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Foreword

This document describes the outline proposed by the SAIC team for the RRS System Specification
document. This document will be updated periodically during the course of the study, providing
design insights and information pertinent to the various elements of the RRS design. The RRS
System Specification document organization is shown schematically in Figure 1. The RRS Vehicle
(RRYV), Payload Module (PM), and Operations Support (OS) are the three main segments of the
overall system for which formal interface control will exist. The number and relationship of these
interface specifications to the main segments is also shown in Figure 1.

The following volumes of this report contain the detailed outlines created for each of the segments
shown in Figure 1. The segment specification outlines were prepared following the guidelines
established in MIL-STD-490A "Specification Practices" and the interface specifications were
prepared in accordance with DI-E-30141 "Interface Specification."
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Figure 1. RRS Specification Tree
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SCOPE

This specifications establishes the performance, design, development, and test
requirements for the Reusable Reentry Satellite (RRS) system. The RRS System
Specification consists of a Rodent Module (RM) Segment, a Reusable Reentry
Vehicle (RRV) Segment, and an Operations Support (OS) Segment. The segment
specifications and associated interface specifications are contained in Volumes 2-8
of the RRS System Specification.

APPLICABLE DOCUMENTS

Compliance

Government
Non-Government

Reference

Government
Non-Government

REQUIREMENTS

System Definition

This paragraph will include a figure defining the functional/physical relationships at
the RRS System level to place the RM, RRV, and OS Segments into proper
context.

RRS

General Description

RM

Support Module

EM

GCEM

RRV

oS

NTADN

Ground Systems

ELV

Mission
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Major Component List
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Government Furnished Property List

3.1.5 Government Loaned Property List

3.1.6 Operational and Organizational Concepts

This paragraph will contain a sufficient overview of the operational/organizational
concepts to allow the developer to interpret the specification within the proper

context.

Characteristics
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Performance

Design Reference Missions
Operations Concepts
Launch Requirements
Orbital Requirements

Recovery Operations
Ground Operations

Physical
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Pre-Service Phase
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Single Point Failure (SPF)
Failure Isolation
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3.3.1
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3.3.9

3.3.9.1
3.3.9.2

3.3.10
3.3.11
3.3.12
3.4
3.5
3.6

3.6.1
3.6.2

3.7

Transportability
Shipping Protection
Shipping Environment
Shipping Configuration
Ground Storage
Reusability

Refurbishment
Replacement/Sparing

Accessibility

Design and Construction
Materials, Parts, and Processes
Electromagnetic Compatibility
Nameplates and Marking
Workmanship
Interchangeability

Safety

Human Performance/Human Engineering

RRS Computer Resources
Mechanical Design Criteria

Design Life
Margins of Safety

Electrical Design Criteria
Integration and Test Compatibility
Pyrotechnic Devices
Documentation

Logistics

Personnel and Training

Personnel
Training

Functional Subsystem Requirements
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5.0
5.1
5.1.1

RM (PM)

SM

EM

GEM

RRV

OS

NTADN

Ground Systems

ELV

Precedence

QUALITY ASSURANCE PROVISIONS
General

Philosophy of Testing
Development Phase
Qualification Phase

System Integration Test Phase
IOT&E Phase

Re-Verification Phase
Location of Tests
Responsibility for Tests

Contractor Responsibilities
Government Responsibilities

Qualification Methods
Formal Tests

Formal Test Constraints
Qualification Cross Reference

Requirements Verification
Requirements Verification Matrix (RVM)

PREPARATIONS FOR DELIVERY
Shipment

Preservation, Packaging, and Packing
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SCOPE

This specifications establishes the performance, design, development, and test
requirements for the Rodent Module (RM) of the Reusable Reentry Satellite (RRS).
The RM described herein is a specialized adaptation of the RRS Payload Module
(PM). Modification to these RM requirements as necessary to specify the PM for
use with all anticipated Experiment Modules (EMs) and the Ground Control
Experiment Module (GCEM) are included in the appendices and addendums to this
specification.

APPLICABLE DOCUMENTS

Compliance

Government
Non-Government

Reference

Government
Non-Government

REQUIREMENTS
System Definition

This paragraph will include a figure defining the functional/physical relationships at
the RRYV level to place the RM into proper context.

Rodent Module Definition

This paragraph will provide diagrams defining the functional/physical relationships
of the SM, EM, GCEM, and GSE/PSE at the next level of detail.

General Description
RM

Support Module
EM

GCEM
GSE/PSE
Mission
Operational Life

Reusability
Flight Timelines
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3.2.1.1.5
3.2.1.1.5.1

Pre-Launch
Post-Recovery
Refurbishment Time

Acceleration

Fractional Gravity
Microgravity
Threat

Interface Definition

RM/RRV
RM/GCEM
RM/GSE
SM/EM
EM/GSE

Major Component List

Government Furnished Property List

Government Loaned Property List

Operational and Organizational Concepts

Characteristics
Performance

Support Module

Experiment Module Accommodations

Internal Environment
Mechanical

Materials

Structure

Vibration

Acoustical
Mechanical

Cleanliness
Refurbishment

Electrical Power
Data

Orbital Flight Data
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3.2.1.2.1.2
3.2.1.2.1.3
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1 RM Environment
2 Flight Images

Post Flight Data

Environmental Data
Image Data

Ground Test Data
Control

Preprogrammed Commands
RRS Event Signals

Real Time Commands
Ground Test Commands

Ground Tests

General

Flight Control Tests
Vivarium Tests

Delayed Mission Simulation
Experiment Module
Experiment Accommodations
Rats

Individual Cages

Group Cages

Food Design

Drinking Water

Mice

Hamsters

Internal Environment

Temperature
Atmosphere
Pressure
Humidity
Composition
Quality

Illumination

.2.3.1 Intensity
.2.3.2 Spectrum
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Air Circulation
1 Minimum Air Velocity

2 Maximum Air Velocity

Waste Collection
Mechanical
Materials

3.2.1.2.3.1.1 Cage Materials

.

......

3.2.1.2.5.1

.3.1.2 Cage Coatings

Structure
Vibration

Acoustical

1
2 Mechanical

Cleanliness
Module Cleanliness

1
2 Microbiological Contamination

Electrical
Data
Orbital Flight Data

3.2.1.2.5.1.1 EM Environment
3.2.1.2.5.1.2 Flight Images

3.2.1.2.5.2

Post Flight Data

3.2.1.2.5.2.1 Environmental Data
3.2.1.2.5.2.2 Image Data

3.2.1.2.5.3
3.2.1.2.6

-----

Ground Test Data
Control

Preprogrammed Commands
RRS Event Signals

Real Time Commands
Ground Test Commands
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g Ground Tests

1  General
2 Flight Control Tests
.3 Vivarium Tests
4 Delayed Mission Simulation

.....

s 4o

Physical
1 Weight

1.1 Support Module
1.2 Experiment Module

Dimensions

Support Module
Experiment Module

B —

Mass Properties

With Experiment Module
Without Experiment Module

[\ N

Clearances

Support Module
Experiment Module

R N N N A e
R - '

Power
Reliability

3

3.1 Pre-Service Phase

3.2 Service Phase

33 Recovery Phase

3.4 Redundancy

3.5 Single Point Failure (SPF)
3.6 Failure Isolation

3.7 Useful Life

Maintainability
Environmental Conditions
1 Induced Environment

1.1 Transportation and Handling
1.2 Electromagnetic

1.3 Acceleration

1.4 Radiation Exposure

1.5 Vacuum

1.6 Pressurized



Lbbbb L bbb b
PoUFS I &

pivibibbh b bbb b
bt b bbb &

W N ==

N —

NN bbb b bbb b
Lo © ww w W e &

[\ X

[

W Wwww W W W

W WWLL W W W
W bbb b
FoQLUSE & )

w
w
I

3.3.5
3.3.6
3.37

Mechanical

Vibration

Shock

Acoustical

Orientation
Atmospheric
Temperature
Humidity

Sand and Dust
Sunshine

Rain

Transportability
Shipping Protection
Shipping Environment
Shipping Configuration
Ground Storage
Reusability

Refurbishment
Replacement/Sparing

Accessibility

Pre-Launch
Post Landing

Design and Construction

Materials, Parts, and Processes
Electromagnetic Compatibility

Systemn Electromagnetic Compatibility
Electromagnetic Emissions/Susceptibility
Grounding and Bonding

Radio Frequency Interference
Nameplates and Product Marking
Workmanship

Interchangeability

Safety

Human Performance/Human Engineering
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Computer Resources

Microcomputer Hardware
Development Computer Hardware
Application Software

System Software

Compilers and Assemblers
OSs
System Support Software

Mechanical Design Criteria

Design Life
Margins of Safety

Electrical Design Criteria
Integration and Test Compatibility

Physical Access

Test Access

Internal Test Instrumentation
Offloading

Purging

Handling

Lifting

External Power

Alignment Reference
Module Testability

Interface Connector Verification

Pyrotechnic Devices
Documentation
Logistics

Maintenance

Supply

Facilities and Facility Equipment
Recovery Force
Personnel and Training
Personnel

Launch

Operations

Recovery
Refurbishment

Test

Training
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Functional Subsystem Requirements
Support Module
Power Distribution and Control

Type

Electrical Characteristics

Demand and Duty Cycle
Switching Circuits and Converters
Electromagnetic Compatibility

Structural Support Subsystem
General

Mounting Adaptors
Load Distribution

Components
Data/Command Handling

Data Structure and Format

Data Type

Command Structure and Format
Command Type

Timing Signals

ECLSS

Waste Containment System
Thermal Control
Pre-launch Phase

Orbit Phase

Recovery Phase

Experiment Module

Cage System
Cage Support Structure

Nutrient Storage and Distribution System

Lighting System
Instrumentation and Data System
Waste Removal

Precedence
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QUALITY ASSURANCE PROVISIONS
General

Philosophy of Testing

Development Phase

Qualification Phase

System Integration Test Phase

IOT&E Phase

Re-Verification Phase

Location of Tests

Responsibility for Tests

Contractor Responsibilities
Government Responsibilities

Qualification Methods
Formal Tests

Formal Test Constraints
Qualification Cross Reference

Requirements Verification
Requirements Verification Matrix (RVM)

PREPARATIONS FOR DELIVERY
Shipment

Preservation, Packaging, and Packing
Marking

Handling

Ground Storage

NOTES

Acronyms/Abbreviations
Definitions

APPENDIX L GSE/Peculiar Support Equipment (PSE)
APPENDIX IL Reserved
APPENDIX IIL Reserved
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ADDENDUM A. Ground Control Experiment Module

This addendum will establish the parallel requirements for the GCEM. The format
for Addendums A through C will be identical.

SCOPE
APPLICABLE DOCUMENTS

Government Documents
Contractor Documents

REQUIREMENTS

System Definition
Characteristics

Design and Construction
Documentation

Logistics

Personnel and Training

Major Subsystem Requirements
Precedence

QUALITY ASSURANCE PROVISIONS
General

Quality Conformance

Requirement Compliance Assurance
Shipment to Site

Certification

PREPARATION FOR DELIVERY

Shipment
Ground Storage

NOTES
ADDENDUM B. ESA Biology Facility Requirements
ADDENDUM C. Other Experiment Modules
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TABLE OF CONTENTS

SCOPE

This specification establishes the performance, design, development, and test
requirements for the Reusable Reentry Vehicle (RRV) of the Reusable Reentry
Satellite (RRS). The RRV described herein consists of an RRS without an
integrated Payload Module.

APPLICABLE DOCUMENTS
Compliance

Government
Non-Government

Reference

Government
Non-Government

REQUIREMENTS
System Definition

This paragraph will include a figure defining the functional/physical relationships at
the RRS level to place the RRYV into proper context.

RRYV Definition
General Description

RRV
PM

oS
Mission

Operational Life
Reusability
Flight Timelines

Pre-Launch
Post-Recovery
Refurbishment Time
Acceleration

Fractional Gravity
Microgravity

Threat
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Interface Definition

RRV/PM
RRV/NTADN
RRV/GSE
RRV/ELV

Major Component List

Government Furnished Property List
Government Loaned Property List
Operational and Organizational Concepts
Characteristics

Performance

Broad Design Requirements
Weight, Power and Life

Mission

Deployment Requirements
Environmental Disturbance Torques
Ground Control Capability
Autonomy

Telemetry

Recovery Requirements

Physical Characteristics

Reference Systems
Mass Properties
RRYV Configuration
Critical Clearances

Reliability

Pre-Service Phase

Service Phase

Recovery Phase
Redundancy

Single Point Failures (SPF)
Failure Isolation

Maintainability
RM Access

Consumables Replacement
Battery Replacement
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Environmental Conditions
Survival

Performance

Mechanical Environments
Contamination/Outgassing
Venting

Transportability

Shipping Protection
Shipping Environment
Shipping Configuration
Ground Storage
Reusability

Refurbishment
Replacement/Sparing

Design and Construction

Materials, Parts and Processes

Electromagnetic Compatibility

Nameplates and Marking
Workmanship
Interchangeability of Units
Safety

Human Performance/Human Engineering

Computer Resources

Microcomputer Hardware

Development Computer Hardware

Application Software
System Software

Compilers and Assemblers
OSs

System Support Software
Mechanical Design Criteria

Design Life
Margins of Safety

Electrical Design Criteria
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Integration and Test Compatibility

RRYV Physical Access

Test Access

Internal Test Instrumentation
Offloading

Purging

Handling

Lifting

Battery Discharge

External Power

Alignment Reference
Module Testability

Interface Connector Verification

Pyrotechnic Devices
Documentation

Logistics

Maintenance

Supply

Facilities and Facility Equipment
Recovery Force

Personnel and Training

Personnel
Training

RRV Functional Subsystem Requirements
Telemetry and Command Subsystem
Requirements

Interfaces

Design

Propulsion Subsystem
Requirements

Interfaces

Design

Power Subsystem

Requirements

Interfaces

Design

Structure Subsystem



Requirements

Interfaces

Design

Structure Growth and Reduction
Thermal Subsystem

Requirements

Interfaces

Design

Attitude Control Subsystem
Requirements

Interfaces

Design

Recovery System
Requirements

Interfaces

Design

Precedence

QUALITY ASSURANCE PROVISIONS
General

Philosophy of Testing
Development Phase
Qualification Phase

System Integration Test Phase
10T&E Phase
Re-Verification Phase
Location of Tests
Responsibility for Tests

Contractor Responsibilities
Government Responsibilities

Qualification Methods
Formal Tests

Formal Test Constraints
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Qualification Cross Reference

Requirements Verification
Requirements Verification Matrix (RVM)

PREPARATIONS FOR DELIVERY
Shipment

Preservation, Packaging, and Packing
Marking

Handling

Ground Storage

NOTES

Acronyms/Abbreviations
Definitions
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SCOPE

This specifications establishes the performance,

Satellite (RRS).
APPLICABLE DOCUMENTS
Compliance

Government
Non-Government

Reference

Government
Non-Government

REQUIREMENTS
Segment Definition
Operations

Pre-launch

Launch

On-orbit

Reentry and Recovery
Science Data Handling and Retrieval
Facilities

Mission Control
Launch Site

Terminal Phase
Information systems
Threat

Interface Definition
RRV/NTADN
RRV/Ground Systems
RRV/ELV
Characteristics
Organization

Operations

design, development, and test
requirements for the Operations Support (OS) Segment of the Reusable Reentry
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Pre-launch
Launch

Launch Vehicle Adaptor
Hoist
Upender

On-Orbit

Data Structure and Format

Data Type

Command Structure and Format
Command Type

Timing Signals

Reentry and Recovery
Science Data Handling and Retrieval
Design and Construction

Safety
Operations Effectiveness
Contingency Design
Flight Operations Timelines
Operation Requirements

rations Information Requirements
NTADN Support Requirements

Documentation

Logistics

Maintenance

Supply

Facilities and Facility Equipment
Recovery Force

Personnel and Training
Personnel

Launch

Personnel Organization
Operations Positions
Responsibility Requirements
On-Orbit

Personnel Organization

Operations Positions
Responsibility Requirements
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Recovery

Personnel Organization
Operations Positions
Responsibility Requirements
Training

QUALITY ASSURANCE PROVISIONS
General

Philosophy of Testing
Development Phase
Qualification Phase

System Integration Test Phase
IOT&E Phase

Re-Verification Phase
Location of Tests
Responsibility for Tests

Contractor Responsibilities
Government Responsibilities

Qualification Methods
Formal Tests

Formal Test Constraints
Qualification Cross Reference

Requirements Verification
Requirements Verification Matrix (RVM)

PREPARATIONS FOR DELIVERY
Shipment

Preservation, Packaging, and Packing
Marking

Handling

Ground Storage

NOTES

Acronyms/Abbreviations
Definitions
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TABLE OF CONTENTS
SCOPE

This Interface Specification (IFS) identifies, defines, and controls the interface
between the Reusable Reentry Satellite (RRS) Support Module (SM) equipment and

the Experiment Module (EM) that it will contain. Contained in this specification are
the physical, functional, and environmental interface requirements between the SM
and the EM. This specification is tailored to the unique requirements of the EM
associated with the Rodent Module. The addendums to this specification contain the
requirements for alternate EMs.

Item Definition

Signatory Agencies/Contractors

Organizational Responsibilities

APPLICABLE DOCUMENTS

Compliance Documents

Government
Non-Government

Reference Documents

Government
Non-Government

INTERFACE REQUIREMENTS
Physical
Size

Dimensions
Clearance

Weight

With Rodents
Without Rodents

Center of Gravity

With Rodents
Without Rodents

Inertial Properties



With Rodents
Without Rodents

EM Mounting

EM Mounting Requirements

Allowable Distortion

Equipment Mounting

Electrical Connector Constructions
General Practices and Definitions

Fluid and Gaseous Connectors

Placement
Materials

Acceptable Metals
Dissimilar Metals

Thermal
Pre-launch
Orbit
Recovery

Access

Pre-Launch Access
Post-Landing Access

Functional
Electronic
Command

Data Telemetering
Electrical Power
Chargcteristics
Quality

Demand and Duty Cycle
Consumable Water
Pressure

Flow Rate
Temperature
Quantity

Placement



Composition
Pressure
Flow Rate
Temperature

Quantity
Placement
Environmental
Mechanical
Vibration
Shock
Acoustic
EMI/RFI
Radiation
Acceleration

Fractional Gravity
Microgravity

Safety

QUALITY ASSURANCE PROVISIONS

General

Philosophy of Testing
Development Phase
Qualification Phase

System Integration Test Phase
IOT&E Phase

Re-Verification Phase
Location of Tests
Responsibility for Tests

Contractor Responsibilities
Government Responsibilities

Qualification Methods
Formal Tests
Formal Test Constraints

Qualification Cross Reference
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Addendum A will address the parallel requirements of the SM/EM (non-rodent)

4.4.1 Requirements Verification

4.4.2 Requirements Verification Matrix (RVM)

5.0 NOTES

5.1 Acronyms

LIST OF ILLUSTRATIONS

LIST OF TABLES

10. APPENDIX L. Reserved

20. APPENDIX II. Reserved

A. ADDENDUM A. SMEM (Non-rodent)
interface on a by exception basis.

A.1.0 SCOPE

A.l1 Item Definition

A.1.2 Signatory Agencies/Contractors

A.l3 Organizational Responsibilities

A2.0 APPLICABLE DOCUMENTS

A2.1 Compliance Documents

A2.2 Reference Documents

A3.0 INTERFACE REQUIREMENTS

A3.1 Physical

A3.2 Functional

A33 Environmental

A34 Safety

A3.5 Accessibility

A.4.0 QUALITY ASSURANCE PROVISIONS

A4l General

Ad.2 Quality Conformance

AS5.0 NOTES

AS.1 Acronyms
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SCOPE
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