

-Pressure: 14mm Hg/sec

-Vibrationfy per 3.26.2.2 and 3.26.2.3
-Acceleratio per 3.26.2.4
-Acoustic MOi per 3.26.2.1

-Shock per 3.26.2.5

3.26.2.1 Acoustic Noise
SXI shall withstand the acceptance acoustic noise levels specified in Figure 17 of the IRD.

3.26.2.2 Sine Vibration
SXI shall withstand the sine vibration levels specified in Figure 14 of the IRD.

3.26.2.3 Random Vibration
SXI shall withstand the acceptance random vibration levels specified in Flgure 15 of the IRD.

3.26.2.4 Acceleration

SXI shall withstand loads as specified in section 3.2.2.3 of the IRD.
3.26.2.5 Shock
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SXI shall withstand the shock loads specified in Figure 16 of the IRD.

3.26.3 On-Orbit
SXI shall be capable of meeting the requirements in this specification while being exposed and
after exposure to the following conditions:

-Pressure: 1X10-10 torr, steady state
-Earth Radiation: 237+36W/m2 (75+12Btu/hre ft2)
-Earth Albedo: 3112
-Solar Radiation: 1353188 W/m2 (429+28Btu/hreft2)
-Radiation: See 3.26.3.1
-Micrometeoriods: See 3.26.3.2

3.26.3.1 Radiation Environment

Adequate radiation protection shall be provided by means of local shielding and/or satellite
structure to assure reliable performance of all parts for the lifetime of the instrument. The satellite
radiation environment is defined in X-601-84-3. SXI components sgll withstand a total dose of*
30K-rads. € o

3.26.3.2 Micrometeoroid Environment -
SXI flight hardware shall be designed to have a minimum pr§babi FO5% of experiencingno

critical failure due to meteoroid impacts for an extended '
environment shall be as specified in SSP304235.

3.26.3.3 Shock
SXI shall be designed to withstand the shock 1

d Transportation Environment
tofof this specification after exposure to the
\ipment/storage before exposure:

3.26.4 Ground Handlin
SXI shall be capable of meeting the requ
following conditions, when properly piNgare
-Pressure:
-Thermal:

Ay

-Humidityg * i 30%
& ghax 60%

-Shoc] - See 3.26.4.1

-Vibrati See 3.26.4.2

3.26.4.1 Shock
Ground handling, storagé and transportation shock loads shall not exceed the SXT shock design
criteria specified in 3.26.3.3.

3.264.2 Vibration
Ground handling, storage and transportation vibrations shall be below the SXT vibration design
criteria specified in 3.26.2.2 and 3.26.2.3.

3.27 TRANSPORTATION AND STORAGE REQUIREMENTS

SXI shall provide any special transporters, servicing, and handling equipment required to support
the flight hardware and/or the GSE. This equipment is defined below. Handling, packaging and
transportation shall be in accordance with NHB6000.1C.

3.27.1 Shipping Container(s) o
The shipping container(s) shall protect SXI and associated GSE during shipping and storage.
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3.27.1.1 Loads
The shipping container shall not be damaged when subjected to the following loads:
Truck or Air ride Trailer: Fore/Aft +2.0g
Lateral +2.0g
Vertical +3.5g, -1.5g
These loads occur independently in three directions except for gravity.

3.27.1.2 Environment

The shipping container for the flight unit shall provide an inert gas purge or charge to maintain a
clean environment. The gas shall be prepared using MSFC-PROC-404 to ensure cleanliness and
low water vapor content.

3.28 DESIGN AND CONSTRUCTION REQUIREMENTS

3.28.1 Selection of Specifications and Standards
Specifications and standards for design of SXI are called out in 1 ghis:

pecification. Additional
specifications and standards shall be selected from MM8070.2.

3.28.2 Design Drawings
Engineering drawings, electrical diagrams, schematics and Associ
shall be in accordance with MSFC-STD-555. Contra i
MIL-STD-100E.

3.28.3 Units
All design, construction, and testing of SXI st glish Units, with the exception of the
mirror and camera assembly, which will bg:des o t

3.28.4 i ign R ments

ts for in-house drawings
$'shall be in accordance with

3.28.4.1 Electrical, Elect¥onit lectromechanical (EEE) Parts

3.28.4.1.1 EEE Parts:§
EEE parts, selection and:
MIL-STD-975, Grade
or screened Grade IF
Grade II+ designation®

i conform to the requirements and guidelines contained in
here necessary to meet SXI reliability requirements, class S,
bgised. Grade II screening shall be in compliance with the MSFC

in MSFC-SPEC-1198.

3.28.4.1.2 Nonstandard EEE Parts

Nonstandard parts, those not listed in MIL-STD-975 may be used when there is no standard part
with a performance capability to satisfy the requirements or a standard part is not available. The
screening requirements shall be in accordance with MSFC-SPEC-1198 and MSFC-STD-355.

3.28.4.1.3 EEE Part Derating Criteria
The EEE parts derating shall be in accordance with the derating criteria of MIL-STD-975.

3.28.4.1.4 EEE Parts Marking
Marking of electrical and electronic parts shall be in accordance with MIL-STD-1285.

3.28.4.2 Electrostatic Sensitivity
The SXI equipment design shall minimize energy storage due to differential charging by the
selection of insulating materials or surfaces having a resistivity-thickness product of less than

1090hmecm?2.
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3.28.4.2 Electrostatic Sensitivity
The SXI equipment design shall minimize energy storage due to differential charging by the
selection of insulating materials or surfaces having a resistivity-thickness product of less than

1090hmecm?2.

3.28.4.3 Crimped Connectors

Electrical connectors using crimped connections and/or wire wrap connections shall be in
accordance with NHB5300.4(3H) and MSC-JD-001. Electrical connections shall be tested per
MSC-STD-781.

3.28.44 Soldering
Soldered electrical connections shall be in accordance with NHB5300.4(3A-1).

3.28.4.5 Printed Circuits
The design and documentation of printed wiring boards shall be in accordance with
NHB5300.4(3K). Fabrication of printed wiring boards shall be in accordance with
NHBS5300.4(31). ' B

3.28.4.6 Conformal Coating
Conformal coating and staking shall be in accordance with

3.28.4.7 Cable and Wiring Harnesses

Requirements for interconnecting cables, harnes
MSFC-SPEC-494 or NHB5300.4(3G). (Ider
accordance with MSFC-SPEC-708. All cabl
3G1401.

sted per NHB5300.4(3G) paragraph

id Isolation

on requirements of the IRD and also comply

Mpiragraph. SXI structure and equipment mounting
charging. Metal-to-metal bonding resistance shall

g resistance shall be less than 1 k. All metalized

te multiple ground tabs such that no point on the MLI

m a ground tab. The MLI blanket-to-structure resistance

3.28.4.8 Electrical Grounding, B
SXI shall meet the grounding, bon \
with the following requirements ou
shall be electrically bonded to re
be 2.5mQQ or less. Metal-to-#d
surfaces of MLI blankets sh:
blanket is more than o "
shall be less than 10
3.28.4.9 Electri it Protection

Fuses or circuit break 1 be provided to protect against current overload. SXI circuit
protection shall be fused40 a lower current than upstream devices. Wiring shall be sized to be
compatible with upstream fusing.

3.28.4.10 Radiation Shielding

SXI shall incorporate radiation shielding where required to limit total dose radiation exposure to
within device limits. This shielding shall consist of tantalum, or other high-Z materials, applied
directly to the case of sensitive components.

3.28.4.11 Shielding
Individual circuit shielding shall be in accordance with NHB 5300.4(3G). Overall shields shall be
in accordance with NHB 5300.4(3G).

3.28.4.12 Electromagnetic Compatibility
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3.28.4.12.1 Radiated Emissions

SXI equipment shall meet the radiated emission requirements of the IRD and tested in accordance
with MIL-STD-462.

3.28.4.12.2 Radiated Susceptibility
SXI equipment shall meet the radiated susceptibility requirements of Table 3.28-1 and tested in
accordance with MIL-STD-462.

Frequency Range Level
14 kHz - 2 GHz 2 V/m
2 GHz - 12 GHz 5 V/m
Table 3.28-1 Radiated Susceptibility Requirements

The specific frequencies and amplitudes included are shown in Table 3.28-2.

I

~1.604 GHz
3.209086 GHz &
2.208586 GHz oV

Table 3.28-2 Radiated Suscept , irements for Discrete
Frequencies = X

3.28.4.12.3 Conducted Emissions and
Equipment which have power, telemetry, €0
GOES spacecraft shall meet the conducted 3gniS
the IRD, paragraphs 3.2.3.9.1 and 3Q.3.9.2%

ffa, and other signals which interface the
n pAid conducted susceptibility requirements of
ctively and tested in accordance with TBD.

Equipment which do not have poweg tigrfacks with the GOES spacecraft but with other SXI
equipment only shall meet the cofiductigd ed¥sion limits as indicated in Table 3.28-3, and shall be
tested in accordance with the tgst g ofABD.
A & Line Emissioh Limit
1 N, zwmv
{20V 200mV
/ SV 200mV

“"Table 3.28-3 Conducted Emission Limits

3.28.4.13 Coronal Suppression
High voltage design shall be in accordance with the criteria specified in MSFC-STD-531.

3.28.4.14 Radiation Resistance
SXI EEE components shall be selected to make maximum use of devices tolerant to 30K-rads (Si).
Devices less tolerant shall be spot-shielded to at least this level of effective resistance, not counting
shielding from the electronics structure.

3.28.4.15 Electrostatic Discharge

Electrostatic discharge control shall be in accordance with MSFC-SPEC-1493. Maximum
allowable charge buildup on optical bench structure shall be no greater than TBD v.
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3.28.5 Mechanical Fasteners
Mechanical fasteners shall meet MSFC-STD-486, MSFC-STD-557, and MIL-STD-1515, where
applicable.

3.28.6 Adhesive Bonding
Adhesive bonding shall be in accordance with MSFC-SPEC-445.

3.28.7 Materials

3.28.7.1  Materials and Processes

All materials of construction shall meet the applicable requirements of MSFC-STD-506. All
metallic materials used shall meet the requirements of MSFC-SPEC-522. Material selection shall -
be in accordance with MSFC-HDBK-527.

3.28.7.2 Material Properties
Material properties for the metallic portion of the SXI structure shall |
5E. Material properties for the graphite epoxy composite structurgss
MIL-HDBK-17B.

. as defined in MIL-HDBK-
1 1 follow the guidelines of

3.28.7.3 Magnetic Material Usage
Magnetic material usage shall be minimized by desig
specified in the IRD. The magnetic field of SXI equip:
shall be less than 10 nanoteslas in each axis. '

3.28.7.4 Outgassing/Offgassing :
All materials used in construction of SX1 shall
JSC-SP-R-0022.

3.28.7.5 Corrosion of Mets
All metallic materials used in structure; ¥
stress corrosion requirements of S

3.28.7.6 Finishes .
Finishes shall be in accol}
parts shall be finished sgich

SFC-SPEC-250A. Surfaces of removable pins, sliding

B ro%il be no galling of contacting surfaces.

3.28.7.7 Brazin ;
Brazing shall be in acco with MIL-B-7883B.

3.28.7.8 Flammability

Materials used shall meet the flammability requirements of NHB8060.1.

3.28.8 Assembly
SXI shall be assembled in accordance with MSFC-PLAN-2252.

3.28.9 Identification and Marking ‘
Each system component and higher levels of assembly shall be marked and serialized for
identification in accordance with NHB5300.4(1D-2) and MMI 5300.12. Marking of electrical and
electronic parts and equipment shall be in accordance with MSFC-STD-383, MIL-STD-130 and
MSFC-HDBK-527. Marking for shipment and storage shall be to MIL-STD-129.

3.28.10 Contamination Control
SXI shall meet the contamination control requirements specified in MSFC-PLAN-2242.
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3.28.11 Configuration Management
SXI requirements for baselining, controlling and providing necessary changes to baselined
documents shall be in accordance with MMI8040.15.

3.29 PERSONNEL AND TRAINING REQUIREMENTS
Personnel that are not experienced in the assembly, adjustment, calibration, testing and handling of
similar aerospace hardware shall receive adequate training before beginning such tasks.

3.30 EXTERNAL INTERFACE REQUIREMENTS
SXI shall provide interfaces to control the operation of the instrument including the activation of
mechanisms, image acquisition and transmission to the ground, and the maintenance of the

required thermal environment. SXI shall be designed to meet the interface requirements specified
in the IRD.

3.30.1 EUV Spectrometer Interface P
SXI shall provide electrical power and a data interface for contr& &% data readout of an EUV
spectrometer.

3.30.1.1 EUV Spectrometer Power Interface
SXI shall provide 0.5W of regulated power at 20V
power line will be fused at SOmA. In addition, a co

3.30.1.2 EUV Spectrometer Control l

SXI shall provide control of an EUV spectrometog vy g pigital control lines that shall cycle over

epdlated power at -20V. Each
i€ shall be provided.

3.30.1.3 EUV Data Interface
SXI shall read data from an EU§ spt

; ¢r via a single, two-line differential voltage. The
maximum voltage on any one jindis '

yVdc, and the minimum shall be -10Vdc.

fjce Characteristics

and data inputs, shall be carried over a cable to be provided
. ipferface connector in the EUV will meet Space Systems/Loral
e pins for the EUV interface to SXI. The power, data, and voltage

specifications. SXI sh’", 4 ;
gigle D subminiature connector.

pins shall be contained in 24
3.30.2 Physical Interfaces

SXI shall meet the physical interfaces specified in the IRD, section 3.1.
3.30.3 Mechanical Interfaces

SXI shall meet the mechanical interfaces specified in the IRD, section 3.2.2.

3.30.4 Electrical Interfaces
SXI shall meet the electrical interfaces specified in the IRD, section 3.2.3.
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4.0 VERIFICATION

4.1 GENERAL
The verification program shall ensure that SXI will conform to the design and performance
requirements specified in Section 3.0, and will be compatible with the GOES spacecraft.

4.2 VERIFICATION METHODS
Verification shall be accomplished by one or more of the following methods:
1. Test

a. Functional Test
b. Environmental Test
Analysis
Demonstration
Inspection
Validation of Records
Similarity
Review of Design Docume;

Nownewh

4.2.1 Test

4.2.1.1 Functional Tests

Functional testing is an individual or series
conducted on flight or flight configured
specifications. The purpose is to establish
with design specifications.

#1 or mechanical performance test(s)
at€onditions equal to or less than design
pdware performs satisfactorily in accordance

42.1.2 Environnje
Environmental testing is an iggi
hardware to assure the flig
Examples are vibration, aligusti
not be combined with f§

will be accomplished

erfes of test(s) conducted on flight or flight configured
jwampshall perform satisfactorily in its flight environment.

pfal vacuum, and EMC. Environmental testing may or may
g depending on the objectives of the test. Functional testing
er each performance prior to the next text/operation.

422 Analy
Verification by analysis is# process used in lieu of or in addition to testing to verify compliance to
specification requirements. (e.g. stress, thermal, materials). The selected techniques may include
systems engineering analysis, statistics and qualitative analysis, computer and hardware
simulations, and analog modeling.

423 Demonstration ) o
Verification by demonstration is where actual demonstration techniques are used in conjunction
with the requirements such as serviceability, accessibility, transportability, and human engineering
features.

42.4 Inspection .
Verification by inspection is the physical evaluation of equipment and associated documentation to
verify design features. Inspection is used to verify construction features, workmanship,
dimensions and physical condition, such as cleanliness, surface finish and locking hardware.
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4.2.5 Validation of Records
Verification by validation of records is the process where manufacturing records are used at end-
item acceptance to verify construction features and processes for flight hardware.

4.2.6 Similarity

Verification by similarity is the process of assessing by review of prior test data or hardware
configuration and application that the article is similar or identical in design and manufacturing
process to another article that has previously been qualified to equivalent of more stringent
specifications.

4.2.7 Review of Design Documentation

Verification by review of design documentation is the process of reviewing the design against the
requirements, which as stated may or may not contain specifics to be met by a test, analysis, etc.
but must be present in the design. This method is used during the preliminary design and critical
design reviews of the development phase, prior to having flight configured hardware.

4.3 VERIFICATION PHASES

4.3.1 Development

Development Phase is the period during which a new prografi( nitiated and implemented
up to manufacturing of flight hardware. Requirements Rd dulig this phase will verify the
new design approach and develop confidence in the'§ t Wy design to accomplish mission
objectives.

4.3.2 Qualification
Qualification Phase is the period during wi
meet the performance and design requirem
flight configured hardware at condigns n
establish that the hardware will perfGiih

. margin.

erjcations during this phase are conducted on
y more severe than acceptance conditions to

4.3.3 Acceptance N

Acceptance Phase is the pligi riffpfhich the deliverable flight end-item is shown to perform as
design and performangg rgg fienfS state and under conditions specified by the flight mission.
Requirements verified Byrifg iS4
perform the mission for ¥gich 3 was designed.

434 Prelaun ‘

Prelaunch Phase is the period which begins with the arrival of the flight hardware and software at
the launch site and terminates at launch. Requirements verified during this phase are those which
demand the integrated vehicle or carrier, and/or launch site facilities.

4.3.5 Flight

Flight Phase is the period which begins at liftoff and continues through the length of the mission.
Requirements verified during this phase, either totally or in part, are such that, without taking on
unnecessary risk, flight environment conditions are necessary.

4.4 VERIFICATION LEVELS
Verification levels are those hardware levels used to identify discrete verification activities.
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44.1 Component -

The component verification level is the level at which verifications are performed on an individual
end item. Verification at this level is the first activity applied prior to being integrated with other
components or into subsystems. SXI components include: the HVPS, the camera, the filter wheel,
etc.

4.4.2 Subsystem

The subsystem verification level is the level at which verifications are performed on two or more
components, including inter-connecting cabling, that have been integrated into a functional
subsystem. The subsystem verification level follows the component verification level.
Verification of a subsystem can be performed during the development, qualification, or acceptance
verification phases, and may include flight or flight configured hardware separately or in
combination. SXI subsystems include the telescope, the electronics boxes, the thermal
subsystem, the data management subsystem, etc.

443 System
This verification level follows the subsystem level, and consists of
including interconnecting cabling that form the flight system. Th
system functional tests, interface checks and environmental test.

and shipping container.

; “:Esystems and components,
| 1&cl of verification includes
«sPslms include: SXI, GSE,

4.5 VERIFICATION REQUIREMEF
The Verification Requirements Matrix, found i

A\ Andicates how each specification
requirement of section 3.0 is verified by phase

nd level.

4.6 VERIFICATION SOFTW
The software used with GSE to verifyigerfor
and code verified before use with fligh

4.7 VERIFICAT
Existing facilities and equi§
test equipment should§
All test equipment s
damage or degradation
prior to use with flight h:

#Sting at multiple locations to assure uniformity of test results.
ied prior to interfacing with flight hardware to ensure that no
hPhardware will be induced. Test software shall be validated/verified
fire and software.

5.0 RE ATI PACKAGIN D _SHIPME

5.1 MAINTAINING CONTROLLED ENVIRONMENT

Instrument equipment and materials sensitive to deterioration, contamination, or corrosion through
exposure to air, moisture, or other elements during shipment shall be maintained in a controlled
environment during shipping.

5.1.1 Maintaining Detector Housing
The detector housing shall maintain pressure to between 2.5 and 5 psig or <1X10-3 torr.
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5.2 PROTECTIVE COVERS
Protective covers shall be applied to delicate mechanisms or materials and to apertures to prevent
damage in normal handling.

53 SHIPPING CONTAINERS
SXI flight hardware shall be sealed in the certified shipping container.

54 REMOVE BEFORE FLIGHT ITEMS

Covers, seals, or other materials which are to remain on SXI after integration into the payload, but
are not part of the flight configuration, shall be identified by a "Remove Before Flight" tag, of a
conspicuous red color, and identified in the Acceptance Data Package. '

55 SPECIAL INSTRUCTIONS -
Warnings of special instructions for safe handling of equipment shal}-b®
equipment or on a tag affixed to the equipment and on the equipn

; rominently printed on the
Lc&Btainers.

5.6 SHIPPING
Shipment shall be by government transport or accepted
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METHOD

1.0 Test
1.1  Functional
1.2  Environmental

2.0  Analysis

3.0 Demonstration

4.0 Inspection

5.0  Validation of Records
6.0  Similarity

7.0  Review of Design Documentation
LEVEL

a. Component

b. Subsystem

c. System

PHASE

D Development

Q Qualification

A Acceptance

| Prelaunch

F Flight

N/A  Not Applicable

2.1-55



Downloaded from http://www.everyspec.com

MSFC-HDBK-2221
February 1994

VERIFICATION REQUIREMENTS MATRIX

SECTION VERIFICATION BY LEVEL AND METHOD
3.0

PHASE NOTES
Pg%‘- D Q A P F N/A
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VERIFICATION REQUIREMENTS MATRIX
SECTION VERIFICATION BY LEVEL AND METHOD
3.0
PHASE NOTES
P‘;g“' D Q A P F N/A
3.7.2.2 7,2a T.1a
:LZ& 7 4a
3.7.3.1 2a
3.7.3.2 a
3.7.3.3 2a 1.1a
(3.7.3.4 7 1.1a,1.1c
[3.7.3.5 7 1.1a,1.1c
3.7.4 T.1a,1.1c
3.7.5 7a 4a,1.1a
3.8 7 4a
3.8.1 2a 1.1a,1.1c
[3.8.2 2a 1.1a,1.1c
3.8.3 2a 1.1a,1.1c
3.8.4 2a
3.8.5 2a
3.8.6
3.8.7
3.9
3.9.1
3.9.1.1
3.9.1.1.1
3.9.1.1.2
3.9.1.1.2.1
39.1.1.2.2
3.9.1.1.2.3
3.9.1.2 X
3.9.1.2.1
3.9.1.2.1.1 TBD
3.9.1.2.1.2 X
3.9.1.2.1.3 TBD
3.9.1.2.2 7 5a 5a
3.9.1.2.3 7 5a
3.9.1.2.4 _7 1.1a l.1ac,4a
3.9.2 7,2b 4a 4a
3.9.2.1 7
3.9.2.1.1 7.2b
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VERIFICATION REQUIREMENTS MATRIX
SECTION VERIFICATION BY LEVEL AND METHOD
3.0 ‘
PHASE NOTES
ng“' D Q A P F N/A
3.9.2.2 7
3.9.2.2.1 7 1.1b
3.922.2 7.2a 4a
30223 7 -
3.9.2.2.4 2a 1.2a 1.2a
3.9.3 7
3.94 TBD
3.9.5 2b
3.10
3.10.1 7
3.10.2 TBD
3.11 7
3.11.1 7
3.11.2 T_
3.11.3 7
3.11.4 7T
3.11.5 7
3.11.6 7
3.12 7
3.13 7
3.13.1 7
3.13.1.1 7
3.13.1.2 , TBD
3.14 1 1.1c
3.14.1 X
3.14.1.1 2b 1.1c
3.14.1.2 1.1c
3.14.1.3 4b
3.14.1.3.1 4b
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VERIFICATION REQUIREMENTS MATRIX

SECTION VERIFICATION BY LEVEL AND METHOD

PHASE NOTES
Pﬁ}g“- D Q A P F N/A
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VERIFICATION REQUIREMENTS MATRIX
SECTION VERIFICATION BY LEVEL AND METHOD
3.0
PHASE NOTES
PARA.
NO. D Q A P N/A
{3.20.2.2 X
3.20.2.2.1 1.1b
3.20.2.2.2 X
3.20.2.3 X
3.20.2.3.1 1.1b
3.20.2.3.1.1 X
3.20.2.4 X
3.20.2.4.1 -
3.20.2.4.2 P
[3.20.2.4.3
3.20.2.4.4 7
3.20.2.4.5 ]
3.20.2.5
3.20.2.6 X
3.20.3 X
3.20.3.1 X
3.20.3.2 X
3.20.3.3 X
3.20.3.3.1 21 X
3.20.3.3.2 B 10 X
3.20.3.3.3 X
3.20.3.3.4 X
3.20.3.3.5 F 1.1b,1.1
C
3.20.34 1.1b
3.20..3.4.1 1.1b
3.20.3.5 1.1b
3.20.3.6 X
3.21 7,2abc 1.1abc,
2abc,4c
3.21.1 7
3.21.2 7 4c
3.21.3 7 4c
3.21.4 7 4a
3.21.5 2abc 1.1abc
3.21.6 2C
3.21.7 2C
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PARA.
NO.
3.21.8
3.22

SECTION
3.0
3.22.3
3.22.3.1
3.22.3.2

W)
32321
333714
332272
333371
33005
33333
323

3.22.1
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2
2
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3.23.4
3.24
3.24.1
3.24.2
3.25
3.26
3.26.1
3.26.2

3.23.2.1
3.23.3
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PARA.
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Q

PHASE

P F N/A

NOTES
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3.28.4.11
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3.28.4.12.2

3.28.4.12.3

3.28.4.13
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3.0
PHASE NOTES
PARA.
NO. D Q A P F N/A
3.28.4.14 4a
3.28.4.15 2C 4c
3.28.5 4a
3.28.6 da
3.28.7 X
3.28.7.1 2abc 4abc
[3:28°7.2 2abc 4abc
3.28.7.3 2c — I.1c
3.28.7.4 2abc 1.2abc 4abc
3.28.1.5 2abc 4abc
3.28.7.6 4abc
3.28.7.7 4abc
3.28.7.8 2abc 4abc
3.28.8 4abc
3.28.9 4abc
3.28.10 Aabx
3.28.11 X
3.29 X
3.30 X
3.31 7 E
3.31.1 7 &
3.31.1.1 7 Acic
3.31.1.2 7 1.1c
3.31.1.3 T 1.1c
3.31.1.4 7 da
3.31.2 7 4c
3.31.3 7 1.1c
3.31.4 7 1.1c,4c
3.31.5 7 1.1c
NOTES:

for verification details.

1 - See S415-001 paragraph 3.2.1.3
1.5 for verification requirements.

3
2 - See S-415-001 paragraph 3
3 - Sinesweep
4 - Thermal Vacuum

2.
2.
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Verification Method/Level Verification Phases
Code Method Code Phase
0 Title of Information Only A Development
1.0 Similarity B Qualification
1.1 Component Similarity C Acceptance
1.2 Subsystem Similarity D Prelaunch
2.0 Analysis E Flight/Mission
2.1 Component Analysis F Post Flight
22 Subsystem Analysis
23 Integrated Element Analysis
24 Integrated Vehicle Analysis
30 Inspection
3.1 Component Inspection
32 Subsystem Inspection
33 Integrated Element Inspection
34 Integrated Vehicle Inspection
35 Review of Design Documentation
40 Validation of Records
4.1 Component Validation of Records
42 Subsystem Validation of Records
43 Integrated Element Validation of Records
44 Integrated Vehicle Validation of Records
50 Demonstration
5.1 Component Demonstration
52 Subsystem Demonstration
53 Integrated Element Demonstration )
54 Integrated Vehicle Demonstration &%
6.0 Simulation
6.1 Component Simulation
6.2 Subsystem Simulation
6.3 Integrated Element Simufiitio
6.4 Integrated Vehicle Signufition
7.0 Test : '
7.1
72
73
74
15
7.6 :
7.7 ’
7.8 Subsystem Proof Test
19 Other Subsystem Test
7.10 Integrated Element Functional Test
7.11 Integrated Element Environmental Test
7.12 Integrated Element EMI/EMC Test
7.13 Integrated Element Interface Test
7.14 Other Integrated Element Test
7.15 Integrated Vehicle Functional Test
7.16 Integrated Vehicle Environmental Test
7.17 Integrated Vehicle Interface Test
7.18 Hot Firing Test
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3.0 3.0 REQUIREMENTS 0
30 The LVs shall have a cost per flight lower than | 0

those of existing launch vehicles.

3.0

Specifically, the per flight cost after 25 flights {0
for the LVs shall be as specified below:
ELEMENT/SUBSYSTEM 1.5 STAGE LV
($M) HLLV ($M)STME 27.5 TBD Avionics
6.2 TBD Propulsion System 14.1 TBD Core
Stage Tankage 10.4 TBD ASRBs N/A TBD
Payload Carrier N/A TBD CTV N/A TBD

3.1 MISSION REQUIREMENTS 0

3.1.1 Mission Capabilities

To accomplish its presently baselined missio "
the LVs shall provide the mission capabilitie
identified below.

3.1.1.1

3.1.1.1 Mission Flexibility

3.1.1.1

The LV designs shall be capab 35

accommodating diverse. piiyload

3.1.1.2

3.1.1.2.1

3.1.1.2.1

The 1.5 Stage Launch Vehicle shall have a rated | 2.4
lift capability of at least 50,000 Ibs. of payload
to an 80 n. mi. x 150 n. mi. orbit inclined 28.5

3.1.1.2.1

degrees from CCAFS,

and at least 32,000 Ibs. to an 80 n. mi. x 150 n. | 2.4
mi. orbit inclined 90 degrees from VAFB
(assuming no right ascension of ascending node
(RAAN) requirements).

3.1.1.2.1

Through the use of an Upper Stage, the 23
capability to maneuver at least 15,000 1bs. of
payload to geosynchronous orbits from
KSC/CCAFS shall be provided.
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3.1.1.22 |3.1.122HLLV 0
3.1.1.2.2 | The HLLV shall, for the purpose of supporting | 2.4
the SSF, be capable of delivering a CTV, FPM,
Payload Carrier, and at least 50,000 Ibs. payload
to a 15 n. mi. x 220 n. mi. orbit inclined 28.5
degrees.
3.1.12.2 | Through the use of the CTV and FPM, the 23
capability shall be provided to maneuver the
payload/Payload Carrier to a 220 n. mi. circular
orbit inclined 28.5 degrees and rendezvous with
the SSF.
3.1.1.2.2 | Through the use of the CTV, the capability shall
be provided to deliver a payload of TBD Klibs to
a 220 n. mi. circular orbit inclined 28.5 deg.
3.1.123 3.1.1.2.3 Vehicle Operating Margin
3.1.1.23
31123
31123
gl requirements by
after the nominal launch
3.1.1.2.4 | 3.1.1.2.4 Right Ascension of Ascending Node {0

Capability
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3.1.1.24

The 1.5 Stage LV and HLLYV shall have
variable launch azimuth capability to satisfy
daily launch window requirements which
reduce performance penalties associated with
ascending node angle requirements for
rendezvous missions and tracking aim vectors
for lunar/planetary missions. Rendezvous
missions to SSF shall have a minimum daily
launch window duration of 0.5 hours to meet
the payload performance penalty allocation of
TBD pounds and provide safe disposal of the
Core Stage.

24

3.1.1.2.4

Polar orbit missions shall have a minimum
daily launch window duration of TBD hours to
meet the payload performance penalty
allocation of TBD pounds and provide safe
disposal of the Core Stage.

3.1.124

Lunar and planetary missions shall have a

minimum daily launch window of 1.0 hour
during the launch period and provid
disposal.

3.1.1.24

All earth orbital payload place:
which have no launch azimuth
than safe core disposal shil] p
hold capability of TB. a

payload orbital requiiny glar heating,

24

31124

earth eclipses). . %&

These laun¢ v fements shall be
satisfied whi ntaifng LV performance
capabilities. F

24

3.1.1.3

3.1.1.3 Ascent T;'ajectory Reguirements

3.1.13

Ascent Trajectory Design - The flight
trajectories shall be designed to not exceed
allowable loading (structural, ascent heating,
plume heating, high-g loads, venting, etc.)
constraints as specified in NLS-DOC-TBD
(IEDB), and the MSFC-DOC-TBD (NE), for
the nominal mission and in the presence of
dispersions such as wind gusts, STME out, off-
nominal performance, etc. These loading
constraints shall be applied to the vehicle
elements (i.e., Core Stage, ASRBs, CTV, FPM,
Payload Carrier/Titan IV-derived Payload
Carrier and 1.5 Stage LV and HLLV structure)
as defined in Section 1.3.2 of this document.

24
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3.1.13 The trajectory design must fulfill the reference | 2.4
Mission Requirements in Section 3.1.1.2 of this
document.

3.1.13 It must also satisfy these mission requirements | 2.4
with an STME out capability at launch commit.

3.1.13 The trajectory design for the HLLYV shall allow | 2.4
for retrieval and reuse of the ASRBs.

3.1.14 3.1.1.4 Delivery Orbit Accuracy 0

3.1.14 The accuracies for payload delivery by the 1.5 |0
Stage LV and HLLV systems are defined in the
following sections.

3.1.14.1 The 1.5 Stage LV and HLLV/CTYV shall achieve

the following 3-sigma orbital insertion
accuracies independent of the targeted delive:
orbit. These requirements shall be met in both
the nominal and engine-out cases. MECO

TBD Argument of Perigeg
True Anomaly (deg.) +.' $
Apogee (n. mi.) +/ :

3.1.1.42

 pifal conditions or proximity
berthing conditiawf. DIRECTION POSITION
(feet) VELOCITY (ft/s) Radial +/- 1500 +/- 5.0
Transverse +/- 20,000 +/- 10.0 Normal +/- 1500
+/- 5.0

23

3.1.14.21

The CTV shall achieve the following 3-sigma
stable orbit rendezvous transfer accuracies:
DIRECTION POSITION (feet) VELOCITY
(ft/s) Radial +/- 660 +/- 5.0 Transverse +/- 660
+/- 5.0 Normal +/- 660 +/- 5.0

23

3.1.1422

The CTV shall achieve the following 3-sigma
proximity handover accuracies relative to the
SSF: DIRECTION POSITION (feet)
VELOCITY (ft/s) Radial +/- 30 +/- 0.3

Transverse +/- 30 +/- 0.3 Normal +/- 30 +/- 0.3

23

2.1-73



Downloaded from http://www.everyspec.com

NLS LEVEL III SRD
VERIFICATION REQUIREMENTS MATRIX

MSFC-HDBK-2221
February 1994

Verification By Phase and Method

Paragraph
Number Requirement Statement A B C D E F
32 3.2 PROVISIONS FOR MAN-RATING 0
32 Basic vehicle design shall include design safety | 2.4,
factors, reliability, and health monitoring 35
necessary for manned flight.
32 The design of all flight-critical systems shall 2.1, 4.1 4.1
utilize high reliability parts and components, as | 3.5
defined in Section 3.20.5.14.
32 All critical systems whose failure could result | 2.2,
in loss of vehicle shall utilize, as a minimum, 35
fail-safe design.
32 The design shall provide an emergency
detection system (EDS) as defined in Section
3.4.10.3.
33 3.3 OPERATIONS REQUIREMENTS
3341 3.3.1 Ground Operations Launch Vehi
Requirements
3.3.1.1 3.3.1.1 Operational Readiness
33.1.1.1 | The 1.5 Stage LV and HIEV sh 24
operational time fractig
at least TBD for totaf
flight rates up to4¢
33.1.12
integration begins).
33.1.1.2 The LVs shall also meet a 95 percent 24
probability of being able to conduct launches
within twenty days of their scheduled dates.
33.1.1.2 The LVs shall have the capability for launch in | 2.4
daylight or darkness.
3.3.1.1.3 | The LVs shall incorporate means of discharging } 2.4, 7.14,
electrical potential differences between the 35 717

Payload Carrier, payload, LV elements (e.g.,
Payload Carrier Adapter), and ground in
accordance with Section 3.20.5.7.
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33.1.14

3.3.1.1.4 Sustainable Launch Rates

33.1.14.1

The LVs shall be designed to support a
maximum scheduled launch rate of three flights
per year from KSC.

35

33.1.142

The 1.5 Stage LV shall be designed to support a
maximum scheduled launch rate of 14 flights
per year (includes 4 flights to meet resiliency
requirements) from CCAFS.

35

33.1.15

3.3.1.1.5 Special Operational Requirements

)

33.1.15.1

The 1.5 Stage LV shall be capable of
accommodating requirements to launch a
specified payload no more than 30 calendar
days after notification. The launch call-up
payload must conform to 1.5 Stage LV payload .
requirements and be destined for one of the 1§
Stage LV standard delivery orbits. Launch
up payloads have priority over normally
scheduled payloads. This requxrement s
apply to the HLLV.

33.1.15.2

For both low-inclination (from >
high-inclination (from VAFE

gePthe LV shall be capable
weady status within 60

calendar days whil€ also accomplishing normal
launch operations for at least the first 30
calendar days of this period. The maximum
number of surge notifications in any one year
period will not exceed two. At Initial Launch
Capability (TL.C), the 1.5 Stage LV shall be
capable of launching TBD flights within TBD
days following 30 days' notification. These
surge requirements do not apply to KSC
launches nor to the HLLV.

24
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33.1.1.53

The LVs shall be capable of accommodating
payload assignment changes within the lift
capability of the vehicle being processed up to
five calendar days before a scheduled launch.
The new payload must conform to 1.5 Stage LV
and HLLV payload requirements and standard
delivery orbits. Payload replacement shall be
accomplished by replacement of the entire
encapsulated payload or payload/Upper Stage
combination, and shall be completed in five
calendar days or less following notification to
replace the payload. Following payload
replacement, the launch system shall be at the
same number of days before launch as when the
payload change notification was received.

3.5,
24,
23

33.12

The LV designs shall be compatible with the
manufacturing operations defined in NLS-DOC-
TBD (MFG).

3.3.13

3.3.1.3 Launch Vehicle Processing Operatio

3.3.13.1

3.3.1.3.1 Kennedy Space Center

3.3.1.3.1

The 1.5 Stage LV and the HLI'W
compatible with process1 _ j-

vehicle elements at
launch and refurbis

3.3.14

33.14

Pre-Launch ¢ _siall be accomplished
using LV grou Port equipment (GSE), the
KSC Launch Prosé€ssing System (LPS), and the
CCAFS (TBD). '

54

33.14

The LVs shall provide for automated checkout
operations.

35

33.14

The LV designs should minimize the required
number of support personnel.

33.15

3.3.1.5 Launch Pad Operations

33.1.5.1

Automated launch control systems shall have
overrides to prevent personal injury or launch
vehicle damage in the event of a system
malfunction.

35
(Facili
ties
CDR)

7.10
(Grou
nd
Syste
ms)
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33.15.2

The LVs shall be capable of maintaining a
ready-to-launch status with a full load of
propellants for up to 8 hours.

24,
35

7.6

33.153

The LVs shall be capable of being recycled for
launch, following a pre-engine ignition launch
scrub resulting from non-vehicle problems, in
no more than 16 hours.

2.4,
35

33.154

The LVs shall have a capability for fail-safe
abort (1 failure tolerant) including safe liquid
engine shutdown from a full thrust condition,
after a cutoff signal has been received prior to
the start of an event within the operational
sequence where there no longer exists a safe
backout procedure to delay lift-off (launch
commit).

35

33.155

The LVs shall require no more than 168 clock
hours between payload access in an integratic
facility and launch. If launch does not occ
within the 168 clock hours, the vehxc enif.
necessary, shall be returned to an intt
facility for access to the payloadu no mox

22

54

33.156

and all ground launc}

f: <hall be within
-TBD (ICD2).

33.2

24

24

'I ns Launch Vehicle

3.3.2 Mission O
Requirements

33.2.1

Acceptable operating envelopes for each
standard mission shall be as defined by MSFC-
DOC-TBD (PAD).

24

3322

The LV ascent performance and payload
capabilities shall be based on the mission
requirements specified in Section 3.1.

24

3322

During the period of ascent operations (time
from launch commit through payload
separation), the LV shall provide ascent
performance and vehicle health information to
the ground.

7.10

7.15
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3323 The CTV shall provide the capability to operate | 2.3 23 23
for a minimum of TBD hours, with payload
services as defined in MSFC-DOC-TBD (PAD)
through payload delivery/deployment and an
additional TBD hours through Payload Carrier
disposal and return to the Space Station.
33.23 For SSF missions, visual references shall be 23 23 23
provided for proximity operations. The
locations of these references are TBD.
3324 The 1.5 Stage LV and HLLYV shall provide for | 2.4
safe disposal (including trajectory and debris
dispersions) or recovery of all LV components
and all payload equipments which are not
deployed with the payload.
33.24 Disposal from low earth orbit shall be in safe
ocean areas as defined below: A. No closer th
200 n. mi. from foreign land masses B. No ;
closer than 25 n. mi. from U.S. territories
the Continental United States (CONUS
North of 60 degrees South latitude
34 3.4 GENERAL LV DESIGN. 0
REQUIREMENTS
34.1 3.4.1 Safety Factors. 0
34.1 1.5 Stage LV | 2.1, 21,
gnform to MSFC- | 2.2, 22,
35, 35,
42, 42,
44, 44,
74, 7.2,
7.5 7.4,
1.5,
71,
1.8,
79
34.1 Any existing structures to be incorporated in the | 2.1, 2.1,
1.5 Stage LV and HLLYV shall be evaluatedto | 2.2, 22,
ensure compliance with the requirements in 44, 44,
MSFC-HDBK-505. 7.2, 72,
74, 74,
75 1.5,
7.7,
18,
79
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342

3.4.2 Fatigue

342

A structural strength program of analysis and
testing shall be followed in accordance with
MSFC-HDBK-505. Fatigue service life will be
based upon requirements set forth for man rated
systems in MSFC-HDBK-505.

342

Safe life design shall be adopted for all major
load-carrying structures. These structures shall
be capable of surviving without failure a total
number of mission cycles that is a minimum of
four times greater than the total number of
mission cycles expected in service (shown by
analysis or test through a rationally derived
cyclic loading and temperature spectrum). This
does not preclude fail-safe structural features.

343

3.4.3 Fracture Control and Creep

2.1,
2.2,

{74,
73,

343

and MSFC-HDBK-505. Allowable §tra
other related properties of mategi
structural elements will be obta
HDBK-5.

343

343

4.1

44

components, and.4f pmsure vessels shall
consider the presence of sharp cracks, crack-like
flaws, or other stress concentrations in
determining the life of the structure for
sustained loads and cyclic loads coupled with
environmental effects.

2.1,
2.2,
72

343

Parts determined to be fracture critical,
including all pressure vessels, shall be
controlled in design, fabrication, test, and
operation by a MSFC-approved fracture control
plan.

4.1

44

343

The 1.5 Stage LV and HLLV structures that are
newly developed shall conform to fatigue and
fracture control and creep requirements as

2.1,
4.1

2.1,
22,
4.4,

specified in MSFC-HDBK-1453.
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343

The 1.5 Stage LV and HLLYV parts determined
to be fracture critical shall be subjected to
fracture mechanics analysis and inspection of
structures and subsystems as specified in
MSFC-HDBK-1453.

2.1,

2.1, 31

343

The NDE (Non-destructive Evaluation)
techniques required to fulfill the demands of a
MSFC Fracture Control Program shall follow
the standards set forth in MSFC-STD-1249.

35

343

Fracture control requirements for all 1.5 Stage
LV and HLLYV flight structures shall be as
specified in MSFC-HDBK-1453.

35

344

3.4.4 Design Loads

344

A. The 1.5 Stage LV and HLLV shall meet all
induced static, dynamic, acoustic, and thermaly
loading as defined in NLS-DOC-TBD (IEDB

344

B. The 1.5 Stage LV and HLLYV sh:
accommodate static and dynamic stru
deformations and responses, inglu
aeroelasticity effects under all Ii %
conditions and NLS operag
The 1.5 Stage LV and HHE
accommodating structiegl

344

2.4,
12,
7.7

C. The limit lo
Adapter shall Kyl odate the payload, CTV,
FPM, and Payload#”Carrier mass.

2.1

2.1,

344

D. The 1.5 Stage LV and HLLV structures shall
be capable of withstanding ail load effects under
limit load conditions without exceeding 1.5
Stage LV and HLLV envelopes as defined in
ICD-TBD (1.5MP) and ICD-TBD (HLLVMP),
respectively.

24

24,
12,

344

E. The 1.5 Stage LV and HLLYV structures shall
have adequate strength and stiffness, at the
design temperature, to withstand limit loads and
pressures without loss of operational capability
ot failure for the life of the vehicles.

24

24,
72,
N
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344

F. Safe life design shall be incorporated for all
major load-carrying structures.

3.5

344

G. The 1.5 Stage LV and HLLYV design loads
and interface loads shall be determined by
coupled dynamic loads analysis. Dynamic
models and forcing functions shall be used to
establish transient dynamic loads.

24

2.4,
7.2

344.1

3.44.1 Max-Q

3441

The 1.5 Stage LV flight trajectories shall be
designed to not exceed a maximum
aerodynamic pressure on the 1.5 Stage LV of
TBD 1bs/ft2. The HLLYV flight trajectories shall
be designed to not exceed a maximum
aerodynamic pressure on the HLLV structure of
TBD lbs/ft2.

3442

3.4.4.2 Maximum G-Load

3442

any time dunng the ascent portjgn
trajectory. The HLLV shall be d

produce an x-axis g-load ggcec
any time dunng the ascenilh

3445

34451

differentials are
transportation and

34452

3.4.4.5.2 Ascent/On-orbit/Descent

34452

All compartments, cavities, and components
which are not structurally capable of
withstanding the ascent/descent pressure
profiles as defined in NLS-DOC-TBD (IEDB) -
shall be vented to maintain acceptable pressure
differentials.

3.5

34452

The Payload Carrier internal atmosphere shall

be isolated from the Interstage atmosphere.

3.5
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34452 | Each compartment (e.g., Payload Carrier, 23,35
Interstage, Forward Skirt) shall vent
independently.

3.4.4.52 | The vent design of the Payload Carrier shall 23,35
allow for the venting of payloads into the

compartment volume.
34.5 3.4.5 Static and Dynamic Aeroelasticity 0
345 Static and dynamic structural deformations and | 2.4

responses, including the effects of aeroelasticity
under all limit conditions and environments,
shall be accounted for in the structural design
and shall not cause a system malfunction, not
preclude the stable control of the vehicle, and
not cause unintentional contact between
adjacent hardware.

345 The LVs shall be free from flutter and bu
dynaxmc pressures up to 1.32 times the
maximum dynamic pressure expected
flight.

345 Lifting surfaces (if used) shall b
"divergence" and aerodymn;

2.4

3.4.6

34.6.1 Pyrotechnic systems shall be capable of self- 23 53, 7.6
contained checkout to ensure that all necessary 71.7?
connections and capabilities are intact. The
capability shall be provided to perform
pyrotechnic systems checkout at any time
during the launch cycle, up to lift-off.

3.4.6.2 Pyrotechnic systems shall be capable of 23 53
installation into the 1.5 Stage LV and HLLV
remote from the launch site, preferably at the
1.5 Stage LV and HLLV
manufacturing/assembly facilities.
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3463

Pyrotechnic systems shall be insensitive to
electromagnetic interference (EMI),
electromagnetic pulse (EMP), radio frequency
(RF), electrostatic discharge (ESD), radar, and
lightning and other environments as described
in NLS-DOC-TBD (IEDB).

23

117

34.64

Pyrotechnic systems shall not use any secondary
explosives more sensitive than pentaerythrite
petranitrate (PETN). Primary explosives shall
only be used with the approval of the
responsible NASA engineering office.

2.3,
43

34.7

The LVs shall be designed to preclude the
shedding of debris, including ice, during pre-
launch and flight operations that would
jeopardize the vehicle, mission success, or
would adversely impact turnaround operations.

24

348

Design and operational criteria of controll
environment areas shall be in conformance
MSFC-STD-246-class 100,000 enviromge

348

Surface cleanliness requiremetitig
by MSFC-SPEC-164, MIL STkt

44

348

349

3.5,
44

The design target Wplph
and the HLLYV flight hardware shall not exceed
the weights specified in Tables 1 and 2.

44

44

349

Core Stage Interstage Assembly 11,400
Forward Skirt Assembly 2,700 LOX Tank
Assembly 20,250 Intertank Assembly 7,800
LH2 Tank Assembly 37,650 Aft Skirt Assembly
7,000 Propulsion Module 51,850 Interface and
Support Hardware 1,800 Engines (6 STMEs)
54,600 (9100 per engine) Propellants Usable
1,641,000 Residual 20,987 Shroud and
Separation System 12,500 Payload 50,000
minimum Upper Stage TBD

44

44

349

The 1.5 Stage LV payload c.g. envelope and the
HLLYV payload c.g. envelope are given in

MSFC-DOC-TBD (PAD).

44

44
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34.10

The Vehicle Health Management (VHM)
function shall correlate the vehicle health status
from all subfunctions, remain cognizant of the
status of similar signals from the terminators,
and relay information to other subfunctions that
may be affected.

35

7.10

7.15

3.4.10

The 1.5 Stage LV and HLLYV shall incorporate
a condition monitoring system capable of
providing analysis of real-time, pre- and post-
flight maintenance information.

35

7.10

7.15

3.4.10

The avionics shall receive performance,
engineering and health monitor information
from all vehicle subsystems, synthesize this
information, and assess vehicle health to advise
on appropriate actions.

35

3.4.10

Vehicle health management shall determine
failure condition and shall notify other fun
or subfunctions that a hazard has been detectedy

3.4.10.1

The 1.5 Stage LV and HLLYV desigii
mcorporate distributed fault tol

7.15

7.10

7.15

7.10

7.15

3.4.10.1

and operauon, and

vehicle auto -
ier/payload checkout

B. CTV/FPM/P;
and operation.

35

7.10

7.15

34.10.1

The 1.5 Stage LV and HLLYV vehicle health
management system shall be capable of
detecting and isolating abnormal performance
and impending failures, to the Line Replaceable
Unit (LRU) level and identifying corrective
actions, including reconfiguration or shutdown.

3.5

7.10

7.15

3.4.10.2

Fault-tolerant avionics hardware and software
shall be incorporated into the 1.5 Stage LV and
HLLV design to provide real-time fault
management and reliability equivalent to that of
redundant reusable systems, but compatible
with the low-cost expendable system objectives
of the 1.5 Stage LV and HLLV.

35

7.10

7.15
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34.103

Launch vehicle design shall provide a redundant
active Emergency Detection System (EDS) for
all manned flights.

3.5

3.4.103

The EDS shall monitor all LV failure modes
which could result in loss of vehicle both pre-
launch and throughout powered flight.

35

7.10

7.15

3.4.10.3

The EDS shall provide redundant data outputs
to initiate the payload-provided Crew Escape
System (CES) in the event of a credible
emergency condition. The crew then has the
option to activate the Launch Escape System

(LES).

35

34.103

The EDS shall utilize operational sensor data to
determine vehicle status/failure modes.

34.103

The EDS shall accommodate health monitorig
and self-test.

34.11.1

A Vehicle and Data Management (V&I
function shall be provided to perform &gex
monitoring and control of the g .board %
functions and coordinate commuR ’
between the on-board fungtions\gnd 31
operatlonal mode : ard avionics
functions. : . /A

7.10

7.15

7.15

7.10

7.15

34.11.1

The V&DM ; ‘,

34.11.1.1

3.5

7.10

7.15

a#€ received from the ground,
stored program, or SSF for the current vehicle
configuration and operational mode.

2.0
(alh),
50
(all)

7.10

7.10

7.15

34.11.1.1

The command processing shall relay valid
commands to accomplish mode control.

7.10

7.10

1.15

34.11.1.2

Mode control capability shall be provided to set
the operational modes of all vehicle subsystems.
Mode control shall include system initialization,
event sequencing, system state assessment, and
system fault management.

7.10

7.10

7.15

34.11.1.3

Test control capability shall be provided to
control and conduct subsystem tests when
required (authorized).

20
(alb),
7.10

7.10

7.15
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3.4.11.1.4 | Vehicle timekeeping capability shall be 20 20 7.10 {7.15
provided to maintain the master clock and (all), [ (all),7
synchronization of the on-board systems. 50 .10

(all)

3.4.11.1.5 | System services shall be provided to support the | 3.5, 2.0 7.10 |7.15
operation of the rest of the vehicle functions. 2.0 (all),
These services shall include: task scheduling, @al), |7.10
intertask communications, data bus 5.0
communications, interrupt handling, and data (all)
management system fault tolerance control.

3.4.11.1.5 | The instrumentation data handling subsystem 35, ]7.15
shall monitor and select other vehicle 20
subsystems using standard signal (data)
sampling and conditioning techniques that will
be stored for further analysis and for downlink.

34.112 | A Telemetry and Command function shall be 1710 715
provided for timely, accurate, and secure £
exchange of command data to the vehicle
V&DM) from the external interfaces
transmission of telemetry data to thi
interfaces.

34.112 The avionics shall formal 20 7.10 |7.15
transmit and encode teletifit (all) (all)
control, and interfac .

34.11.2 Telemetry and 20 710 |7.15
health moni @, |l

34.11.3 A Propulsion C 24
to control and mesfitor the propulsion systems.

34.11.3 This function shall include engine start-up, shut | 2.2 24, 7.15
down, thrust level setting events; propellant 7.10
management; gas system management; and
thruster valve control.

34.11.3 The 1.5 Stage LV and HLLV avionics shall be | 2.2, 1.6
designed to provide for throttling, staging, and | 3.5
abort capabilities.

34114 A Mechanisms and Ordnance Control function | 3.5, 22 7.15
shall be provided to control vehicle 22 7.10
mechanisms, verify vehicle interfaces, and
initiate devices necessary for staging or other
ordnance- activated events.
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34.11.5

A power management and distribution (PMAD) | 2.2,
function shall be provided to control and 3.5,
monitor the distribution of electrical power (see | 5.2
Section 3.20.5).

7.10 22,
7.10

7.15

34.11.5

The PMAD function shall control and monitor | 2.2,
energy sources as applicable, the transfer of 52
electrical power between power sources, and the
power-up and power-down sequencing.

7.10 |7.10

7.15

34.11.5

The PMAD function shall meet the following | 0
requirements:

34.11.5

A. The PMAD function shall have the capability | 2.2,
to receive power from Ground Support 3.5

Equipment (GSE). The switching of power :
sources shall be accomplished such that no loss
of power or significant power surge is
experienced by the LV subsystems.

34.11.5

47.15

Electrical Power System (EPS}
support LV fault toleranc -
Section TBD. ]

34.115

C. The PMAD g ftion sMMlgccopl 22

34.11.7

7.10 |7.10

7.15

The Developrmengli ' i 35

pressure, force ags

associated cabling, signal conditioning,
multiplexing, recording, transmitting, and
mechanical attachment of hardware necessary to
acquire the flight performance data of the
complete vehicle during ascent and required
flight periods as defined in TBD.

34117

There shall be a DFI system on four flights of | 3.5
both the 1.5 Stage LV and HLLYV configurations
(total of eight flights).

34.11.7

The remaining two flights shall be selected from | 3.5
the next TBD flights that are expected to have
more severe ascent environments.

2.1-87



Downloaded from http://www.everyspec.com
INLD LV L 1 OINL

VERIFICATION REQUIREMENTS MATRIX

MSFC-HDBK-2221
February 1994

Verification By Phase and Method

Paragraph
Number Requirement Statement A B C D E F
34.11.8 The Avionics boxes shall be capable of mating | 3.5
to a surface having a 2.00 inch grid pattern
using 0.25 inch fasteners.
34.12 The LV elements shall conform with the 24
moldline envelopes specified in ICD-TBD
(1.5MP) and ICD-TBD (HLLVMP).
35 3.5 Core Stage Design/Performance 0
Requirements
3.5.1 3.5.1 Structure 0
35.1.1 3.5.1.1 General 0
3.5.1.1.1 ]3.5.1.1.1 Interstage
35.1.1.1 The Interstage shall provide structural transitio
from the Payload Carrier Adapter to the Co
Stage and shall transfer payload/Payload
loads to the Core Stage.
3.5.1.1.1 | The Interstage shall interface with the §
Carrier Adapter at the forward:#
Forward Skirt at the aft end.
3.5.1.1.2 }3.5.1.1.2 Tankage 0
3.5.1.1.2.1 | The Forward Skil§ fie structural | 2.2, 72
transition fr the Core Stage | 3.5
tankage.
3.5.1.1.2.1 | It shall raise the Hijgg#age far enough above the | 2.3, 72
forward tank to pge€ent interference between 35
the Interstage and the forward tank dome.
3.5.1.1.2.2 13.5.1.1.2.2 LOX Tank 0
3.5.1.1.2.2 | It shall also provide structural transition 22, 7.2
between its forward and aft interfacing 35
structural elements.
3.5.1.1.24 {3.5.1.1.2.4 LH2 Tank 0
3.5.1.1.2.4 | It shall also provide structural transition 2.2, 72
between its interfacing forward and aft 35
structural elements.
3.5.1.1.2.5 13.5.1.1.2.5 Aft Skirt 0
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3.5.1.1.2.5 | The Aft Skirt shall provide the structural 22, 72
transition from the Core Stage tankage to the 35
Thrust Structure.
3.5.1.1.2.6 |3.5.1.1.2.6 Tankage Size 0
3.5.1.1.2.6 | The tankage shall be sized to accommodate the | 2.4,
Core Stage propellant loading required to 35
accomplish the missions as defined in Sections
3.1.1.and 3.1.2.
3.5.1.1.2.9 | 3.5.1.1.2.9 Handling 0
3.5.1.1.2.9 | The tankage with thermal protection system
installed shall be capable of being hoisted,
erected, transported, and handled without
requiring insulation inspection or special
verification subsequent to completion of the
handling activity.
3.5.1.1.2.1 13.5.1.1.2.10 Structural Stability
3.5.1.1.2.1 | The tankage structure, with attached paj 54

carrier/payload, shail not nequ' pre

unfueled condition whyl A | Rathch Ao
winds as defined in ¥ . a: D (NE).
However, ullage gre !

required by thejtafiicage diyinggfo opellant fill
and drain opefiol S al stability.
351.1.2.1 |3.5.1.1.2.11 0
3.5.1.1.2.1 | The LOX Tank stbsh damping shall be § 3.5, 7.6,
percent. 2.3? 7.10
3.5.1.1.2.1 | The tankage shall be provided with a ground- 35 7.6
commanded system to disperse the tankage
propellants. The components shall be designed
to be readily added or removed, where possible.
3.5.1.1.2.1 | The system shall be protected against auto- 35 7.6
detonation until after rupture has occurred as
defined in Section 3.15.2.10.
3.5.1.2.1 | The Booster Thrust Structure shall provide 3.5, 72
structural attachment for the Booster STMEs 22

and structural load distribution from these
STME:s to the Aft Skirt.
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3.5.1.2.1 Ii shall also provide for a holddown and release | 3.5
capability on the Mobile Launch Platform
(MLP).
35.1.2.1 The Booster Thrust Structure shall allow for 35
propellant line mounting and thrust vector
control actuator support structure.
35.1.22 The Sustainer Thrust Structure shall provide 3.5, 7.2
structural attachment for the Sustainer STMEs | 2.2
and structural load distribution from these
STMEs to the Aft Skirt.
3.5.1.3 3.5.1.3 Heavy Lift Launch Vehicle 0
35.13.1 The Intertank shall provide structural continuity
between the LOX and LH2 Tanks and shall
receive and distribute all thrust loads from the
ASRBs.
3.5.1.3.2 | 3.5.1.3.2 Thrust Structure
3.5.1.3.2 | The Thrust Structure shall provide st 72
attachment for the STMEs and-egru
distribution from the STMEs to ti
3.5.2 3.5.2 Propulsion 0
3521 3.5.2.1 General 0
352.1.1 [PS) shall 22 76
Jjt at the engine mixture
atio (OIF') in order to
sfgfence missions. The usable
propella.nt requirément includes planned
propellant consumption plus flight performance
reserve.
3.5.2.1.1.1 | The MPS shall provide propellant with a 22 7.6 7.6
loading accuracy of TBD percent for LOX and
TBD percent for LH2.
3.5.2.1.2 13.5.2.1.2 LOX Feed System 0
3.5.2.1.2.1 | The LOX feed system shall be capable of 2.2, 7.6 7.10
loading LOX subsequent to loading LH2. The | 3.5

LOX Tank feed system shall be capable of
unloading LOX prior to LH2 Tank unloading.

2.1-90



Paragraph
Number

Downloaded from http://www.everysgfs.com
AT Luds ¥ Lol LEL DL

VERIFICATION REQUIREMENTS MATRIX

Requirement Statement

MSFC-HDBK-2221
February 1994

Verification By Phase and Method

B

C

D

E F

35.2.1.22

The LOX feed system shall be designed to
preclude damaging geysers. The geyser
suppression system design shall not require
_ground interfaces.

35,
22

352123

The LOX system shall provide propellant
depletion signals for STME cutoff.

3.5

7.6

35.2.14

3.5.2.1.4 LOX Pressurization

35214

The MPS shall be designed to pre-pressurize the
Core Stage LOX Tank prior to engine start by
using ground-supplied helium.

7.6

35214

The Core Stage LOX pressurization system
shall maintain LOX Tank ullage pressure as
specified in ICD-TBD.

35214

The LOX pre-pressurization and ascent
pressurization shall be performed to pressu

levels to satisfy the LOX Tank structural
requirements as specified in MSFC-Si
(CSCEI) and engine LOX inlet pressu
requirements as specified in [
(STME/NLS).

35.2.1.6

7.10

7.10

7.10

The pneumatic syste
interfacing with the g
compartment purges v

3.5,
24

54

35217

24

54

3.52.1.72

3.5.2.1.7.2 H2 Véfiting

3.5.2.1.72

The H2 vent system shall be connected to a
facility line for safe disposal.

5.4

352172

Facility back pressure at the Facility/Core
Stage interface shall not exceed the values
specified in ICD-TBD (1.5/MLP) and ICD-TBD
(HLLV/MLP).

24

54,
7.17

3.5.2.1.7.2

The vent valves shall be capable of being
opened and closed by ground command prior to

54,
7.15

35.2.19

3.5.2.1.9 Thrust Vector Control (TVC) System
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3.52.1.9 | A. The TVC actuation system shall provide the | 2.2
capability for independent motion of each
engine about the pitch and yaw axes.

35219 B. The TVC actuation system shall providean | 2.2 7.6,
engine gimbal angle of +/- TBD deg. square 7.18
pattern with TBD maximum diagonal gimbal
angle in either or both pitch and yaw axes
simultaneously.

35.2.19 | C. No single failure within the TVC system 22
shall affect the operability of the system.

35.221. 1352215 Stage LV 0

35221 The 1.5 Stage LV MPS shall be capable of
providing the impulse required of the Core
Stage by the mission trajectory.

3.5.2.2.2 | The LV designs shall ensure that when the
engines are staged, propellants are not relea
which would create a hazard to any ¢ At
the LV, payload, and crew.

35223

35223

35223
Section 3.3.2.

353.1 3.5.3.1 Vehicle & Data Management 0

3.5.3.1.2 | The Core Stage avionics shall initiate and 35

control the CS/ASRB separation sequence.
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3.53.1.2

In preparation for and during ASRB separation,
the Core Stage avionics shall: A. Provide for
separation sequencing for each ASRB,
including arming and firing the separation
pyrotechnics and safing the ASRB range safety
system. B. Provide for ASRB automatic TVC
(ATVC) power deadfacing and fixed
positioning of the ASRB exhaust nozzles. C.
Issue ASRB separation command at a time from
separation sequence initiation which assures
that the thrust of each ASRB does not exceed
the values in Table TBD.

35

3.5.3.2

3.5.3.2 Telemetry & Command

3532

The LV Core Stage telemetry & command
function shall interface with the ground system.

3532

It shall be capable of accepting data loads an
commands generated in the ground system
transmitted via ground cable. :

3532

The LV avionics telemetry shall sup]
Spaceflight Tracking and Data etwo!
(GSTDN) operation.

3532

The LV ascent telemetry @it

3532

3.5

The LV ascent
not exceed 1024%pps
encoding/encryptifiys

3.5

3533

3.5.3.3 Guidance, Navigation, and Control
(GN&C)

35331

A GN&C subsystem shall be provided for each
launch vehicle configuration to achieve desired
targeted conditions, as specified in Section
3.1.1.4.1, while adhering to system constraints
in the presence of allowable variations in the
vehicle and its environment as defined in NLS-
DOC-TBD (GN&C).

3.5

35331

The GN&C subsystem shall be operational prior
to initiation and execution of the lift-off
sequence and shall function until payload
separation.

35

54

5.4
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3.533.1

The GN&C shall provide the command to 35
jettison the payload fairing.

35331

A guidance function shall be provided to 35
generate flight steering commands and targeting
parameters.

3533.1

Guidance shall generate alerts regarding the 35
ability of the vehicle to achieve the targeted
orbit.

3.5.33.1

Faults in redundant sensor processing and 35
aiding sensor processing due to specific sensor
hardware or software failures shall not
adversely affect the stand alone performance of
the inertial navigation system (INS).

3.533.1

A flight control function shall be provided to
command control effectors to execute steering
commands generated by the guidance funct
and to maintain vehicle stability. '

3.5.34

3.5.3.4 Propulsion Control

3534

The Propulsion Control avionic
command STME throttlingrovet
nominal thrust minus | pe
TBD percent. ;

354

7.6

The 1.5 Stage, RV gtal 24

subsystems dutij
with all payload v

3.5.7

3.5.7 Separation 0

3.5.7.1

All separation systems shall provide for 3.5,
separation without damage or re-contact of 2.2
separated components.

3.5.7.1

The separation systems shall not release any 35
debris or contaminants which would cause
darnage to any system or subsystem of the Core
Stage or payload.

3.5.7.21.

35.7.21.5 Stage LV 0
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35721

The BPM separation system shall provide for
separation for both the nominal and the one
sustainer STME-failed cases.

3.5

3.5.7.2.1

The launch vehicle body rates shall be no
greater than TBD deg/sec roll, TBD deg/sec
pitch, and TBD deg/sec yaw at the time of
separation.

24

35.7.2.1

The crew and ground control shall have the
capability to manually override the automatic
inhibit command.

35

3.5.7.2.2

3.5.7.2.2 Trisector Fairing Separation

35722

The launch vehicle body rates shall be no
greater than TBD deg/sec roll, TBD deg/sec
pitch, and TBD deg/sec yaw at the time of
separation.

7.15

35.733

3.5.7.3.3 Fairing Separation

35733

The initiation and control of the Fairin
separation shall be the responsilglity of t}
Stage. ey,

35733

3.5.733

24

7.15

35734

24

3.5.7.3.4 Payload @i
Core Stage '

35734

The Payload Carrier shall be deployed in the
forward direction within TBD degrees fly-away
angle with respect to the Core Stage body axis
(Figure 4).

24

35734

The Core Stage body rates shall be no greater
than TBD deg/sec roll, TBD deg/sec pitch, and
TBD deg/sec yaw at the time of separation.

24

7.15

35.734

The separation velocity of the Payload Carrier
relative to the Core Stage shall be TBD ft/sec.

24

3.11

3.11 STME DESIGN/PERFORMANCE

REQUIREMENTS
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3.11

The STMEsS shall provide the required
propulsion to achieve the 1.5 Stage Launch
Vehicle performance and, in conjunction with
the ASRBs, the HLLV performance.

2.3,

3111

The following single-engine performance shall
be provided by the STME: PARAMETER
VACUUM?* SEA LEVEL** Thrust (Klbs) 650
+/- 2% TBD Mixture Ratio 6:1 +/- 1.5% TBD
Isp (Ibf-sec/Ibm) 431.0 +/- 2.5% TBD *
Vacuum defined as 3.6 x 10-5 deg. R, 0.6243 x
10-21 Ib/ft3 density, and 10-10 Torr pressure.
** Sea Level defined as 518.4 deg. R, 0.07647
1b/ft3 density, and 14.696 psi of pressure.

23 7.18

3112

A. A LOX bleed shall be provided by the STME
at 0.5 Ibm/sec at prestart pressure

3.11.2

B. Step throttlable to 70 percent

3.12

3.12 LAUNCH VEHICLE INTERFACES

3.12.1.2

The Core Stage shall interface with th
Spaceflight Tracking and Data JJetwo
detailed requirements shall be as)

3.12.2.31

7.17

3.12.2.31

Mobile Laune]
requirements
(1.5/MLP).

o defined in ICD-TBD

54

3.123

3.12.3 HLLV Interface Requirements

3.12.3.1

The ASRB:s shall interface with the Core Stage,
and detailed requirements shall be as defined in
ICD-TBD (CS/ASRB).

23, 1.17

35

3.12.34

3.12.3.4 CTV/Payload Carrier

3.12.3.10

3.12.3.10 HLLV/Mobile Launch Platform

3.12.3.10

The HLLYV shall interface with the Mobile
Launch Platform, and detailed requirements
shall be as defined in ICD-TBD (HLLV/MLP).

24 54

3.13

3.13 ENVIRONMENTS
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3.13.1

The Launch Vehicles shall be designed to meet
the requirements of MSFC-DOC-TBD (NE).
This capability or protection shall be provided
while on or in transit to/from the launch pad and
in flight.

2.4,

3.14

The 1.5 Stage LV and HLLV elements shall be
environmentally acceptable, by meeting the
requirements of all applicable federal and state
laws.

24

3.15

3.15 SAFETY REQUIREMENTS

3.15.1

3.15.1 Ground Safety

3.15.1.1

Launch vehicle safing shall be provided by GSE
during ground turnaround, maintenance, and
refurbishment operations.

3.15.2

3.15.2 Flight Safety

3.15.21

The LVs shall have capability to prqvi
warning of hazardous conditions and pig
for corrective action, abort actieg,
termination. :

3.15.2.2

7.15

The LV materials shalj:bq ,
characteristics which' hazards to
personnel or equigg
environment. g%

3.1523

35

3.15.2.6

Flight vehicle subsystems shall be designed to
prevent accidental activation/deactivation of
safety-critical functions or equipment which
would be hazardous to personnei or vehicles
during flight or ground operations.

35

3.15.2.7

Flight vehicle batteries shall be isolated and
surrounding equipment protected against battery
explosion.

35

3.15.29

Pressure vessels shall be protected against
overpressurization or underpressurization which
could be hazardous to personnel or flight

vehicle.

35

7.6

2.1-97
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3.15.2.10

The 1.5 Stage LV and HLLV shall comply with
the applicable launch site range safety
requirements (i.e., ESMCR 127-1 for the
Eastern Launch Site and WSMCR 127-1 for the
Western Launch Site).

35

3.15.2.11

The flight vehicles shall be designed to preclude
the concentration of flammable gases in critical
areas and closed compartments from exceeding
the lower flammable limit for the combination
of gases that may be present both pre-launch

and during flight.

35

3.15.2.11

The flight vehicles shall provide a sampling of
the concentrations of Hydrogen and Oxygen
where these fluids could exist.

3.5

3.152.12

A hazardous gas detection system capable of
periodic sampling of concentrations of
Hydrogen and Oxygen in the Core Stage
areas and closed compartments during asce
shall be provided. '

o oo

3.16

3.16 RELIABILITY REQ

3.16

The 1.5 Stage LV and HLE
reliabilities as defined in’!

3.16.1.1

The design reliaby foe LV shall

24

3.16.2

3.16.2

ments for critical flight
fs (except structure, thermal
protective system,individual subsystem basis
but shall not be less than fail-safe during all
mission phases. The fail-safe requirement does
not apply to the premature firing mode of
pyrotechnic devices and functional systems
except associated avionics and circuitry.

2.2,
35

3.16.2

Flight hardware will be designed to sustain a
failure of a single item of hardware and
software in any subsystem without loss of life or
vehicle.

3.5,
24

2.1-98
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3.16.2.1

Redundant systems, redundant subsystems, and
redundant major elements of subsystems (such
as assemblies, panels, power supplies, tanks,
controls, and associated interconnecting wiring
and fluid lines) shall be separated, or otherwise
protected, to ensure that an unexpected event
that damages one is not likely to prevent the
other from performing that function.

35

3.16.2.2

Electrical wiring of redundant systems,
redundant subsystems, or redundant major
elements of subsystems shall not be routed in
the same bundle or through the same connector
with wiring of the other system, subsystem, or
subsystem element.

35

3.16.2.3

Redundant functional paths or subsystems shall
be designed so that their operatmnal status can
be verified during ground operations w1thout :
removal of LRUs.

3.16.2.3

Exceptions to the in-flight venﬁcatm o
requirement of redundant functionatpath
include: A. Standby Redundanc (redu
paths where only one path is opSigtional”
given time). B All funcuo_al pighs

3.16.2.3

35

3.17

3.17 QUALITY ASSURANCE
REQUIREMENTS

3.17

The LV designs and manufacturing shall
comply with quality assurance provisions in
MSFC-HDBK-TBD (QA).

35

3.18

3.18 MAINTAINABILITY REQUIREMENTS

3.18.1

The 1.5 Stage LV and HLLV should be
designed to minimize required maintenance and
post-failure stand-down time.

24

2.1

8
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3.18.1

Hardware designs should consider human 0

factors, interchangeability and accessibility of
components and parts, use of on-board fault
detection and isolation systems, maintenance
personnel and skill requirements, and facility
and GSE requirements.

3.182

MAINTENANCE MEASUREMENT 24

REQUIREMENT Fault Detection and Isolation
to LRU level Time TBD hours Maximum LRU
Access Time TBD hours Maximum LRU
Replacement Time (including disassembly,
removal, repair and replace, re-assembly, align
and calibrate, and checkout) TBD hours
Average LRU Replacement Time (including
disassembly, removal, repair and replace, re-
assembly, align and calibrate, and checkout)
TBD hours Vehicle Close Out TBD hours

3.18.3

3.18.3 Accessibility

3.18.3

Flight systems, subsystems, equipmen
components should be designed wi
that contribute to the ease and rapidity
maintenance.

3.18.3.1

3.18.3.1 Location

3.183.1

3.18.3.2

3.18.3.2

The vehicle subsystem components shouldbe |0

arranged to permit close proximity of units
relating to a particular subsystem for
convenience in testing and troubleshooting.

3.184.1

The flight vehicle interfaces shall allow
interchangeability between any production
vehicle element or encapsulated payload that
may be selected to be mated or installed.

35

54

3.184.2

The flight vehicle hardware shall be
interchangeable except for those selected items
which will be replaceable.

3.5

2.1-100
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3.195 The LVs shall meet the requirements of NHB | 3.5
6000.1.
3.20.1 The selection of specifications shall be in 0
accordance with MM8070.2, except for
approved tailored specifications.
3.20.2 Engineering drawings, electrical diagrams, 0
schematics and associated lists for in-house
drawings shall be in accordance with MSFC-
STD-555.
3.20.2 Contractor drawings shall be in accordance with | 0
MIL-STD-100.
3.205 Electrical power shall be supplied
independently by each LV element with the
exception of the ASRB.
3.20.5 Electrical power returns from all loads sh
use the structure for power return.
3.20.5.1 Crimp and wire wrap electrical conne 4.1
shall be in accordance with NHE
3.20.5.2 4.1
accordance with
3.20.5.3 Printed wiring 4.1
with NHB S
3.20.54 Requiremen ¢ 4.1
i pds and electronic
accordance with NHB
3.20.5.5 Requirements for interconnecting cables, 4.1
harnesses, and wiring shall be in accordance
with NHB 5300.4(3G).
3.20.5.6 3.20.5.6 Grounding 0
3.20.5.6.1 | The DC power grounding shall be in accordance | 3.5
with MSFC-SPEC-TBD (EME).
3.20.5.6.1 | The DC power circuit returns shall be isolated | 3.5

from structure except at a Single Point Ground
(SPG).
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3.20.5.6.1 | Power returns to and within each box/unit shall 15
have a one megohm minimum resistance to the
box/unit case or structure.
3.20.5.6.1 | Secondary power returns shall be isolated from | 3.5 79, 7.17
primary power returns by one megohm dc¢ 7.14
resistance.
3.20.5.6.1 | Secondary power shall use individual SPGs. 35 79, 717
3.20.5.6.1 | The SPGs shall not be utilized as a normal 35
current-carrying path.
3.20.5.6.2 { Signal returns and control circuits referenced to 7.17
LV power shall be isolated from box/unit case
or structure.
3.20.5.7 Electrical bonding shall be in accordance wi 7.5, 7.17
MIL-B-5087 and MSFC-SPEC-TBD (E 7.9,
7.13
3.20.5.8 3.20.5.8 Shielding
3.20.5.8.1 | Individual circuit shielding shal 35
accordance with MSFC-SPEC-
3.20.5.8.1 | Circuit shielding shail . ; 35
level/sensitive ciffgits a e radiation
from potenti [ ’ uits.
32058.1 | Individual ci johall cover twisted | 3.5
pairs, triplets,
320.5.8.1 | All the return current shall be contained within | 3.5
the same shield as the outgoing current.
3.20.5.8.2 | 3.20.5.8.2 Overall Shields 0
3.20.5.8.2 | Overall Shields shall be in accordance with 35
MSFC-SPEC-TBD (EME) as modified by the
element EME Control Plan.
3.20.5.8.2 | The overall shield shall be isolated from 15
individual shields by TBD megohms dc
resistance and connected to structure ground at
each harness connector.
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3.20.5.9

Electrical fault protection shall be in accordance
with TBD.

24,
3.5

3.205.10

The LV shall be designed to be compatible
within itself and with other interfacing systems
in accordance with MSFC-SPEC-TBD (EME).

24,
35

3.20.5.10

The electrical and electronic components shall
meet the requirements of MSFC-SPEC-TBD
(EME) and MIL-STD-462, as modified by the
EME Control Plan.

3.5

73

73

3.20.5.11

The LV flight systems, subsystems, elements,
equipment, components, and materials shall be
selected and designed to prevent electrostatic
buildup and discharge.

35,

4.0(all |

3.20.5.11

Electronic equipment and components shall be
designed to withstand ESDs equal to or less
than 4000 volts to the case or to any pin on-
exposed external connectors.

3.20.5.12

High voltage design shall be in accordy
the criteria specified in MSFC-,

3.20.5.12

3.20.5.13

andMSFC’- 2 o L

the flight vehicle#acilities, and shipping and
handling equipment design meet requirements
and specifically identify the analysis and test
methods to be used.

24

3.20.5.13

Lightning protection for payloads shall be in
accordance with MSFC-SPEC-TBD (EME) as
modified by the element EME Control Plan.

24

3.20.5.14

Electrical, electronic, and electromechanical
parts shall be in accordance with NHB
5300.4(1F) and MIL-STD-975. Grade 1 EEE
parts are not mandatory.

4.1

3.20.6

3.20.6 Mechanical Fasteners

2.1-103
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3.20.6

Fastener allowable strength shall be in
accordance with MIL-HDBK-S.

4.1

3.20.6

Installation torque values for threaded fasteners
shall be per MSFC-STD-486.

3.1

3.20.6

Threaded fasteners used on safety-critical flight
hardware shall be in accordance with MSFC-
STD-561.

4.1

3.20.8.1

All materials of construction shall meet the
applicable requirements of MSFC-STD-506.

3.20.8.1

All metallic materials used shall meet the
requirements of MSFC-SPEC-522.

3.20.8.1

A material usage agreement shall be submitted
for each material required for use in all cases
where the material does not meet the applica
requirements of MSFC-STD-506.

3.20.8.2

All materials which are exposed to spi
vacuum and/or used near critical surfacy

meet the outgassing requireme; '
0022.

3.20.8.3

4.1

All metallic materials g e

attachment hardwage;
shall meet the strqgs
MSEC-SPEC-522%

4.1

3.20.8.4

Dissimilar m
combination ui
prevent electroly
SPEC-250).

4.1

3.208.5

Finishes shall be in accordance with MSFC-
SPEC-250. Cadmium plating shall not be used
as a finish material.

4.1

3.208.6

Materials used shall meet the flammability
requirements of NHB 8060.1.

4.1

3.208.7

Brazing shall be in accordance with
Specification MIL-B-7883.

4.1

3.209

Automatic identification and marking shall be in
accordance with TBD.

3.1

2.1-104
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3.20.10 The hardware and software should be free of 0

defects which could result in hazardous or
unsafe conditions or which could result in
failure of the system or materially reduce the
usability of the system for its intended purpose.

3.20.11 Equipment, structures, and components shali be | 3.5
designed to preclude hazard to personnel and
damage to equipment through handling and
inadvertent contact by ground personnel.

3.20.12 The LV coordinate systems shall be as defined | 3.5

in Appendix B of this document.
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2.2.1 INTRODUCTION

The Verification Plan documents and describes the overall verification program that is planned for a
project. The Verification Plan example provided in this section describes both a protoflight
verification program and a verification program that utilizes qualification hardware. However, a
project does not normally have a protoflight verification program and also utilize qualification
hardware at the integrated payload level.

The example for the Verification Plan has been developed using sections of the following
documents: (1) the Hubble Space Telescope, Assembly and Verification Plan, AV-05, SAV-1000
- prepared by the Lockheed Missiles and Space Company, Space Systems Division, for the Hubble
Space Telescope Program; (2) the Orbital Maneuvering Vehicle (OMV) Verification Plan, D08942 -
prepared by TRW, Electronics and Defense Sector for the OMV Program; (3) the Advanced X-Ray
Astrophysics Facility (AXAF) Verification Plan, VRO1 - prepared by TRW for the AXAF
Program; (4) the Hubble Space Telescope Phase III Safety Report, Volumes I and II, for JSC,
ST/SE-28 - prepared by the Lockheed Missiles and Space Company, Space Systems Division, for
the Hubble Space Telescope Program; and (5) the Hubble Space Telescope Phase III Safety Report
for KSC, ST/SE-28 - prepared by the Lockheed Missiles and Space Company, Space Systems
Division, for the Hubble Space Telescope Program. The example provides visibility of the type
and depth of information required in a Verification Plan.

22-2
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1.0 INTRODUCTION

This document is a Verification Plan which describes how the flight hardware and software will be
qualified and tested in compliance with the Verification Requirements and Specifications Document
(VRSD). Embodied within this plan will be a narrative of how several NASA centers and
Associated Contractors will have to interact in order to produce an effectively managed Verification
operation.

This document is further intended to be an overall Verification Plan. It is not intended to be:

As detailed as test procedures,

A contractual change document,

A scheduling instrument,

Timelines and manloading document,
An ICD (Interface Control Document),
An organizational control document.

[« ¥ I -NAULY S W

Therefore, block diagrams, layouts, tables, lists, etc., will be 2
and updated, if required.

ate as possible in nature

The Verification schedule in Figure 1-1 will be updated

- l‘ty power and wiring, facility
1 failed information that has to be
on as referenced herein.

Test Procedures/details, instrumentation lists, soft
detailed layouts, timelines, schedules, and othg
maintained in a current status will exist in other

1.1 Scope

This plan defines the activity for the
total verification cycle will be the de:
with the flight software throq

cation and acceptance testing. Involved in this
of the ground test software's ability to interface
ated (computer controlled) test complex.

¢ompatibility between the flight software directives and the
oviding a completely integrated spacecraft. These activities will
wfication (A& V) Facility, and at the Operations Control Center.

organizations, support organizations, the Verification Team, the
Test Certification Board (J€B), the participation of the Associate Contractors, Launch Site and the
Operations Control Center. The Ground Support Equipment (GSE), Special Test Equipment (STE)
and the facilities to support the A&V activities are also described. The methods, procedures and
controls for performing the A&V are outlined to provide the Customer and Associate Contractors
an overview of how the Contractor will integrate all elements into a Verification program.

1.2 Applicable Documents

The following documents are specifically referenced herein and are applicable to the extent
referenced:

AVl Verification Plan
AV-02 SSM VRSD
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MSFC/SAV1020 ST Verification Requirements and Specifications, Vol. I, ST
Integration Site
SAV1021 ST Ambient Functional Test, VRSD
SAV1022 SI System Integration (SSM/ES-SI) Test, VRSD
SAV1023 ST Assembly Prepower. VRSD
SAV1024 ST Systems End-to-End, VRSD
SAV1025 ST Modal Survey, VRSD
SAV1026 ST EMC Test, VRSD
SAV1027 ST Acoustic Test, VRSD
SAV1028 ST TV/TB Test, VRSD
SAV1029 ST Pre-Ship Preparation, VRSD
SAV1040 ST Launch Site, VRSD
AV07 ST Test Procedures
AV-08 ST Verification Report
CM-05 Acceptance Data Package
DM-01 ST Command List "
DM-02 ST Instrumentation Program and Corg nt List
DM-03 SSM/ST Ground Test Software
DM-04,Vol IV ST Flight Software Verification P
DM-11 SSM/ST C&DH Software Intggface Pl
DM-14 ST Engineering Telemetry Galijati
LAC3605 Electrostatic Sensitive H :
LS-0Ol1 Logistics Plan ;
LS-03 ST Government Fu yplent Management Plan
OP-01,Vol I ST Launch Site Q equirements

OP-04 ST Launch Site O rocedures (Off-line)
OP-05,Vol I Procedures Input (On-line)
OP-05,Vol IV Procedures Input
PA-01
PA-02
SE-09 ompatibility Plan
LMSC/D796518 umentation Schedule
ST ICD-01 Anterface Control Document
ST ICD-IO0A oF Interface Control Document
LMSC/D80139 Command List
LMSC/D80} fineering Data Base User's Guide
LMSC 417575 SE/STE Requirements Specification
LMSC/D7929 #ST Environmental Test Instrumentation Plan ,
JSC 14009 Payload Integration Plan (Annex 8) - ST Launch Site Support Plan
(K-DPM-11.5)
1.3 Document Maintenance And Control

This SAV10O0OB plan is a Level II document under MSFC control and maintained by LMSC. The
project manager will control any changes to this document should they be required. Updates will
be made on a page substitution basis and approved by the Level II Configuration Control Board
(CCB).
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2.0 DESCRIPTION OF THE HUBBLE SPACE TELESCOPE

2.1 Deployment Mission

The Hubble Space Telescope (HST) is a high quality optical 2.4 meter telescope system operating
in earth orbit. The Space Shuttle will launch the HST into an approximate circular orbit of 320
nautical miles altitude.

HST removal from the payload bay begins with transfer of vehicle power and umbilical
disconnect. The HST Operations Control Center, will configure the vehicle to minimize the battery
Depth of Discharge (DOD) when the HST is switched to internal power. The vehicle is grappled
using the RMS, the HST is switched on internal power, and external power is turned off, both
controlled by the Standard Switch Panel. The umbilical and Payload Retention Latch Assemblies
(PRLA) are disconnected remotely and the vehicle is removed from the cargo bay and oriented to
allow crew observation of the Solar Array (SA) Deployment.

power are turned on after
1{atches are released, and

Solar Array Deployment activities are begun when the MCU an
RMS positioning of the HST for appendage deployment. The S
then the aft latches. The primary deployment mechanism
deployed. After primary deployment is accomplished the
delayed for ten minutes to allow the arrays to warm. After
arrays will be commanded to perform a series of s
slew capability, the High Gain Antenna (HGA) dep
(GEAs) are activated to a stable configuration thuf
Then the plus and minus HGA latches are rele
Wheel Assembly (RWAs) will be turned or
occurs after Pointing Control System (PCS
RWA, MTE).

deployment is complete the
gowing verification of the SA
Gimbal Electronics Assembly
)¢ HGA masts deployed. The Reaction
ip‘Commands sent. The release of the HST

of draft mode (zero torque commands to

2.2 Systems Deseri

Systems Module (SSM), the Optical Telescope Assembly

MicAnstruments (SI), and OTA equipment section. Various

the HST and govern electrical power, pointing control,

Rpypications (1&C), solar array wings and control electronics, and
cal ] glationships of the HST are shown in Figure 2-1.

(OTA), Solar Arrays (S il
subsystems are an inggri
Instrumentation an

The SSM will provide strgetural support, thermal control, electrical power, communications, data

management, and pointing control in support of the OTA, OTA equipment section, SI, and SI

Control and Data Handling (SI C&DH) module. The primary mode of communication for the HST

will be through the Tracking and Data Relay Satellite System (TDRSS) to the HST Operations
- Control Center (STOCC). :

The HST uses a Pointing Control Subsystem (PCS) to provide vehicle maneuvering during on-
orbit operations, attitude-reference signaling, and attitude control and stabilization. These
capabilities are implemented through PCS sensors, actuators and associated electronics, the On-
Board Computer (OBC: DF-224), Fine Guidance Sensors (FGS), and support from other vehicle
subsystems.
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2.2.1 Support Systems Module (SSM)

The SSM provides structural support, thermal control, pointing control, data management,
communications, and electrical power to support the OTA and SIs with associated control and data
handling.

The structure consists of aluminum semi-monocoque cylinders which house the telescope and
Scientific Instruments, annular box sections which house the spacecraft electronics and an Aperture
Door (AD) for light and contamination control.

The Support Systems Module Equipment Section (SSM-ES) is an annular section containing the
spacecraft electronic and control equipment. This section serves as the structural support for the
Optical Telescope and Scientific Instrument assembly. It also transfers launch loads from the
Hubble Space Telescope to the Shuttle Orbiter via the main trunnions and the keel fitting. A 150°
toroidal equipment section just forward of the main equipment sectitg houses Optical Telescope
Assembly electronics. Both the Support Systems module and ical Telescope Assembly
equipment sections have compartment doors to allow ready*a fqr ground and on-orbit
maintenance. Many spacecraft electronic boxes are designed

The Scientific Instruments, located behind the Telesco
sunlight and its thermal effects by a cylindrical shrog
Shroud (AS) provide maintenance access to the:S

yAnirror, are protected from
thead. Large doors in the Aft

(WF/PC) is retained by two guide pins,“an; 3@
mechanism. The Fine Guidance Sensor (FG?
an active latch. All active latches anddgonn
automatically locked by a springel \
verified prior to shipment. ZE

Fare driven by long threaded shafts, which are
‘latch. Proper latch positions and shaft locks are

Thermal control is accom & tly®dy passive means, utilizing selective thermal coatings, and
multi-layer insulation /Supplerienta¥ heaters are required for the primary mirror, focal plane
structure, the Scientifis 3 meMss, and where close temperature control is required. Heat pipes
are utilized by two instigrreng (FOS, WF/PC). Each heat pipe contains about a teaspoonful of
ammonia. Analysis sh o Oxic or corrosive hazards.

Space Telescope's Pointing Control System is an operationally critical design element since it must
slew the spacecraft from one target region of the sky to the next and maintain stability of .007 arc-
sec for period of up to 24 hours. To do this, the spacecraft computer calculates required torque
from optical and inertial sensor error signals and commands four large reaction wheels, to slew the
spacecraft and to point it at selected objects. Four magnetic torquers are commanded by the
computer to react against the Earth's magnetic field to provide torque’s necessary to keep reaction
wheel speed within operating limits.

Two fine guidance sensors provide pitch, yaw and roll error signals as they "guide" on two
reference stars of known magnitude and posit on. A third fine guidance sensor is a redundant
element for pointing control and will be used as a Scientific Instrument for astrometric
observations. Other essential elements of the pointing control subsystem include rate gyros, fixed
head star trackers, sun sensors and the electronics associated with each sensor element. The rate
gyros provide inertial reference guidance error signals during slew maneuvers and also assist the
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Line guidance sensors during guide star acquisition. Fixed head star trackers are used for initial
acquisition of large star fields and re-acquisition whenever guide star references are lost.

The Data Management Subsystem and its central computer serve as the nervous system and brain
for Hubble Space Telescope. The computer is a triply redundant device which processes and
controls all software subroutines required for operation of spacecraft systems. Most commands are
routed through or stored in and executed from the computer. A data-bus transmits these commands
to the user subsystems and returns data to the computer, recorders, and transmitters.

Science data is processed through a Scientific Instrument Control and Data Handling (SIC & DH)
Unit. This unit has its own computer which accepts, decodes and distributes unique Scientific
Instrument commands. It also serves as the central point for formatting scientific data to be
recorded or directly transmitted to the ground. The Science Instrument output data represents the
principal product of each observation. These data go to the ground station and are then transmitted
to the observer for evaluation.

%on-board engineering data,
aen processed and executed
d the spacecraft will
# Systems (TDRSS). A
¥{racking data for about 70
access mode capability per

The Instrumentation and Communications (I&C) Subsystem acquig
transmits it to the ground and receives up-linked commands which
by the data management subsystem. Communications between thi
be relayed via two synchronous orbit Tracking and Data Relay S
multiple access mode communicates engineering data, ¢ jands,,
minutes of the spacecraft's orbital period. Twenty mini» si

orbit down-links scientific information and recorded

neration, energy storage, conditioning,
% of energy come from two flexible
' Space Agency (ESA). The arrays are
t6r System (RMS) just prior to deployment
. Both arrays rotate about the pitch axis during
srmal to the Sun during observations. The Space
n of all subsystems and instruments. Energy is

control, and distribution. The spacecraft's
unfurled Solar Arrays (SA) supplied by
unfurled while the HST is on the Remote")
from the Orbiter and are retracted prigg to re
slew maneuvers to maintain solar cel
Telescope utilizes an average of &3 k
stored in six 60 amp-hour nigk
users at a nominal 28 volts

or operations at KSC are the Electrical Power Subsystem

Subsystems that are § ,
ACommunication Subsystem (I&C), and the Structures and

(EPS), the Instrume
Mechanisms Subsyste

2.2.2 Optical

The OTA system consists of a 2.4m Ritchey-Chretien Optical System, its associated support and
baffle structures, and a focal plane assembly consisting of fine guidance and wavefront quality
sensors. It also includes a precision structure that maintains OTA alignment to the f/24 image as
well as providing support for five SIs. The OTA operates in a spectral range from 1.2 x 103
angstroms to 1.0 x 107 angstroms, and can detect stellar objects of a visual magnitude (my) of 27
or brighter. The primary mirror is mounted in a titanium cell by an all-mechanical, positive
registration constraint system. Glass-to-metal interface stresses are compressive regardless of the
loading direction. Strip heaters are located behind and around the edges of the mirror, on the focal
plane structure, and on the Fine Guidance/Optical Control subsystems to maintain the temperature
at 70°F +2°F. This precludes any optically significant thermal effects between laboratory and on-
orbit environments.

Telescope Assembly (OTA)
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The secondary mirror, located 193 inches forward of the primary mirror, is 14 inches in diameter.
The secondary mirror mount has a five-axis adjustment capability for establishing alignment after
on-orbit deployment and for periodic realignment B if required.

2.2.2.1 Optical Telescope Assembly Equipment Section (OTA-ES)

Electronics for the fine guidance sensors, Optical Telescope Assembly thermal control and power
distribution are located in the 150° toroidal Equipment Section attached to the forward shell (FS)
and the forward face of the Support Systems Module's Equipment Section on the -V3 (cold) side
of the spacecraft This section is slotted at the forward end for the HGA attachment to the FS.

2.2.3 Fine Guidance System

The Fine Guidance System includes the Fine Guidance Sensor (FGS) and the associated Fine
Guidance Electronics (FGE) necessary to provide error signals to the HST PCS. The three FGSs
are located radially around the outside edge of the OTA. Starting with an initial error as large as
+30 arc sec, the FGS generates attitude error signals during fi ring about two orthogonal
axes contained in a plane normal to the HST V1 axis. The PCS torques on the HST to
null the pointing error and thus stabilize the target image, to ithin 'sec about the selected
k. ements of the angular
distance between stars within its Field of View (FOV) w1tﬁ” ithin +0.002 arc sec.

The FGS receives light from a pair of stellar sourc er) and detects motions about

three axes relative to these sources. The FGS is thg accurffe and the most complicated of the
sensors, and measures the angular position es the principle of interferometry to
obtain an error signal that is accurate to fraoi argSecond. Two of the three FGSs are used
by the PCS to perform stellar pointing of 1g nning. These sensors are used for attitude
correction of the telescope Line-of-Sight (L Aensor that is not used for telescope pointing,
which can be any one of the three FG: t be available for astrometric measurement

respect to the FOV; primary&qrfets nfovifig with i'espect to the FOV; and a scan to obtain the
transfer function for each bject it V.

2.2.4 Scien uments (SI)

Five independent SIs re foyed on the HST to achieve a set of specified scientific objectives.
The SIs consist of a numbefof interconnected subsystems and components, including standardized
enclosures. None of the SIs contain significant stored energy. The SIs assigned to the HST
include:

Faint Object Camera (FOC)

High Resolution Spectrograph (HRS)
High Speed Photometer (HSP)

Faint Object Spectrograph (FOS)

Wide Field/Planetary Camera (WE/PC)

2.2.4.1 Faint Object Camera (FOC)

The FOC was designed to utilize the full optical performance of the HST, reaching the faintest
limiting magnitudes (as faint as 28th magnitude) and highest angular resolution possible.
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Two detectors are provided, each consisting of an image intensifier tube coupled to a camera tube
by a lens. The detectors are supported by a Carbon Fiber Reinforced Epoxy (CFRP) optical bench
which also supports the shutter mechanism, filter wheels, folding mirrors, and spectrograph. The
video signals are amplified to logic levels and are analyzed in a pattern recognition circuit intended
to discriminate between ionic noise and photon events. Accepted events are accumulated in a data
store in time periods up 10 hr. and then telemetered to ground on demand. Close thermal control
with active heating is necessary to limit image drift during the exposure time. Electronic counters
are provided to connect the 2&V supply bus to 28Vac for internal distribution. The detectors use
40kV and 12kV supplies and a permanent magnet to provide the required electro-optical gain. An
on-board computer, redundant data handling units [SI Control and Data Handling (SI C&DH)],
and additional electronic boxes are provided to operate the mechanisms and thermal control.

2.2.4.2 High Resolution Spectrograph (HRS)

The HRS is designed to take high resolution spectral images in the ultraviolet region ( 105 NM to
320 NM) with spectral resolving powers R =2 x 10 ( equivalent to cities of 15 km/sec), and in.
the region 110 NM to 320 NM with R = 1.2 x 105 (corres ig to 2.5 km/sec). These |
characteristics represent a major improvement over the perform; of previous generations of
ultraviolet space observatories such as Copernicus and the Internatic wviolet Explorer (IUE).
Objects one thousand times fainter than those detectable by.
The high spectral resolution will enable sharp-lined spectrd

The HRS is installed in a standard SI axial module;
detectors to isothermalize them, thus allowin
observations. The overall thermal control syst
facing other Sls, and radiating walls facing

angé€ in detectors between successive
combination of heaters, insulated walls

2.2.4.3 High Speed Photomef\

The HSP consists of a number of.ima ggectdrs, their associated electronics, and a focal plane
) § principle is that the face plate in the focal plane

g
gge dissector aperture is determined by the largest field stop
2.9 arc sec diameter). The other apertures are 1.4 arc sec and
¢ from one aperture to another is effected by moving the HST as a
«an be commanded to receive photoelectrons from any one of the
nbinations available.

filter-diaphragm-polarize:

The HSP is designed to operate in a temperature range of -15°C to +35°C (5°F to 95°F). Thermal
control is passive; i.e., operating power is dissipated by radiation to the HST aft shroud.

2.2.4.4  Faint Object Spectrograph (FOS)

The FOS is designed to obtain spectra of astronomical objects at the faintest possible limiting
magnitude in the ultraviolet and visible wavelengths. The spectrograph covers a broad spectral
range and is intended for spectroscopy primarily at modest spectral resolution. The spectral profiles
of broad emission and absorption features, and continuum flux distributions are to be observed in
both extended and point sources.

The FOS is installed in a standard axial SI module. Heat pipes carrying heat away from the Digicon
detectors to radiators on the FOS module surface satisfy the thermal control requirements. The heat
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is radiated to the HST aft shroud and dissipated into space. The system is cold-biased, and
thermostatically-controlled heaters maintain the optical bench within operational temperature limits.

2.2.4.5 Wide Field/Planetary Camera (WF/PC)

The WF/PC is a high resolution imaging system that incorporates both wide field and planetary
cameras. The detectors provide a spectral range into the far ultraviolet (1.160 x 103 angstroms) as
well as into the near infrared (1.150 x 10 angstroms). Also included is a filter carousel carrying up
to 50 spectral filters, polarizers, or transmission gratings.

The WF/PC is the only radial SI and is installed in a different envelope than the other four SIs.
Thermal control of the WF/PC includes heat pipes that conduct heat from the image detectors to an
external radiator that forms part of the external surface of the aft shroud. An annular gap around the
radiator (with a light seal) provides a pressure vent for the aft shroud during ascent and reentry.

2.2.4.6  Scientific Instrument Control and DatagHandling
(SI C&DH) Module

The SI C&DH module provides the command and data i

The SI C&DH module is an end item consisting of componk : ace with the individual
SIs for operational control, monitoring, and formatting eerir

2.2.5 Solar Array (SA)

The SA consists of two wings each comprising
by mechanisms. The Primary Deployment
stowed position at the side of the SSM toy
Secondary Deployment Mechanism 4§DM)’
after the PDM has deployed the wings>
orientation of the array is supplid bje
system. The boxes are: the Dy
SDM, and the Solar Array.Pn
Power is generated in 20'Qu

mAPDM) deploys the array wing from its
‘perpendicular to the spacecraft body. The
'S the blankets from a rolled up configuration
kdrive power for deployment or retraction and for
leCepfiic boxes within the SSM via a harness in the SA
pbymelf Cotitrol Electronics (DCE) which deploy the PDM and
: (SAD8Electronics (SADE) which orients the array as required.

(8, _ i¢s of solar cells known as Solar Panel Assemblies (SPA),
and is fed via 20 separgfe g1 4 thrbugh isolating diodes in the diode boxes (one for each wing)
and then to the SSM poweksyster. To prevent bearing damage by brinelling during launch, the
SAD Mechanism (SADMg bea¥ings are off-loaded. Before operation of the SADM, it is necessary
to release this load, whichNg/4ccomplished by a one-shot device known as the Off Load Device (
OLD). Redundant drive cacuits are provided and, as a last resort, provision is made for astronaut
intervention to enable release of the CLD, orientation and locking of the array, deployment or

retraction of the blankets, deployment or retraction of the arm, and jettison of one or both wings.

2.3 Subsystems

2.3.1 Electrical Power Subsystem (EPS)

Electrical power is provided to the various HST systems by the EPS. The EPS consists of six
type-44 nickel-cadmium batteries, Charge Current Controllers (CCC), two solar array wings and
associated electronics control assemblies, one power control unit and four power distribution units,
cabling and connectors, two umbilical connectors, and two test connectors. Electrical power is
generated by the solar arrays and stored in the batteries for use during non-sunlight on-orbit
operations.
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2.3.1.1 Batteries

The batteries selected for use in the HST electrical systems are type-44 nickel-cadmium battery
assemblies. They are comprised of sealed cells, and are long-life, reconditionable batteries
requiring no maintenance. The battery configuration consists of 23 series-connected rectangular
cells. Each cell is enclosed in a type-304L (corrosion resistant) steel case that is 0.025-inch thick.
The electrolyte is a limited quantity solution of 30 percent potassium hydroxide (KOH) and 70
percent distilled water, resulting in a specific gravity of 1.30.

Sealed cells are designed to operate under normal conditions at low gas pressures from O psig to
100 psig. Each cell is provided with a resealable safety vent. The safety vent is designed to open~
(if such pressures were to occur), release this pressure within the battery case, and then
automatically close. The vent system protects the cell by opening if the pressure reaches 200 psig +
25 psig, and reseals at 100 psig. The battery case is designed with a pressure relief valve set to
relieve pressures at 15 psig + 5 psig.

The batteries will be located in the SSM equipment section. Three b
access door of Bay 3 and three batteries will be installed on the:
has internal heaters to maintain the battery temperature within a ran

ies will be installed on the -
dgor Bay 2. Each battery
to 60°F. o

2.3.1.2 Battery Protection and Recond in§ €ircuit (BPRC)

The BPRC shall be capable of providing protection ¥y ensuring that no cell reverses
polarity during reconditioning. During normal o C circuit is isolated from the cells
by reverse biasing diodes. When the battery digchg
Schottky diodes to become forward biased
output voltage. If a cell fails to maintainz
voltage and provides the path for the battery d
share of the vehicle load. '

2.3.1.3 Charge C

HST battery charging, bog
solid-state CCCs. Th
essentially a multi-L

. CE€Cs, each dedicated to a specific battery. Each CCC is
#hperature control of battery charging through two independent
connect either a portion or all of its solar array (or GSE) charging
source by energizing or d&ep€rgizing its dedicated relays in the Power Control Unit (PCU). No

charging will occur abov

2.3.1.4 Power Distribution Unit (PDU)

The PDU controls the power going from the main buses to the using equipment. The large number
of electrical circuits needed for the SSM, including complete redundancy, requires that the power
distribution be segregated into four separate units. The PDU design includes diode blocking to
provide power isolation, fusing to protect against fault current in one subsystem propagating a
failure into another, and instrumentation necessary to monitor the health of the EPS. Fuses for
orbital replaceable equipment are contained in three replaceable fuse plugs on each PDU.

2.3.1.5 Power Control Unit (PCU)

The PCU provides the power interface between the solar arrays, the six flight batteries, and the
four PDUs. The PCU provides redundant, unregulated power buses with switching capability for
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isolating the A, B, and C diode buses in the event of a short circuit. Switching is also provided for
reconditioning the batteries on-orbit. It also provides an interface between the test plug (located in
+V trunnion bay of the SSM equipment section) and the batteries for trickle-charging during
ground testing. The interface between the umbilical power wiring and the main bus is in the PCU.

2.3.2 Instrumentation and Communications (I&C) Subsystem

The I&C subsystem provides the HST SSM with a capability to receive commands from the
ground and transmit data through TDRSS. All RF-commandable functions (including RF
transmission or appendage deployment) require a predetermined series of multiple-bit digital
commands for activation. This precludes inadvertent activation of any function. A capability to
interface directly with the NASA Ground Spaceflight Tracking and Data Network (GSTDN) is also
provided. The 1&C subsystem includes all onboard equipment required to complete the
communication loop with the HST.

Hardware in the instrumentation subsystem includes the Instrumeg
temperature sensors, and signal conditioning electronics not i
equipment units. Communications hardware includes Multiple A
Single-Access (SSA) transmitters, antennas and pointing system, ¢
circulator switch, RF multiplexers, RF transfer switches, diglexers

tion Control Unit (ICU),
ated in other subsystem
\) transponders, S-band
les and waveguides, a
(4 switches.

2.3.2.1 Instrumentation Control U

ing for the numerous temperature
:L.to provide continuous monitoring of
uipment section.

The ICU provides electrical power control and s
sensors. Temperature sensors are mounted withi
vehicle health. The ICU is located in bay 8

2.3.2.2  Multiple Acces

The MA transponder consists of-an i, ge€eiver, command detector, and a SW transmitter
capable of TDRSS service ajthe TDRSS forward link (TDRSS-to-HST) frequency of 2106.4
MHz (nominal) and a return Ik ;
transponder is also compagible w
transponder system. The tWo M
equipment section.

2.3.2.3 S-Band Sj gie Access (SSA) Transmitter

) ASA GSTDN. Diplexers are included as part of the MA
rafisponders are located on the comm tray in bay 5 of the SSM

Two SSA transmitters provide a communication return link from the HST to TDRSS. The
transmitter operates at a frequency of 2255.5 MHz (nominal) with a power output of more than
13W. The SSA transmitters are located on the comm tray in bay 5 of the SSM equipment section.

2.3.2.4 Antennas and Pointing System

Two High Gain Antennas (HGAs) transmit science data and engineering telemetry to TDRSS. The
HGAs are of a paraboloidal design, mounted on retractable masts, and installed on the +V3 and
-V3 vehicle axes. A two-axis gimbal pointing system is located at the ends of each deployable mast
and is controlled by the antenna pointing system gimbal electronics. The HGA pointing system can
accept orientation commands from the STOCC with the SSM in the safe mode.

Two conical spiral Low Gain Antennas (LGA) receive specified ground commands and transmit
specified engineering telemetry during deployment, retrieval (outside Orbiter bay), and contingency
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operations. The LGAs are used with the MA transponder for a forward link, but are not used as
transmitters during normal operations. The two LGAs are mounted at opposite ends of the SSM,
approximately 180 deg apart. The LGAs operate in the 2100 MHz to 2300 MHz frequency range.

2.3.2.5 Circulator Switch

The circulator switch allows the communications subsystem to switch between either MA
transponder receivers. The RF circulator switch i9 activated by STOCC commands. The circulator
switch is located on the comm tray in bay 5 of the SSM equipment section.

2.3.2.6 RF Multiplexer

The RF Multiplexer combines the RF output of one MA transmitter (engineering data) through
transfer switch H11 and either RF switch, with the RF output of one SSA transmitter (science
data), through transfer switch H12, and routes the combined RF signal to one of the HGA. There
are two RF multiplexers, which are redundant, as each multiplexer carfgeceive inputs from any one-
of the two MA transmitters and from any one of the two SSA tr , through the two transfer
switches. Both RF multiplexers are located on the comm tray the SSM. equipment
section.

2.3.2.7 RF Switches

Each RF switch receives the RF output of transfi
a Diplexer (LGAs) or to a multiplexer (HGAs
in bay 5 of the SSM equipment section

2.3.2.8 RF Transfer Switc

The RF transfer switch will route th
H12 RF transfer switch will gbut
Multiplexer. The two RF trangf
equipment section.

11 h RF switch routes the signal to
switches are located on the comm tray

‘either MA transmitter to either RF switch. No.
al from either SSA transmitter to either HGA
e located on the comm tray in bay No. 5 of the SSM

2.3.2.9 Di

1isponder units but are mounted separately on the comm tray in bay
als from the LGAs to a common RF circulator switch, and routes
RF switch to the respective LGA, and may do both simultaneously.

Diplexers are part of the
5. Each routes incoming
outgoing signals from ei

2.3.2.10 Coaxial Cables and Waveguides

Standard coaxial cables and waveguides interconnect the various communications hardware.

2.3.3 Structures

The HST SSM provides the structural support to mount components of the SSM subsystems and
other structural elements. Major structural elements of the SS'I include the SSM Equipment
Section (SSM-ES), the Forward Shell (FS), the Light Shield (LS), and the Aft Shroud (AS). The
aft shroud includes the Aft Bulkhead (AS/AB).
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2.3.3.1 SSM Equipment Section

The SSM Equipment Section (SSM-ES) is a hollow cylinder 61.25 inches long and 168 inches in
outer diameter. Inner diameter is 120 inches, to accommodate the OTA. The basic structure is
aluminum with four annular rings (two outer and two inner rings). The rings and connecting
structural members are either bolted or riveted together.

The SSM-ES is the primary support structure for the HST. The FS is bolted to the front annular
ring, and the AS is bolted to the rear annular ring. The HST is supported in the Orbiter cargo bay
by three trunnions and a keel fitting. The two aft main trunnions and the keel fitting are part of the
SSM-ES.

2.3.3.2 Forward Shell (FS)

The FS is a 121.2-inch diameter and 156.1 in. long structure that surrounds the OTA but is not
attached to it. A series of external forged aluminum alloy rings providle stiffness to the integrally
stiffened sheet aluminum shell skin, and attachment points for.. sory hardware mounting.
Accessory hardware includes the followmg

Solar array wing supports (2)
Solar array aft latch supports (2)
Forward trunnion

Magnetic torquer supports (4)
High Gain Antenna (HGA) sup
EVA handrails
Foot restraint support socké

The FS is the primary structural supp forward trunnion used for HST ground handling
and for HST mounting in the Orbjter ¢
nd fittings (Factor of Safety of 1.25 yield, 2.0 ultimate)
the design limit loads) provides assurance that trunnion

cal structure 120 inches in diameter and 157.5 inches long. The
complete light shield assembly is attached to the ST Forward Shell. The LS has integrally
stiffened, machined aluminum/magnesium skin with longitudinal ribs, and internal annular rings
with optical baffles attached.

The Light Shield provides:

. Stray light shielding for the OTA protective envelope
. Structural mounting for the

- Aperture door

- Forward LGA

- LGA Waveguide

- Forward scuff plates.
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The Light Shield includes:

Latches for both HGAs and AD

Two forward latches for the solar arrays
Two magnetometers

Two sun sensors

EVA handrails

Three foot restraint support sockets.

2.3.3.4 Aft Shroud

The Aft Shroud is a cylindrical structure with an inside diameter of 168.0 inches at the inside of the
outer skin and a length of 138.0 inches. The assembly is closed at the aft end with a flat
honeycomb bulkhead (attached through ring segments), and the front end of the assembly is
attached to the SSM Equipment Section. The structure provides protection for and access to the
SIs, FHSTs, WE/PC, RSUs, and FGSs. Access doors are provided f@ EVA astronauts for axial
SI, WF/PC, and FGS changeout, and access to FHSTs and rate

maintenance missions.

I ace€ss, one centered on the +V axis

Two pairs of double access doors are provide ,
ss door is provided for FHST and RSU

and the other centered on the -V, axis. A d
access centered on the -V3 axis.

2.3.4 Mechanisms

2.3.4.1 Mechanism (MCU)

The MCU contains mtemall -lectronics to control the deploy/retract actuators of the

Solar arraylatches
The commands to the MCU are provided by the Data Management System (DMS). In addition to
controlling routine deploy/retract functions, the MCU will initiate Aperture Door (AD) closure in

response to bright object detector sensors and safe mode system signals. The MCU is installed in
the SSM Equipment Section Bay 7.

2.3.4.2 Aperture Door Assembly

The function of the Aperture Door (AD) is to preclude direct sunlight from entering the viewing
aperture and to control stray reflected light. It also provides environmental contamination protection
for the OTA during ground handling operations, ascent, orbit, and re-entry.

The Aperture Door assembly consists of the structural assembly, two hinges
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(active and slave), a latching mechanism, and two electrically operated rotary drive actuators (one
for the active hinge and one for the latch).

2.3.4.3 High Gain Antennas (HGA)

Mechanisms for two HGA systems are provided. Each antenna subsystem consists of a 51-inch-
diameter parabolic dish and feed, a two-axis gimbal drive, a mast, the deploy/retract/jettison
system, and latches. The HGAs are stowed against the SSM (FS and LS) structure (one on the
+V3 and the other on the -V3 side of the HST) while in the Orbiter cargo bay and are deployed or
retracted upon command by a reversible motor-driven hinge mechanism.

The HGA hinges are mounted on the aft end of the Forward Shell structure; the stowage latching

mechanism is mounted on the aft end of the Light Shield structure, with the mast approximately
parallel to the V axis. The preload value for the HGA latches are 865 1b., +120, -0.

2.3.4.4 Latch Mechanisms

The latch mechanisms are designed to secure the Solar Array wi

GAs, and the Aperture
Door until each is to be deployed and then re-secure them at_ e ti

¥ retrieval. They all are

¢dosed-and-preloaded position.
intil the stepper motor operates
HO smo " The latch mechanisms are driven
ti¥e, housing is provided for the latching

return to the stowed position; closed and ready to
When in the preloaded position, the latch cannot rei‘

by the bi-directional rotary drive actuators.
mechanism. All latches can be manually di

2.3.4.5 Bi-directional

rotary drive actuators. This brtifhless, is a three-phase, six-state wye- connected L.5- deg
permanent magnet stepper ¢
Each of the three- phas_:h iwinding“eon 1gurat10ns is coded into six discrete operating states.
segthe direction of motor rotation.

2.3.5 Pointir “dntrol Subsystem (PCS)

The PCS provides the with the capability of pointing at designated targets with sufficient
accuracy and for the necessary period of time to achieve mission objectives.

The primary PCS functions provide attitude reference, attitude control and stabilization, and vehicle
maneuvering during HST orbit operations. These functions have been implemented by using PCS
sensors, actuators and associated electronics. Functional control is provided by an on-board
computer in the Data Management System (DMS)), and other support from vehicle subsystems. A
limited amount of ground support consistent with Tracking and Data Relay Satellite (TDRS)
coverage will be required for data updates and commands. In the event of two major PCS failures,
a backup system provides vehicle control and stabilization for HST retrieval by the Orbiter.

The secondary functions of the PCS prov1des momentum desaturation, equipment calibration,
health status determination, failure detection, isolation, and safemode attitude control.

The PCS operates in a digital mode, uses software modules resident in the flight computer (DF-
224), and hardware items physically located throughout the HST.
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There are five different types of sensors that record HST attitude and rate measurements. These
sensors are: Fine Guidance Sensor (FGS), Fixed Head Star Tracker (FHST), Coarse Sun Sensor
(CSS), Magnetic Sensing System (MSS), and the Rate Gyro Assembly (RGA).

The DMS DF-224 computer calculates the control law, attitude updates, momentum management
law and the command generators. To limit structural mode acceleration, the command generators
shape the acceleration and incremental angle commands to the control systems in an accelerate,
coast and decelerate pattern (DF-224 and Software).

Finally, actuators turn the control signal into torques that move the vehicle. There are two kinds of
actuators: the Reaction Wheel Assemblies (RWA), and the Magnetlc Torquers (MTs). Redundant
hardware elements are provided to allow a timely resumption of science operations following a
detected anomaly in system behavior.

The HST PCS is designed to meet the fine pointing performance
maneuver the telescope 90 deg in 20 min. or less, and to provide
from, and retrieval by, the Orbiter. The PCS provides the capabili
acquisition, and fine pointing based on time-tagged stored program
for realtime interactive commands from the STOCC. Redugidanc
extent that one failure permits the mission to be contin
recovery by the Orbiter.

capability for deployment
utonomous maneuvering,
ds as well as the ability
vided in the PCS to the
lures will not preclude

The PCS is made up of the following component

Reaction Wheel Assembly ( *
Coarse Sun Sensor (CSS)
Rate Gyro Assembly G
Fine Guidance Senso

onic Assembly (PSEA) (1, Internally Redundant)
ystem (2 provided, 1 required)

2.3.5.1 heel Assembly (RWA)

Four RWAs are provided to generate control torques. The system can operate with three RWAs,
should one fail. The input axes of both the rate gyros and the torque-producing axes of the RWAs
are skewed relative to the HST LOS coordinates to provide system redundancy. Each reaction
wheel has a 0.82 Newton-meter torque capability, +5,500 rpm maximum speed with 34 Vdc
power and 0.84 Kg-m rotor inertia. The RWAs are installed in Bays 6 and 9 of the SSM
equipment section. Each RWA spin axis is oriented at 45 deg to the V; and V3 axes, and 20 deg
above the V;-Vj plane.

2.3.5.2 Coarse Sun Sensor (CSS)

Four analog sun sensor units are provided to detect incident solar radiation within their FOV and
convert this information to sun presence signals and to sun direction signals. Each unit contains
three monitor sensors that provide the presence signals and a dual redundant control sensor that
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provides the direction signals. Zero sun angle, or null of the unit, occurs when the +z axis is
aligned with the sun vector. The null accuracy is less than +1.5 deg for each axis.

2.3.5.3 Rate Gyro Assembly (RGA)

Three of six onboard gyro channels are required to provide rate and attitude information used in
controlling the HST. Four rate gyro channels are normally used. The gyros have a dual-rate range.
The high-rate scale range is 0.5 deg/sec with a pulse weight of 0.015 arc sec. The low-rate scale is
20 arc sec/sec with a 0.00025 arc sec pulse weight.

2.3.5.4 Fine Guidance Sensor (FGS)

The three FGS are located radially around the outside edge of the OTA. Each FGS is about five
feet long and weighs 486 1b. The FGS generates attitude error signals during fine pointing about
two orthogonal axes contained in a plane normal to the HST VI axis. The PCS then controls
torques on the HST to null the pointing error and thus stabilize the targt image.

2.3.5.5 Fixed Head Star Tracker (FHST)

rch for and track stars in a
magmtude data. The star

The FHST is an electro-optical device that uses an image
large FOV. The FHST detects stars and provides star

7 ttern, following the star throughout the
mals indicating the position of the star in
the FOV. Upon command, the search mode%
is acquired. The star tracker uses a l-inch T3

LOS anglcs to selecte §ogcestars. The unit is also a light-tight enclosure to protect the HST
SIs and an integral part ofghe TS for the FHST. The heat generated by the star tracker
electronics is conductivel§géupled through the mounting interface plate to the light shade from
where it is radiated to the aft shroud that surrounds it.

2.3.5.7 Magnetic Torquer Bars

Four Magnetic Torquer Bars are used to dissipate and unload the energy buildup of the reaction
wheels. The gravity gradient and magnetic torques are equal to the change in the reaction wheel
momentum vector. The magnetic torquer coils are wound on a cylindrical iron core approximately
100 inches long by 3.0 inches in diameter and produce a magnetic moment of 2800 A-m (Ampere-
meters ) at rated current. The units have a capability of 100 percent duty cycle, require 16W at peak
power, and weigh 97 LB each. They are mounted external to the forward shell with the axes
oriented at 45 deg to the V,-V3 axes, and 35.26 deg above the V,-V3 plane. One redundant
Magnetic Torquing Electronics Unit controls all four torquers.
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2.3.5.8 Pointing Safe Mode Electronic Assembly (PSEA)

The PSEA monitors the keep-alive discrete pulses sent every 250 ms from the Data Management
Subsystem (DMS). Upon failure to receive these pulses, the P £A switches operation of the HST
from DF-224 control to either the Sun Point Mode (SPM) or the Gravity-Gradient Mode (GGM).

In the SPM of the PSEA:
. SPM software is active to point a preselected axis to the sun.
. High Level Discrete (HLD) commands are issued to safe the HST.
. Solar Arrays are positioned properly.

SPM software computes and provides torque commands to the RWAs to position
and hold the HST to a predetermined orientation with the sun.

. Magnetic moment commands are issued to the magnetic torquers to desaturate the
reaction wheel subsystem.

In the GGM of the PSEA:
. GGM software is active to point the V1 axis to the 1
. GGM is entered until failure to acquire or line when in the Sun
Point Mode (SPM), or upon receipt of a mmands while the PSEA
computer is active.
. Solar Arrays are positioned to ensurg

HLD commands are issued to safi

2.3.5.9

The Magnetic Sensing System cqnsiss axis magnetometers (one redundant) to sense the
earth's magnetic field. Outputs prop to the field strength along each axis are used to
calculate the required torquingigii r the magnetic torquer coils.

The PCS contains an ai is back-up system for attitude stabilization in the gravity-gradient
and analog sun point e system uses the PSEA and a dedicated RMGA to command
control torque to the magngfic torquers. The RMGA can be activated either through the Safe Mode
Electronics Assembly (SMEA) or by ground command by means of the command decoder. The
RMGA is a nonredundant 3-axis rate sensor capable of providing analog output signals
proportional to input rates about its three orthogonal axes. The RMGA is used also to provide
vehicle rate signals for rate-damping during emergency retrieval of the HST or for analog sun point

in the event of two rate gyro failures.

2.3.6 Data Management Subsystem (DMS)

The DMS provides for the acquisition, processing, storage, and dissemination of all
data/commands between the communications subsystem and other subsystems on the HST. Major
components of the DMS include a DF-224 computer, a Data Management Unit (DMU), four Data
Interface Units (DIU) (three in the SSM and one in the OTA), three Engineering/Science Tape
Recorders, and two Oven-Controlled Crystal Oscillators (OCXO).
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The DMS provides the capability to accept, decode, and distribute forward link messages received
via the HST communications subsystem; store time-tagged commands for subsequent distribution
and execution; distribute and execute real time commands; gather, format and record/transmit HST
engineering telemetry data; record/transmit science data, and perform PCS computations.

The DMS has the capability to provide realtime or stored scientific and engineering data to the
communication subsystem for transmission to the TDRSS. In addition, the DMS provides elapsed
time word and required clock frequencies for the SSM, SI C&DH module, and GTA (at a constant
frequency, stable to within 10- 9 Hz in 24 hr.). The DMS also provides a master timing pulse to
the SI C&DH module relative to a specific bit transition of a 32-bit DMS master clock to within 1
microsecond. The timing delay uncertainty for any path through the SSM is fixed and known to
within 5 microsecond.

2.3.6.1 Digital Computer

The DMS digital computer, a DF-224, consists of three identical ce
having the capability to perform computations, format data, a
input/output units; six power converters, and six identical memor
is stored within the On-Board Computer (OBC) in a nonvol
algorithms (required to perform planet tracking, velocity abeg
generation, and to initiate astrometry measurements) are s
to reload the computer upon ground command is also

tral processing units, each
nsfer data; three identical

The initial HST program
ge device. Software

s,

2.3.6.2 Data Management Unit (]
The DMU performs the central functions oth

:.wheel data network. In this architecture, the DMU is
| #he other units making up the outer nodes (spokes).

WF/PC. The DIU is responsible for transferring data to the
ata bus network, in which there is no closed loop and data

The external units that e with the DMU are functionally redundant and most are cross-
strapped (i.e., either one gFa functional module pair can operate in combination with the other
functional modules to forfn a complete operating DMU). Data are transferred serially between the
DMU and the external units with the exception of the DMU/DF-224 computer interface, which has

data transferred in parallel.

2.3.6.3 Data Interface Unit (DIU)

The four DIUs on board the HST act as a remote extension of the DMU. The DIU interfaces with
the SSM equipment, the SI C&DH module, the GTA and the Solar Arrays. The DIU decodes and
issues High Level Descretes (HLD) commands, Low Level Descrete (LLD) commands (the GTA
DIU only), and serial digital commands. It collects and processes bi-level, analog, and serial digital
data. The DI U contains an 8-bit Analog-to-Digital (A/D) converter.
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2.3.6.4 Engineering/Science Tape Recorders (ESTR)

Three tape recorders are provided to store engineering and science data. The input or record rates
are 4 kbps (E/S data), 32 kbps (E/S data), or 1.024 Mbps (science data only). The output or
reproduce rate is 1.024 Mbps. The input/output format is Non-return to Zero-L (NRZ-L) and the
maximum bit error rate is 1 bit in 109 bits. The tape recorders convert the 4 kbps input data to a 32-
kbps rate before recording. The three tape recorders are identical and are de51gned with a
hermetically sealed enclosure.

2.3.6.5 Oven-Controlled Crystal Oscillators (OCXO0)

The timing requirement for stability of 109 in 24 hours shall be met with an OCXO. The SSM
contains two units that provide the clock source for the DMS. Each unit contains a crystal oscillator
with two 6.144-MHz sine wave outputs and has inner and outer temperature-controlled ovens. The
constant 6.144-MHz sine wave output of the oscillator is supplied to the WF/PC and the DMU.
The short-term, cycle-to-cycle stability of this sine wave output will:Be.equal to or less than 0.007
percent. The oscillators conform to the detailed requirements of Specification 4171400 and
are installed in bay 2 of the SSM Equipment Section.
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3.0 SYSTEMS QUALIFICATION VERIFICATION

Systems qualification verification verifies that selected flight-type items meet the performance and
design requirements under anticipated operational regimes and environments. Associated
procedures shall be available for eliminating hazards during all mission phases. The following
general rules apply to these verification tests/assessments:

a.  All environments of qualification tests shall be below design safety factor level and time
exposure based on use cycle/type of flight item.

b.  Operational environments shall be simulated as practical during conduct of tests.

c.  All Qualification hardware shall be representative of flight hardware and software of known
configuration. Any difference between the qualification and flight hardware or software
configuration shall be documented and justified. To the extent feasible, dedicated test articles
shall be minimized; :

fbe demonstrated by test
. Consideration shall be

e. Lifecycle capability of moving mechanical items to
and/or assessment justified by analysis and docunf
given to all functional and environmental requiremet

qualification testing shall be a
made of a failure and corrective action
fication can be restarted. Retest shall be
ctive action and restore the validity of
fydulty, or questionable condition occurring in
orted to NASA.

basis for test stoppage. A complete analy
documented by a nonconformance repg
performed to establish the adequac
previous testing. All unusual phenomy
the conduct of the test shall be itgpedial

both qualification testing and flight purposes, the
1alification (including retests) shall be assessed and
kout and flight mission requirements.

g.  When the same hardware.if
total life capability rem§irg
Justified as sufficient

.ould be sequential (e.g., one environment at a time) and
environments, plus functional test, may be performed when
appropriate.

i. A comprehensive acéeptance functional test shall be conducted prior to the first environmental
test to establish a performance baseline and at the end of the test series for final acceptance.
Abbreviated functional tests, adequate to determine environmental effects, shall be performed
after each environmental test. Life and thermal vacuum environmental tests shall include a
functional test.

j-  Qualification verification shall 'be completed prior to start of AXAF-I system
qualification/acceptance verification.

k. Certification of Qualification (reference DR PA15) is required for each component, regardless
of qualification method, test or assessment.
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3.1 Modal Survey Test

A modal survey test of the AXAF-I system in the stowed condition is performed for verification of
all modes up to 50 Hz. The STA is mounted on a support fixture simulating the upper stage
interface. The flight optical bench with a HRMA simulator is supported off the STA. Mass
simulations of the science instrument module (SIM), and AXAF-I equipment are installed.
Multipoint random modal survey techniques are employed to determine the natural frequencies,
mode shapes, and modal damping characteristics. Pretest analysis results are used to identify
attachment locations and orientation for the shakers and accelerometers.

The modal survey results are used to update the analytical finite element model in the test
configuration. The mass simulators are then replaced with the flight hardware analytic models in
the finite element model representation. The Verification Craig-Bampton modal model is generated
with the flight boundary conditions at the upper stage interface. The AXAF Observatory Craig-
Bampton modal model is used by NASA to perform the Verification Coupled Loads Cycle
analysis. .

23

Separately, the deployed solar array and sunshade door anal
analysis and component test. The previously verified AXAF-I Ob
then be modified to the on-orbit configuration and the deoyed
models will be attached to obtain the verified AXAF-I Obs ‘

fray and sunshade door
it Model.

3.2 Thermal Vacuum Test

The Thermal Vacuum (TV) test verifies the flig
performance requirements when exposed te
space environments will be at qualification
thermal control system to maintain the syster
to validate the thermal model and updz req¥

are operates as designed and within the
ace environment. The TV simulated
V testing demonstrates the ability of the
Fexcursions within defined thermal limits and
enhance the flight prediction capability. This
emperature ranges experienced. The test also
ts that respond to thermal vacuum environment

frst time at a systems level that the hardware will be in this
4 hour day) test.

performed with qualification modules installed except SA Wings,
HGA (boom and two- §imbal) and AD. The AD opaque simulator will be installed. All
thermal surfaces will be“fnstalled in flight configuration. The location of test instrumentation
(removable or flyaway) that will be used to support the thermal vacuum test will be documented in
the MOUs. The Instrumentation Plan will define the interface requirements that are necessary to
control the compatibility between the instrumentation and monitoring equipment. Each Associate
Contractor will be responsible for the installation, checkout, removal and/or termination, as
appropriate, on his equipment. Correspondingly, each Associate Contractor will evaluate his own
thermal data to assess his equipment performance, recognizing that collaboration and data sharing
- may be necessary to develop the complete understanding of the thermal characteristics.
Temperature limits for the test instrumentation will be established pretest by each Associate
Contractor and supplied to the systems engineering organization. Assurance that thermal limits are
not exceeded during real-time test is by adjustment of the infrared (IR) lamps and/or by turning
components/heater busses on or off. All data, real time and/or recorded, will be available and
supplied to each Associate Contractor and NASA for review periodically during the test span. Data
will be available on magnetic tape in a format readable by general scientific equipment such as
IBM, PE3230, etc.
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The thermocouples used by LMSC for thermal vacuum testing are copper/constantan. Lead wire
for thermocouples will be cleaned to meet ST contamination requirements and can be either bonded
or taped to the surface being monitored. Monitoring the ST environmental pressure is critical
especially because of corona discharge effects. The thermal vacuum facility chamber has pressure
instrumentation to verify the vacuum level external to the hardware.

A pressure transducer will be installed within the aft shroud to monitor internal pressure during
TV/TB testing.

A contamination monitor will be installed within the aft shroud to monitor internally for
contamination.

Prior to moving the qualification hardware to the TV chamber, an ORI will be conducted on the test
facility. The ORI will include review of the chamber certification to the Contamination Control
Plan and unique STE required for this test.

The qualification hardware, placed horizontally on the handli
VATA to the clean room entry of the TV chamber. The test artic
dolly and supported from the monorail at the flight trunfi
instrumentation cables will be connected gas purge to the
flux simulator lamps (a forward and an aft portion)
around the hardware. Adjustments of the heat flu

¥, will be moved from the
e Rised from the handling

§fom the chamber and placed
hade and GSE thermal sensors

conditions have developed since the last tesi
condmonmg ducts and test cables I

%pOrtion of the heat flux simulator placed around the
: l the heat flux simulator are then positioned in the TV
thgoughout the installation task with minimum interruption
mber pump-down. Interruptions are limited to one hour
> than three hours of outages in a twenty-four hour period.

Witness samples and co, min#tion deposition monitors will be installed in the chamber to obtain
outgassing characteristics¥Fhe chamber door will be closed and power applied to the systems,
which will then be funcionally configured to the ascent power configuration. GN2 will be
disconnected prior to pump-down. During chamber pump-down, continuous monitoring of
selected TM points will be performed. Arrays of infrared (IR) lamps will surround the hardware
and the TV chamber cold walls will be flooded with liquid nitrogen to simulate space sink. The
thermal environment to the hardware will be controlled by adjusting voltages to various IR lamp
zones. The initial voltage settings will be predetermined, based upon the thermal control surface
and IR lamp characteristics at each location. The settings will be adjusted during the test according
to test instrumentation readings and compared with the expected hot and cold case orbit
predictions. At no time would any defined critical temperature be allowed to exceed a
predetermined limit.

The main power busses will be on continuously throughout the TV test. Telemetry will be ON
during all Functional testing at the hot and cold environments and during transition and soak
periods. The GSE/STE temperature readouts will be monitored continuously. Continuous TLM
may be interrupted if there is a priority situation requiring tape recorder dump and wideband
recorder (WBR) playback. In addition, all telemetry data which is received via the ST test plugs
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will be recorded as a permanent test record, to be used in reviewing events which occurred during
soak periods. The total test span from the start of chamber evacuation to repressurization to
ambient is anticipated to require 28 calendar days. The hot orbit conditions will simulate an orbit
beta angle of 52.3 deg., low orbit altitude sun on the +V3, and the high absorbed fluxes
considering the end-of-life optical properties. High duty cycle and maximum power dissipation
rates will be maintained during hot orbit simulation. In this way, the various heater functions will
be tested as well as the affect upon operating component temperatures. Circuits normally operated
during maintenance mode shall be exercised. Cold condition will have cold orbit low power
(component) dissipation configuration.

Functional testing at hot and cold orbit conditions will be supplemented by previously run
simulated mission operations sequences. All primary and redundant systems operation will be
scheduled to assure equal time at environmental conditions.

OTA stability is based on a 24-hour cold to hot or hot to cold slew requirement. Therefore, a

representative slew test will be performed. The high to low tests are more severe than a slew test

and too slow. The slew test temperature changes in the SSM envirgsmient would be accomplished .
over a shorter period of time going from cold to hot (about 20 ) and the response of the

OTA will be observed over the following 24-hour period of time OTA equipment will

be operational throughout this test. .

uate health and status based
ormed. After the Confidence
eving thermal stability and aft
checks will be performed during this
gater power profiles and determine the
gh-temperature Functional test will be
systems will then be configured for low

When the chamber is pumped down and stabilized, th
on test constraints to determine when the Confiden
test is completed, the first cycle to be run will be
shroud/SI pressure stability as rapidly as possit
initial high temperature stabilization period, t
efficiency of that portion of the therm:
conducted. After transition to low tempet

&by a high and low temperature simulated mission
functional test. The test will conclude with a final
ries will be programmed through various charge and
Systems performance testing will consist of system tests
tional tests, and SI detector dark count tests.

operation followed by another
high-temperature Functional
discharge cycles during the
simulating mission mode %
Upon completion of: € chamber and hardware will be prepared for repressurization.

The purge system will" onnected within one hour after the chamber door is opened. An

ambient Post-Thermal Vaium Confidence test will then be performed to verify that the systems
have not sustained any damage during repressurization.

Immediately after the Post-Thermal Vacuum Confidence test, the main chamber door will be
opened, and the hardware will be placed on the handling dolly. Witness samples and

contamination deposition monitors will be removed from the chamber for analysis and data will be
made available. :

3.3 Vibration Qualification Test
3.3.1 Random Vibration Qualification Tests

Random vibration is performed at ambient test station pressure and temperature. Random Vibration
testing verifies design operation in the vibration environment encountered during ground
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transportation/handling, integration, checkout, prelaunch, launch, on-orbit, descent and post-
mission activities.

Random vibration is composed of vibration exposures in three orthogonal axes in any convenient
sequence. Mounting to the vibration test fixture is as closely approximate to FV mounting as
practical. The component is powered on and in an operational state. All pertinent functional,
performance, and safety critical parameters as defined in the particular specification are
instrumented and monitored for the duration of vibration testing. A single axis vibration sequence
is defined as follows:

(1) Pre-Vibrational Functional Test

(2) Power-On Vibration Test
(3) Post-Vibration Functional Test.

3.3.1.1  Pre-Vibration Testing

Pre-Vibration testing is performed prior to any axis vibration re or after a power cycle
between vibration exposures. Pre-Vibration testing consists of ex
baseline of function, performance, and safety critical par:
parameters across the vibration environment.

3.3.1.2 Power-On Vibration Test

ational state. The hardware is exposed
1 articular specification. During vibration
ndnee test is executed to test all power on
#6ns. Where insufficient time is available to
alification levels, extended testing at 6dB lower

exposure a systems power on function?
redundant hardware, operational modes

*tional Test

esting is performed at the completion of vibration test and
*vibration function test is used as the pre-vibration power on
s vibration when power is not removed in the reorientation of the
s0f post-vibration power on functional testing and power removal, a
ponent is performed to verify that no damage as a result of vibration

prior to power remo
functional test for subseqg
test article. After completk
visual inspection of the cg
has occurred.

3.3.2 Sinusoidal Vibration Test

A sinusoidal vibration test is performed pnor to random vibration testing to determme component
natural frequencies. .

3.3.3 Pressure Qualification Test
Pressure testing verifies that design and fabrication provide sufficient margin to insure that

structural failure or deformation does not occur over the maximum operating pressure and
temperature. Pressure qualification is composed of proof pressure and burst pressure testing.
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3.3.3.1 Proof Pressure Testing

Proof pressure testing is performed on FV components at the critical use temperature, as defined in
the particular EQ specification. Proof pressure testing consists of:

(a) Internal pressure is raised to proof levels as defined in the particular EQ specification
operating pressure.

(b) Proof pressure is maintained as defined in EV2-69 and then reduced to ambient.

At completion of proof pressure cycle the hardware is subjected to a complete visual and physical
examination for deformation and to a functional test.

3.3.4 Acoustic Test

The FV acoustic test verifies the FV satisfies the CEI dynamic la%
conducting the acoustic vibration test an abbreviated function syst
a FV status baseline. During the acoustic vibration test the FV is
with deployables in the stowed position. Keep-alive power is prov

ch environment. Prior to
t is performed to establish
wer off operational state
OBC.

The FV is subjected to an overall sound pressure level an
data provided from accelerometers mounted on the F¥
values to verify response spectrum and correct inp
acoustic vibration test the FV is subjected to the fof

pecified in EV 2-69. Test
and compared to expected
ardware. At completion of the

(a) Complete physical inspection
mechanical integrity; '

(b) RCS and PM leak test to velf ) n hardware integrity
(c) An abbreviated fu 7 m test to verify that no unacceptable shifts or
degradation of E as occurred as a result of acoustic exposure. The

abbreviated EST in xercising mechanical control functions to include
deploymen fatch? and stow of FV mechanisms. Pre-acoustic deployment and
ak s 6

Analyses are performed to verify the spacecraft and its subsystem level requirements. The analyses
are discussed by subsystem in the following paragraphs. For those analyses which are later
verified by test, the tests are described in Section 11, Subsystem Verification or 12, Spacecraft
System Qualification/Acceptance Verification.

3.3.5.1 Structures and Mechanisms Analyses
AXAF-I structures and mechanisms are analyzed for dynamic loads, stiffness, deflections, stress,

thermal distortion, fracture mechanics and venting stresses as described below and shown in
Figure 10.1.1-1 Spacecraft Structure/Mechanisms Analysis/Test Verification Process.
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3.3.5.1.1 Dynamic Loads Stiffness and Deflection Analysis

Coupled dynamic loads analyses of the combined AXAF-I/upper stage in the STS are performed to
determine the dynamic loads in the spacecraft, telescope, and instruments. For each loads cycle, a
dynamic finite element model of the AXAF-I Observatory is generated by coupling the Telescope
System and SIM models to the spacecraft model. MSFC combines the AXAF-I model with the
upper stage model and performs transient loads analyses for lift-off and landing flight events.
Transportation and other flight events such as maximum g, maximum accelerations, on-orbit
thrusting, and attitude changes are assessed using quasi-static load factors. Output from the
dynamic analyses include STS Orbiter/AX AF-I/upper stage interface reactions, spacecraft/telescope
interface reactions, SIM/telescope interface reactions, loads in instruments, internal loads and
deflections in critical structural members, and deflections for assessment of Orbiter/AXAF-I
clearances and accelerations of all significant items.

The dynamic analyses are performed at three intervals to ensure that updates due to changes in
weight, equipment configuration, structural characteristics, or other mgodifications are included in
the analyses. ’

3.3.5.1.2 Stress, Thermal Distortion, Fra
Venting Analyses ,

Stress analysis of each structural member and joint i

loads generated from quasi-
static accelerations developed from the coupled-loa

elements are sized to preclude
ad spectrums specified by the STS ICD
and including the AXAF-I factors of safety. Fra gmics analysis on metallic components is

performed to meet the requirement of four

t, on-orbit, and landing conditions are assessed
bit distortions appropriate to operational pointing

analysis. Thermally induced, stk 9 #re #bmbined with stresses due to flight events in the
structural element strength an tRput of the thermal distortion analysis is used to assess on-
orbit distortion budgets

The spacecraft co signed to assure adequate venting to minimize differential
pressure loads. Stress ese loads are included in the strength evaluation

3.3.5.1.3 Appen

Sunshade door deployment analyses are performed to assess the dynamic motion of the door and
determine latch-up and deployment loads. Results are used to establish the high and low
temperature deployment test conditions and success criteria for the sunshade door mechanism
verification tests.

3.3.5.1.4 Avoidance Angle Analysis

The AXAF-I deployed configuration will be described by the master dimension layout (DWG
#L.301162). Sun blockage, plus the telescope and stray light shade field of view will be described
by the field of view and observation layout (DWG #L.301163).

e Deployment Analysis

The low gain antenna field of view, blockage and communication with the payload interrogator will
also be described by the field of view and observation layout (DWG #L.301163).
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3.3.5.1.5 AXAF-I On-Orbit Control Weight Analysis

Mass properties will analyze, control and verify spacecraft weight data. This includes: creating,
publishing and updating a mass properties report (SE09); monitoring subcontract and government
furnished equipment weight; and performing weight measurements on units as part of a weight
measurement log.

3.3.5.1.6 Center of Gravity Analysis

The AXAF-I facility weight data is analyzed with every update to the mass properties report
(SE09). A section of this report verifies the AXAF-I CG compatibility with the shuttle upper stage
and space transportation system (STS) capability. :

3.3.5.2 Thermal Control Subsystem Analysis

The spacecraft and AXAF-I level thermal control subsystem
venting features as described in the following paragraphs:

verify thermal design and

3.3.5.2.1 Thermal Control Design Analys:

analyzer computer program and
uter program.

Detailed geometric math models (TRAS
are used for accomplishing the spacecr.
models (geometric and thermal) of the:

other modules or major assemblies (
module and science instrumentg§
(geometric and thermal) for eya

1 shermal control design. The reduced math
‘e combined with reduced math models of the

he facility to provide facility level math models
ntegrated thermal design.

fdated as appropriate following system level thermal vacuum testing
of the AXAF-I facility. Thé models correlated to the test data permit final analytical verification of
all environmental conditions and operating scenarios .

3.3.5.2.2 Venting Analysis

Verification of the design of the spacecraft and AXAF-I level venting provisions will be
accomplished by a combination of analysis and test. Verification of the design for the high rate
venting that occurs in the first few minutes of the launch will be accomplished by analysis at the
box, module and facility level. Thermal vacuum testing at the facility level in conjunction with
venting analyses will provide venting design verification for the low rate venting regime of the
launch and subsequent on-orbit molecular regime venting design capability.

Venting design capability to accommodate the repressurization associated with air transport or a
contingency shuttle abort will be verified by analysis as well as the venting design capability to
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accommodate a potential shuttle emergency landing. For the latter case, the venting design shall not
create a safety hazard to the astronauts or result in damage to the shuttle.

3.3.5.3 Electrical Power Subsystem (EPS)
3.3.5.3.1 EPS Analyses

Subsystem analyses will verify the inclusion of the necessary equipment to generate, regulate,
store and control primary power and to verify that protective devices of proper ratings (in
accordance with TA-92-038 "Protection of Payload Electrical Power Circuits" dated 22 Feb. 1993)
are included for all main bus power users. A model of the EPS components will be generated for
use in EMI analyses of bus ripple, noise effects and bus transient studies. Energy balance analyses
to verify solar array sizing adequacy will be made. Power distribution, bus voltage levels, power
conditioning and ground isolation/return analyses will be made and verification by test at the
spacecraft level will be included.

3.3.5.3.2 Solar Array Analyses of Mechanical
Adequacy

| Electrical

bsystem requirements, will
¥éis will include the radiation
ncluded in a solar array power
d proven on several prior programs.
| exposure to atomic oxygen and will
cianical analyses supported by panel and
spacecraft imposed stiffness/configuration
he deployment and deployment redundancy

Electrical analyses, in conjunction with component level
be made to verify the adequacy of the solar array sizis
effects as modified by the array materials themselys
analysis computer program that has been devglo
Materials analyses will document the effects of $hort
result in selection of appropriate coatings if gequip

wing level testing will verify that the array fisee
requirements and along with test data w1ll
requirements.

3.3.5.3.3 Battery Analyses
Battery analyses will be mgc ’érgy storage and recharge capability including the effects
of loss of a battery. Thes i i

battery level tests. Rekofii
controls (relays) are i c®iR CCDM equipment.

3.3.5.4 CommunpiCation, Command and Data Management
Verification Analyses

The following analyses will be performed for the AXAF-I CCDM Subsystem. A brief description
of each analysis is included.

3.3.5.4.1 Communications Link Margins

Communications analyses are defined by DR SE11. Communications link margin analyses will be
performed to assure that the bit error rate and link margin meet AXAF-I requirements for all
operating modes. The analyses will take into account all sources of transmit and receive losses and
gains. These include transmit power, antenna gains, and passive losses in cabling and passive
components. Other factors in the analyses include transmission path losses, data rates, error
correction coding, modulation parameters, and antenna parameters. Ground station interface
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parameters will also be included in the analyses. SE11 requires that these analyses include nominal
and worst case conditions.

3.3.5.4.2 Computer/Data Bus Usage Analyses
These analyses will be performed in accordance with DM06 Volume 1 to show peak and average

computer utilization of memory and throughput. In addition, analyses will be made to show peak
and average CCDM data bus traffic.

3.3.5.4.3 Data Management Analyses
Data management analyses are required by SE11 to determine and quantify sources of bit errors for-

both engineering and science data. This DR also requires the definition of latencies/ staleness for
data flows.

3.3.5.4.4 False/Hazardous Command Probabilit

i a result of bit errors in
fink bit error rate, error.
bf all commands will be
and due to a single bit error.

An analysis will be made to determine the probability of false co
the forward command link. The analysis will take into accoupat the
detection coding, and the command verification process: Ad
performed to verify that no command can change to a h:

3.3.5.4.5 Safety Analyses

Communications safety analyses will be perfo
for inadvertent RF radiation while in the STS%

¥ compliance with safety requirements
f while in the vicinity of the STS.

3.3.5.4.6 Time Correlation;

Analyses will be performed to |
maximum time correlatio
account for path ranging a
systems. The delays a
commands will be inc;

3.3.5.5 EM

ce with the requirement for a 100 microsecond
he spacecraft and ground clocks. The analysis will
Known transmission delays in the spacecraft and ground
&8 associated with onboard data acquisition and onboard
nalyses.

Electromagnetic compatibility will be verified by EMC engineering using TRW SEMCAP
program. The objective of this analysis is to calculate the coupled interference levels of selected
circuit interfaces from internal and external sources and to compare the total coupled interference
level to the sensitivity of the particular interface circuit. The SEMCAP will be used to perform
electromagnetic coupling analysis and to verify adequate electromagnetic interference margin at
selected signal interfaces.
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4.0 SYSTEMS ACCEPTANCE VERIFICATION

The activity described in this section reflects the requirements of CN250, Reduced Risk Program
in addition to other coordinated changes. The Acceptance Verification begins with the Equipment
Section installations and prepower tests and concludes with the stack and destack operations.

ST level of operations begin at the completion of the SSM stack/destack function milestones. The
SSM will be disassembled at this time into its major sections and prepared for reassembly into the
ST configuration. .

Each major section will be properly protected to maintain cleanliness while awaiting the start of ST
assembly. The ST assembly will begin with the availability of all the major elements of SSM and
Associate Contractor hardware, including the NASA Compatibility Test Van (CTV) as scheduled.
Reference Figure 3-1 for the required time phasing of the ST hardware as it relates to the reduced
risk A&V program needs. Figure 3-2 defines the SSM/ST Assembly and Verification Flow. These
two figures provide an overview of the SSM/ST A&V cycle from its ijjtial assembly through final
shipping preparations.

During and after assembly, the ST enters the verification
inspections and demonstrations, both ambient and enviro ;
€ments and Specifications
Document (VRSD), SAV1020. During all A&V actj g the STAVF, GSE/STE and
flight hardware will be maintained at a high level &
Contamination Control Plan. The experience gaiged fi 1 ',m all€ontractor activity will be used to
correct and enhance the test documentation in prepgratiogor subsequent ST A&V activities. Also

ilitiedto'be utized will be subjected to an Operational
Product Assurance Plan and as shown on

3 d in conjunction with the SSM/ST A&V. (1)
1A onffgunng of the hardware for test (i.e., contamination
"documented in the appropriate section "of this plan and
frthe ST verification will be defined in the ST Verification
ment (VRSD), SAV1020.

troduces automated testing and provides descriptions of the major
erformed during the ST verification cycle. Flight type batteries will be
used for testing (ref. SAVA020, para. 3.3.1.4), Emergency Power Shutdown and Power Down
Sequence, with precond itioning of subsystems, will be detailed in test procedures (ref.
SAV1020, para. 3.3.2.5). Facilities and GSE/STE utilized during the ST A&V activities are
described in sections 9.0 and 10.0. The figures in section 9.0 show GSE/STE utilization during
each phase of assembly and verification. All activities described in section 3.0 are the responsibility
of the SSM/ST Contractor, unless otherwise stated.

types of tests that will be

Environmental tests, modal, acoustic, TV/TB, conditioning,’ requirements, and instrumentation,
are documented in SAV1020, SAV1025, SAV1026, and SAV1027, and in detail in the ST
Environmental Test Instrumentation Plan, LMSC/D792999.

Purging requirements per SAV 1020 state that limit outages of Nitrogen Purge is one hour within a
four-hour span and no more than three one-hour outages within twenty-four hours.
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4.1 Installation And Prepower Tasks
OBJECTIVE

a. Verify power interface between the SSM/ES and its interfaces by performing power bus
continuity, isolation, and single point ground measurements.

Once the equipment section arrives in VATA, it will be installed in the test stand, trunnion test
doors will be installed, and cable installations performed. Interface verification will consist of
performing bus isolation, continuity, and grounding testing. Single point ground tests will be
conducted. Once all interface testing has been completed, SSM/ES internal circuitry will be
configured for the SSM/ES Functional Test.

4.2 SSM/ES Functional Test
OBJECTIVES

a. Assure satisfactory hardware and software functions &

ystems, including all
interfaces, in accordance with the VRSD, AV-02. 2

all redundant and backup

b. Exercise all commands and telemetry and functi i
g'possible and practical.

equipment including redundant and cross-strapp

c. Perform negative mode testing to verify h,

softwire functions perform as designed
and invalid functions do not occur. .

eters and recording of component run-
on, (2) undesirable system interaction, and

d. Continue the reverification of comporig
time (operating cycle) to insure no (1}
(3) workmanship failures. :

g. Verify RF VSW
cabling.

The SSM Equipment Section is to be functionally tested using SATS commanding and data
retrieval in this configuration to every extent possible with appropriate test aids and simulators
connected. VSWR and Insertion Loss measurements will be performed to determine RF system
gains and losses. The charging and conditioning of the batteries will be conducted as required to
make certain complete system power is available and within specification. Confidence tests of the
DMS, 1&C, SA, EPS, and Structures and Mechanisms (S&M) will be performed prior to the total
SSM/ES Functional Test. A Single Point Ground (SPG) verification will be conducted also.

During this test span, the NASA CTV will be connected to GSE/STE for an interface test and SSM
Communications Subsystem verifications.
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4.3 Solar Array Receiving And Inspection

OBJECTIVES

a. Verify that the SA and associated Ground Support Equipment (GSE) have not suffered
physical damage or been exposed to excessive environments during shipping or handling.

b.  Verify that the specified cleanliness level has been maintained during shipping and handling.
c.  Verify that the GSE demonstrates continued functional integrity.
d. Verify that the Acceptance Data Package (ADP) properly documents the hardware delivered.

e.  Verify functional operation of the SA Electronics Control Assembly (ECA) before installation
into the SSM.

Prior to the start of the actual SA R&I, a team comprised of the S: T Contractor, NASA, and
ESA (as appropriate), will perform an Operations Readiness In:
and handling equipment. This ORI will assess the compliance, of
to meet contract requirement for safety (personnel a
procedures and any other aspects relating to SA int ents (ref. PA-0l, Product
Assurance Plan). :

plis‘ d prior to SSM/ES testing. The

Some Solar Array (SA) equipment R&I will |
1 ywn in Figure 3-1. SA GSE is identified

remainder will be accomplished during ST testig
in Section 9.0. The SA R&I will be performe

& "
ntfactor in three phases. The first delivery will
consist of the SA electronics, includingeplokmeat Control Electronics (DCE), Solar Array Drive
Electronics (SADE) and Diode Boxessands pifﬁfssociated GSE. The second delivery will include
rray f)Model SA) Wing and the associated GSE to handle the

one Development Model Solar4 ;
wing, The third delivery will # f twb flight SA wings and its associated GSE.

SA equipment will be delivered to the SSM

A wHl be the responsibility of the British Aerospace (BAe)
igeof the ESA with SSM/ST Contractor Product Assurance (PA)
he BAe/ESA Verification Team will provide a detailed work
clusion into the ST A&V master work schedule.

The R&I performed gi”
Verification Team under i
personnel observing the’s
schedule covering the R

Problems or anomalies détected during R&I will be reported to the ST Verification Team Leader
(STVTL) (ref. Para. 4.1) on a timely basis to assure implementation of necessary contingency
plans. Discrepancies identified during R&I will be recorded by the Associate Contractor QA
personnel in their own documentation system; the SSM/ST Contractor Non-Conformance Reports
(NCRs) (ref. Para. 6.1.5) will be used after start of installation of the SA on the SSM. Assistance
in the categories of facility operation and support services will be furnished by the SSM/ST
Contractor. In addition, the SSM/ST Contractor is responsible for unloading the SA and associated
GSE from the transportation vehicle, and moving the equipment to the VATA. The external
surfaces of all shipping containers moved into the VATA will be vacuum cleaned and wiped down.
This service and materials will be provided by the SSM/ST Contractor.

Each flight wing will be removed from its transport container for visual inspection. This inspection
activity will be performed either on laminate-covered work tables or on the Large Area Pulsed
Solar Simulator (LAPSS) inspection rig. In either case, the length-compensation mechanisms will
be disconnected from the ends of the bi-stems so that the blankets can be unwound from the
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Secondary Deployment Mechanism (SDM) without deploying the bi-stems. In addition, a
continuity check will be performed from the SSM interface connections. Electrical performance
measurements, blanket and cell inspection, will be performed. Finally the SDM drums will be
adjusted to launch-tension and the length compensation mechanisms will be reconnected.

After exterior and pin-to-pin visual inspection, the DCE and SADEs will be coupled to the
checkout equipment and a complete functional test performed using the BAe Wing simulations in
the checkout equipment as loads. Included also will be an electrical performance test using the ESA
flasher. The diode boxes will be subjected to visual inspection and continuity checks.

The D-Model Wing blankets will not be unrolled during the visual inspect ion.

4.4 Scientific Instrument Control And Data Handling R&I
OBJECTIVES

a. Verify that the flight SI C&DH and associated GSE have
been exposed to excessive environments during shipping o

b.  Verify that the specified cleanliness level has been ai ngShipment and handling..
c.  Verify that the GSE and its associated software detf es coitinued functional integrity.

d. Verify that the Acceptance Data pack
software delivered.

e. Demonstrate that the functional inte
its pre-ship functional tests at GSFC

&DH hardware remains unchanged since

Prior to the start of the actual SI C
NASA, and SI C&DH Associatef wi
the depot and handling equipsert. Thi
equipment to meet contract
procedures and any othef 3
Assurance Plan).

#a team comprised of the SSM/ST Contractor,
an Operations Readiness Inspection (ORI) against
' will assess the compliance of the facility and support
br safety (personnel and hardware), cleanliness, operating
ig to SI C&DH interface requirements (ref. PA-01, Product

The SI C&DH GSE ed in Section 9. The SI C&DH R&I will be performed in Bldg.

156F.

o

Assistance in the categories of facility operation and support services will be furnished by the
SSM/ST Contractor. In addition, the SSM/ST Contractor is responsible for unloading the SI
C&DH and associated GSE from the transportation vehicle, and moving the equipment to the R&I
area in the VATA. The external surfaces of all shipping containers moved into the VATA will be
vacuum cleaned and wiped down. This service will be provided by the SSM/ST Contractor.

The R&I performed on the SI C&DH will be the responsibility of the SI C&DH Verification Team
with the SSM/ST Contractor PA and AFQA observing the activity. The SI C&DH Contractor
Verification Team will provide a detailed work schedule covering the R&I for inclusion into the ST
A&V master work schedule.

Problems or anomalies detected during R&I will be reported to the STVTL on a timely basis to
assure implementation of necessary contingency plans. Discrepancies identified during R&I will be
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recorded in the Associate Contractor documentation system; the SSM/ST Contractor NCRs will be
used after start of installation of the SI C&DH on the ST.

The SI C&DH Associate Contractor will also verify that the single string SI C&DH has not
suffered physical damage or been exposed to any excessive environments during shipping or
handling, the cleanliness has been maintained, and the ADP completely documents the equipment
delivered.

During the SSM/ES Functional Test span, the VAPCS and flight SI C&DH are currently scheduled

to be delivered to LMSC. After the VAPCS has been installed and checked out, the flight SI
C&DH will be subjected to a R&I and installed in the SSM/ES.

4.5 Scientific Instruments (SI) R&I
OBJECTIVES

a.  Verify that each SI and associated GSE have not suffered pt damage or been exposed
to excessive environments during shipping or handling. ]

b. Verify that the specified cleanliness level has been
c.  Verify that the GSE and its associated software d

d. Verify that the Acceptance Data Packag
software delivered.

e. Demonstrate that the functional intég
functional tests at GSFC.
The R&I performed on the SIs will espfisibility of the SI Contractor's Verification Team
] PP ‘observing the activity.

This section describes the*‘a i a SI Contractor can expect to experience during the
delivery and R&I of m iRstrument 3k
i the R&I depot in Bldg. 156F. This area will have GSE/STE
t#éls to meet the hardware temperature, relative humidity and
SM/ST Contractor will supply personnel to offload the SI's and
move them into the R&J. Bdch Associate Contractor will provide the documentation, personnel,
GSE/STE and expertise # perform the actual R&I. The R&I performed on the SIs will be the
responsibility of the SI Contractors' verification team with the SSM/ST Contractor's PA and
AFQA observing the activity. The SSM/ST Contractor PA organization will verify that the SI and
GSE hardware and acceptance data package are in compliance with the shipping documentation.

cleanliness requiremeii ’

Prior to the start of the actual R&I, a team comprised of the SSM/ST Contractor, SI Contractor,
NASA, ESA (as appropriate), will perform an Operations Readiness Inspection (ORI) against the
depot and handling equipment. This ORI will assess the compliance of the facility and support
equipment to meet contract requirement for safety (personnel and hardware), cleanliness, operating
procedures and any other aspects relating to SI interface requirements (ref. PA-01, Product
Assurance Plan).

Each SI Contractor is required to satisfy his instruments purge requirements when the instrument is
in the R&I depot, or in transit to/from the R&I depot and Bldg. 156F. The purge handoff to the
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SSM/ST Contractor occurs at the time the SI is moved into the VATA; either in its shipping
container, on a handling dolly, or installed in the ST.

Additionally, it remains the SSM/ST Contractor's responsibility to provide purge to the SI at test
stations other than VATA as long as the SI remains installed in the ST.

The STAVF certified nitrogen gas purge supplies will be sampled for moisture content and
hydrocarbon levels when the gas supply is replaced or replenished, or if the purge system has been
contaminated. All GN2 purge supply systems will be recharged/filled with certified GN2 provided
by the SSM/ST Contractor (ref. ST Contamination Control Plan, PA-02).

The external surfaces of all shipping containers moved into the R&I depot will be vacuum cleaned .
and wiped down. This service will be provided by the SSM/ST Contractor. Here the shipping
containers will be opened and the equipment transferred to GSE handling dollies, using the SI
handling equipment and facility overhead crane by LMSC personnel. The outer protective wrap
will be inspected, cleaned and the equipment will then be moved,into the R&I depot's 10K
enclosure. Here the outer protective wrap will be removed. Thes-&dditional cleaning will be
performed by Associate Contractor personnel.

The SI GSE is identified in Section 9 of this document.

The SI Contractor verification team will provide a detailes le covering the R&I and for
inclusion into the ST A&V work schedule.

ed to.the ST Verification Team Leader
‘necessary contingency plans. These

Problems or anomalies detected during R&I Wi

doff of purge responsibility between the SSM/ST
smmediately after the SI is transferred into the VATA.
ed and tested GN2.

bly And Prepower Tasks
OBJECTIVE

a. Verify power interfafe between the SSM/ES and the SI hardware by performing power bus
continuity, isolation, and single point ground measurements.

This activity includes those tasks necessary to verify that all interfaces are correct and ready for the
EGSE/STE and ST's to be interconnected using VAPSCC cabling in preparation for the SSM/ES-
SI Functional testing.

Test preparations and set ups will be described in the details of test procedures and enhanced by
layout drawings.

All SSMJES interfaces will be verified using LMSC furnished BOB's. All SI equipment interfaces
will be verified using GSFC furnished BOB's.

All GSE/STE will be connected and configured for SSM/ES-SI Functional testing. The batteries
will be charged and conditioned as necessary.
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Purging and purging equipment will be furnished by each SI Associate Contractor as required.
SSM/ST Contractors will provide purging during testing.

4.7 Non-Powered Optical Telescope Assembly (OTA) And
OTA-Equipment Section Receiving And Inspection

OBJECTIVES

a.  Verify that the OTA including the OTA ES and associated GSE have not suffered physical
damage or been exposed to excessive environments during shipping and handling.

b.  Verify that the specified cleanliness level has been maintained during shipment and handling.
c.  Verify that the GSE and its associated software demonstrates continued functional integrity.

d.  Verify that the Acceptance Data Package (ADP) prope:
software delivered.

e. Move OTA from shipping container with sling and cga 1 move into the VATA.

f.  Install the SSM RSU's and FHST's.
g. Move OTA from dolly to ISS and remove Of

The OTA and OTA-ES R&l is scheduled ix
prehmmary ST assembly. The second pﬁa |

Prior to the start of OR
Operational Readiness JAspecti
OTA and OTA-ES or ¢ &

handling requirements’;

.dring assembly operations to venfy comphance with safety and

: >8iéd in the ST Product Assurance Plan (DR PA-01). This inspection
will include an assessmenRpfAacilities and handling equipment, cleanliness level, safety aspects of
operational procedures ag personnel capabilities. Since this inspection will be designated the
preassembly ORI and be the first major ST utilization of the VATA facility, participation by all
Associate Contractors and NASA will be scheduled.

The OTA and OTA-ES will be air-transported to the Moffett Field Naval Air Station. Related GSE
will be packaged separately. The SSM/ST Contractor will transport the equipment from Moffett
Field to the vicinity of the VATA. OTA personnel will visually inspect the OTA and OTA-ES
shipping containers and the GSE. The SSM/ST Contractor PA will monitor all OTA R&I, as
specified in the GFE Management Plan (DR LS-03).

The OTA recorded shipping environment data (e.g., shock, vibration, temperature and humidity
conditions) will be analyzed by OTA personnel and evaluated for compliance with their
transportation requirements and specifications. The OTA personnel will verify that the Acceptance
Data Package is delivered and available.
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Problems or anomalies detected during R&I will be reported to the STVTL on a timely basis to
assure implementation of necessary contingency plans. Discrepancies identified during non-
powered R&I will be recorded in the OTA documentation system by OTA personnel. The SSM/ST
Contractor NCRs will be used to document anomalies after installation of the OTA into the SSM,
except that during the OTA electrical R&I, anomalous conditions detected on the OTA side of the
interface will be documented in the P-E system.

The external surfaces of all shipping containers will be vacuum cleaned and wiped down. This
service will be provided by the SSM/ST Contractor in an area in Bldg. 156C adjacent to the
SSM/ST Contractor, Bldg. 156F. The OTA and OTA-ES shipping containers will be moved into a
limited environment control area outside the VATA large-equipment access doors. Here the
shipping containers will be opened and the equipment transferred to GSE handling dollies, using
the OTA handling fixture and facility overhead crane. The outer double-protective wrap will be
inspected, cleaned and removed. The equipment will then be moved into the VATA and will remain
at the end of the room nearest the large-equipment access door. After the VATA access doors are
secured and the environment stabilized, the exposed OTA-Dolly, external surfaces and the
remaining protective wrap will be cleaned. The OTA and OTA- ill then be moved to their .
designated areas in the VATA. Inner protective wraps of the OT. removed only after a 10K
environment has been established so that OTA personnel can con R&I. The OTA will
remain in a horizontal attitude during this phase. (Note: An @ cover will be installed
as necessary to prevent the OTA from being exposed to a<« el in excess of 10K in the
event of VATA failure).

While the OTA is horizontal, for physical inspecy
mirror housing will be removed by OTA Contr:
on the Focal Plane Structure (FPS) periphera
witness samples will be analyzed by OTA petg

itness samples on the secondary
nel and not replaced. Witness samples
e removed and replaced. All OTA

After the physical inspection hag
RSUs will be installed by the £ actor onto the SSM Equipment Shelf located on the OTA
FPA. The electrical connector; Ts and RSUs will be mated to their respective cables by
the OTA Contractor after8gc gen installed.

As a prerequisite for the tr#hsfer of the OTA from the dolly to the Integration Support Stand (ISS),
the OTA Contractor will have installed and aligned the ISS, and the SSMIST Contractor z will
have aligned its guide rails in accordance with the ICD.

The first step of OTA transfer to the ISS includes the preparation of the OTA by the OTA
Contractor by attaching the lift sling, attaching ISS guide rail followers, removing the trunnion and
verifying that the OTA is ready for transfer. The SSM/ST Contractor will support the OTA
Contractor by operating the facility hoisting and handling equipment as required.

The SSM/ST Contractor will transport the OTA in its tooling ring to the ISS and lower it into place
on the ISS support fittings in accordance with OTA Contractor procedures. The OTA Contractor,
after directing the above activity, will secure the OTA to the fittings, disconnect the tooling ring
from the OTA, z readjust the lifting slings, and direct the removal of the tooling ring from OTA by
the SSM/ST Contractor in accordance with OTA Contractor procedures.
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During this time period, the OTA electrical GSE (SCCER) will be shipped to the ST Integration
Site. _

The SCCER, in government furnished equipment, will be hooked up with the previously installed
cabling in the ST facility. The other components, PBM, SOIB, and the auxiliary terminal, will be
located and hooked up. The SCCER, installed in a government z furnished van, will be hooked

up.
4.8 SSM/ES-SI System Integration (SSM/ES-SI)
OBJECTIVES

a.  Assure satisfactory hardware and software functions of flight systems, including all
interfaces, in accordance with the VRSD, SAV1022.

b. Exercise all commands and telemetry and functionally operatg all redundant and backup
equipment including redundant and cross-strapped path whergipossible and practical.

4

c.  Perform negative mode testing to verify hardware/ softw:r b perform as designed

and invalid functions do not occur.

d. Continue the reverification of component critical pay
time (operating cycle) to insure no (1) degrag
(3) workmanship.

recording of component run-

e. Verify SSM Communications Subsy m

f.  Verify the SSM/ES to Sl interface.
g. Verify shutdown sequences a “
h.  Monitor STOCC co
Functional testing of l

commanding and
SSMIES and its batt:

®ystem. It will be verified that all SI's will function with the
rding to the requirements in VRSDs SAV1020 and SAV1022.

4.9 Weight Center of Gravity

OBJECTIVES

a. Perform FS, LS, SSM/ES, and AS weight and CG measurements. Perform OTA weighing
and CG measurements.

b. Perform Light Leak Test.

c. Perform Creak Tests.

The Forward Shroud (FS), Light Shield (LS), SSM/Equipment Section (SSM/ES), Aft Shroud
(AS) and Optical Telescope Assembly (OTA) will be weighed and Center of Gravity (CG)

measurements will be performed. A Light Leak Test and a Creak Test will be performed on the Aft
Shroud.
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4.10 ST Assembly

OBJECTIVES

a.  Assemble the SSM ES to the OTA.

b. Assemble the Forward Shell to the assembled ST elements.
c. Assemble the OTA ES to the assembled ST elements.

d. Install FGS/FGE #2 (Flight Unit No. 1).

e. Demonstrate that the functional integrity of the OTA hardware remains unchanged since its
preship functional tests at PE.

f.  Assemble the light shield to the assembled ST elements.

g. Assemble the aft shroud to the assembled ST elements.
h. Install the axial and radial ST's into the assembled ST efments
Prior to the start of the actual R&I, a team comprised of ontractor, OTA Contractdf,
SI Contractor, NASA, and ESA (as appropriate), w, i
(ORI) against the depot and handling equipmegg
facility and support equipment to meet contra

cleanliness, operating procedures and any
requirements (ref. PA-Ol, Product Assur:

ent for safety (personnel and hardware),
ng to systems and equipment interface

The ST assembly operations will?
environment of the VATA. Prior to tt
major ST structural section, m
thorough cleaning process
wiped down outside the VA
This curtained-off area wilk
environment when
area will be used to 0f
appropriate handling

entirely within the class 10K cleanliness
the area/GSE will have been performed. Each
nt which enters the VATA will be subjected to a
rs will be washed and dried, or vacuum cleaned and
behind a curtained-off area in front of the VATA door.
inate drafts of outside air from contaminating the VATA
¢ open. In addition, the overhead crane inside the curtained
ng containers and set the protective-wrapped equipment on their
ixtures. The VATA doors will then be opened and the equipment
moved inside. With the egiiment at the entry end of the VATA, the protective wrappings will be
cleaned and removed after the environment has stabilized. The environment air quality
(contamination level) will be monitored and certified 10K or better before the final protective wraps
are opened or removed. Details of operational space within VATA Will be addressed via MOU's
and appropriate ICDs.

Preparations for ST assembly will have been completed prior to arrival of the OTA and OTA-
ES. They are test documentation setup, e:g., Log Books, TP's, QA sections; planning area use;
supplies and test support equipment procurement, facilities setup, etc. The SSM/ES and
other SSM structures will be positioned in the VATA to support assembly operations in an area
which will not hinder OTA activities.
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4.11 ST Pre-Power Tasks

OBJECTIVE

a. Verify power interface between the SSM and the Associate Contractor hardware by
performing power bus continuity, isolation, and single point ground measurements per
SAV1023.

An ST Verification ORI will be conducted at this time on the computer complex of SATS and

associated electrical GSE to include both SSM and ST requirements and any updating. The VAP

"~ Computer System (CS) configuration will be included in this ORI.

Shutdown sequences and safing procedures will be entered into SATS.

Several other tasks described below will also be completed in preparation for powering the ST.

GSE/STE cabling will be connected to the ST interface. ST Pre-Poy
bus configuration, unregulated return isolation and bus resistan
also be checked for isolation from GSE and ST unregulated return,
to ST unregulated return will be verified. The air conditiofing sy
connected to the OTA-ES and SSM/ES interfaces. Test b 1

hecks will verify initial ST
Qattery charge lines will
IINGSE returns connected
 @cts will be purged and

Connection of break-out boxes to associate contrac v 111 be performed by Associate

Contractors with the SSM/ST Contractor obse e cofiection may be performed by the

SSM/ST Contractor with procedure developme pval of the Associate Contractor.

4.12 ST Hardware/Softw : Functional Verification
OBJECTIVES

a.  Assure satlsfactory hard ware functions of flight systems, including all

gle try and functlonally operate all redundant and backup
t #hd cross-strapped path where possible and practical.
o to verify hardware/ software functions perform as designed

b. - Exercise all comim;
equipment includjag}

c.  Perform negative
and invalid funct ’

ifiatigh of component critical parameters and recording of component run-

l¢) to insure no (1) degradation, (2) undesirable system interaction,
and.(3) workmanshf p failures.

e.  Verify SSM communications subsystem using the NASA CTV.

f.  Verify operations of the ST system using mission mode criteria.

g. Verify RF VSWR and insertion losses in all RF passive components, waveguide, and coax

h

cabling.
Verify shutdown sequences and safing procedures.

Prior to beginning the ST functional test, RF VSWR and insertion loss measurements will be
performed on the ST waveguide and coax cable assemblies while they are connected into the
system.

This test is to re-establish ground knowledge of the efficiency of the RF transmission elements of
the 1&C subsystem after ST assembly and to demonstrate the integrity of the interconnects within
the ST. Subsequent RF continuity (open loop radiation) tests will verify the integrity of the antenna
and RF equipment final connections. ST power will be applied using SATS automated power-on
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and conditioning sequence to first configure the ST to minimum power configuration, and then
powering each subsystem to its standard test configuration (ref. Section 7.2) observing any
predetermined operational constraints. Each ST subsystem will remain powered in this
configuration during all ST subsystem testing. with the OTA, SA, SI C~DH and SIs in the
standard test configuration, tests of each of the SSM subsystems will be conducted. These
confidence tests will be followed by detailed functional tests of the EPS, 1&C, (manual) RF
equipment, DMS, PCS, Safemode and ST C&DH systems.

After the SSM, OTA and SI C&DH subsystem functional tests are completed to SAV1020 and
SAV1021 requirements, the functional interface between the SSM and the OTA and SIs will be
verified. Each SI will then be tested with the other four SIs in various designated modes in the
standard test configuration. The SI tests will be based on SI Contractor supplied test sequences and
predicted telemetry responses.

After completion of the I/F Functional verification, a series of sequences designed to exercise the
appendages (HGA, SA and AD) hinge and latch mechanisms will bg performed. Each command
and telemetry response (ref. DM-01 and DM-02), relative to the subs ystem under test, will be
verified by hardware performance. Since the SA flight wings wi '
function interface resolvers will be tested by a GFE prov1ded t
provide a simulated SA signal to the ST DMS for normal
derived from the design of the ESTE which responds to ne

The ST Functional test will be designed to veri
SAV1020 and SAV1021. All primary and redu
responses (ref. DM-02) verified. In some cases
commands may be verified due to hardware
SSM/ST verification, the thermal constrail
limit-checking both flight and/or test instru
of test procedures to perform these tegf,
the SSM/ST Contractor with calibrz

ds will be executed and telemetry
ted responses or negative responses to

applicable. In support of the development
each Associate Contractor will have provided
nstraints, logic model inputs, and telemetry

A Light Leak test will ‘ afsing the HSP. An exterior light source will be moved at
various positions to co

Upon completion of the ST Hardware/Software Functional Verification and post-test data analysis,
a meeting will be held by the STVTL and ST Systems Engineering to obtain the concurrence of all
Associate Contractors and NASA to proceed with preparations for the FGS #3 installation and
ST/FGS functional checkout. A similar meeting will be held after every A~V milestone test
completion.
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4.13 Fine Guidance Sensor (FGS) #3 Installation And
Functional Checkout

OBJECTIVE

a. Install and checkout FGS #3 and its FGE

FGS #3 will be installed into the ST by SSM Contractor personnel using SIFIG. OTA Contractor
personnel will witness and upon completion of mechanical installation will hookup the FGS
electrical cables. The OTA Contractor will then install the FGE #3 with assistance by SSM

Contractor personnel and the SSM electronics installation tool. A functional confidence test will
then be performed.

4.14 ST Hardware/Software System Functional Verification #2
OBJECTIVE

a.  Complete the objectives of the ST Function Test (see paragr:

4.15 ST Systems End-to-End Test
OBJECTIVES

ions f flight systems, including all
sihg flight mission sequences.

a. Assure satisfactory hardware and softw;

i éompatibility using the NASA CTV.

: 5 ility verification which includes the STOCC via
Segdences will be commanded by SATS and monitored
mand the ST with SATS monitoring. Selected data

c.  Conduct flight to ground intcrf%“\:
the TDRSS CTV (miSSion, :,. ur.

& cémponent-critical parameters and recording of component run-
ujgﬁre no (1) degradation, (2) undesirable system interaction, and

time (operating ¢
(3) workmanship:

e. Provide ST Verificaion Team (STVT) training/ familiarity with STOCC operations under
simulated orbital verification conditions.

Prior to performing the STOCC compatibility test, selected members of the STVT will travel to the
STOCC, to supplement ST Test Designers previously located there. STVT personnel required at
the STOCC will include two Test Engineers and SSM, OTA, SI and SI C&DH Data Analysts.
STVT will be responsible for all verification testing between the ST and the STOCC. Bit Error
Rate (BER) tests will be performed for comparison of data between LMSC and STOCC.

The ST will be configured for this test phase with -the GSE/STE interfaces mated, including the
appendage deployment simulation equipment. The ST will be powered using the standard power-
on and conditioning sequence. Mission Simulation sequences will then be executed from the TCC
in the VATA and the ST telemetry data will be monitored for correct responses.

This test will establish a baseline for STOCC I/F testing. The STVT at the STOCC will monitor the
ST telemetry data via the CTV and TDRS/NASCOM as required during this operation. The
STOCC will then take command of the ST, and the similar mission simulation sequences will be
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repeated with the TCC monitoring the ST data. During execution of this phase, STVT Test Data
Analysts will evaluate system performance to determine if the expected results were obtained. The
ST will then be configured for ascent mode with power supplies through the Orbiter umbilical and
extender cables from the deployment support equipment simulating the ascent mode configuration
in the Orbiter cargo bay. Following ascent mode verification, the ST/SSE umbilical will be
disconnected and the Simulated Mission Operations sequences will be executed by the STOCC to
verify the capability of the ST to operate in an orbital configuration. Upon completion of this
sequence, the ST will be powered off, the umbilical reconnected and data analysis completed.
STOCC and SATS TLM data will be compared for uniformity and deficiencies. Installation of
acoustic test instrumentation will be continued on a basis so as not to interfere with testing.

4.16 ST Modal Survey

OBJECTIVES

a.  Provide information pertaining to the modal characteristics w
dynamic analyses. The modal survey provides the means f
various modal parameters (i.e., resonant frequencies, damp:
mode shapes per VRSD SAV1025.

i is the basis for the system
rimental determination of
jor, and limited data on

b. Provide information to support jitter evaluation,

geleration transducers to the ST
. Héwever, each Associate Contractor

on on his equipment. The SSM/ST
rs are sealed piezoelectric units, which
al hardpoints. If the LMSC supplied
because of access problems, the Associate

LMSC will supply, upon request, removable (non
Associate Contractors for support of the ST mod
will be responsible for the installation of the
Contractor will provide assistance as neededy
will be bonded or mechanically attache
instrumentation is not adequate or it must
Contractor will supply compatible instt%
(MLI) thermal material will not yet problems associated with gaining access to the

ave its MLI already installed; therefore, most of the

Upon completion of i
Modal Lab recordeg
support equipment w

on of the instrumentation channels, the ST and Modal Lab
red for the Modal Survey.

The ST will be configured#6 simulate, as closely as possible, the on-orbit physical configuration
for the modal survey. ST assembly will be complete except for the SA wings, HGA boom and
axis gimbals and dishes, and aperture door. Opaque protective covering will be installed over the
end of the light shield to prevent contamination or damage to the OTA. Thermal control surfaces
will not be in flight configuration and the SSM main power busses will not be powered. Nitrogen
purge to the SIs will be maintained.

Prior to commencement of this test, an ORI will be conducted of the area and equipment involved
in this test.

During the modal survey, the ST will be suspended vertically by three cables attached to
Equipment Section Vertical Hoist Fittings at ST station 299. The cables will be attached to air
suspension cylinders on a wye-shaped spreader bar assembly supported by the overhead crane.
The ST will be excited with suspended shakers which will be frequency and phase correlated to
define each mode with excitation in the 0 to 100 Hz range at a level of 0.01 to O.1G.
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Instrumentation for this test is detailed in the ST Environmental Test Instrumentation Plan, LMSC
D792999.

It is planned to operate the RWA's, tape recorders and star selector servos in the FGS. During
operation of these devices, acceleration is to be monitored at the primary mirror, secondary mirror,
and optical benches of the FGS's in order to deduce over all line-of-sight jitter.

After the modal survey is completed, the ST will be repositioned on the support fixture, the related

Modal Lab support equipment removed from the VATS, the transducer blocks removed from the
structure, and residue of the bonding substance removed from ST surfaces.

4.17 ST EMC Verification

OBJECTIVES

a. Assure satisfactory hardware and software functions of fl

ght systems, including all
interfaces, in accordance with SAV1020 and SAV1026. '

b. Demonstrate electromagnetic compatibility of ST Syste
operates properly at critical test points when subject to'Ryternally

aring that the system
€rated sources.

c.  Continue the reverification of component-critica
time (operating cycle) to insure no (1) degrada

pd recording of component run-
@sSirable system interaction due to

The ST EMC test is to verify Elegtror
the ST level. EMI will be contré$e
test. This test will basically cqsfs
ST configurations, whichgvill
be monitored including ST%

as determined in the
functioning in a missic

tic #ompatibility (reference the EMC Plan, SE-09) at
‘coriponent level and verified at the ST level in the EMC
&sedes of functional test sequences, performed with altered
gate equipment EMC. A limited number of test points will
iipgle point ground and the power interface to one or more SI's
an. EMC testing will also be performed while the ST is

EMC testing for worst ‘ ase transfer from orbiter external power to ST internal power, shall be
simulated with GSE poweér input to the SSE deployment umbilical.

EMC test equipment will be installed at various critical points within the spacecraft. These points
will have been previously selected by analysis or by prior experience with the ST hardware. The
EMC test equipment will be used to monitor the pre-determined critical interface circuits and power
paths, and to verify safety margins for sensitivity and interference on these circuits. The two
power sources which will be used during the EMC test are the ST test batteries and GSE/STE
power supplies. During each phase of the EMC test, the power bus will be configured in a normal
operating mode.

The ST will be powered up, 32K rate TLM mode will be selected for maximum sensitivity, and the

special test sequence to establish EMC configuration will be run. When proper configuration,
health and status have been verified, the EMC test sequence will be executed.
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During the EMC test sequence, it is planned to:

. Measure conducted emissions, including transients on the unregulated 28-volt bus at
two points:

. In the Power Control Unit (PCU)

. At one selected SI, RSU, FHST, Computer and DMU power connector.
e Measure structure skin currents:

. At the ST SPG with current monitor

. Between the DMU and one selected DIU

. Between one selected DIU and PCU

. Between the SI C&DH and PCU
. Radiated emissions of the ST will be measured d 1 EMC tests.

frequencies and KU band
denna scan vertically along the

. Radiated susceptibility tests will be performs
frequencies by separately irradiating the 8
+V1 axis at 180 degree and 270 de al

e  Conduct susceptibility tests simulat
pad, with ST in orbiter.

swer interface configured as on launch

The exact number of data points and &}
SAV1020 and SAV1026, and the EM!

nalyzed during the EMC test will be defined in
'SE-09).

) d, the EMC test equipment will be removed. The ST
ewill be performed. The ST confidence test is a series of
ut not all of the functional performance parameters. If an
dto install test equipment during the EMC test, a Confidence
quired to reverify that connector and/or component integrity.

will be powered and a ST
test segments verifying ¢
I/F connector has beer
test sequence will be-

4.18 Mech
OBJECTIVES

Installation And Checkout

a. Install the SSM mechanisms.
b. Perform fit/alignment verification.
¢.  Verify mechanism unlatching, motor drives, and latching.

Flight mechanisms for AD, HGA, SA, and umbilical disconnect shall be installed, electrically
connected, fit checked, and aligned. Harness routing shall be checked for non-interference of
latching, unlatching actions. The mechanisms will be activated by commands from SATS.
Angular indication and hinge switch positions will be verified by telemetry. Hinge preloads at
deployed positions will be verified to specifications.
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4.19 FGS Engineering Model (EM) Change Out
OBJECTIVES

a. Remove the FGS EM.
b. Install and checkout FGS #4 and its FGE.

FGS #4 and its FGE will have arrived and be available for installation in the ST replacing the FGS
EM thus making all FGS's flight hardware.

FGS #1 will be removed and FGS #4 will be installed into the ST by SSM Contractor personnel
using SIFIG. OTA Contractor personnel will witness and, upon completion of mechanical
installation, will hook up the FGS electrical cables. The OTA Contractor will then install the FGE
#4 and remove the engineering model FGE, with assistance by SSM Contractor personnel and the
SSM electronics installation tool. There will be an in-place confidence test performed using the ST
and its associated GSE/STE.

4.20 ST Acoustic Verification
OBJECTIVES

a. Monitor selected SSM systems status duri
intermittent circuit dropouts or relay/switch cori

@ exposure to verify that no
Zsdoccur.

b. Demonstrate the ability of the ST systek ithstand the acoustic and vibration
environments imposed during launch/; ’

fion simulated by the acoustic chamber does

c. Insure that the orbiter cargo bay acous
sth | beyond the qualification levels of any ST

not induce vibratory or acous
components and modules.

time (operating cy¥jeBtdn€ure that the acoustic environment causes no (1) degradation, (2)
unfavorable syst: tegdction, and (3) workmanship failures.
f.  Verification to be pér VRSD SAV1027.
Acoustic testing verifies ST response to simulated acoustic, random vibration and load
environments occurring during launch. The expected Orbiter payload bay ascent acoustic
environment will be simulated by the test chamber excitation in both frequency and intensity.

Since ST verification is a joint qualification/acceptance program, maximum expected flight levels
will be used to excite the external structure.

In preparation for the acoustic test, all safety precautions will be taken and an ORI will be
conducted on the acoustic cell, ST handling dolly and related equipment not previously utilized.
The following tasks will be accomplished to configure the ST as close as possible to the launch
configuration. The HGA, SA wings and AD will be installed, fit checked, alignment interfaces
checked, and latched in the stowed configuration with protective covers installed. The flight-type
Aperture Door will be installed and a full AD deployment test will be performed. The flight HGAs
will be installed and a micro deployment test will be performed on each HGA by opening the
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latches and then commanding the HGA Hinge Motor through 500 steps. Telemetry will be
monitored to verify proper latch operation and that the motors operate, but the HGA will be
restrained 50 no actual movement of the HGAz will occur. Spherical bearing manual tests will Z
be performed on the HGA and SA latches. A manual full deployment test/check will be performed
on the HGA mast to verify the Service Loop and Hinge/Mast clearance envelope. Electrical latch
open commands and PDM polarity checks will be performed. Verification of the SSM/SA
interface continuity and isolation will be completed using the SA subsystem test plug. Electric
simulators for the SA, AD and HGA gimbals will be removed and all thermal control surface
material will be installed. After battery charging is completed, air conditioning ducts and GSE
cabling will be disconnected. While the ST is in this flight configuration, SA protective covers will
be removed and the ST envelope verification will be accomplished. Protective frames will then be
installed and the ST protective cover will be installed. Utilizing the VATA hoist and MGSE slings, :
the ST will be moved from the VATS support fixture to the handling dolly. SI purge interruptions
will not exceed 1 hour at any one time in a four-hour span nor more than three interruptions within
a twenty-four hour period. The antennas will have mechanical constraints and the SA's will have
bungee constraints in the event accidental deployment occurs.

Once the ST is secured in the transportation dolly, mechanical
strongback structure to simulate the location of the umbilical retr
retraction mechanisms will then be attached to the stropgbac
umbilicals connected to the AS half of the flight umbilie:
control panel will be added to the test setup and the retracts ms functionally tested.
The support fixture will be lifted by the 20-ton o
to the far end of the VATA high bay. There
cleaned portable air pads or heavy equipment tr
support fixture will then be positioned un '
transportation devices. It will then be
floor.

ng the sling assembly, and taken
fixture will be mounted on previously
s and moved out of the VATA. The
¢facility overhead crane and lifted off the
e acoustic cell, leveled and secured to the

stic chamber, the ST will be transported to the
support fixture. Temporary access platforms will be
the ST and connect the air conditioning and GSE cabling
. SI purge will be connected so that gas flow can be
sed. After ST installation and GSE/STE hookup in the
nfidence Test (ref. Section 7) will be performed utilizing the
1 d real-time data processing to verify that the ST survived
e acoustic cell, as well as providing a comparison baseline for ST

After the support fixture is m

used to disconnect the hoist:
to the test plug and umbRc

acoustic cell, a ST Pr
SATS automated pr:
transportation and setuj
Post-Acoustic Confiden

The ST system level acoustic test will verify that SSM and hardware interfacing elements such as
electrical connectors, latches, mechanical attachments, and ORU mounting provisions retain their
integrity under acoustic excitation conditions. Subsequent physical inspection and functional tests
will verify survival to the extent possible.

Microphones will be monitoring the environments to which the SSM and Associate Contractor
modules are exposed, thereby preventing overexposure (and possible vehicle damage), and
providing a proof-of-environment. Acoustic shaping of the test spectrum will be accomplished
prior to arrival of the ST. Shaping will allow the cell operators to determine the appropriate one-
third octave band filter attenuator settings which will be stored on paper tape.

The SSM will be powered and monitored by SATS (ref. Para. 9.1.1). The 32K telemetry mode

will be used to monitor for failures and intermittents during acoustic exposure. No commands will
be sent during the acoustic exposure. Review of the SSM/ST Contractor Satellite System Division
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failure histories indicates that system-level failures occur during acoustic exposure and that some of
these failures can be identified in real time. For this reason, LMSC plans to use the CTV to
monitor the TLM through the RF link instead of using only the ST test connector to verify
Spacecraft health and status. This powered configuration during acoustic exposure is perceptive in
revealing intermittent anomalies and failures. It is recognized that some SSM/ST components will
not be powered during acoustic environments due to operational or hardware constraints. The
OTA, all ST's, and SA systems will not be on for this test. Such constraints will be defined by all
Associate Contractors for their equipment and incorporated into Acoustic test procedures.

The Acoustic test will proceed as outlined below:

*  Initial calibration acoustic exposure at full level of approximately 139 dB, for 75
seconds

*  Process and analyze selected microphone and vibration data

J Make data available for contractor review

e Perform ST confidence test if required

performed to verify ST operation after being exposed to the
acoustic environment. 4@ 'hg.S ptemi will not be tested at this time. The Acoustic test data will be
analyzed by the SSM/J§ Songraefor and Associate Contractor personnel and compared with ST
acoustic design and tesf{gritcha. A limited mechanical inspection will be performed. After
satisfactory results are ob&isfed, the ST and GSE/STE will be transported in the reverse process
back to the VATA. ThedSupport Fixture will be cleaned and reconfigured for subsequent ST
verification. A full deployment of the AD will be performed to demonstrate that the AD latches will
operate properly upon command, subsequent to the acoustic exposure.

The ST will be installed in VATS, where the ST protective covers and acoustic instrumentation will
be removed. The SI purge will be maintained throughout the handling cycle and disconnected only
for brief periods, not to exceed one hour as previously explained, as dictated by operations. An
inspection of accessible ST structural surfaces will be performed to verify no damage or
contamination during Acoustic testing. GSE/STE cabling will be reconnected to the ST and
batteries will be recharged.

This inspection will permit the flight crew to inspect the ST in the pre-deployment configuration.
The objectives to be accomplished include acquainting the astronaut flight crew with the ST
deployment unscheduled maintenance procedures, observing a demonstration of the SSE technical
features, and gaining an understanding of manual deployment of the HGA, SA and AD
assemblies.
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4.21 ST Post Acoustic Functional And Thermal Vacuum
Preparations
OBJECTIVES

a. Assure satisfactory hardware and software functions of flight systems, including all
interfaces, in accordance with the verification requirements specified in SAV1020 and
SAV1027.

b. Exercise all commands, logic, and telemetry and functionally operate all redundant and
backup equipment, including redundant and cross-strapped paths, where possible and -
practical.

c.  Perform negative mode testing to verify hardware/ software functions perform as designed
and invalid functions do not occur.

ing of component run-
time (operating cycle) to insure no (1) degradation,af ental exposure, (2)

undesirable system interaction, and (3) workmanshiE-f

€.

During this time span

d to demonstrate that the HGA latches will unlatch and latch upon
command, and that the inge Motor will operate through the 500 step command, subsequent
to acoustic exposure, with fefemetry confirmation of each action and to verify that the ST survived
acoustic exposure without'degradation.

The post acoustic task’

A ST systems functional test (ref. Section 7) will then be performed to verify ST systems
performance after exposure to the acoustic environment and assure that data are comparable to
previously executed systems functional test data.

After completion of the ST systems functional test, the WF/PC SI clock reversal test (jumper)
connector shall be removed and replaced with the flight connector. A WF/PC Confidence (TBR)
test shall be accomplished after the flight connector is installed prior to movement of the ST outside
the VATA for the TV/TB environmental test.

NOTE: 1) The WF/PC will remain in this configuration (flight connector installed) for the
remaining test through launch.

2) This is a short form functional test to verify WF/PC functioning after removal of the

clock reversal connector and reconnection of the flight connectors. This connector

2.2 - 66



Downloaded from http://www.everyspec.com

MSFC-HDBK-2221
February 1994

removal and functional test is required after post acoustic functional, but prior to
removal from VATA for TV tests. It will add an estimated one shift to the ST Test
Schedule.

A gimbal phasing test will be conducted on the HGAs (after removal of the RF antenna dish and
feed) to verify gimbal assemblies have withstood the acoustic environment.

The HGA, exclusive of hinges and latches, will be removed from the ST and stored in a protected
area until they are needed during ST preliminary shipping preparations. The SSM/SA interface
will be verified by a continuity and isolation check. The SA wing will be demated from the ST and
a functional test of the SA wings will be performed by BAe/ESA in the VATA, using the BAe/ESA
GSE listed in Section 9, during the period that the ST is under test in the thermal vacuum (V)
chamber. During the demate process, the SA will be suspended by the VATA overhead crane
while the stow latches are released and the SAD adapter is detached from the ST structure. The SA
wings will then be lifted clear of the VATS, lowered and secured to the interface plate of the BAe
integration trolley.

The SA wings will be subjected to a complete inspection and 1al verification. With the
interface frame mounted on the primary deployment rig, the P 35
(PDM) will be activated. The SA wings, on the interfa
integration trolley and positioned between the two halve
tables) for the Secondary Deployment Mechanism (SBM

deployment rig (water
. For the PDM and SDM
11 be used. The SA wing will
zaring rig to off-load the bearing in
pare SADE, driving the stator around
ound the rotor.

verified. Each Solar Panel Assembl ) wi be exposed for flashing, as well as being visually
inspected. Following the Functif
na “covered work tables, so that the blankets may be
unrolled from the SDM i at the correct launch tension.
At the conclusion of 1 instrumentation installation, a thorough inspection of the ST
ndisting of LMSC, NASA and contractors. All thermal control

- solar reflector [FOSR] and MLI) will be examined for proper
per thermocouple instrumentation. The AD will be removed and
replaced by a vacuum-comipatible cover or diaphragm. The ST protective cover will be prepared
for installation, along with its environmental monitoring instrumentation (relative humidity,
vibration/shock, and temperature). Thermal simulators will be installed for simulation of the
HGA, SA and AD during thermal vacuum testing.

Upon completion of data analysis, the ST will then be transferred from the VATS to the Handling
Dolly. At this point in the test flow, the Associate Contractors will no longer have direct access to
the ST hardware or the Thermal Vacuum test area unless they possess security access gained in
advance of thermal vacuum test activities. However, they will have complete access to the SATS
TCC, from where the test will be conducted and monitored.
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4.22 ST Thermal Vacuum/Thermal Balance Verification
OBJECTIVES

a. Assure satisfactory hardware and software functions of flight systems, including all
hardware/software interfaces, in accordance with SAV1020 and SAV1028.

b. Conduct flight to ground interface compatibility verification which includes an ST functional
verification monitored by the GSFC STOCC via the NASA TDRSS and the NASA CTV.

c. Exercise all commands, logic, and telemetry and functionally operate all redundant and
backup equipment, including redundant and cross-strapped paths, where possible and
practical.

d. Continue the reverification of component-critical parameters and recording of component run-
time (operating cycle) to insure that the TV environment cagges no (1) degradation, (2)
unfavorable system interaction, and (3) workmanship failur

e. Perform negative mode testing to verify hardware/ softwar
and invalid functions do not occur.

s perform as designed

f. Demonstrate the ability of the ST TCS to mai thermal excursions within

defined mission thermal limits.

ired to enhance the flight prediction

g. Validate the ST thermal model and up QUi
i T thérmal design if deficiencies are found.

capability. Test data will be used to modi

h. Detect latent material/workmanshii)
stresses and simulated hot/cold e

m. Verify SAFE mode

In order to accomplish qualification and acceptance verification, the thermal vacuum chamber
activities will consist of a joint thermal vacuum and thermal balance test. The ST systems thermal
vacuum test will be the first time at a systems level that the ST will be in this environment. This
will be a 28 day (24 hour day) test.

ST Thermal Vacuum/Thermal Balance testing will be performed with all ST modules installed
except SA Wings, HGA (boom and two-axis gimbal) and AD. The AD opaque simulator (MSTE
29) will be installed. All ST thermal surfaces will be installed in flight configuration.

The location of test instrumentation (removable or flyaway) that will be used to support the thermal
vacuum test will be documented in the MOUs. The Instrumentation Plan will define the interface
requirements that are necessary to control the compatibility between the instrumentation and
monitoring equipment. Each Associate Contractor will be responsible for the installation,
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checkout, removal and/or termination, as appropriate, on his equipment. Correspondingly, each
Associate Contractor will evaluate his own thermal data to assess his equipment performance,
recognizing that collaboration and data sharing may be necessary to develop the complete
understanding of the ST thermal characteristics.

Temperature limits for the test instrumentation will be established pretest by each Associate
Contractor and supplied to the ST systems engineering organization. SSM/ST Contractor will
assure limits are not exceeded during real-time test by adjustment of the infrared (IR) lamps and/or
by turning components/heater busses on or off. All data, real time and/or recorded, will be
available and supplied to each Associate Contractor and NASA for review periodically during the
test span. Data will be available on magnetic tape in a format readable by general scientific
equipment such as IBM, PE3230, etc. The format details shall be mutually agreed on between the
SSM/ST and Associate Contractors.

The thermocouples used by LMSC for thermal vacuum testing are copper/constantan. Lead wire
for thermocouples will be cleaned to meet ST contamination requiremgats and can be either bonded
or taped to the surface being monitored. Monitoring the ST envjrolmental pressure is critical
especially because of corona discharge effects. The ST thermakyv&uum facility chamber has
pressure instrumentation to verify the vacuum level external to the $T% The thermal vacuum
chamber is described in Para. 9.1.4.

SI high voltage supplies/detectors will not be turned o: ire of 10(-6) Torr has been

attained as measured by the pressure gage in the AS.:

A pressure transducer will be installed within the pd to monitor ST internal pressure during
TV/TB testing. This monitor will be removed fo

A contamination monitor will be instal
contamination. This monitor will.
shock/vibration instrumentation will

ghe aft shroud to monitor ST internally for
¥or flight. During transportation of the ST,
0 provide a mechanical environmental record of

Prior to moving the ST to the hamt : r, an ORI will be conducted on the test facility. The ORI
will include review of thefgham 7
STE required for this

; 3 the handling dolly, will be moved from the VATA to the clean
room entry of the TV cha . The TV chamber overhead monorail will be extended and the ST
placed under it with the -¥4 axis up. The ST will be raised from the handling dolly and supported
from the monorail at the flight trunnions. The GSE/STE electrical and instrumentation cables will
be connected to the ST, gas purge to the SI's continues. The TV chamber heat flux simulator
lamps (a forward and an aft portion) are brought out from the chamber and placed around the ST.
Adjustments of the heat flux simulator are made and GSE thermal sensors circuits are verified at
this time. The forward portion of the heat flux simulator and the ST are moved into the chamber,
with the aft part of the ST still outside. After configuration is established in the TV chamber, an
ambient checkout of the TV test configuration, consisting of a confidence test (ref. Section 9),
remote monitoring of TLM, and GSE/STE checks, will be conducted to assure than no anomalous
conditions have developed since the last test and to verify the GSE/STE to ST interface. Air
conditioning ducts and test cables are connected and a confidence test performed, including
verification of the GSE/STE to ST interface, and remote monitoring of TLM. Air conditioning
ducts are then removed, the aft portion of the heat flux simulator placed around the ST next to the
forward portion. The ST and heat flux simulator are then positioned in the TV chamber. SI
purging will be maintained throughout the installation task with minimum interruption and

The ST, placed horiz
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terminated before the start of chamber pump-down. Interruptions are limited to one hour within a
four hour period and no more than three hours of outages in a twenty-four hour period.

Witness samples and contamination deposition monitors will be installed in the chamber to obtain
outgassing characteristics. The chamber door will be closed and power applied to the ST, which
will then be functionally configured to the ascent power configuration. GN2 will be disconnected
prior to pump-down. During chamber pump-down, continuous monitoring of selected TM points
will be performed. Arrays of infrared (IR) lamps will surround the ST and the TV chamber cold
walls will be flooded with liquid nitrogen to simulate space sink. The thermal environment to the
ST will be controlled by adjusting voltages to various IR lamp zones. The initial voltage settings
will be predetermined, based upon the ST thermal control surface and IR lamp characteristics at
each location. The settings will be adjusted during the test according to ST test instrumentation
readings and compared with the expected hot and cold case orbit predictions. At no time would
any defined critical temperature be allowed to exceed a predetermined limit.

The SSM main power busses will be on continuously throughopt the TV test. Associate

Contractor hardware will be turned ON/OFF as specified by test regititéments. Telemetry will be -
ON during all ST Functional testing at the hot and cold enviropient§ and during transition and

soak periods. The GSE/STE temperature readouts will be monitg inuously. Continuous

TLM may be interrupted if there is a priority situation req )
recorder (WBR) playback. In addition, all telemetry data
will be recorded as a permanent test record, to be use
soak periods. The total test span from the start
ambient is anticipated to require 28 calendar day
beta angle of 52.3 deg., low orbit altitude
considering the end- of life optical properti
rates will be maintained during hot orbit §i
be tested as well as the affect upon operatin

during maintenance mode shall be ¢
(component) dissipation configurati

uation to repressurization to
onditions will simulate an orbit

Functional testing at hot a
simulated mission operatlen
scheduled to assure equalk
is shown in Figure 3
OTA stability is basec our cold to hot or hot to cold slew requirement. Therefore, a
representative slew tes performed. The high to low tests are more severe than a slew test
and too slow. The slew test temperature changes in the SSM environment would be accomplished
over a shorter period of time going from cold to hot (about 20 minutes) and the response of the
OTA will be observed over the following 24-hour period of time. Appropriate OTA equipment
will be operational throughout this test.

When the chamber is pumped down and stabilized, the STVT will evaluate ST health and status
based on SAV1020 and SAV1028 test constraints to determine when the ST Confidence test will
be performed. After the Confidence test is completed, the first cycle to be run will be optimum for
achieving thermal stability and aft shroud/SI pressure stability as rapidly as possible. Heater
checks will be performed during this initial high temperature stabilization period, to develop heater
power profiles and determine the efficiency of that portion of the thermal design. A high-
temperature Functional test will be conducted. After transition to low temperature, the ST will then
be configured for low temperature and subjected to the lowest low-temperature environment during
the TV verification cycle. The next phase is a safing test followed by a high and low temperature
simulated mission operation followed by another low temperature functional test. The test will
conclude with a final high-temperature Functional test. The ST test batteries will be programmed
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through various charge and discharge cycles during the test activities. SI Systems performance
testing will consist of system tests simulating mission mode operations, functional tests, and SI
detector dark count tests. -

During temperature transitions (high-to-low and low-to-high temperature), the SATS will be
monitoring telemetry data.

Upon completion of TV testing, the chamber and ST will be prepared for repressurization per ST
Contamination Control Plan.

The SI purge system will be reconnected within one hour after the chamber door is opened. An
ambient Post-Thermal Vacuum Confidence test will then be performed to verify that the ST has not
sustained any damage during repressurization.

Immediately after the Post-Thermal Vacuum Confidence test, the main chamber door will be
opened, the ST will be placed on the handling dolly, and the ST transported to the VATA for
further cleanup and processing. Witness samples and contaminatipn ¥eposition monitors will be
removed from the chamber for analysis and data will be m: lvailable to all Associate
Contractors.

4.23 Compatibility Test

d SI performance under orbital
ane€ under maximum expected flight

rake systems operation during a simulated
ratiopS will be performed through simulated
L ¥acuum testing and as a part of mission

The compatibility test will demonstrate satisfactor
conditions and will also verify satisfactory syste:
conditions. The test will be configured to dem
launch and expected orbital operations. Ogpitali

orbits. The test will be performed duringyctn
simulation testing.

The compatibility test will be coptrollg
testing and controlled from the:@perd ontrol Center, utilizing the ground communication

test batteries installedgangd ‘

transmission and commupid with the payload will be open loop through use of hat couplers.
Systems, including ST | Be functionally operated through all configurations, primary and
redundant, with cross-strajping. Telemetry formats, data rates, critical systems timing and tape
recorder recording of engfheering and science data and data playback will be verified. The flight
software will be installed. Maximum command execution rates will be verified. Systems will be
functionally operated with main bus voltage set at maximum operating voltage, at minimum
operating voltage, and normal operating voltage. Maximum power loads are applied at all voltage

levels. Trickle charging of batteries during night operations will be verified.

Systems, including ST's, will be verified to be without noise while operating in its maximum noise
susceptible configuration and as each interacting system is configured to its maximum noise
producing configurations. Selected points within the payload systems will be monitored. EMI
voltage levels of selected components will be measured.

Pointing control and aspects determination functions will be demonstrated and verified. Target
acquisitions, slews, scan modes, tracking, and fine lock will be verified. The science instruments
will operate in low voltage, through operational modes, and provide simulated science data.
Safing modes will be verified through ground command, with recovery from each safe mode.
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4.24 ST Preliminary Shipping Preparations

OBJECTIVES

a. Remove non-flight hardware in preparation for shipping.
b. Prepare ST for final functional tests and launch/OV dress rehearsals.

Once inside the VATA, the ST will be installed in the VATS and nonflight instrumentation will be
removed. The leads of those monitor pickups which cannot be removed because of accessibility
will be terminated, taped and stowed as close as possible to the pickup head. The thermal control
surfaces will then be inspected, and optical properties (emissivity/reflectivity) measured and
recorded as required. The test batteries installed in the ST will be removed, and final installation of
flight batteries will be completed. The flight SADE's will be retested as required at box level.

4.25 ST Pre-Ship Functional Verification, E&uinch And Orbital ...

Verification Dress Rehearsal

OBJECTIVES
ST PRE-SHIP FUNCTIONAIL VERIFICATION

a.  Assure satisfactory hardware and software
in accordance with SAV1020 and SAV10

b. Exercise all commands, logic, and
backup equipment including red
practical.

c. Perform negative mode testing’

and invalid functions do not occ

Perform the final flight s

e. Continue the reverificati§
(operating cycle) t
workmanship fail

e

t-critical parameters and record component run-time

Aegradation, (2) undesirable system interaction, and (3)

OV Dress Rehearsal

f. Validate the OV p

g. Conduct flight to ground interface compatibility verification which includes the STOCC via
the TDRSS CTV (OV sequences will be commanded by SATS and monitored by STOCC
and then STOCC will command the ST with SATS monitoring).

h. Perform representative OV mission sequences.

Launch Dress Rehearsal

i.  Validate the Launch site procedures.

j.  Conduct flight to ground interface compatibility verification which includes the STOCC via

~ the TDRSS CTV (launch sequences will be commanded by SATS and monitored by STOCC

and then STOCC will command the ST with SATS monitoring). Also included is a
GSTDN/Deep Space Network (DSN) Interface check.
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k. Perform representative mission sequences.
1.  Conduct HGA and LGA RF end-to-end checks.

The ST Pre-ship Functional Verification is the last major power-on test to be performed on the ST
before its shipment to the launch site. This functional will be a repeat of the original baseline
performed earlier during the ST Functional with appendages installed. The primary objectives of
this activity are to: (1) detect any latent workmanship defects in the ST after the Thermal Vacuum
environmental exposure, and (2) demonstrate that there are no significant changes in the ST
responses as compared to the original baseline data. The exercise is also the first opportunity to
observe the performance of the recently installed flight batteries.

The CCC will be tested through their full operational range. The CCC test will be a repeat of
special test sequences run during the first ambient EPS Functional test at the STAVF. Bus
isolation and resistance measurements will be repeated, including GSE/ST battery charge-line and
unregulated return isolation, power diodes will be checked and the flighébatteries will be connected
and charged. Conditioned air will be provided for cooling. Th wWwill be returned to LMSC,

After the completion of the Pre-ship Functional and as
directed toward the Launch Site and OV dress rehearss
Rehearsal will include the test setup of those porti
ST prelaunch and launch activities. Facility air cg
interface. These rehearsals will be designed 1%
command and control the ST. The development
modes to support these rehearsals will ipy g
STOCC, Associate Contractor and STAVF
personnel will incorporate them intos
verification scheme that takes into
limitation under ambient 1 g envifo

fing duCting will be connected to the ST
gately demonstrate STOCC's ability to
utfed command sequences and telemetry
ficdnt coordination effort between NASA,
el¢ When the sequences are finalized, STAVF
Yound test software. The end product will be a

ménitor the ST responses to the rehearsal sequences in real time
€ , TDRS and/or NASCOM equipment. Additionally, the
phase 1 will be used as an operational baseline for phase 2 and

via some combinati
experience and data de;
launch site activities.

The second phase of the dress rehearsal will involve the STOCC as primary control center,
commanding and monitoring the ST over the same GSE equipment described in phase 1. The
STOCC will use the same sequences that STAVF used in phase 1, except for those adaptations
necessary for compatibility to their computer and software systems. STAVF will monitor the ST
responses with SATS during this second rehearsal phase.

An AS light leak test will be performed uéing an exterior light source and the HSP. The light will
be moved to cover designated exterior areas.

Following the completion of the functional test and data analysis, a formal review of all NCRs and

DDs will be convened by the STVTL, Systems Engineering, NASA and support organizations to
determine ST status prior to altering the test configuration.
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Once it has been assured that additional functional testing will not be required, the SA wings will
be installed and electrically connected to the SSM interface. SA wing protective covers will be
" installed and SA wing continuity and isolation test of the interface will be performed.

A micro deployment test of the HGAs will be performed by restraining the HGAs and then
unlatching the HGA latches, commanding the HGA Hinge Motors through the 500 step stow
operation and closing the HGA latches. Telemetry will be monitored to verify this complete
operation. A micro deployment test of the AD will be performed to verify the electrical interface
with the MCU. Facility air conditioning ducting will be disconnected from the ST interface. Flight
batteries will be discharged to the specified level for transportation and the GSE/STE electrical
cabling will be disconnected from the ST interface.

4.26 ST Final Shipping Preparations
OBJECTIVES

a.  Perform the final inspection of ST hardware.
b. Perform the ST Final Readiness Review.

c. Perform the Final Shipping Preparations for transpoftal
d. Perform ST vertical weighting and C.G. me

A final inspection of the ST hardware and docut
ST Pre-Ship Functional test and associated ’
Systems Engineering will convene a meeti
review the disposition of all DDs and NCR
a Flight Readiness Review (FRR).

ill be scheduled after completion of the
conjunction with the final inspection,
, NASA and support organizations to
"Engineering will assure that all is ready for

The FRR will include Log Bogl i‘e

SSM/ST Contractor, Associate Contractor, ESA
and NASA personnel to assur ally

closed. The data to be reviewed include:

onfiguration certification

f'status summary

Aandling documents

lent and certification of flight-worthiness endorsements and waivers

Readiness

The final shipping preparations will begin after discrepancies and failure analyses are resolved, and
the FRR is completed.

After receiving notification from the ST FRR chairman, the electrical GSE, SSE and those items of
mechanical GSE which are no longer required at the STAVF will be inspected, cleaned and
prepared for shipment to KSC. A government properties transfer document will be prepared on
those items to be assigned to NASA for delivery to KSC.

Protective covers will then be installed around the ST to maintain the ST external Class 100K
cleanliness level during transportation. The nitrogen gas system will be maintained to the ST
distribution manifold for SI purge during transportation. The ST will be removed from the VATS
and installed in its shipping container. Both the ST and supporting mechanical GSE will be moved
to the transportation vehicle loading area for transportation to KSC. ST Integration Contractor and
OTA Associate Contractor personnel will prepare to accompany the ST during shipment to KSC.
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4.27 ANALYSIS

Analysis comprises a major portion of telescope verification. To assess on-orbit performance,

analysis is the only method available. Analysis also provides the most cost effective means of
verification for many requirements. Lastly, analysis is used heavily during the design phase prior
to availability of actual hardware. Where available, analyses will be updated with actual test and
inspection data. Unless otherwise specified, all analyses are documented through use of Kodak's

"AXAF-I Technote System".

4.27.1 Structural Analysis

Telescope level structural analyses will be performed to show that the telescope is compatible with
the applied loads and stresses, including launch loads and on-orbit environment. In addition,
structural analyses will provide information for fracture control and afety evaluations.

4.27.1.1 Dynamic Analysis
Telescope level dynamic analysis will be performed to detergt il frequencies and mode
shapes of the telescope, and to verify that the natural frequegci
value as specified in the Telescope specification (EK-5063-01%
MSC NASTRAN and models generated through M
These include specific models of the three telescope
sections. Dynamic analysis at the telescope lev

¢ analysis is completed using
" XL and using superelements.
ich are described in subsequent
ist primarily of combining the results of

when available.

The results of this dynamics analysig wi d to support assessment of on-orbit dynamic
disturbance impacts on imaging perfo""' .
the requirements as outlined in fhe tefescoPesspecification), as well as telescope stress analysis.
ity of interface mounts for the Science Instruments,

other interfacing equipment.

Stress analysis of the p€ and its assemblies will be completed to determine the maximum
stress levels, the loading cBafition driving that stress and that the appropriate factors of safety as
defined in MSFC-HDBK-4035 are met. Deflection results will verify the adequacy of the offloading
concepts to be used during HRMA assembly/alignment and x-ray calibration. Analysis of ground
handling, mounting, transportation and operation will also confirm that the stress imparted to the
mirror elements will not, under any conditions, exceed 1,000 psia.

Initial loads used in the stress analysis are derived from the AXAF-I final briefing (and its
supporting analysis) and are listed in the télescope specification. Worst case combinations of loads
will be determined and will form the limiting cases for analysis. When more accurate load data in

- these two areas is available, these analyses will be assessed to determine the need for updates.
Note that the transportation and handling loads are required to be no greater than 80% of the flight
loads. This obviates the need to analyze these as a separate verification activity. Transportation and
handling activities will be monitored to ensure that the actual loads do not exceed the 80% level.
The stress analysis will also include worst case thermal effects for the operating temperature
extremes.
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4.27.1.3 Mass Properties Analysis

The assemblies of the telescope, and the complete telescope, will be analyzed during the
development phase to verify and monitor conformance to the weight, center of gravity, and
moment of inertia requirements as given in the telescope specification. Results of this analysis are
given in the Mass Properties Report (DR SE09) which will be updated on a bimonthly basis to
communicate the status of these parameters. This analysis will be updated with actual weights will
be obtained during the manufacturing cycle where available.

4.27 ,1.4 Thermal Analysis

Thermal analysis of the telescope will be performed to support stress analysis. In addition, analysis
will also be performed to determine the effects of thermal variations during on-orbit performance.
A thermal model of the entire telescope, as well as a model of the HRMA, will be developed and
exercised separately. In addition, thermal models of critical assembly and alignment operations,:
equipment and facilities will be performed.

glities) and this analysis
ctual data, including
gvel thermal vacuum test
K ADA, NASTRAN, SINDA,

Error budgets have been developed for the telescope assemblies’
will be compared to those allocations. These analyses will be upd
HRMA XRCF thermal balance testing, and, if possible
data, when available. The primary tools for this ana
TRANSYS and FLUENT (air flow).

fitions as described in the Thermal
jons which are predicted as a result of
nt analyses. The final model will be

The thermal analysis will cover both operating a
Environment Analysis paragraph of this docum
this analysis will be incorporated into op
provided to TRW.

4.27.1.5 Fracture Analy

na viff be performed in accordance with Kodak's AXAF-I
Thisgapalysis focuses on both components (which are assessed
s aass and analyzed for safe-life or damage-tolerant) and
g¢d on joint analysis. Tests and inspections that are conducted
acture control requirements are discussed in the subsequent

Fracture control assessment 2
Fracture Control Plan (DR S
for containment, fail-sa
assemblies, which ar
to further verify co:

Optical analysis is the ultimate method of verifying telescope performance. The outputs of other
analyses, inspections, and tests are input to the optical analysis to assess on-orbit performance.
The Kodak software package "CYGNUS" is the primary tool for optical analysis. In addition some
work is done using standard optical analysis.

4.27.2.1 X-Ray Optical Analysis

Using CYGNUS, the encircled energy performance of the telescope is assessed. Initial
performance budgeting was done using CYGNUS and the performance prediction will be updated
as actual data becomes available. Inputs to this analysis will include actual mirror metrology data,
alignment measurements, contamination data, coating data, distortions and displacements from
NASTRAN and XRCF data. When needed, CYGNUS is aided by use of the HDOS program
EEGRAZAX for determining RMS image diameter values.
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4.27.2.2 Standard Optical Analysis

Standard optical analysis is used to evaluate the fiducial transfer system and during HRMA
alignment and assembly. Telescope level and XRCF alignment may also be supported by standard
optical analyses. Refer to the HRMA portion of this document for XRMA alignment and fiducial
transfer component analysis. Standard optical analysis is performed using CODE-V, ASAP (stray
light) or similar software packages.

4.27.3 Environmental Analysis

Environmental analysis will verify that the telescope and its assemblies can meet all of their
requirements during exposure to operational environments and after exposure to survival
environments as specified in DR SE29, AXAF-I Environmental Requirements” and in the
appropriate specifications. As part of this analysis the modification of the external environment for
internal components and assemblies will be determined and allocatedk Individual assemblies will
then be compared to their expected environments. All analyse§ used to verify performance
requirements will take into account the specific environm Rich the component or
subassembly is expected to operate or survive. The envirog nsidered are thermal
(including pressure and humidity), radiation, and conta portation/handling and
storage are considered separately, but fall under the su

4.27.3.1 Thermal Environment

eMaal operating and survival temperature
il also account for any pressure and/or
saell as internal radiation and conduction of
ts“assemblies will be calculated and the designs

ermal analysis is further described under each
ontrol system analysis (Section 20.1.1.4).

Thermal environmental analysis will conside

heat. Temperature sensitivity of the tgle:
optimized to take advantage of those s
subassembly heading and as partpf th

onmegqit 111 be defined by TRW for AXAF-I and must eventually be
h "1 %sembhcs pnmarlly through viewfactor analysis. That analysis
will be performed usifg "SPpace Radiation", a software package purchased from Severn
Communications Corp. # or other similar analysis package. The analysis of the external
radiation environment wif determine the appropriate viewfactors and attenuation’s for internal
portions of the telescope. This will be allocated and flowed down to the individual assemblies
(HRMA, OBA, SSA) and analyzed accordingly.

4.27.3.3 Contamination Environment

An allocation has been made for particulate contamination at each stage of the program.
Performance effects of contamination are confined to the HRMA and are discussed in the HRMA
section. Facilities evaluation is discussed in the facilities section. Kodak will perform an analysis to
determine the overall level of contamination expected and the resultant performance effect. This
analysis will be supplemented by actual contamination data when available.
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4.27.3.4 Transportation and Handling

The transportation and handling environment has been defined such that it does not exceed the
specified flight environment. In the case of transportation loads, the requirement is not to exceed
80% of the flight loads. Consequently, there is no analytical verification of the environment
required, however the actual loads will be assessed against this requirement. Dry run transportation
and handling activities with non-flight/prototype hardware are planned to verify transportation and
handling loads.

4.27.4 Electrical Analysis

The following features of the telescope electrical system will be analyzed to assess compliance with
their respective requirements:

. power consumption required for thermal control under both operating and survival
scenarios.

»  radiation effects on electrical materials, components
. grounding analysis for both ESD and contamin
«  magnetic fields and electromagnetic interfg:

telescope system itself, or the telescope
requirements.

Apatibility (EMI/EMC) for the
observatory and per the STS

e  environmental effects (i.e., pr #atomic oxygen, etc.) on the telescope

electrical system and its comporn

ordance with DR SE10 "Electrical Energy and
 ASD sensitivity, etc. will be assessed primarily
ind materials. Preliminary analyses will include
itibility. This included verifying that the telescope is self-
stsceptible to strong external magnetic fields.

The assessment of power consumptio
Power Status Report". Radiatiop se

In addition to incomi on for all parts and materials, in-process and final inspection will
play an important role in eg#blishing that many telescope level requirements has been implemented
in the design and manufacturing process. Often inspections are conducted in conjunction with a test
or as part of assembly operations documented by manufacturing instructions (MIs).

In process and telescope level inspections will include envelope verification, properties such as
weight and resistance and relative locations of various components and subassemblies. Inspections
will also be the primary means of verifying the various mechanical interface provisions required for
telescope assembly and mounting of interfacing equipment as specified in the Spacecraft to
Telescope ICD (IF1-29). Inspection will also be the primary method of verifying compliance with
the design and construction requirements of the telescope Specification including installation of
fasteners, bonded joints, wiring and cable harnesses, sealing and finishes, workmanship,
connectors, cleanliness, etc. To support assessment of contamination, witness samples will be
inspected. Each of the three telescope assemblies (SSA, OBA, HRMA) will also be inspected prior
to the start of telescope integration.
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4.29 Verification of Records

Verification of records is specified whenever it is necessary to compare two or more documents to
each other in order to assess compliance with a requirement. Common examples of the way
verification of records is used for the telescope include:

*  Examining drawings for features required by specifications such as redundancy and circuit
protection in heater circuits.

»  Examining parts lists for ESD sensitive components.

. Comparing two or more drawings (may include ICD's) to each other to assess a mechanical
interface.

. Checking personnel records for proper training.

. Checking facilities records for environmental exposure.
. Examining vendor data supplied with parts or materials.

*  Verification that analyses meet safety specifications
. Checking procedures for required controls.

Verification of records is also the final verificati d used to prepare the verification report

documenting how all requirements have been sat

4.30 Demonstrations
Demonstration is not used extensive! S pe verification. In general, demonstration is
specified as the method of verifi of physical attributes which have no numerical

'andlmg ﬁxtures, etc. Often, these demonstrations are
hafi actual hardware. It is planned that all demonstrations will
be performed as part ofY ring/assembly process using manufacturing instructions.

4.31 Launc

The AXAF-I arrives at the launch site fully verified and ready for flight except for fueling and
ordnance installation/connection. The following launch site tests verify continued AXAF-I
capability.

e Verification

4.31.1 Abbreviated Functional Test

This test assures that the facility arrived at the launch site with no shipping damage and in proper
working order.

4.31.2 Fuel Propulsion System
This operation includes a working (flight) pressure demonstration and leak test prior to fuel

loading. Fuel samples are taken before and after loading, and are analyzed for contamination and
correct content.
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4.31.3 AXAF-I/Upper Stage Interface Tests

AXAF-I is mechanically and electrically mated to the upper stage and the power, command,
telemetry, data and simulated ordnance firing checks verify the interfaces.

4.31.4  AXAF-IOCC/DSN Compatibility Checks

This test verifies command and telemetry compatibility between the OCC, DSN and AXAF-I using
KSC communication interfaces.

4.31.5 Orbiter Mechanical/Electrical Interface Verification Using
CITE

The Cargo Interface Test Equipment (CITE) in the VPF is used to
Upper Stage are compatible with the Orbiter interfaces.

ure that the AXAF-I and

4.31.6 Orbiter Interface Verification

e electrical interfaces are
umbilical through the T-0

After installation of the AXAF-I and upper stage into the
verified. These interfaces include the Orbiter flig
connectors.

4.31.7 End-to-End Data Test

This is the last time the AXAF-I/OCC/D
Orbiter communication systems as well as

4.31.8 Countdown
The AXAF-I launch team

the Orbiter Test Condu
are monitored as requi

4.31.9 Lau

During liftoff, selected Fasffity telemetry points will be monitored to verify that the AXAF-I incurs
no damage or loss of capablhty during launch.

4.32 On-Orbit Verification

laty test is performed. This test includes the
‘ound and space links.

ntdown with payload readiness status as requested by
perature and propulsion system pressure and temperature
ty and maximum capability.

On-orbit verification consists of performing activities necessary to verify the operational readiness
of all systems. Systems verification will generally be accomplished through systems activation and
calibration. Redundant systems will not be verified unless primary systems malfunction and
redundant systems are required to achieve operational readiness. Verification activities are
performed during three periods: (a) with the payload in the Orbiter bay, (b) with the payload
deployed on the remote arm, and (c) the payload released from the Orbiter.
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Verifications performed with the payload in the Orbiter bay are:

a. Main busses power on from Orbiter power.

b. Communications through Orbiter with ground systems established.

c. Data systems activated and operational.

d. Systems powered from internal batteries and are operational.

Verifications performed with the payload deployed and attached to the remote arm are:
a.  Direct communications with ground systems established.

b.  Solar arrays deployed.

c.  Appendages deployed.
d. Systems control from the Operations Center.

Verifications performed after release from the Orbiter are: -

a.  Systems activation and calibration.
b.  Charging of batteries via solar arrays.
¢.  Attitude determination.

d. Science instruments activated
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5.0 ST ASSEMBLY AND VERIFICATION ORGANIZATION AND
STAFFING

The complexities of the ST present engineering, scientific, and management challenges which
require planning and implementation in order to meet program objectives. This management and
staffing support section describes the approach, organization, tasks, and manpower required to
support the Assembly and Verification (A& V) activities to be accomplished at the site of the ST
Integration Contractor, Lockheed Missiles and Space Company (LMSC) in Sunnyvale, California.
Temporary short term support will be provided as required prior to start of SSM Test.

5.1 ST Program Management

ST program management and established contractual arrangements do not include provisions for a
ST prime contractor responsible for system level integration, assembly, and verification. ST A&V
is planned to be accomplished through the coordinated efforts of a number of responsible agencies
and contractors located on-site at the facilities of the ST Integra¥pon Contractor, LMSC, in
Sunnyvale, California.

Contractual obligations between the National Aeronautics pistration NASA) and a
number of Associate Contractors or agencies provide for:the desig elopment, manufacture,
nd Items (CEI's). Upon
completion, CEI's are formally accepted by NASA a ed to LMSC as Government

Furnished Equipment (GFE). LMSC will, w1th» h

Module (SSM) to makeup the ST. Th1s inte
will produce the assembled and tested ST 1t
launch as an STS payload.

- referred to as the ST A&V Program,
ry to Kennedy Space Center (KSC) for

Major ST CET's, along with the res or or agency include:

Associate
Contractor Agency
LMSC NASA/MSFC
British ESA
Aerospace
Perkin-Elmer NASA/MSFC
Scientific Instruments (SI's) NASA/GSFC
 High Speed Photometer (HSP) U. of Wisc.
* High Resolution Spectrograph (HRS) BASD
* Faint Object Spectrograph (FOS) UCSD/MMC
* Wide Field/Planetary Camera (WF/PC) JPL
* Faint Object Camera (FOC) Dornier ESA
* SI Control and Data Handling (C&DH) IBM/FSC NASA/GSFC
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Each of the Associate Contractors and agencies shown, under the direction of the MSFC ST
Project Office, must provide technical capabilities and manpower necessary to support the ST A&V
program at the LMSC facility. The schedule for the related activities are defined on Figure 3-1 of
this plan.

Test Management will be provided by LMSC as described in Section 4.4. Test scheduling will be
coordinated and performed by LMSC in daily meetings. All associates will participate, and all
Government organizations will support as required. Disagreements between LMSC and other
associates will be adjudicated by the MSFC resident representative. Disagreements between GSFC
associates will be adjudicated by GSFC in real time where possible, and otherwise off-line. In the
latter case, LMSC will make real time adjustments in the daily test schedule. MSFC representative
decisions not acceptable to other Government Agencies will be elevated to off-line MSFC
Management with corresponding real time impacts on daily schedules.

5.2 ST Program Office Management

ted personnel. On-site
»the Support Systems
A61), and the Systems
er's Office. Organizational

MSFC ST Program Office Management will include on-site and-
personnel will be provided from the Resident Manager's Q
Module Office (TA31), the Optical Telescope Assemblg.
Engineering Office (TA81), and will report through the resideq
relationships are shown in Figure 4-1.

5.2.1 Resident Manager's Of

; and direction, as required, in support of
e£oordination of activities relating to other

This office will provide on-site ST Project Gfic
all on-site personnel and activities, this Wi}l %
Government agencies.

5.2.2 Systems En )

This office will provide Sy 1
facility, Sunnyvale, Calif@sni
Resident Manager'

eering support to the on-site teams at the contractors'
management activities will be coordinated through the

5.3 MSFC Xgis. jce And Engineering
The A&V activities at LMEC will be supported by on-site S&E personnel.

5.3.1 Space Telescope, Chief Engineer's Office

This office will provide chief engineer on-site support and direction to the S&E personnel on-site
to support the A&V activities at LMSC.

5.3.2 Science And Engineering Laboratories

S&E labs will provide on-site support during the A&V activities at LMSC as required.
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5.4 LMSC ST Assembly And Verification Organization

Overall technical direction of the ST Assembly and Verification (A&V) operation is the
responsibility of the SSM/ST Contractor A&V organization and its manager. The ST A&V
organization as provided by LMSC is presented in Fig. 4-2. Associates are required to supply
personnel for test design, data analysis, off-line test operations and support engineering, and
appropriate management interfaces. Organizational details and responsibilities of the ST
Verification Team (STVT) are described in paragraphs 4.4.1 and 4.4.2. LMSC responsibilities are
described in paragraph 4.9.

5.4.1 ST Verification Team (STVT)

Each associate will have a minimum of one representative on the STVT. The coordination and
integration of specific A&V activities is the responsibility of the LMSC ST Verification Team
Leader (STVTL), who is a member of the LMSC A&V Test Engineering and Data Analysis
organization (ref. Figure 4-2, SSM/ST Contractor A&V Organizatigi§ Associate representatives..
will be supported in all functions by an Assistant STVTL. Supp 1 also be provided by the
Test Design Team Leader (TDTL) responsible for the integratio waprdination of the A&V
Automated Test Design and Data Analysis. The STVT is cg ! personnel required to
implement operations and test. "

STVT (LMSC and associate
C) to support STOCC-to-ST
' nch, the STVT will be relocated

assist the STOCC personnel in the ST

At the appropriate time in the verification cycle
personnel) will travel to the ST Operating Cont
Compatibility testing. Subsequent to ST shipm
as appropriate to the STOCC and KSC. The S
Launch Base Verification and Data Analysi

The STVT consists of the following

Zontractor and Associate Contractors)

ysts (SSM/ST Contractor and Associate Contractors)
SM/ST Contractor)

SM/ST Contractor and Associate Contractors)

Mission Operatiéns Representatives (SSM/ST Contractor and Associate Contractors)
VAP-CS Controllers (Associate Contractor)

CTV Operating Personnel (GSFC Contractor)

»

5.4.2 SSM/ST Integration Contractor Support
The SSM/ST Integration Contractor will provide the STVT with System Engineering, GSE/STE
Engineering, Design and Development Engineering, Product .Assurance, Safety, Facility
Operations, Software Integration and Development and Operations Planning Support.
Responsibilities of the STVT include:

e Scheduling of support services, equipment and facilities

o Manual Test Procedures (TPs) & Technical Instructions (TIs)

. Pretest readiness and daily status meetings
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. ST A&V Plan

. Analysis of the ST Verification Requirements and Specifications Document and design
documentation leading to development and implementation of requirements for support
systems, test software, facilities, TIs and TPs

*  Development of automatic test segments

. ST verification team operation instructions prepared for each major test, support and
conduct of real time testing (through OV), and evaluation and documentation of data
discrepancies

*  Test planning, including development of timelines and support system and facility
usage requirements :

*  Scheduling of test operations
. Coordinating Associate Contractor and the ST Contr
. Scheduling and Chairing ST pretest and post t

*  Developing, scheduling and imple
(including work around plans)

. Inputting to ST Verification Reports, wiew Information and Acceptance Data
Package (ADP)

. TIs to perform various
*  Directing and conducghg S and demonstrations

) Coordinate

design changes to th
Associate Contracto pected to determine the health and status of his equipment by evaluating
o1%ig€ his hardware. Should they find a discrepancy during data analysis,
the Associate Contractors. document and submit it to the DTL for formalization and issuance to
the ST Log Book (LB). At this point, the SSM/ST Contractor paperwork system will monitor and
track the open discrepancy, but it will be the responsibility of the Associate Contractors to initiate

corrective action or resolution for their problems, working through the STVTL.
5.5 European Space Agency

5.5.1 Solar Array

ESA will direct the accomplishment of the R&I of SA hardware (flight, Ground Support
Equipment [GSE] and D-Model Wing) by the British Aerospace [BAe] verification team in the
Vertical Assembly and Test Area (VATA) at LMSC, Sunnyvale, California. The SA R&I activities
include those shown in Table 4-1 and staffing requirements are shown in Table 4-2.
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ESA will direct the accomplishment of the SSM/ES SA A&V activities by the BAe verification
team as covered in paragraph 3.10 relating to the SA D-Model Wing. Task descriptions and
staffing requirements are shown in Tables 4-1 and 4-2 of this plan.

ESA will direct the accomplishment of SA activities during the ST A&V activities by the BAe
verification team as covered in paragraphs 3.20 through 3.30. Task descriptions and staffing
requirements are shown in Tables 4-1 and 4-2 of this plan.

5.5.2 Faint Object Camera

ESA will participate with the SI Contractors' verification team and GSFC in the R&I activities as
shown in paragraph 3.5.

ESA will participate with the SI Contractors' verification team and GSFC during the SSM/ES-SI
and ST A&V activities covered in paragraphs 3.7 through 3.30 as related to the FOC SI. Task
descriptions and staffing requirements are shown in Tables 4-1 and

5.6 Associate Contractors

5.6.1 Perkin-Elmer (OTA)

ent of the R&I of the OTA,

C, Sunnyvale, California. The
The activities will be accomplished in
TA verification team. Detailed task
s shown in Table 4-2.

The OTA verification team will be responsible for
OTA ES, and associated GSE in the VATA, Buil
OTA R&I activities include those shown in par.
accordance with a detailed work schedule provigh
descriptions are shown in Table 4-1, and redijrecy

The OTA verification team will be
activities during the ST A&V, as co
staffing requirements are shown j&

accomplishment of OTA hardware related
aphs 3.11 through 3.30. Task descriptions and
4-2.

5.6.2 Scientifi

The SI Contractors' £

accomplishment oft Atheir SI and associated GSE in Building 156F at LMSC,
Sunnyvale, California. R&I activities include those shown in paragraph 3.5. The activities
will be accomplished ¢dance with a detailed work schedule provided by the SI Contractor's
verification team. Detailed’task descriptions are shown in Table 4-1 and required staffing is shown

in Table 4-2.

The SI Contractors' verification teams, under the direction of GSFC, will be responsible for
activities relating to their SIs during the SSM/ES-SI and ST A&V activities covered in paragraphs
3.7 through 3.30. Task descriptions and staffing requirements are shown in Tables 4-1 and 4-2.

5.7 SSM/ST Contractor Organization (LSMC)

Four (4) basic groups within the SSM/ST Contractor ALV organizational structure provide the
resources and expertise to satisfy the LMSC ST A&V objectives. The two groups under Test
Engineering and Data Analysis form the verification and test data teams, and are directly involved
with the development and performance of the SSM/ST test program. This test program will be
jointly developed by ST program contractors, based on an extensive exchange of data and
requirements.
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The other two groups under the A&V Manager, Test Operations and Support Engineering/Test
Control Center, form the test operations and GSE/STE engineering organizations. They are -
primarily responsible for the ST physical assembly work and the design, operations and
maintenance of the test equipment and facilities. These groups provide a key support role to the ST
Verification Team (STVT) in operating the Spacecraft Automated Test System (SATS) computer
complex and its ancillary equipment along with maintaining control of the Verification and
Assembly Test Area (VATA).

Other SSM/ST Contractor organizations, Figure 4-2, will provide support to the A&V Manager,
such as Systems Engineering, Design Engineering, Product Assurance, Mission Operations, and
Flight Software Validation.

5.7.1 Test Engineering And Data Analysis Organization

This organization consists of two team-type groups. The unique fea
will be comprised of both the SSM/ST Contractor and supporting s
with a common purpose to satisfy the ST A&V requirements. Thcg
Test Conductors (T/C), Test Engineers, Test Designers,
Team Leader (TDTL).

g of these teams is that they
“iate Contractor personnel,
s will be comprised of
*STVT and Test Data

5.7.1.1 Verification Team

This team consists of the STVTL, Assistant ST} v Conductors and Engineers. They have

performing detailed planning, preparatlon L | lestConducting, and inputs to timelines. In

addition, this group leads troubleshootmg N
with all SSM/ST Contractor and Assagiate Cgtrag 0T groups as necessary to 1mplement the A&V

5.7.1.2  Test Desigi{ & ita Analysis Team

This team will integrate; Bomated test design and test data analysis and provide test support
during periods of SATXc n-line testing

Specifically, the team be’responsible for the generation of automated test procedures, the
associated control and limifAile (CLF) and test data bases. Typically, these test data bases include
telemetry and GSE mohitor calibrations, instrumentation information (telemetry format
description), logic model, cathode ray tube (CRT) page makeup, etc. Support provided to the T/C
and STVTL during periods of automated test will include any real time and post test data analysis.

5.7.2 Test Operations And GSE/STE Engineering Organization

This organization consists of two groups chartered to design, develop and check out SSM/ST GSE
and STE for system assembly, verification and ground and launch operations, and implement ST
sites activation, final stacking and assembly, verification, ground and launch operations consistent
with the A&V schedule.

Both groups in this organization will be staffed by the SSM/ST Contractor personnel who will
coordinate and integrate the SSM/ST Contractor and Associate Contractor hardware requirements
into the design and operation procedures of the GSE/STE which will be used at STAVF and KSC.
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5.7.2.1 Test Operations

This group includes Log Book and assembly work instruction planners, mechanical and electrical
technicians and the shop support personnel. They are responsible for A&V activities performed on
the SSM/ST at STAVF. A limited number of personnel will travel to KSC to assist in the launch
operations activities. The responsibilities of this group include:

. SSM/ST ground operations (e.g., handling, cleaning, stacking, assembly, demating,
etc.) inputs to the SSM/ST A&V plan.

. Analysis of SSM/ST VRSDs and design documentation leading to the development of
TIs and mechanical TPs.

. SSM/ST and Space Support Equipment (SSE) assembly, handling and mechanical
operations procedures.

. Log of Operations (LOO) for the SSM/ST and the sup

. Off-loading and in-plane 1® SSM/ST Contractor and Associate Contractor
equipment and GFE gompon®sgs (cluding OTA, Sls, Solar Arrays, and Scientific

e  SSM/ST Log"
systems.

Book and engineering data maintenance to support SSM/ST and support

. Plans and procedures for ST ground/launch site operations and ground portions of in-
orbit maintenance operations.

. ST off-line operations at KSC and support of on-line operations at RSC.

. Recovery and refurbishment of SSE.

. Coordination for acoustic and thermal vacuum test chamber usage. Actual test facility

operations will be performed by the SSM/ST Integration Contractor support
organization.
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5.7.2.2  Support Engineering And Control Center

This group includes Engineering and Test Control Center (TCC) personnel responsible for
designing, verifying, and maintaining all ST GSE/STE.

The responsibilities of this group include:

. Reviewing and analyzing SSM/ST GSE/STE requirements, developing design criteria
and test requirements.

*  GSE/STE system design analyses, trade studies and cost effectiveness analyses.

J GSE/STE inputs to data requirement (DR) documents, GSE model specification, plans,
requirements analysis documents, ICD and specifications.

*  Preliminary and detail design documentation for SSM/S

SSE/STE.

. Engineering representation to Program Article Master’
functions for GSE/STE, to the SSM/ST Contractor
(DC8), and SSM/ST Conﬁguratlon Control Boar¢§

Il¢. Committee (PAMSCO)
'E¥Design Change Board

*  Technical support for all manufacturir
procurement. .

“of GSE/STE and support

. GSE/STE engineering support from
return of the GSE and SSE to th ST

test and launch operations of the ST and

aﬁon during GSE/STE verification, during

¢ On-site design engmeermg sup Nrt/Cops
A VF and launch site and during all subsequent

initial use of GSE/STE i
critical operations involvin;

e A TCC, including support to pretest activities (software
eAesting and post test activities (data sorts, plots and

. Maintaifin
initial releas

¥ documentation (specifications, schematics and drawings) from
1 the period of the contract.

*  Inspecting and4esting requirements for the ground equipment to be modified, fabricated
or procured.

*  Monitoring and coordinating all manufacturing, test and support GSE/STE and
support/assist procurement.

e Monitoring SSD operating systems changes to internal documents and evaluating the
change for ST contractual requirements.

5.7.3 ST Support Organizations

During the test operations, the SSM/ST Contractor Systems Engineering, Design Engineering,
Product Assurance, and the Mission Operations Contractor, and software development
organizations will assist the A&V organization. Normal SSM/ST Program Controls and
coordination will continue through the operations phase.
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5.7.3.1 Systems Engineering

The SSM/ST Systems Engineering personnel provide system design, performance and
verifications requirements, system characteristics and constraints. They provide the prediction and
evaluation of total system performance based on existing designs to assist in achievement of
program objectives and resolution of anomalous conditions. System Engineering responsibilities
include:

. Developing and issuing the VRSD that provides the basic A&V requirements for
development of TPs and TIs.

. SSM/ST performance and characteristics analyses, based on component, software,
subsystem and Associate Contractor analytical and test results.

. Total systems evaluation.

. Trade studies to evaluate directed or proposed change
performance deficiencies.

ve problems involving

. Chair test Certification Board (TCB).

. In-process design audit activity (consistis
Proposal [ECP] design activity resul
direction or corrective actions relate

y of reviews of Engineering Change
Mar¢hall Space Flight Center [MSFC]
.or software problems.

ssessments by reviewing methods, factors,
the data.

. Validating of verification datafi
criteria and assumptions

al Instructions (STIs) during in-process A&V
fs for anomalous conditions evaluation, retests,
n change verification and general system testing

*  Preparation of Suppl

hardware replac"

requirements
. Overall S! Bipliance based on valid incremental verification data produced by
the SSM/S or Subcontractors, Associate Contractors, NASA Standard

Equipment ors and NASA centers.

. Conduct oper: onal readiness inspections (ORI).
. Certifying flight readiness.

Monitoring all test activity.

. Reviewing and approving all ST verification documentation (i.e., TP, TPCN, OPO,
LOO, etc.).

. Auditing the design of both integration and Associate Contractor GSE/STE designs.

. Tracking open Data Discrepancies (DD), approving closure and presenting DD to
NASA.

. Furnishing environmental test inputs, test supports and post test report.

22-90



Downloaded from http://www.everyspec.com MSFC-HDBK-2221
February 1994

5.7.3.2 Design Engineering

The basic objectives of the design engineering organizations are to plan, direct and provide
engineering designs and development to satisfy Program requirements for SSM/ST. Although
most of the design engineering effort is accomplished prior to A&V, their responsibilities during
A&V include:

*  Maintaining, reviewing and updating test requirements and procurement documentation
of Contract End Items (CEI).

. Monitoring subcontract and government furnished equipment (GFE) management for
mechanical and electrical interfaces.

. Coordinating with Systems Engineering on the interface control documentation and
incorporating analyses in design.

. Providing engineering services to the test facilities.

. Directing, coordinating, analyzing, reviewin
technology (analyses), design data, reports, an.

»  Design material including trade studies an

. Monitoring technical progress and ] SSM supplied GFE for compatibility
with overall SSM CElIs. ‘

mnce pans for the SSM and the integrated ST. These plans will
alds, procedures and instructions, tailored to meet specific ST

. idi ; W'engineering specialist support for SSM/ST operations.

*  Documenting and closing out NCR and failure/analysis reports.

»  Establishing procedural and motivational tools to achieve the safety, reliability,
maintainability and quality objectives of the ST program.

»  Integrating PA responsibilities and activities with other organizations to eliminate or
minimize activity which could result in duplication of efforts.

*  Monitoring interfaces between the SSM and Associate Contractors and between ST and
the space transportation system.

e  Establishing a ST safety program to identify and eliminate or control potential hazards
associated with the ST system that could result in injury or fatality to the flight crews,

22-91



Downloaded from http://www.everyspec.com :
MSFC-HDBK-2221
February 1994

or damage to the ST system elements or launch base facilities. Include hazards that
might be transferred to or from the SSM across each of the interfaces.

. Providing personnel to witness tests and work performed on SSM/ST flight hardware
and GSE.

. Providing surveillance to verify all SSM/ST documentation is properly filled out and
changes, if any, incorporated.

. Maintaining custody of completed SSM/ST Log Book sections.

. Maintaining a reliability program through continuing evaluation of subsystem and.
hardware design, design changes trade studies.

. Timely status reporting and interval auditing of reliability activities.

. Assuring environmental and cleanliness controls are maip bed.

. Tracking DDs and participating in fault isolation, rewo §fication and closure of

DDs.
5.7.3.4  Mission Operations Contra

The Mission Operations Contractor shall establis
the scientific community requirements which
operations with the ST at STAVF and KSC

ands and scheduled events per
he ST in orbit. This activity includes

The Mission Operation activities, prior to ac
support of the STVT. The following ab&Miss!

the ST as an operational observatory, are in
Operations areas of responsibility:

‘oordination - MOC will support STVT in the

. Integration site 2
ad role in test coordination will be STVT. MOC will

coordination acti
represent GSEE 1n-

gnications verification - MOC will include in Operations
ted for each test, those steps necessary to establish and maintain
unications. STVT will provide support at the Sunnyvale end.

STOCC to

. STOCC/ST ifitegration testing coordination - MOC will support STVT in the
coordination activity. The lead role in test coordination will be STVT. MOC will
represent GSFC in this activity

. STOCC/ST integration test plans and procedures - MOC will generate procedures and
scripts to control operations at the STOCC, and STVT will generate Test Procedures
for use with SATS. The SATS Test Procedure will include germane entries which
have been coordinated between the STVT and MOC. '

5.7.3.5 Flight Software Validation

The flight software development organization is responsible for the development and verification of
the SSM flight software, the SI C&DH, DF224, and NSSC- interfaces, and A&V is responsible
for the flight software validation using test methods.
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The intent of the approach outlined below is to provide a reliable test method for demonstrating that
the SSM flight S/W complies with requirements. Formal verification and validation of the
requirements shall normally be by analysis, inspection, demonstration, and test methods. Test
plans, test procedures, and test reports shall be used to control, execute and document the SSM
flight S/W requirements validation effort by the test method.

The test method shall consist of operating portions of the SSM flight S/W in order to collect the
necessary data required to validate the SSM flight S/W which includes interfacing with other flight
software. Detailed evaluation of these data shall be performed to determine that the results satisfy
these requirements. Specific input values are used to exercise specific segments of the program
code and generate specific outputs. Use of this method includes a review of normal program
expected output data as well as memory dumps, and other diagnostic information produced during
test execution.

QA will monitor design and testing, correlate test results and analysis, maintain change control,
and maintain documentation of same. QA's role is more fully described throughout Section 6.0.

The test items and the associated requirements are then verifie
with expected/predicted output values. The appropriate techni
method of requirements verification shall include the followig

ination and comparison
e application of this

. Tests that demonstrate proper data flow be 6dules, programs, and data

structures.

. Evaluation of test data to determiri

gtput data, listable outputs, and display
outputs are in the proper format and 'V

alues.

J Tests to indicate that the correcty§!
taken through the code in '

S/W control and program logic paths are

*  Tests to show progr{f
accuracy under ]

¢ Tests that shotthat |
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6.0 ST OPERATIONAL RELATIONSHIPS

This section outlines the ST operational relationships between the SSM/ST Contractor, Associate
Contractors, European Space Agency (ESA) and NASA_ The Space Telescope Verification Team
(STVT) will be expected to support the regularly scheduled coordination and scheduling meetings.
These meetings will provide the communication channels for the STVT to input requirements or changes
to timelines, daily work schedule, operational constraints or organizational policies. The SSM/ST
Contractor will convene, chair and document all coordination meetings, recognizing that any STVT
member has the option to request such a meeting in his own behalf. Should there arise an issue that
cannot be resolved at the STVT level, the issue will be escalated to the NASA ST Project manager.

It is recommended that each Associate Contractor will provide an on-site representative, sufficiently in
advance of their hardware delivery, to coordinate technical and administrative details. This individual
will be expected to work closely with the STVT test design group to develop integrated verification
routines in behalf of his equipment. Test routines for the SI system will have been developed by VAP SI
I&T engineers. Another of his responsibilities will be to become familiar with the STAVF and its
operating procedures to assist in the transition and arrival of the fli dware and support personnel.

Schedule contro! will be accomplished through daily and we
and Verification (A&V) organization with the Associate Ck
Office, and NASA/ESA representatives, as necessary. W
meeting project milestones. Detailed schedules will
planning, procedures, assembly, test, operations, d

ducted by the ST Assembly
*SSM/ST Contractor Program
flans will be developed to assure:
r all A&V activity which includes
port generation.

The SSM/ST Contractor will provide trainin
ESA, AFPRO and SSM/ST Contractor pe
handling operations.

Sonnel involved in A&V activity will be required to
 petforming any "hands-on" operations. All personnel who
"A&V will be required to attend a training session prior to

Safety training is an ongoing progr
attend a facility safety training co
have access to the clean rooms

Automated Test System
this program will be any Tanguage required for communication with specific pretest, real time and post-
test ground test software as defined in Section 8.

Hardware and software safety considerations are delineated in SSM/ST Safety Requirements Criteria,
LMSC/D758711, SSM/ST Product Assurance Plan PAO1; System Hazard Analysis, Design,
Integration, and Operations, PA13. Contamination is discussed in ST Contamination Plan, PA02.

6.1 STVT Scheduling And Review Meetings

The effectiveness of conducting the everyday SSM/ST A&V business will depend on how planning and
scheduling details are handled by the STVT. In order to provide consistency, several management
techniques will be employed to organize the SSM/ST activities. These techniques will take the form of
timelines, schedules (long range and near-term) and coordination meetings. Timeline and schedule
development will be a joint effort by the STVT on a continuing basis. This process will require the
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definition of all A&V at the SSM/ST level, with which any or all Associate Contractors will have
involvement, in sufficient detail to develop integrated timelines.

Once the timeline has definition, it will be applied against a calendar (work days and shifts/day) to
develop an SSM/ST work schedule. This schedule will help define major milestone completion dates,
supporting document need-dates (TPs, calibration data, etc.), heavy test periods, and any other time-
phased activity required to support the SSM/ST A&V cycle.

Although the SSM/ST timeline and overall schedule will be the basis for planning A&V, it is recognized
that because of unforeseen equipment failures and troubleshooting, there will be interruptions in thie
preplanned schedule. Therefore, schedule coordination meetings will be held daily to effect the real-time
changes to the SSM/ST schedule and develop workaround plans. At such meetings, the STVT will be
appraised of the problem and the schedule impact caused by the failure.

Additionally, there will be coordination meetings dealing with pretest readiness and test certification
matters which will involve the STVT. These meetings will deal with,

technical judgment on the successful completion of previously perf

6.1.1 Timeline Development

dule (ref. Figure 3-1). The A&V
sthe major tasks required to complete
¥into a logical flow which will take into
/ itations and schedules. Next, the

amined to determine if the tasks have to be
‘e final step in the timeline development is to
perform each sequential and parallel task, thus
t schedule element. This total time will then be

The ST A&V timeline will be developed from the baselin
organization will analyze each schedule element in an
that element. Once the tasks are identified, they wi
account facility design, GSE/STE design
interdependency relationship between the tasks
performed sequentially or parallel during the.S
estimate the amount of time (shifts of wotk
producing the total estimated amount of ti
compared to available calendar time'(d:
satisfy the projected work load. .

continuing through Orbital Verification (Ov), weekly A&V
plan the work for the following week, using detailed timelines. The
_ ST Verification Team Leader (STVTL) and attended by the SSM/ST
Contractor representati Systems Engineering, Programs Controls, Design Engineering, Product
Assurance, Test Engineerjrig and Data Analysis, and Assembly, Verification and Ground Operations.
Each Associate Contractor will also be represented during the ST A&V operations. STOCC personnel,
which includes the SSM/ST Contractor and OTA Associate Contractor, will also be represented during
the period of STOCC ST testing, launch and OV. It is anticipated that the NASA A&V representative
will participate in these meetings.

scheduling meetings:
meeting will be chaire

Daily scheduling meetings will be held by the STVTL with the same attendance as for the weekly
meetings. During these meetings, the status of the A&V for the prior work day will be reported. A two-
day work projection will also be prepared, based upon the Weekly Schedule and the status of the prior
work day. Any operational problems and workaround plans will be discussed, and this work will also be
scheduled.

6.1.3 Pretest Readiness Meeting

The Pretest Readiness Meeting (PRM) is called and chaired by the ST A&V organization for the express
purpose of briefing the ST test conductor(s), reviewing the detail status of the GSE/STE, test design,
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software, procedures, and developing a detailed verification "road map”. This road map will describe the
verification activity on an hour-by-hour basis and identify for each associate when his operational
personnel are expected to be directly involved in on-line operation, as opposed to being in a monitor made.
During this meeting, all involved parties will have an opportunity to participate in evaluating the proposed
verification road map and to suggest modifications/changes needed to accommodate hardware
configuration and/or support personnel limitations. The PRM is intended to be less formal than the Test
Certification Board (TCB) meeting and to deal with an order of magnitude greater detail. It is anticipated
that it will be an open forum for the test designers, programmers, software and hardware personnel to
exchange last minute concerns and information which will help the pending verification cycle run
smoothly.

For purposes of predicting the PRM schedule, a double setback technique will be used to forecast the time
for the PRM. Normally, the PRM occurs 3 or 4 working days prior to a "powered on" verification
activity. Therefore, initial notification of all STVT members about a forthcoming PRM will take place
during the normal course of business at the daily scheduling meeting. The PRM will be placed on the
schedule approximately one week prior to its preplanned time (i.e., 1 week + 4 days). This allows ample
time for all parties to prepare for the meeting and maintains signi
last-minute delays introduced into the schedule by the hardware

e and/or GSE/STE failures.

The STVT and facilities operations personnel (i.e., SAT!
participate in the Pretest Readiness Meeting. Each menibe
responsibility and identify situations that might impact the: ication.
The meeting agenda will address four major topi

. Identify test purpose/objective

o Establish flight- and test hardw
of the software and documgptation

diness (including identification and status
sed during the test)

. Identify personnel ibilities required to support the test

. Lay out a schedu

Upon completion of .ghis.n veryone should understand the "How, What, When and
Where" mechanics of i i ivi

6.2 Test ication Board (TCB)

The TCB will be used as a regulatory body for post-test reporting and pretest statusing during the
SSM/ST verification cycle. It will be convened prior to start of each major verification activity, as
defined by the Assembly and Verification Schedule (Figure 3-1). The TCB will be chaired by
SSM/ST Contractor Systems Engineering. The TCB will be comprised of one designated member
from each Associate Contractor, NASA and ESA. Designated members will draw upon their
Quality, Systems Engineering, A&V, and Design and Development organizations for technical
support. It is expected that each member will provide a written input to the TCB chairman for
inclusion as part of the TCB meeting minutes. The written inputs will include assessments of:

. Open or unfinished work and impact, if any, on pending tests
. Discrepancies and impact, if any, on pending tests

. Post test results and status
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*  Hardware, software and GSE/STE to support the pending test
. Test documentation status
. "OK to proceed” to next test phase

Each participating member of the board will certify hardware readiness for the next verification
segment by signing the meeting minutes. The SSM/ST Contractor Systems Engineering
organization will publish the TCB meeting minutes and provide distribution.

6.3 Data Discrepancy (DD) Reporting And Resolution
Procedures

The DD will be used by the A&V Test Data Team (TDT) to report all’anomalles (SSM, SI, OTA,
and SI C&DH) detected by analysis of data obtained during tegtf§g. The STVTL becomes
responsible for the DD investigation and resolution upon recei y of the DD. Resolution
activities that require on-line troubleshooting, analysis by har gign personnel will be
authorized by Supplemental Technical Instruction (STI)x Opei ‘
Conformance Reports (NCRs), and Software Discrepanc

the anomaly to be a test design error, the DD will be p Data Team Leader (TDTL)
for resolution. All DDs issued to the STVTL will bg d distributed to the SSM/ST
Contractor Systems Engineering and the appro ciate Contractor, NASA and ESA
representatives as appropriate. Systems Engineg ack each Spacecraft DD and maintain a

summary of open DDs.

STVTL copy. This copy will be givgn to th& FD§E Tor review and formalization on the original
copy of the released DD. The TD "VTL will sign the original and the TDTL will
deliver it to Systems Engineerigg and presentation to the NASA representative.

cqifire theAigaature of Product Assurance, Systems Engineering,
NASA representative and, ﬂ; Bigte Associate Contractors. The TDT will provide for

6.4 Data

The DD form will be u report anomalies detected by analyses of the telemetry data. The
following ground rules coftrol the preparation of DD forms. Each applicable item listed should be
included on the DD. All DDs will be clearly handwritten by the Data Analyst and will contain the
following information, exclusive of corrective action column entries:

. Time of Year (TOY)

. Test Time ("R" Run Time, "H" Hold Time)

. Data Source (Real-Time List, Post-test Sorts, Analog records, Notebooks)

¢ Test Run Number

*  Complete description of the problem, described in past tense. A description of normal
operation will be included.
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. Relationship to other events, commands or functions

¢  Relationship to other DDs

»  Relationship to specification performance requirements

*  Attachments are used for lengthy discussions of the problem
. Resolution of the problem will not be included

An example of a typical DD is shown in Figure 6-3. DDL flow is depicted in Figure 6-4. The
discrepancy will be logged into a summary sheet by the Test Data Team (TDT) and reviewed by the
TDT Leader (TDTL) for completeness and accuracy. Data Discrepancies are prepared on DD
forms and routed as follows: (1) test design problems routed to the test data team logbook; (2)
SATS ground test software problems routed to the SATS ground test software logbook; (3)
GSE/STE problems routed to the GSE/STE logbook; and, (4) spagecraft problems (hardware
and/or flight software) routed to the master Assembly and Verific b (A& V) logbook which is:
retained at the DD coordinator's work station in Building ms considered to be
spacecraft (Item 4 above) will be reviewed by the STVTL for inv

discrepancies will also be reviewed by Systems Enginegfing a
Associate Contractors and NASA. After spacecraft troubl
signed-off copy of the DD will be retained by PA as pa

appropriate, by the
inal closure, the original
t logbook records.

At the completion of each major A&V task, the S
summaries of the operation and provide them
inputs to the ST Verification Report (DR AV-08

1 Associate Contractors will prepare
T Contractor Systems Engineering as

6.5 Non Conformance R

geporting document used on the SSM/ST Log Book
fanent part of the SSM/ST Log Book documentation
ication and resolution of NCRs is included herein to
the discrepancy resolution process.

The NCR will be the primary hargh

provide an overview for

NCRs will be generat
operations; (2) visually
operations. The proced
outlined in the Discrep

ults of troubleshooting a DD that verifies hardware anomalous
discrepancies; or, (3) suspected hardware damage or anomalous
andling the disposition of the NCR is dictated by several criteria as
lassifications and Disposition Matrix (Figure 6-5).

Typically, for a discrepancy written against a SSM/ST Contractor-built or furnished item,
processing of the NCR will fall under the purview of the Material Review Board (MRB). The
MRB is comprised of two people, a SSD PA and SSD Engineering representative. MRB
-responsibilities include:

«  Controlling, scrapping or impounding discrepant hardware and pursuing on-the-floor
corrective action.

e Assuring that timely action is taken or has been committed to prevent the recurrence of
discrepancies

«  Implementing corrective action policies established by Corrective Action Board (CAB).

22-98



Downloaded from http://www.everyspec.com
MSFC-HDBK-2221
February 1994

. Dispositioning discrepant items in accordance with this procedure; resolving disposition
or assuring appropriate escalation for resolution; and obtaining technical representation
from other organizations to determine appropriate disposition of non-conforming
material.

. Submitting discrepancies which require NASA/AFQA approval for final processing in
accordance with the Discrepancy Classification and Disposition Matrix (Figure 6-5).
The SSM/ST Contractor PA representative will be present at the submission or
discussion of NCR packages presented for NASA/AFQA acceptance.

. Assuring maintenance of adequate records pertaining to Quality Assurance (QA) and
MRB actions '

If the NCR investigation leads into a GFE module or component, the STVT will troubleshoot (as
documented by OPO) to isolate the problem to the module or component and then support the
Associate Contractor with his detailed investigation. If the GFE remgins on the SSM/ST, all T/S
documentation will be covered by the NCRs and OPOs generated gg#inst the discrepancy. Final
closure will be handled by the MRB, Associate Contractor, NASA
Force Plant Representative Office (AFPRO) concurrence signatu

e
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7.0 TEST DOCUMENTATION

The SSM/ST Contractor will use a system of documentation that provides a recorded path of all
functions from generation of Assembly and Verification (A&V) requirements through Orbital
Verification (OV) of the ST. The test design effort will begin with the preliminary release of the
ST Verification Requirements and Specifications Document (VRSD) and design requirements, in
the form of ICDs, specifications, and various Data Requirement (DR) documents. The design and
system data, the VRSDs, the Associate Contractor test outlines and procedure inputs and the
calibration data will be used to prepare the A&V test design logic model and test sequences.

Detailed timelines and Logs of Operations (LOO) will be developed, from the data described
above, to implement the A&V activity in a systematic way. The manual operations required-to
prepare and support the SSM/ST will be outlined and documented by Manual Test Procedures
(MTPs) and Technical Instructions (TIs).

As test sequences are developed, they will be integrated into Test
specific A&V activities. Power-On TPs will be computer-aud;
simulations and audits of the test. The SSM/ST Contractg
Contractor engineering personnel will audit the logic model, cali
information accuracy. When the audit cycle is completed, th i
will be updated and released for review and signature
Associate Contractors.

7.1 SSM/ST Documentatio

~edures (TPs) designed for
jy using pretest computer
appropriate Associate
p-and TPs to assure the

' Contractor, NASA and R

vill p€ the actual "working paper" used to

A. The ST Verification Team (STVT) will
roduction Quality control stamp to indicate
tese documents will provide historical data to
#ws. All test documentation will be controlled per

A&V documentation, as defined in this s
document and verify the work performed ¢
record on these documents by data entry, st
that the authorized work has been peMgrmed
develop inputs for test reports and.
Product Assurance Plan, PAO

7.1.1 Manua ated Test Procedures

Manual Test Proced
perform a given task

)€ defined as those documents containing instructions on how to
$upport from a computer system. These MTPs will have the test
setup instructions, doc #ation listings, safety requirements, equipment listing and detailed
instructions for performifg the tasks called out in the body of the MTP. Activity or work
instructions integrating assembly and test of Associate Contractor (or affecting Associate
Contractor) hardware, shall be prepared. MTPs will be provided for formal Associate Contractor
review and approval, prior to their use and will include functions to verify the requirements of the
applicable requirements document.

MTPs are supplemental to Shop Work Authorizing Documents (SWAD), i.e., Operations Order
(OPO) or Standard Log of Operations (LOO) and, by themselves, do not authorize work but
contain detailed instructions to perform a variety of functions. These functions may include
SSM/ST A&V activities designed to satisfy engineering drawing and specification requirements or
configure the SSM/ST for test. MTPs will provide sufficient detail where possible to eliminate the
need for reference to drawings and specifications by using sketches and technical illustrations to
supplement the work instructions. MTPs shall be implemented by a SWAD. MTPs prepared
under Off-Line Launch Site Procedures (DR OP-04) for use at Kennedy Space Center (KSC) will
be of similar content and will be implemented in the same manner.
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The Automated Test Procedure (ATP) will be required for computer-supported ST powered testing
at the ST Assembly and Verification Facility (STAVF). The ATP will have the Test Control Center
(TCC) setup instructions, documentation listings, instructions for performing required manual
functions and Product Assurance inspection points. The ATP will have a condensed listing of the
test sequences contained in the Control and Limit File (CLF) that is loaded into the test computer
for performing the test. The ATP will include the ST real-time and stored program and GSE/STE
command sequences, predicted monitor responses, real-time data processing instructions, Cathode
Ray Tube (CRT) assignments, etc. .

Any hardware design change and/or software on-board modification will be approved by the
SSM/ST contractor System Engineering, NASA and the respective Associate Contractor. The
VRSD must be revised before the Test Procedures (TPs) will be revised. Hardware and flight
software anomalies will be documented on Data Discrepancy (DD) forms or Non-Conformance
Reports (NCRs).

They will be dispositioned by the SSM/ST Contractor, with appgoval from the appropriate
Associate Contractor and NASA, prior to revising any TP. The TPsWill be updated after initial
release only with the approvals described above. When the uj TP is generated, a new
revision letter will be assigned and all changes will be identified. :

for concurrence by all affected organizations before it is usqel
and Automated Test Procedures (DR AV-07) are Type
Center (MSFC) has the right of disapproval on initial issn

whieh will be accomplished by a Test
ywritten to: (1) correct TP design errors
W test requirements, and (3)incorporate
irtiware anomalies. The TPCN will be
yfhitially approved the released document. A
4 before the affected TP will be revised for change
il Bgrreissued under the next higher letter designation

It may be necessary to update a TP subsequent
Procedure Change Notice (TPCN). The TPCN
detected during the performance of a test, (2) inci
changes required by the use-as-is dispositigr
approved by a representative of the organizato

maximum of five TPCNs normally agg issuck
incorporation. When the TP is revise
and resubmitted for signatures. .

on¥changes, made to correct errors in procedure for later testing
gugpd Article, or to incorporate changes required due to design changes.
clt by a check mark in the TPCN "Incorporate in Next Revision"

This category is'si
block.

2. "One CCA Only," issued to describe changes required for a single test having a planned
permanent configuration difference. This TPCN describes the special procedure to be used
each time the particular test article, identified by a Control Configuration Article (CCA) serial
number, is subjected to the test. This category is signified by inserting the letters "CCA" in
the TPCN "One Time Only" block.

3.  "One Use Only," issued to cover "as-run" procedural changes made to accommodate
temporary test configuration deviations, test equipment substitutions, etc. Any subsequent
repeat testing reverts to the basic TP (which may have been modified by TPCNs in categories
1 and 2 above). This category is signified by a check mark in the TPCN "One Time Only
block.

Only TPCNs in category 1 are to be counted as part of the five which normally trigger TP revision.
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Under normal circumstances, a TP will be utilized in its entirety to perform an installation, an
assembly, an alignment, a test, etc. However, non-standard use of the TP is permitted when a
portion of the TP is required to be performed, as prescribed in the following paragraphs:

»  Non-standard use of or deviations from the TP may be made without effecting changes
to the document for subsequent use by one of the following methods. A TPCN will
not be required on deletions of this nature.

. When partial configuring of the hardware and/or special testing does not require the
performance of all paragraphs of the TP, the SWAD (LOO/OPO) shall specify the
paragraphs or itemns to be performed (or not to be performed). The affected paragraphs
shall be annotated in the TP (Log Book Copy) by the Operations Engineer referencing
the LOO/OPO and signing and dating the TP entry. No other approvals shall be
required on the manual TP for such annotations. In those instances, where a work item
prescribed in a TP requires some modification to be used, the LOO/OPO shall authorize -
the deletion of the entire TP item and the modified versjgn shall be transcribed as a
work item on the LOO/OPO to be accomplished in the dg sequence. e

. Where one-time only omissions or deletions to the
satisfies operational on-the-spot requirementgg the
Conductor may delete the item(s). These item: i
test or handling GSE/STE. The Operations:
deletion(s) in the TI with remarks, a sig

st Conductor will note the

In those cases where TP paragraphs or ite
accomplished and accepted, the Operations En;
the requirements of the in-process documen
of the paragraphs or items having been
responsible person shall then sign andsg

rtions thereof have previously been
JC, after verifying the SSM/ST - meets
e the paragraphs or items or that portion
complished per LOOXX/OPOXX. The
graph/item so annotated.

During the preliminary preparati speriodic TP preparation status and schedules will be
used to track the effort. Th et will be issued weekly, starting with the final preparation
period of the first TP throu the last TP. Schedules will include the due dates for TP
inputs, the test preparatios d the status of the preparation efforts.

7.1.2 Tec ruction (TI)

TIs are instructions for ce; non-testing operations (not detailed in SWAD or in TPs) required in
support of product testifig in Systems Test organizations. These support operations are not
specific acceptance requirements of the vehicle or product detail specification (or System Test
Specification) but must be performed in handling and servicing the product or test equipment.
Examples of the types of operations which may be covered by such instructions are (1) vehicle
handling, preparation for shipment, etc. and (2) ground recorder checkouts.

TIs are supplemental to SWAD and by themselves do not authorize work but contain detailed
instructions to perform a variety of functions. The functions may include SSM/ST assembly
instructions, performing the removal/replacement of electronic components, preparing and
configuring for test, handling and hoisting operations, etc. TIs will provide sufficient detail to
eliminate the need for reference to drawings and specifications using sketches and technical
illustrations to supplement the work instructions. TIs shall be implemented by a SWAD.

Under normal circumstances, a TI will be utilized in its entirety to perform an installation, an
assembly, an alignment, etc. However, nonstandard use of the TI is permitted when a portion of
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the TI is required to be performed. Non-standard use of or deviations from the TI may be made,
without effecting changes to the document for subsequent use, by one of the following methods.
A TPCN will not be required on deletions of this nature.

When partial configuring of the hardware and/or special testing does not require the performance of
all paragraphs of the TI, the SWAD (LOO/OPO) shall specify the paragraphs to be performed (or
not to be performed). The affected paragraphs shall be annotated in the TI (Log Book Copy) by
the Operations Engineer or T/C, referencing the LOO/OPO and signing and dating the TI entry.

No other approvals shall be required in the TI for such annotations. In those instances where a
work item prescribed in a TI requires some modification to be used, the LOO/OPO shall authorize
the deletion of the entire TI item and the modified version shall be transcribed as a work item on the
LOO/OPO to be accomplished in the desired sequence.

Where one-time only omissions or deletions to the handling instructions of the TI satisfies
operational on-the-spot requirements, the Operations Engineer or Test Conductor may delete the
item(s). These items pertain to the installation and removal of test o1 handling GSE/STE. The
Operations Engineer or Test Conductor will note the deletions)¥n the TI with remarks, a
signature, and the date.

accepted, the Operations Engineer or T/C, after verifying :
the in-process document, may N/A the paragraph or th %

eets the requirements of
paragraph, as having been

reissuance under the next higher alpha chi¥egtd ¥ C, etc.) or by issuance of a TPCN. A
maximum of five TPCNs may normally
incorporate the changes.

7.1.3 Operations_(f

The Operations Order (
instructions and approva SV

document in the SSM¥STY
preplanned and the uns

& a specific task. The SSM/ST program will use the OPO to
(LB), the standard routine and repetitive tasks which are
or unplanned tasks resulting from a variance to the preplanned
A&V. These standard OBQs g€rve as supplemental documents to the LOO when additional detail
work instructions are negéssary. In such cases, the LOO will invoke these supplemental
documents by means of 4 simple one line statement, "perform OPO IX". Standard OPOs derive
their requirements from engineering drawings, specifications, VRSDs, etc., (ref. Figure 6-1).

The "unscheduled or unplanned" OPOs will authorize and document troubleshooting, retest and
rework type activities resulting from on-line test discrepancies or suspect conditions. They will be
broken into subsets within the Log Book depending on the nature of the task or the authorized
document, (ref. Para. 6.2.4 and Figure 6-1).

The preparation and use of the OPO for the SSM/ST Program follows a prescribed format that has
been proven by long usage. The following overview of OPO preparation and content is provided
to familiarize the Associate Contractors with one of the documents used in the "Hand-Off" process
to transfer Government-Furnished Equipment (GFE) to the Associate Contractor for problem
resolution and repair (ref. Figure 6-2, Operations Order Format).
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7.1.4 Master Procedure List (MPL)

The MPL is generated and maintained by the A&V organization responsible for producing the
SSM/ST TPs. This document is a listing of all SSM/ST Contractor TPs required to meet the
objectives of each phase of the ALV Plan. The MPL will identify the TP number, title and revision
letter. The MPL in its original release form, acts as a planning or inventory document to support
the development of the LOO. The MPL is updated by a TPCN that is released through the normal
approval channel. At the conclusion of the verification cycle, the MPL will be used to demonstrate
that the "as-run" TPs agree with the MPL, thus maintaining test documentation control.

7.1.5 Test Procedure (TP), Technical Instruction (TI), And
Supplemental Technical Instruction (STI) Logs

The TP/TI/STI logs are individual sections in the SSM/ST LB. Each of the sections has a master
log or index sheet which summarizes the content of the section. It will identify the TP/TI/STI by
control number, title and revision letter, if any. All entries to thesgse€tions will be posted by the
A&V Planning organization and audited by QA for completenessaN 4 icy. The TP/TI/STI are
detailed documents designed to support the LOO or established spegial rofuirements, and do not
authorize work to be done. Only the coordinated and approvée O authorizes work to be
done. ‘

7.1.6 Log Of Operations (LOO

of all standard work operations to be
aunch Site support LB. The LOO will
g identify any supplemental documents
. The LOO will also indicate the necessary
quired and include provisions for the required
eptance of the described function.

The LOO will be compiled to provide a seque
accomplished. A separate LOO will be p. :
briefly describe the function to be pér
(TP/TI/OPO/STI) to be used in performing
signatures and stamps for "OK to Prc "
signatures and stamps to show cogapl

ahd QE for approval prior to release. The Associate

The LOO will be submitted:#
( e LOO to assure that their timeline planning inputs have

Contractors will review agd cori
been properly integratediirn¥é

Wil require the same approval signatures as the original LOO prior
to submittal. The Log Ghange Request (LBCR) originator shall be responsible for obtaining
all required signatures priogfo submitting the LBCR to the A&V Planning for incorporation of the
requested change into the LOO. The approved changes will not require the LOO to be resubmitted
for new approval signatures.

Changes to the appr6

The LOO and required supplemental documents (TP/I'I/OPO/STI) will be prepared and coordinated
for release by the SSM/ST Contractor A&V organization.

The A&V Planning organization will maintain a "Master" LOO and a file of all LB change requests.
7.1.7 Operations Order (OPQO) Section

The OPO sections of the SSM/ST LB will contain OPOs to handle, configure, test or support test-
related activities (T/S, retest special test, rework). There will be several types of OPOs which are
designed to perform specific functions. Each type of OPO will be categorized and maintained in a
separate section of both the STAVF and Launch Site support LBs along with an index page for
posting. The A&V Planning organization will post each OPO on the index page and assign it a
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number. The index page will also contain the date of posting, work description, date of
completion and QA certification.

The SSM/ST Contractor will write OPOs to perform tasks in the following categories:

»  Standard Operations Orders. 001-199 OPOs will be written to supplement the standard
LOO in performing mechanical, testing or test preparation tasks.

*  Troubleshooting Operations Orders. 201-299 OPOs will be written to isolate functional
problems or resolution of data discrepancies .

. Special Operations Orders. 301-399 OPOs written as a result of special instructions
from Engineering in the form of an STIL.
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8.0 AUTOMATED TEST METHODOLOGY

ST automated tests will be composed of a series of test sequences for each system or subsystem
which may be integrated with other systems or subsystems during the same time-frame. Selected
- groupings of test sequences will be necessary for a variety of purposes including Verification
Requirements and Specifications Document (VRSD) requirements, which when assembled will be
classified as Power-On, Functional, Confidence, Environmental, Health and Status or Special
tests. In each case the test is computer-controlled through the use of a previously-generated
Control File (CF) (reference Figure 7-1). Verification of the CF is by simulation prior to its use by
the real-time-test software.

8.1 Glossary

The following definitions are provided to assist in the understanding of Sections 7 and 8:

Alarm Limit A limit applied to a monitor (me
warning of potential hazard to per;
the test conductor that some appropti
An Alarm Limit is independegf of a

ent number) to provide
hardware and to inform
is needed on his part.

pésented in terms of engineering
units is proportio ction. The monitor may be two
or more bits in .assigned its own unique measurement
number (see Bile ¢ Multilevel Monitor).

Analog Monitor A monitor whose outpd

Aperture j#les the minimum deviation from the last data
will result in the generation of a new output

mpression).
Argument atement used to inform the software program (usually

yme program) of the reason (subject) for the action
) to be taken. In the control statement, the Argument is
by the directive (see Directive).

*monitor which produces a Bi-Level output representing either of
‘two possible input states which are usually represented by English
descriptions. It is one bit of an eight bit word and has its own
unique measurement number (see Analog and Multilevel Monitor).

Bi-level Monitor

Block Event Code A unique alpha or numeric identifier assignéd to each message type.
Each Control File and Test Conductor's instruction not related to
data processing is assigned a Block Event Code.

Calibration It defines the relationship between telemetry output in decimal
counts and the input physical function.

Column Mode A line printer format which displays monitors (measurement
numbers) in several columns, according to their first alpha character.
Columns may be designated to contain measurement numbers
beginning with one or several different alpha characters. The other
format for data display is the Line Mode (see Line Mode).
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Commands Instructions to a specimen for the purpose of generating a response
or assuring proper configuration. The control may be exercised
through the On-Board Computer (OBC), GSE, or manually by test
personnel (see Test Sequence).

Command Argument Information needed by the simulation software to generate 48-bit
commands, given on ST Command Mnemonic or nickname (see
Command Mnemonic).

Command Mnemonic An eight character representation of a 48-bit command word (see

DM-01). The command word may be discrete or serial digital (see
Discrete and Serial Digital Commands).

Command Nickname Up to an eight character short-form representation of the 48-bit
command word (see DM-01). It is formed by combining all upper
case alpha characters, numbers, and plys (+) and minus (-) signs of
the command name and preceding igb¥y:the appropriate subsystem
letter code. Reference DMO1 ersion compatibility to
STPOCC.

#effect of the execution of
other device or monitor state.
F hardware monitor, b) a logic
nh on-board computer software

Conditional Verifier A monitor whose state is ch;
one or more commands,. an

monitor.
Confidence Test A testused h degree of confidence within a relatively
short time § test is typically used after hardware

riovement to a new location. This test exercises
tems sending commands and verifying monitors,
undant paths and all possible modes are not
This test is entered from and exited in the standard
urdtion (see Entry Point). Confidence Tests may exist on
iCh as a subsystem or total ST.

remstallatlon

pfetest listing of the condition or state of the ST or GSE/STE
vices at a specified test time which includes Pseudo Monitor states
(see Pseudo Monitor).

Configuration List

Constraint A directive used to indicate that a disallowed command has been
issued based on the current hardware configuration. In the SATS
system, Constraint directives will specify the action to take, such as
hold the test or to inform the test conductor that a constrained
command has been issued.

Control Files Computer files containing the information necessary to control the
ST through a preplanned test sequence. Typically it includes TLM
format description, monitor calibration data, time-ordered
commands (sequence), time-ordered monitor data processing
instructions including limits and data display and routing
information.

CRT A Cathode Ray Tube display unit with keyboard entry
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A routine to condense data before passing it to subsequent computer
routines for data processing (see Aperture).

A form of performance limit where the range of limit values applied
to a monitor is dependent upon the value of the monitor
(Measurement Number) when the instruction is initiated (see
Performance Limit).

A software monitor whose value is derived from a function of two
or more hardware Monitors.

The part of a statement used to inform the software program (usually
the Real- Time Program) of the action verb to be taken. In the
control statement, the directive is followed by the Argument (see
Argument).

A single function command which res a device to one of two

possible states (see Commands).

A monitor whose output ha
unique output (range if gré: ’

specific condition or s usually represented by an
English description. tors and Multi- Level Event
Monitors are both dis mon#ors (see Bilevel and Multilevel
Event Monitors).

¥produced the input to the telemetry
systemsgA ering Unit representation of a Bilevel
 Level Event Monitor is the English
“state represented by the Monitor value.

within a Test Segment that can be entered or exited with a
#vehicle configuration (e.g., the beginning of a Test
it or the end of a Test Segment). '

the Logic Model expression relating a cause to an effect. The cause
1s usually a combination of commands and/or monitor states and the
effect is a Directive that is to be executed as a result of this cause
(see Commands and Directive).

The configuration, environment, interface, and operations a vehicle
is normally exposed to during mission operations, simulated as
closely as is practical.

A test used to verify or disprove the integrity of the system under
test. All commands are functionally exercised (within hardware
constraints) and all monitor responses are verified in every state.
The various tests may or may not be integrated with other
subsystems. A relatively simple subsystem functional test may be
completely contained within the ST Confidence Test. The
Confidence Test for a system may be a part of the system's complete
Functional Test. Functional Tests may exist on different levels such
as a subsystem or total ST (see Confidence Test).
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GSE/STE Telemetry Not true telemetry in that no signal is transmitted or received from
the specimen, but instead is a bit stream of ground test information.

History File A computer tape recorded during powered test containing a
chronological list of the commands sent, the compressed data,
results of the Limit Check routine, and messages.

Hold A mode in which test time is not advancing and the associated
Control File information is not being processed. On-board
computer Stored Program Commands will cease to execute (see Test
Time, Run).

Limit Check A technique used in simulation to verify that monitor response to
commands and/or configuration is as predicted. The Limit Check is
failed when data is outside the range f the lower or upper limits
(see Performance Limit).

Limits Listing A time-ordered listing of Data Proc
which is a representation of th actua
within the ground software’ 1§
the actual Limit Processinsi

ectives and Instructions
rocessmg that occurs

Line Mode

nbly of mathematical representations of the test specimen
pfedict responses to executed commands. The response to a
agicdlar command may vary depending on the specimen
opfiguration, Commands may be specimen, GSE or Pseudo
ommands that represent specimen configuration changes caused by
external inputs. Responses may be Limits, command English
descriptors, Constraint violation actions and data processing
instructions.

Logic Model

Macro | Fixed grouping of commands, test control directives, and/or data
processing instructions assembled and named by a single identifier
which may be called into a sequence by a single-request entry.

Manual Test Procedure A TP used.by Test Operations personnel in support of a non-
automated ST test.

Measurement Number A unique alphanumeric identifier (DM-02) assigned to each data
parameter (monitor).

Memory Map A memory map is a listing of the DF224 (or NSSC-I) memory

storage areas which specifies by addresses the specific ranges in
which certain types of information is to be stored. These types of
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information may include Stored Program Command areas,
scratchpad areas, data base areas, software program areas, etc.
Addresses of write protected areas and areas of items of specific
interest (Vehicle Time, etc.) should also be included.

Multi-Level Event Monitor A monitor whose output is represented by two to 32 unique
telemetry output values or ranges of values, each representing a
specific condition or state specified by an English descriptor up to
eight characters in length (see Analog Monitor and Bilevel Monitor).

Pause A software test directive that stops Test Time from advancing and
stops the processing of Control File information, but does not reset
the on-board computer pointer to zero or cause ST to go to

safemode.

Performance Limits Value(s) applied to a monitor output to gdefine the expected range of
response of the test specimen. Pe hance Limits (LIMIT and
TRANS) are independent of Alarm, see Alarm Limit).

Power-On and Conditioning A test used to apply power t
Test all ST systems from a

d to configure
#te to a standard

Pseudo Command A Command that i
input in the TSL:

fdnction of simulation or manually
in other modeling equations. Pseudo
subsystem changes caused by either
li (other than definable ST or GSE

Pseudo Monitor i ble whose state or value must be used in other

Bonship statements. Such conditions usually occur when:
¥nded devices do not have a direct status monitor (verified),
lex and laborious equations are required to define a state or
ion, or c¢) a test situation must be established that cannot
erwise be defined. Pseudo Monitors may be logical (true or
alse), integer, or floating point (real) variables only and do not
appear in the TLM Instrumentation List.

Pulse Detect A technique used to verify a momentary change in state of a Discrete
Monitor and the subsequent return during a specified time interval
(see Discrete Monitor).

Real Time A term signifying presentations by the software system during test,

as compared to pretest and/or post-test functions. Real Time
presentations may not always be displayed when they occur.

Real-Time Commands St Real-Time Commands (RTCs) are Commands executed by the
SSM DMS immediately after they are received and verified. RTCs
may be Software Commands, Discrete Hardware Commands, or
Serial Digital Hardware Commands (see Discrete Command, Serial
Digital Command, and Software Commands).
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Run A mode in which test time is advancing and the associated Control
File information is being processed (see Hold and Test Time).

Serial Digital Command A multi-function command where-various bits within the word are
assigned uses according to position. Some are "one-bit", one
Discrete Command per state bits, while other bits may be grouped,
for example, as sets of ordered pairs for more complex Commands
(see Commands).

Set A Test Directive, entered from the CRT keyboard, followed by
either a segment name or a Test Time. Subsequent run time will
increment from the start of specified segment, or from the start of
the specified Test Time within the Segment under test (see Run &
Hold).

Simulation Output Listing A detailed, time-ordered listing showing,all vehicle commands (RTC

4418 GSE commands, all data
ad processing directives
d Npftware, as well as the
ponitor responses (see

requested to be acted upon by th

expected vehicle telemetry g

Commands).
Software Commands Software Comman SPCs which directly affect
er (DF224). An example is a
ey 224 time to a specified value (see Real-
Time Comman ) Program Commands).

Standard Configuration A Standard n exists for each subsystem. It is a high

{ 4S many systems powered as restrictions allow
jnﬁguratlon is used as a starting point for any
ygsubgystem test and provides maximum flexibility to other
in ¥he test procedure where the same Standard Configuration

SM Stored Program Commands (SPCs) are commands which are
. +gpored within the SSM computer with an associated Vehicle Time tag

/and issued as a function of Vehicle Time. The time tag may be
either a relative (delta) or an absolute time tag. The on-board
command software issues an SPC when the vehicle time equals, or
exceeds by less than one second, the absolute time tag of a
command. For relative SPCs, the execution time shall be the
previous command issue time plus the delta time. SPCs which have
the same time tag shall be issued every 25 milliseconds during the
time tag specified second. They shall be issued in the order in
which they were loaded, up to a maximum of 40 commands per
second (see Commands and Vehicle Time).

Stored Program Co

Test Procedure An output of the simulation program used by the Test Conductor
and other support personnel for computer controlled ST testing. In
addition to being a "roadmap" showing all decision points where the
Test Conductor's interaction is required, it also contains all manual
instructions and functions (see Simulation Output Listing).
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Test Segments Test Segments are the basic building blocks of a subsystem test.
Each segment is composed of one or more Test Sequences and is
generally fifteen minutes to one hour in length. In a Test Procedure,
the Test Segment is the smallest defined entity with each assigned its
own unique name. Lastly, each segment begins and ends with the
sub-system in its Standard Configuration (see Test Sequence and

Standard Configuration).

Test Sequence A logical listing of time-ordered commands used to cause a test
specimen to produce a specific test result (see Commands and Test
Segments).

Test-Time A timing system base for indicating and controlling time position

and data processing functions within a Test Sequence. Test-Time is
independent of other timing system and may be held, released, and
reset, forward or back (see Hold and Ryn).

Time Window The time interval within which a pre nitor response should

occur.
Time of Year (TOY) A timing system independ g systems that measures
day and time of day. .
Transient Limit A unique type kA Sed to detect quickly changing

utine indicates a failure when the data
&shold specified. This technique may
the normal Limit Check routine (see

monitor data val

Unconditional Verifier 10ni| ite is a direct effect of the execution of

Vehicle Time Fhis is the time indicated by the Vehicle Time word as
lemetry. Stored Program Commands uplinked with an
ime label will execute when the Vehicle Time equals their

plute time specified in the uplinked word.

elta: Stored Program Commands uplinked with a delta time will
execute when the Vehicle Time has advanced from the previous SPC
execution a time increment equal to the delta specified in the
uplinked word (see Commands).

8.2 Power-On Test

The Power-On test will assure that all systems or subsystems are commanded to a minimum power
state, conditioned, and then powered to the ON condition. The Power-On test will be designed to
accept the ST in an unknown configuration. As each system is powered, monitor limit-checking
will be instructed to verify that correct responses occur with no unplanned interactions between
systems.

The ST Standard Configuration for each system or subsystem will exist at the completion of the

Power-On sequence and will define the entry point for all subsequent testing. It is a high-visibility
mode, with as many systems powered as restrictions allow, to allow detection of unwanted
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interactions between systems. This Standard Configuration is used as a starting point for any
system or subsystem test, and provides maximum flexibility to other points in the test procedure
where the same standard ST configuration exists. Entry points will allow the T/C to run the
Power-On sequence and then select any test sequence on the Control File. The T/C may perform
the test segments in any desired order. Entry points will be used to facilitate the rerun of any
subsystem test, either for special testing or for troubleshooting. Entry points may also be used to
enter or exit at various points in a subsystems Functional test (ref. Figure 7-1, Representative
Control File Structure). Entry points exist at each sequence completion and while in the Standard
Configuration.

Capability shall exist to retain ST test configuration in the event of planned holds from the Control
File, unplanned holds initiated by the T/C or due to fault detection. Test holds due to command
rejects or constraint violation fall under the category of fault detection.

Capability shall exist to place the SI's in Safe Mode via a switch on the master control panel. This
Safe Mode switch shall be independent of the VAX 11/780 computer gystem.

In the event of "A" or "B" side failure of DF224, the DF224 wi
evaluation of the failure will be performed and resolved by appr
side will be activated, loaded and verified, then DF224 activigg will

8.3 Functional Test

eck-6ut both flight software and flight
gible, under the given test configuration.
or1fy the test requirements as specified in
A1l monitor (DM-02) responses verified in
ose monitors specified as responding, but
dn between systems. Although a Functional test
ifffig and end of each segment will return the ST to
‘Jpctional test may be designed to automatically verify
6n of subsystems, or the total ST (ref. Figure 7-2,
#Functional testing will also include exercising the ST in a

A Functional test is a collection of test segment
hardware systems or subsystems to the fullest éxt
The test will be designed to obtain the data gecesyz
the VRSD. All commands (DM-01) are exefg
every state. Performance limits will verify
will also verify that there is no unwartéed intelge
may consist of several test segments the ®ggin
the standard entry point configufition §A-
performance of a subsystem&
Typical Functional Test Se
mission mode.

Some system or sii
themselves to automa
These manual operation
configure the subsystem

ctions require manual operations. Such tests do not lend
and will be performed during hold periods of the automated test.
¥ be grouped together in a segment where the Control File is used to
state where a hold is inserted and the manual function performed.

8.4 Confidence Tests

A Confidence test is designed to assure that the system or subsystem hardware is operational and
provides a high degree of confidence that no serious problems exist. A System Confidence test
usually does not usually include manual operations. It is an automated test which exercises
commands (but only those command sequences considered necessary) and monitors (although not
necessarily all monitor levels). A confidence test is typically run first on a system or subsystem
before a commitment is made to run lengthy system or subsystem function tests. Confidence tests
may also be used to verify the post-transportation condition of the ST at all test locations and for
quick retests whenever a component is replaced or a connector has been demated or mated. A
Confidence test will be designed for each SSM subsystem, the OTA, SA, SI C&DH and each SI.
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8.5 Environmental Tests

Functional and Confidence tests will be utilized during all phases of the verification program
including Pre-Acoustic, Post-Acoustic and Thermal Vacuum (TV) testing. A Functional test
segment which cannot be performed under test environmental conditions due to hardware
constraints or lack of GSE will be identified by entry points. Entry points enable these portions of
the test to be bypassed. For example, a unique test segment may also be inserted to check heater
operation under low temperature conditions, as required.

8.6 Health And Status Checks

The term "Health and Status" (H&S) as described in this document refers to a special power and
command configuration used on the ST. The H&S configuration will be used to verify the ST
condition during extended "power on" periods where no confidence or functional tests are planned.
The ST shall be in a known or standard power and command configuration prior to the initiation of
a H&S check. A typical "known or standard" configuration is summaRzed in Figure 7-3.

The function of the H&S checks shall be to ensure that cri
hardware is operated within specified limits and that the vehicle re
check shall include only those commands necessary to tu cted

re or critical support
rically static. A health
fare on and off.

8.7 Special Tests

Special tests are unique test sequences that do n any previous]y defined category.

Special test sequences will normally be pe time during a test cycle and include test

sequences where simulators are substituted

. EMC
. ST Mission
J STOCC

. Acoustic
+  Thermal Vacuim
. Pumpdown
. Power-On Soak
. Corona-Region Transition
e Tape Recorder Spooling During Temperature Transition

e  Preplanned "Macro" used for system-level problem isolation prior to entering a
troubleshooting mode (during real-time test)

. Sequence designed and preplanned to enter "Safemode" from a known configuration
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. Sequence to recover from "Safemode," both preplanned and unplanned

*  Sequences entered during "Real-Time" operation via T/C CRT for troubleshooting
activity and unplanned out-of-scope activity

*  Sequences where it is not practical to have all flight equipment on board and the
interface is simulated by SIVS or other means to evaluate command and/or monitor
response

*  System shutdown is the predetermined normal shutdown sequence entered by the test

conductor during real-time operation via the T/C CRT for power off. Emergency
shutdown is provided by the GSE.

8.8 Science Data Processing

The Spacecraft Automated Test System (SATS) equipment and softw re will accomplish science
data memory load, dump, and verification via the SATS VAX 1148CFcomputer system using its

single front-end processor. Wideband tape recording capabi r¢he, telemetry data will be
available. Ty

8.9 Real-time Software
The real-time verification software programs (F =3 P) provide test control, data
compression and analysis for all ST and GSE/

dump, and verification of memory in accordanc

8.10 Test Control

Automated test control is provided frc rol File for all ST and GSE/STE command. The
T/C directs the test through the yse of :
segment selection). The T
commands or loading ST cot

may also be modified in rqal tin
8-5, Typical CRT Inpuy,

hay bdify the test by sending both ST and GSE/STE
nds d¥ring the test holds. Monitor data processing instructions
Whilodhe test is in process during both run and hold (ref. Figure
the Real-time Program).

When no hardware ¢
minimum of T/C interven’%

ale problems arise, the test will follow the preplanned TPs with a
n¥pp# Progression from one system or subsystem test to the next requires
the T/C to select the nex{A€st segment to be performed. In the event of an alarm limit failure,

special procedures may be initiated to correct or investigate the condition.

Only those monitors and conditions requiring immediate T/C attention will be "alarmed”. All
actions in response to an alarm limit failure will be initiated by the T/C. There is no "automatic
segment stop" capability designed into the SATS ground test software which responds to an alarm
limit failure. There will be, however, preplanned "holds" designed into the test segments to
perform necessary manual tasks (i.e., test configuration changes) in support of the test objectives.
Some alarm limit failures may be cause only to hold the test for evaluation, while others may
require the immediate initiation of a preplanned contingency segment on the Control File or manual
intervention. All master control console entries,-including ST and GSE/STE commands, will be
printed as T/C entries on the real-time printer.

The SATS ground test software has the capability of repeating portions or entire test segments as

many times as necessary. Normally, test time will be cycled to a standard entry point (ref. para.
7.1) in a given test segment where the initialization commands will configure the SSM/ST
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equipment for the test. Very long subsystem or system functionals may contain several entry
points to aid in the convenience of retest or troubleshooting activities. If a standard entry point
does not exist at a convenient place in the test segment, then the T/C has the option of selecting any
time in the segment to "enter the run". Preselected "HOLD" points may be inserted as required.
Such action is predicated on the assessment of the hardware configuration to ensure that it is safe to
do so.

The capability will exist for SSM, SI, SI C&DH computer and microprocessor memory load,
dump and verification via the SATS computer system. There will also be a capability for wideband
recording and playback to the VAPGS of the science data TLM for post test analysis.

8.11 Data Compression

Data compression will be accomplished on each monitor using a floating aperture which specifies
the minimum deviation from the last data output value which will result in the generation of a new
output value. The floating aperture will be used as the first step in anygdata processing for a given
monitor. =

8.12 Data Analysis

Verification of monitor response to commands will be pe
(TRTP) limit checking. If all telemetry and GSE
specified limits, indicating that monitor respons
occur. Responses not following within limits wi
6, Typical Line Printer Output - Column Mode
Mode). CRTs will also be available as a realgti

¢cal time by software program
¥to commands remain within
d, then no printer output will
ed data limit failure (ref. Figure 8-
8-7, Typical Line Printer Output - Line

Normal configuration of the CRT termin screen with characters that appear lit. The
"reverse video" configuration is a light&ac & with dark characters. The configuration of the
CRT can be altered by software g In i ere are other features of the CRT which can be

invoked by software on any chaf ;
limited to, standard config! éfse video, bright reverse video (the reverse video

blinking (alternating between standard configuration and

reverse video backgro
exceedence, then a flag

If a monitor fails limits, then the special video capabilities of the CRT may be invoked, depending
on which particular CRT page is being viewed. Since the screen line is limited to 80 characters,
only a certain amount of space is available for the information that is needed by the CRT users.
The measurement name takes 20 characters. The monitor value and engineering units take 13
characters. The measurement number short form takes 4 characters. This leaves 3 characters for a
flag and two spaces to give the page some clarity between fields. Examples of CRT displays as
printed out are shown in Figures 8-8 through 8-12.

In addition, a limited number of monitors will be presented on strip chart recorders in real time.
The software limit check capability frees the test data team (TDT) for the evaluation of a smaller
number of contingency situations and investigation of the cause of monitor exceptions to the

predicted limits. If all telemetry and GSE/STE monitor responses to commands have been
properly predicted, no out-of-limits printer output will occur. A performance limit failure will not
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cause a test hold unless the TDT requests manual T/C intervention. Each limit failure will be
analyzed to determine if there is a hardware problem. If no hardware problem exists and other
exceptions to the limit checking routine require definition, the analysis effort will be redirected.
The TDT must necessarily include individuals familiar with the test procedures, test data and the
hardware under test. Monitor data processing instructions (such as performance limits) may be
modified as a result of the analysis. Hardware anomalies may exhibit failure forms other than
those which normal limit checking routines can detect. Causes or isolation of such anomalies can
usually be determined by a trained data analyst during review of records, data sorts and plots.

Data discrepancies (DD) will be issued to document all exceptions to the limit checking routine
unless specific comments routed to the printer indicate a preplanned limit deviation.
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9.0 SUPPORT EQUIPMENT

This section of the ST Assembly and Verification (A& V) Plan describes the support equipment
required at the Space Telescope Assembly and Verification Facility (STAVF) and the launch site.
It specifically identifies Ground Support Equipment (GSE) and Special Test Equipment (STE)
required for assembly, verification and handling of the ST, Space Support Equipment (SSE) for
the initial ST deployment mission, government furnished equipment (GFE) from Associate
Contractors, Goddard Space Flight Center (GSFC), and Kennedy Space Center (KSC), support
equipment verification requirements, and logistics of support equipment maintenance,
transportation and storage. The specifics of GSE/STE design and validation are contained in the
GSE/STE requirements specification (see references).

All Associate Contractor handling equipment is to arrive at LMSC certified and proof loaded.

9.1 SSM/ST Contractor GSE/STE

9.1.1 SSM/ST Contractor Electrical GSE/S

The SSM/ST contractor electrical GSE/STE includes that
and the ancillary electrical equipment which will be require
definition of this equipment is in the GSE/STE requirefi
summarize the utilization of this electrical GSE/STE
used in conjunction with CTV support.

electronic equipment
T verification. Complete . .
tions. Figures 9-1and 9-2 .
and GSE at the launch site as

vith the operating software, data base,
orm the tests) comprise the Spacecraft
gned to allow testing of the SSM and ST
vents, with a predetermined set of responses,

GSE/STE electrical/electronic hardware,
and test files (sequence of commands and
Automated Test System (SATS). This sy
under the control of a preprogrammej
through the use of a computer contro

9.3 Multi-us

Ruripgient are available to all payloads launched from KSC to meet
algportation, environmental control, interface verification testing,
¥installation of the payload into the orbiter. The ST program will
E identified below and shown in Figure 9-11.

Several major pieces
user requirements for
end-to-end functional
be utilizing those item:
9.3.1 Payload Canister

The payload canister is a container used to transport payloads from processing facilities to the
location where ST installation into the orbiter will be performed. This equipment approximates the

orbiter cargo bay in terms of size, mechanical interface, door configuration and cleanliness, and
can be transported in either the horizontal or vertical attitude.

The canister will be utilized to transport the ST in the vertical attitude from the VPF to the launch
pad for installation into the payload ground handling mechanism (PGHM) of the rotating service
structure (RSS). Proper installation of the ST in the canister sill-mounted payload retention
mechanisms will constitute another step in assuring that the ST will mate with the orbiter.
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9.3.2 Canister Transporter

The transporter is a flatbed vehicle, 18 ft. wide and 65 ft. long, which will be utilized to move the
canister between KSC facilities. The unit has canister checking provisions, steerable wheels, self-
contained braking and stabilization jacking provisions and a suspension system to minimize over-
the-road shock and vibrations. An internal combustion engine driven prime mover will be used to
move the transporter along RSC roads. Self-contained electric motors will be used to move the
transporter within KSC cleanliness controlled facilities. The transporter will be utilized on the ST
program to move the loaded canister from the VPF to the launch pad in the vertical attitude.

9.3.3 Transporter Instrumentation Set

The transporter instrumentation set will monitor and record accelerations, hydrocarbons, particle
counts, temperature and humidity experienced by a payload in the canister during transit. The set
is self-contained and includes a power supply, transducers, signal conditioning equipment, and
interface cabling.

9.3.4 Environmental Conditioning Unit

degree F. to 75 degree F.
¥ dir will be guaranteed Class

is unit will also have a dual
rdfig, and monitoring will also be

This unit will provide conditioned air to maintain the ST
and 30-50 percent relative humidity environment. T
5000 (HEPA filtered, with less than 15 PPM of h
electrical power generating system. Controls,
included.

9.4 Logistics

Gescribed in LS-01 Logistics Plan. Logistics
;, LS-03. Encompassed in these documents are

Logistics for GSE and SSE will be aego
for GFE is described in GFE Manage
spares and inventory managemegf, tra

describe systems used succe
programs.

9.5 TDRSE/R } Support

relay satellite system (TDRSS) forward link and transmitting both MA and SSA signals to the
TDRSS return link when tilizing the NASA CTV at STAVF and the mila relay at KSC. Tracking
and cross-support capability will be provided by the ST. Cross-support capability will include
provisions to receive SSA signals at MA frequencies in order to handle the maximum required
command -rate. Two selectable command rates will be received by the ST via the MA forward link
or SSA cross-support, and science and engineering data will be transmitted via the MA and/or SSA
return links. ST to GSTDN compatibility testing will be performed using TDRSS.

The TDRSS will provide telecommunication services which will relay communication signals
between the ST and the ground. A real-time bent pipe concept is utilized in the operation of the
TDRSS telecommunication service. It will be capable of transmitting and receiving ST data, and
tracking the ST over at least 85 percent of the orbit. Communications between the ST and the
TDRSS will be performed only on S-BAND within the frequency ranges and geographical
coverage as defined in the TDRSS User's Guide, STDN 101.2.
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NASCOM is the terrestrial telecommunication system implemented by NASA to connect the
TDRSS ground terminal to ground located users and consists of leased data communication
services. These services will be provided to the STOCC for all forward and return link data. The
NASCOM will also provide communications between the STOCC and the STAVF and between the
STOCC and the launch site. These services will be scheduled with the Network Control Center
(NCC) through the STOCC. STOCC support should include but not be limited to:

Test requiring STOCC support

Duration of STOCC monitoring and commanding
Data link requirements

Plans for test execution and data evaluation

9.6 Space Support Equipment (SSE)

LMSC will supply SSE for the deployment mission only (ref. LMSC 4174620, Space Support
Equipment Requirement Specification for ST). This SSE consists ose hardware items that are
mounted, stowed on-board the ST's orbiter, and are required to de mission support for ST
during a deployment mission including launch, ascent, deplo anscheduled maintenance,
retrieval, stowing, and unscheduled return to earth:

Deployment umbilical cable and disconnect mx
Deployment umbilical mounting bracket
Interface power control unit
Foot restraint
Portable handles
Tools and aids _
SSE stowage .
Crew compartment controls an

9.7 Support Equjpnn
GENERAL:

Verification methods t
shall be any or all of

gionstrate that the GSE specified herein satisfies requirements
w(ref. GSE/STE Requirements Specification)

Inspection:
Quality Contr6] at the manufacturing level is the basis for verification of quality, and
acceptance is based on verification that the item, as fabricated and assembled, conforms
to the drawing.

Proof Testing:

Appropriate mechanical GSE assemblies for all configurations of equipment use shall
be load tested before first usage with program hardware by application of accurately
simulated loads at least 200 percent of design limit loads. Requirements shall be as
specified on the appropriate GSE drawing.

Functional Testing:

Upon completion of proof testing, appropriate items of mechanical GSE shall be tested
to verify interface compatibility, operating clearances, ability to accomplish the intended
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functions, and as specified on the applicable drawing. The equipment shall be tested in
the modes of planned operations using a simulator where specified on the applicable
drawing. This simulator will duplicate the handling equipment interfaces and provide
an envelope of the appropriate SSM/ST sections.

Electrical GSE shall be tested to the requirements of the appropriate equipment test
procedure (ETP), which shall verify the full capability of the unit under test.
Simulation of all interfaces shall be provided via GSE/STE, or LMSC-supplied test
aids.
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10.0 FACILITIES
The facilities for the SSM Assembly and Verification (A&V) and the ST A&V at the Space

Telescope Assembly and Verification Facility (STAVF) in Sunnyvale, California are described
here. Contamination requirements are discussed in PA-02, ST Contamination Control Plan.

10.1 STAVF

The STAVF is the collective name given to those ST integration contractor facilities located in
Sunnyvale, California, for use in SSM/ST A&V. The major elements are the Vertical Assembly-

and Test Area (VATA), the Associate Contractor Receiving and Inspection (R&I) Depot, the: """ -

Acoustic Test Cell and the Thermal Vacuum (TV) chamber. These elements are described in the
following paragraphs, and their relative locations are shown in Figure 10-1.

10.1.1 VATA

embly Test Stand (VATS)
§.at the STAVF will be
“laminar flow tunnel,

This is a new facility, shown in Figure 10-1, to support the Verti
to be used as illustrated in Figures 10-2 and 10-3. ST ambient™
accomplished in the VATA High Bay that has a Class 10,0600 h
temperature range of 65 degrees F. to 80 degrees F., and & ive

The VATA has a master junction box that controls; utién of RF and digital data and
command information between the ST and the ¢ -

support ST verification activities in the VATA,
by manually switching the cable runs to the
interfaces will be validated during the initifk§ A
actual verification activities.

11, ‘and the Thermal Vacuum chamber
est station. Each of the test station

A structure adjacent to the high bay features:

d Change Room an
. Clean Room
. Desk and bo ite VATA support personnel
. Status Roo
e Office and areas for all Associated
. Contracto:
The planned layout of the ¥ATA is shown in Figures 10-4 and 10-5.

An intra-facility communication system will be available in the VATA for use by contractors which
will include 12 stations in the TCC Room, 2 on each level of the VATS, and 4 other stations on the
VATA floor.

10.1.2 SI Receiving And Inspection (R&I) Depot

R&I and off-line operations associated with the optical telescope assembly (OTA) and the solar
arrays (SA) will be performed in the VATA high bay. R&I of the scientific instruments (SI's) and
the SI control and data handling (SI C&DH) subsystem will be performed in a separate depot (see
Figure 10-6). The R&I Depot was designed to meet a Class 300,000 Clean Room requirement and
will be controlled similar to VATA. Entry will be via the Change Room. There will be two Class
10,000 laminar flow tunnels. The depot will be maintained at 65-80 degrees F. and a relative
humidity of 30-50 percent. This depot will be located in building 156F.
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10.1.3 Acoustic Test Cell

The test cell to be used for ST acoustic testing is 44 feet wide x 50 feet long x 86 feet high
(approximately 200,000 cubic feet). A direct field of 163 dB and/or a reverberant field of 156 dB
can be generated on a large diameter (up to 22 feet) vehicle. A nitrogen gas supply powers the 16
electro-pneumatic noise generators in the facility. The cell contains a 20-ton crane with a hook
height of 74.5 feet.

The acoustic control and data acquisition system performs the major functions of acoustic
environment control and-monitoring. The system is a hybrid, using both analog and digital
techniques to perform its various functions, and is composed of two major elements: the noise
generation and the data acquisition subsystems These - subsystems use a Digital Equipment
Corporation Model PDP-9 computer with the following peripheral equipment:

Random Access drum storage with a 131,000 word memong.
Computer memory of 15,000 words iy
Digital magnetic tape storage

Paper magnetic tape storage
Keyboard printer

10.1.4 Thermal Vacuum (TV) Ch

The chamber to be used for TV testing of the
Clean Room. This chamber has an overall inte
feet.

e.altitude of 200 miles and achieve this condition in 12 hours.

Andem roots-type roughing pumps which lower the chamber

sfons. A 20 degree K helium cryogenic pump then solidifies all

s (wih the exception of HE, H2, and N2) on a shroud. These remaining
pamp and a titanium sublimation pump. A

The chamber can s1mulat a p
The pumping system ig iclulfes fi
pressure -to appro Elyq 0Q
- the remaining gas materigds Tw¥i
gases are collected by

Supplemental thermal instrumentation is monitored on a computer controlled data acquisition
system. This system, in conjunction with the infrared heat flux system, automatically controls the
temperature environment in the chamber. Up to 1000 channels of thermocouple data are recorded
by magnetic tape for processing. The chamber is equipped with a 16 channel real-time analog
plotter and a digital printer.

10.1.5 Staging Area

An area is provided outside the VATA in B/156C within the ST loading area, Figure 10-7, to be
used for the unpacking, cleaning, staging, and assembly of GSE and other ST equipment prior to
transportation into VATA and the R&I Depot. There will be a curtain from ceiling to floor
sectioning off this area just outside the VATA B/156C door to maintain a higher degree of
cleanliness than exists in the ST loading area.
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2.3.1 INTRODUCTION

The Verification Requirements and Specifications Document (VRSD) defines the detailed
requirements and specifications for the verification of flight hardware and software. The VRSD
examples provide two different formats for presenting the verification requirements and
specifications. Example 1, the Verifications Requirements and Specifications Document for the
Solar X-Ray Imager (SXT) Program, provides effectivity columns to indicate the verification site(s)
where the requirement is to be verified. Example 2, part of one of the Verification and
Requirements Specifications Document of the Hubble Space Telescope Program, provides
visibility as to the detail the verification requirements are defined for a large payload program.
Example 2 does not contain effectivity designations as one or more VRSD’s are required for each
verification site. Example 1 was prepared by Science and Engineering of MSFC’s Systems
Analysis and Integration Laboratory and Example 2 was prepared by the Lockheed Missiles and
Space Company, Space Systems Division, for the Hubble Space Telescope Program.
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2.3.2

VERIFICATION REQUIREMENTS AND
SPECIFICATIONS DOCUMENT

EXAMPLE 1
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INTRODUCTION

Purpose

The purpose of this document is to establish the subsystem/system level verification
requirements for the Marshall Space Flight Center's (MSFC) developed Solar X-
ray Imager (SXI) flight hardware and support equipment.

Scope

This document contains the detailed verification requirements for the verification
activities outlined in the SXI Verification Plan, MSFC-PLAN-2236, for the SXI
flight hardware and support equipment. This document does not contain the
detailed verification requirements for component level items. Component
requirements are established and verified within thedesign disciplines prior to
installation into the subsystem/system level flight har@ware. The document will
address the requirements from which the verificatios cedures will be written.

ystem level verification

Part I of this document contains the detailedfs
shi prand locations where the

requirements to be levied on the SXI fli
requirements will be verified.

fication requirements to be levied

Part II of this document contains thé
re the requirements will be verified

on the support equipment and locatR

Documents

The following docum N of this document to the extent specified herein

fnts used in the development of this document.

1.

4. MSFC-HDBK-670, General Environmental Test Guidelines (GETG) for
Protoflight Instruments and Experiments
5. MSFC-HDBK-505A, Structural Strength Program Requirements

6. JSC-SP-R-0022, General Specification, Vacuum Stability Requirements of
Polymeric Material for Spacecraft Application

7. NHB8060.1, Flammability, Outgassing and Odor Requirements and Test
Procedures for Materials for Environments that Support Combustion

8. MSFC-HDBK-527, Materials Selection List for Space Hardware Systems
9. MSFC-SPEC-522, Design Criteria for Controlling Stress Corrosion and
Cracking
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10.  MSFC-STD-531, High Voltage Design Criteria

11.  NHB5300.4(1D-2), Safety, Reliability, Maintainability and Quality
Provisions for the Space Shuttle Program

12.  MMI 5300.12, MSFC Part and Material Traceability

13.  MSFC-STD-383, Rubber Stamping of Electrical Equipment and
Components

14.  MIL-STD-130, Identification Marking of U.S. Military Property
15. MIL-STD-129, Marking for Shipment and Storage

16.  MSFC-PLAN-2242, Solar X-Ray Imager Contgmination Control Plan

17.  SJ-E007077, Interface Requirement Docur N Solar X-Ray Imager

18. MSFC-STD-1249, Standard ND fnd Requirements for

Fracture Control Programs
19.  MSFC-STD-397, Radiograpt

20.
21.
22.

23. &)
y . 506, Materials and Processes Control

25. BK-527, Materials Selection List for Space Hardware Systems

26. X-601 84-2, The Space Radiation Environment for GOES Missions
27. MSFC-SPEC-1493, Electostatic Discharge Control Requirements

28. MSFC-PLAN-2252, Integration and Assembly Plan for the Solar X-Ray
Imager

29.  CCSDS 102.0-B-2, CCSDS Standards - Packet Telemetry Blue Book

30. NHBS5300.4(3G), Requirements for Interconnecting Calbes, Harnesses,
and Wiring

31. MSFC-STD-486A, Torque Limits for Threaded Fasteners
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32. MSFC-STD-557, Usage Criteria for Spacecraft Applications of 6A1-4V
Titanium Alloy Threaded Fasteners

33. MIL-STD-1515A, Fastener Systems for Aerospace Applications
34. MSFC-SPEC-445, Adhexive Bonding, Process and Material Inspection

35. MSFC-PLAN-1975, Software Quality Assurance Plan for the Solar X-ray
Imager

36. MSFC-PLAN-2241, Product Assurance Plan for the Solar X-ray Imager

37. MSFC-PROC-404B, Drying and Preservation, Cleanliness Level and
Inspection Methods for Gases

38. NHB6000.1C, Requirements for Packaging, Handling, and
Transporatation for Aeronautical and Spacg System Equipment and
Associated Equipment e .

2.0 SYSTEM DESCRIPTION

The SXI instrument is a telescope desi
sun and transmit video images to earth
to operate from a geo-synchrong
Environmental Satellite (GOES); %
Systems Loral (SS/L). The GQ
power, communications to ¢aN
the SXI will provide the sold
sensing.

"the X-ray spectrum of the
ighe. The instrument is designed
ft abgafd a Geostationary Operational
g of satellites being developed by Space
ovide to the instrument the primary

fing and roll reference information, while
image processing and pitch/yaw alignment

,6 X1 instrument is to focus solar X-rays using a
camera assembly that can electronically process the

: g¥and a High Accurracy Sun Sensor (HASS) electronics box as
e 1. The four separate packages for the SXI instrument is due to the
envelope axd design of the GOES solar array gimbal yoke where the SXI will be

mounted.

3.0 R R RE MENTS
3.1 Ground Rules
* Tests contained herein are not sequence critical, unless specifically noted.
* GSE acceptance will be completed prior to testing with flight hardware.
* Support equipment (i.e. power supplies) must be in certification and
calibrated at the time of use.
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The insertion and measurement of signals at electrical connectors will be

done only through simulators and breakout boxes to avoid damage to
flight hardware.

SXIDATA
ELECTRONICS
BOX
SXIPOWER
ELECTRONICS .
BOX j

_ | F GOES
SOLAR o SPACECRAF1
ARRAY o
1
SXI
TELESCOPE

FIGURE 1. SXI CONFIGURATION.

32 Retest Requirements
* A component or subsystem failure will invalidate any previous system
level test and once the failure is repaired or replaced the discrepancy must

be reviewed and dispositioned for retesting before the testing program can
continue.

A hardware design change to any component or subsystem invalidates any
previous system level test and that component or subsystem or the entire

system must be reverified to flight requirements, both functionally and
environmentally.

* When a component is disconnected in the hardware, all func'tion'al paths to
and through the connection will be tested after the reconnection is made.
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* All software modifications shall be reverified prior to use with the flight
hardware.
* Components removed for reasons other than failure (e.g. access) do not

require bench testing prior to installation. However, all functional paths to
and through the component shall be reverified after installation.

FORMAT

Parts I and II of this document contains the detailed verification requirements in
matrix form, including requirement statement, pass-fail criteria, constraints, and
effectivity. A detailed description of each column is provided in subsequent
paragraphs.

Number

This column contains a numerical designationgf the 1

Reguirem tement

This column contains a descripti gt of the requirement to be verified.

Measurement/Stimuli

This column contams ol

' measurement numbers from the Instrumentation
&.CL) to be used as venficatxon

)t A " the "pass -fail" criteria necessary to satisfy the requirements.
¥ reflect limits for all criteria where i inaccuracies could be caused by

Remarks/Constraints
This column contains:

REMARKS - The remarks are explanatory information as required
for clarification of the requirement.

CONSTRAINTS - (1) Any placards or limitations notes which
must be verified prior to powering or
operating a system or component.

(2) Any placards or limitations notes which

must be adhered to during the performance
or a requirement.
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4.6 Effectivity

This column contains references to location(s) where the requirement is to be
verified. Multiple effectivities may be used.
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VERIFICATION REQUIREMENTS

ND S

CIFICATIONS

EFFECTIVITY

NUMBER
1

REQUIREMENT STATEMENT
TESTS

MEAS /
STIM

CRITERIA AND
SPECIFICATIONS

REMARKS/
CONSTRAINTS

MSFC

LORAL

1.1

FUNCTIONAL TESTS

1.1.1

Data Electronics Box

1.1.11

ground command and meet the
resolution criteria

Resolution of 1 second

1.1.1.2

Verify by test that the data electronic
box provides for selectable durations
of an image exposure that meets
criteria

1113

Verify by test that the data
electronics box's provided three bit
status word used for safety /health
monitoring provides information
that meets criteria

1114

Verify by test that the data
electronics box is capable of scanning
the image data and produce the
image statistical data that meets
criteria

equal to 50% of full scale resp »

1.115

Verify by test that the data
electronics box is capable of
capturing EUV flux data per criteria

An average rate of at least one set of
EUV measurements per minute

$661 Areniqa
122-A9QH-DASN
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS EFFECTIVITY
MEAS / CRITERIA AND REMARKS/ MSFC | LORAL
NUMBER REQUIREMENT STATEMENT STIM SPECIFICATIONS CONSTRAINTS
1.1.1.6 Verify by test that the data Captures data at both initiation and X
electronics box captures the HASS completion of the exposure and
data per criteria provides the data in the image
telemetry data
1.1.2 SXI Interface
1121 Verify by test that the SXI outg Paragraph 3.2.3.6.1, IRD SJ-E007077 X
data to the MDL transmitter m
criteria (3.2.3.6.1)
1.1.2.2 Verify by test that the SXI design agesgintegration and transmission X
meets the image availability criteria fingle full-CCD image complete
yminute of command
1.1.23 Verify by test that the analog X
telemetry signals from SXI meet
criteria (3.2.3.4.1)
1.1.24 Verify by test that the bilevel type A || Paragraph 30l 2 R X
telemetry signals from SXI meet
criteria (3.2.3.4.2)
1.1.2.5 Verify by test the operation of SXI to X
the solar array status by providing
inputs of the solar array step status
that meets criteria (3.2.3.7.1)
1.1.2.6 Verify by test the operation of SXI to Paragraph 3.2.3.7.2, IRD SJ-E007077 X
the XRP platform status by
providing inputs of the X-ray
positioner step status that meets
criteria (3.2.3.7.2)

$661 ATeniqag
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS EFFECTIVITY
MEAS / CRITERIA AND REMARKS/ MSFC | LORAL
NUMBER REQUIREMENT STATEMENT STIM SPECIFICATIONS CONSTRAINTS
1127 Verify by test the operation of SXI to Paragraph 3.2.3.5.1, IRD SJ-E007077 X
the GOES latching relay commands
by providing inputs of the command
unit that meets criteria (3.2.3.5.1)
11238 Verify by test the operation of SXI t Paragraph 3.2.3.5.2, IRD SJ-E007077 X
the GOES proportional commary
by providing inputs of the cagigy
unit that meets criteria (3.2.3.5.8 .
1.1.29 Verify by test that the SXI/EUV : P Four (4) digital control lines X
Spectrometer Control Interface meets ; compatible with a 54AC04 driver.
criteria PN
1.1.2.10 Verify by test that the SXI/EUV Data X
Interface can read data and meets
criteria
is -10 VDC
11211 Verify by test that the SXI provided 1) Provides 20 V regulated powr ‘up X
power at the EUV interface meets to 25mA
criteria
2) Provides -20V regulated power up
to 25mA
1.1.3 Power Electronics Box

¥661 ATeruqag
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS EFFECTIVITY
MEAS / CRITERIA AND REMARKS/ MSFC | LORAL
NUMBER | REQUIREMENT STATEMENT STIM SPECIFICATIONS CONSTRAINTS
A,
1.1.3.1 Verify by test that the SXI Power CEI Table 3.18-2 X
Electronics Box supplies voltages
that meet criteria
1.1.3.2 Verify by test that the voltage +/-200 mV for the 5V output X
requlation on the SXI Power +/- 500 mV for all other outputs
Electronics Box supplied voltag
meets criteria
1133 | Verify by test that the SXI Power X
Electronics Box supplied voltages
meet the inrush current criteria
1.14 High Voltage Power Supply
(HVPS)
1.14.1 Verify by test that the HVPS X
provides a 5000V programmable
supply line to the FOT aluminized
layer that meets criteria
1.14.2 Verify by test that the HVPS X
provides a programmable supply
line to the MCP that meets criteria
3) Programmable to 4V ress
4) 500 microseconds maximuf
transition time per image i
5) 5V or less steady state ripple
6) 150 microAmps current
1.1.4.3 Verify by test that the HVPS turn on 5000V supplied prior to the X
sequence to the MCP meets criteria application of the 1000V

Y661 Arenugag
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS

EFFECTIVITY

NUMBER
| ———

1144

REQUIREMENT STATEMENT

Verify by test that the HVPS
supplied power to the UV lamp
meets criteria

MEAS /
STIM
hom

CRITERIA AND
SPECIFICATIONS

REMARKS/
CONSTRAINTS

MSFC

LORAL

Start up voltage of 550 VDC with a
sustained voltage of 120 VDC

X

1.1.5

Data Management System

1151

Verify by test that SXI is capable.o
providing housekeeping andh
ancillary data to the ground wikgl
meets the data frequency criteria

At least once per minute when SXI is
not transmitting images

1.1.5.2

Verify by test that SXI data packets
meet the time tagging resolution
criteria

1153

Verify by test that SXI provides
operational health data that meets
criteria

1.1.54

Verify by test that the data
mangement subsystem meets the
continuous data production criteria

1.1.55

Verify by test that the data stream
transfer frame synchronization is
maintained per criteria

Each CCSDS Transfer Frame will be
preceded with the 32-bit
synchronization marker

1.1.6

Power Draw

$661 ATeruqag
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS

EFFECTIVITY

NUMBER
1.1.6.1

REQUIREMENT STATEMENT

Verify by test and supporting
analysis that the SXI total power
consumption, including the HASS
and EUV, meets criteria

MEAS /
STIM

CRITERIA AND
SPECIFICATIONS

REMARKS/
CONSTRAINTS

MSFC | LORAL

N
Less than 42 W average

X

1.1.6.2

Verify by test that the SXI instrument’
will not be damaged nor will it dr
any more power at the low by
voltage (3.2.3.1.2)

0.0 t029.0 VDC

1.1.6.3

Verify by test that the SXI instrumen®
will operate over the GOES provided
input power range (3.2.3.1,3.2.3.1.1)

5.0 to 43.0 VDC

420+/-0.5
(Sunlight)
29.0to 42.5
(Eclipse/Battery)

1.1.7

Alignment

1171

Verify the alignment of the optical
axis of the SXI Telescope to the SXI
Telescope alignment reference
(3.1.14.1)

seconds and
seconds

1172

Verify the alignment of the SXI
Telescope to the HASS (3.1.1.4.4)

TBD

1.1.7.3

Verify that the alignment of the
optical axis to the focal plane
detector meets criteria

seconds

Perpendicular to within 60 ar

1174

Verify that the alignment of the
optical axis to the plane defined by
the mating surfaces on the interface
pads of the mounting ring meets
criteria

Perpendicular to within 1 arc-minute

$661 ATenigaq
122-I9AH-DASN
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS

EFFECTIVITY

NUMBER

REQUIREMENT STATEMENT

MEAS /
STIM

CRITERIA AND

REMARKS/

SPECIFICATIONS CONSTRAINTS
AR

MSFC | LORAL

1.1.75

Verify that the SXI maintains the
optical axis centered on the focal
plane detector to meet criteria

Centered to within +/- 10 arc-sec

1.1.7.6

Verify that the alignment of the lineg_}:.

of the CCD to the SXI telescop
mounting plane meets criteriy

Perpendicular to within 0.2 degrees

1.1.7.7

Verify the alignment of the optical® |
axis of the HASS to the optical axis olg

the telescope meets criteria

1.1.8

Grounding/Bonding/Isolation

‘Within +/- 2.0 arc-min

1.1.8.1

Verify by test the isolation from
primary to secondary power return
of the SXI DC/DC converters
(3.2.3.8.1B)

o dF

1.1.8.2

Verify by test the isolation between
SXI primary power input leads and
equipment case (3.2.3.8.1C)

Minimum 1008 Ohms.

1.1.8.3

Verify by test the isolation between
SXI signal and secondary power
circuits from the primary power
circuits and from the equipment case
(3.2.3.8.1F)

Minimum 100k Ohms

1.1.84

Verify by test that the SXI/spacecraft
metal-to-metal bonding resistance
meets criteria

Less than or equal to 2.5 m-Ohms

661 Arenuqag
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS

EFFECTIVITY

NUMBER

1185

REQUIREMENT STATEMENT

Verify by test that the SXI/spacecraft
metal-to-nonmetal bonding
resistance meets criteria

MEAS /
STIM

CRITERIA AND
SPECIFICATIONS

REMARKS/
CONSTRAINTS

MSFC | LORAL

RN
Less than 1k Ohm

X

1.1.8.6

Verify by test that the SXI MLI
blanket-to-structure bonding
resistance meets criteria

1.1.9

Mass Prdperties

Less than 10 Ohm

1.19.1

Verify by test and supporting
analysis that the SXI Telescope's
mass meets criteria

ss than or equal to 34.53 1b (15.66

1.1.9.2

Verify by test and supporting
analysis that the SXI Data Electronics
Box's mass meets criteria

1193

Verify by test and supporting
analysis that the SXI Power
Electronics Box's mass meets criteria

1194

Verify by test and supporting
analysis that the SXI HASS
Electronics Box's mass meets criteria

Less than or equal to
kg)

1195

Verify by test and supporting
analysis that the SXI's center of
gravity (CG) meets criteria

Y(cg) = 1.11 inches +/- TBD
Z(cg) = 4.03 inches +/- TBD

X(cg) = -5.86 inches +/- TBD

1.1.10

Filter Wheel

$661 Arenugag
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS

EFFECTIVITY

NUMBER
1.1.10.1

REQUIREMENT STATEMENT

Verify by test that the control
electronics/stepper motor provides
for filter wheel rotation that meets
criteria

MEAS /
STIM

CRITERIA AND
SPECIFICATIONS

_ -
Bi-directional Rotation

REMARKS/

CONSTRAINTS
S —

MSFC

LORAL

X

1.1.10.2

Verify by test that the control

electronics provides for absolu
knowledge of the final positign of
the filter wheel

subsystem

Position of filter wheel agrees with
that position controlled by the data

1.1.10.3

Verify by test the ability of the data

subsystem to implement the
emergency torque mode of the filter
wheel motor

N5

1.1.11

Vacuum Door Assembly

11111

Verify by test the operation of the
door position sensor to determine if
the vacuum door assembly is open
or closed

1.1.12

Telescope

1.1.121

Verify by test that the instrument
maintains the focal distance criteria

Maintained to +/-.001 ind}

1.1.12.2

Verify by test and inspection that
calibration of the SXI instrument
meets specification

MSFC-PLAN-TBD

1.1.12.3

Verify by test and supporting
analysis that the SXI image
bandwidth meets criteria

6 to 60 A (photon energy
2000/200eV)

$661 ATeniqag
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS EFFECTIVITY
MEAS / CRITERIA AND REMARKS/ MSFC | LORAL
NUMBER | REQUIREMENT STATEMENT STIM SPECIFICATIONS CONSTRAINTS
1.1.124 Verify by test that the power HASS power is shutoff upon X
provided to the HASS can be shutoff command from the data subsystem
per criteria
1.1.125 Verify by test that the camera 1msto4ms X
assembly is capable of suppor
integration times that meets &
1.1.126 Verify by test the filters when used®, 1) TBD - 6-60A X
in conjunction with the preﬁlters and %) Beryllium, 12.7 micron - 6-20A
the x-ray mirror select the applicable | 3) Beryllium, 25.4 micron - 6-16A
wavebands ot Bofy1lium, 50.8 micron - 6-12A
2 teel, 200 micron - 0A
1.1.12.7 Verify by test and supporting X
analysis that the SXI spectral
sensitivity meets criteria using an '
integration time of 100ms or less arcsec**-2 sec* .1) 1.5x1
2) Spectral Band: 6 ¢.6
Source: C 44 A
Min Detectable Flux (e
arcsec**-2 sec**-1): 6 x 10
1.1.13 Thermal
1.1.13.1 Verify by test the operation of the Operating Voltage, Temperature X
four SXI temperature monitoring Range & Resolution per Paragraph
sensors (Mirror Assembly, CCD 3.2.3.4.3, IRD SJ-E007077
Assembly, Data Electronics Box &
Power Electronics Box) to meet
criteria

¥661 Arerugoj
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS EFFECTIVITY
MEAS / CRITERIA AND REMARKS/ MSFC | LORAL
NUMBER | REQUIREMENT STATEMENT STIM SPECIFICATIONS CONSTRAINTS
1.2 ENVIRONMENTAL TESTS Functional Testing
shall be performed
prior to and
following each
environmental test
and during
thermal vacuum
and EMC testing.
Inspection of
_ hardware will also
""" be conducted
before and after
each
environmental test
to ensure no
physical
degradation has
occurred.
1.2.1 Sinusoidal Vibration Test
1211 Verify by inspection that the X
vibration accelerometers are located
as specified
1212 Verify by test that the SXI meets all 1) Figure 14, IRD SJ-E00 toflight Test X
functional requirements after Vibration) Levels. Levels
exposure to the sine vibration criteria Applied at the
SX1/GOES
Interface
1.2.1.3 Verify by inspection that the fastener TBD X
torques meet criteria after exposure
to the sine vibration environment
1.2.2 Sine Diagnostic (Sweep) Test

661 Arenuqog
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS

EFFECTIVITY

, MEAS / CRITERIA AND REMARKS/ MSFC | LORAL
NUMBER | REQUIREMENT STATEMENT STIM SPECIFICATIONS CONSTRAINTS
N -
1221 Verify by inspection that the sine Appendix II X
sweep accelerometers are located as
specified
1222 Verify Sine Diagnostic Test Profile TBD Protoflight Test X
Data Levels Levels. Levels
Applied at the
SX1/GOES
Interface
1223 Verify by inspection that the fastener X
torques meet criteria after exposure
to the sine sweep environment
1.2.3 Random Vibration Test
1.23.1 Verify by inspection that the X
vibration accelerometers are located
as specified
1.2.3.2 Verify by test that the SXI meets all 1) Figure 15, IRD SKEO Protoflight Test X
functional requirements after (Random Vibration) ™ Levels. Levels
exposure to the random vibration Applied at the
criteria #R1/GOES
Interface
1233 Verify by inspection that the fastener TBD X
torques meet criteria after exposure
to the random vibration environment
1.24 Shock Test

¥661 ATeruga]
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS EFFECTIVITY
MEAS / CRITERIA AND REMARKS/ MSFC | LORAL
NUMBER REQUIREMENT STATEMENT STIM SPECIFICATIONS CONSTRAINTS
1.24.1 Verify by inspection that the shock Appendix IV X
accelerometers are located as
specified
1.24.2 Verify by test that the SXI meets all 1) Figure 16, IRD SJ-E007077 (Shock) | Protoflight Test X
functional requirements after ) Levels. Levels
exposure to the shock criteria Applied at the
a3 SXI/GOES
. Interface
w -
1.24.3 Verify by inspection that the fastener X
torques meet criteria after exposure
to the shock environment
1.2.5 Acoustic Test
1.25.1 Verify by test that the SXI meets all X
functional requirements after '
exposure to the acoustic noise
criteria
1.25.2 Verify by inspection that the acoustic X
sensors/accelerometers are located
as specified
1.2.6 Thermal Vacuum Test
1.26.1 Verify by inspection that the Appendix VI X
thermocouples are located as
specified
1.26.2 Verify Thermal Vacuum Test Profile Appendix VII X
Data Levels ‘

$661 Arenuqag
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS

EFFECTIVITY

NUMBER
1.2.6.3

REQUIREMENT STATEMENT

Verify by test that the alignment of
the optical axis of the HASS to the
optical axis of the telescope meets
criteria through the operating
temperature range of the SXI

MEAS /
STIM

CRITERIA AND
SPECIFICATIONS

REMARKS/
CONSTRAINTS
-

MSFC ] LORAL

than 10 arc-sec

Alignment does not vary by more

X

1.2.7

Thermal Balance Test

1.27.1

Verify by test and supporting
analysis that the SXI maintains
hardware temperatures while on
orbit within the criteria limits

CEI Table 3.18-1

X

1.27.2

Verify by test that the alignment of
the optical axis of the HASS to the

 optical axis of the telescope meets

criteria while SXI is in thermal
equilibrium

2) ThermNitqy
degrees C

1.2.7.3

Verify by inspection that the
thermocouples are located as
specified

Appendix VIII

1274

Verify Thermal Balance Test Profile
Data Levels

Appendix IX

1.2.8

EMC Test

1.2.8.1

Radiated Emissions Test

122-A4dH-D4SIN
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS

EFFECTIVITY

NUMBER

REQUIREMENT STATEMENT

1.28.1.1

_

Verify by test that the SXI radiated
electric field emissions do not exceed
limits of the broadband criteria
(3.2.3.9.3)

MEAS / CRITERIA AND
STIM SPECIFICATIONS
e ————— T e

REMARKS/
CONSTRAINTS

MSFC

LORAL

Figure 26, IRD SJ-E007077

MIL-STD-462

X

1.2.8.1.2

Verify by test that the SXI radiated 1.

electric field emissions do not exe
limits of the narrowband critg
(3.2.3.9.3) .

Figure 27, IRD SJ-E007077

MIL-STD-462

1.2.8.2

Radiated Susceptibility Test

1.28.21

Verify by test that the SXI functions
while being subjected to the
spacecraft electric field emissions
(3.2.3.9.4)

MIL-STD-462

1.2.8.3

Conducted Emissions Test

1.28.3.1

Verify by test that the SXI equipment
which do not have power interfaces
with the GOES spacecraft but with
other SXI equipment meets the
conducted emission criteria

1) Power Line +/-5.2 V ; Lita§
200mV '
Power Line +/- 20V ; Limt 200m
3) Power Line 5V ; Limit 200mV

1.2.8.3.2

Verify by test that the conducted
emissions generated by SXI to the
GOES at the power bus interface
(steady state) does not exceed criteria

Paragraph 3.2.3.1.11, IRD SJ-E007077

1TCT-A9AH-DASN
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VERIFICATION REQUIREMENTS AND SPECIFICATIONS

EFFECTIVITY

NUMBER
| e ——

REQUIREMENT STATEMENT

MEAS /
STIM SPECIFICATIONS

CRITERIA AND

REMARKS/
CONSTRAINTS

MSFC | LORAL

1.2.83.3

Verify by test that the conducted
emissions generated by SXI to the
GOES at the power bus interface
(transient) does not exceed criteria

Paragraph 3.2.3.1.12, IRD SJ-E007077

1.2.8.34

Verify by test that the conduct
emissions generated by SXI ig
GOES at the DC/DC Converte
On/Off Control interface does no
exceed criteria

Paragraph 3.2.3.3, IRD SJ-E007077

1.2.8.3.5

Verify by test that the conducted
emissions generated by SXI to the
GOES at the telemetry interface
(analog) does not exceed criteria

aph 3.2.3.4.1, IRD SJ-E007077

1.2.8.3.6

Verify by test that the conducted
emissions generated by SXI to the
GOES at the telemetry interface (Bi-
level, Type A, TTL) does not exceed
criteria

) SJ-E007077

1.2.8.3.7

Verify by test that the conducted
emissions generated by SXI to the
GOES at the command interface
(latching relay) does not exceed
criteria

Paragraph 3.2.3.5.1,

1.28.3.8

Verify by test that the conducted
emissions generated by SXI to the
GOES at the command interface
(proportional) does not exceed
criteria

Paragraph 3.2.3.5.2, IRD SJ-E007077

¥661 Arerugag
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- VERIFICATION REQUIREMENTS AND SPECIFICATIONS

EFFECTIVITY

NUMBER
1.2.8.3.9

REQUIREMENT STATEMENT

Verify by test that the conducted
emissions generated by SXI output
data to the GOES at the interface
does not exceed criteria

MEAS / CRITERIA AND REMARKS/
STIM SPECIFICATIONS CONSTRAINTS

MSFC

LORAL

L ——————————————
Paragraph 3.2.3.6.1, IRD SJ-E007077

X

1.2.8.3.10

Verify by test that the conducted '}

emissions generated by other S
interface signals to the GOES,dogg®
not exceed criteria %

Paragraph 3.2.3.8.1, IRD SJ-E007077

1.2.84

Conducted Susceptibility Test

1.2.84.1

Verify by test that the SXI meets
performance requirments due to the
conducted susceptibility criteria fed
back from the GOES at the power
bus interface (steady state)

1.2.84.2

Verify by test that the SXI meets