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FOREWORD

This is the initial issue of this document and the equations
included only partially fulfill the GN&C requirements. Equations will be
added as they are developed and approved by the Guidance and Control Divi-
sion -~ GN&C Software Equation Formulation and Implcementation Panel. Equa-
tions may be submitted to this panel by anyone. They are then assessed by
an independent reviewer and the evaluation presented to the panel.

Approved equations are then incorporated into this document.

The GN&C Design Equations Document is the result of the efforts
of many people from NASA and support contractors. The following companies

have made contributions:

a. TRW Systems Group, Inc., Houston Operations
b. MIT/Charles Stark Draper Laboratory

c. Lockheed Electronics Co., Inc., Houston Aerospace
Systems Division

The following individuals have made contributions tr this

document ;

Coordination, editing and writing

E. E. Smith, Jr., EG2 D. K. Phillips, TRW
C. F. Lively, Jr., EG2 R. L. Haken, TRW
R. Lee, TRW C. W. Clark, TRW

Design Equation submittals

Lt. G. L. Zacharias, EG2 G. M. Levine, MIT/DL

J. N. Sunkel, EG2 W. M. Robertson, MIT/DL
E. T. Kubiak, EG2 E. S. Muller, Jr., MIT/DL
J. P. Higgins, MIT/DL k. E. Phillips, MIT/DL
J. H. Suddath, EG2 W. H. Tempelman, MIT/DL
T. J. Brand, MIT/DL P. M. Kachmar, MIT/DL

E. P. Blanchard, MIT/DL
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1. PURPOSE

The purpose of this document is to specify the equations
necessary to perform the guidance, navigation and control onboard computa-
tion functions for the space shuttle orbiter vehicle. This equations
document will: (1) establish more specifically, than on a functional
level, the GN&C computational requirements for computer sizing, (2) provide
GN&C design equations specification to develop demonstration software for
hardware feasibility teesting, and (3) define the hardware interface
requirements with the GN&C subsystem software. The document will provide
a standard of communication of information concerning the GN&C equations,

and will provide a means of coordination of GN&C equation development.




2. SCOPE

This is Volume I of the document which defines the Guidance,
Navigation and Control (GN&C) design equations sequencing and interfaces
for the computations required in the GN&C Subsystem for all mission
phases of the Shuttle Orbiter flight. The equations are intended to
satisfy the functional requirements specified in Reference a. This
document will describe in mathematical, logical, and operational language
all the details necessary to initiate and carry out the design of the

required computer modules (subprograms) for the GN&C functions.

The document will be organized into six volumes. Volume I
contains Sections 1 through 8, which provide introductory information for
the document. Volume II contains the current detailed equations ‘v : the
preflight, boost, separation, orbit insertion and ascent abort phases of
the Orbiter operation. Deiailed equaticns for orbital operations of the
Orbiter, which include the orbital coast, orbital powered flight, rendez-
veus, station keeping, docking and undocking, and docked operations phases,
are presented in Volume III. Volume IV contains the current detailed
equations for the deorbit and entry, tramsition, cruise and ferry, approach
and landing, and horizontal takeoff phases of the Orbiter. Also, this
volume will contain the equations for communications and pointing functions
and the failure detection function. For this issue of the document, only
Volumes I through IV are being published. In future issues, Volume V will
contain the detailed flow diagrams for the equations. For the initial
issue, the flow diagrams for the approved equations are included with the
equations in Volumes II, III or IV. For future issues, the constants used
in the equations will be summarized in Section 11 and the GN&C parameters
and variables which can be entered or called via the keyboard will be
enumerated in Section 12. These two sections will be contained in

Volume VI of the document.




3.0  APPLICABILITY

This document is applicable to the Guidance, Navigation, and
Control (GN&C) Subsystem of the Electronics System of the Space Shuttle
Orbiter Vehicle. It is applicable to the definition of the shuttle
ccmputational requirements for the subsystem listed above. It is applicable
to the Phase B and Phase C subsystem development. It defines the Manned
Spacecraft Center Guidence and Control Division inhouse study baseline

equations design.,
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4., DEFINITICN OF TERMS

Because of the large number of abbreviations and terms contained
within this ‘ocument, the abbreviations and terms used in the equations are
listed in Section 9 with the applicable equations.




5. REFERENCE DOCUMENTS

The reference sources from which data are compiled include

the following:

a,

MSC-03690, "Project/Space Shuttle, Space Shuttle
Guidance, Navigation and Control Software Functional
Requirements," 12 October 1970.

Minutes of Guidance and Control Division Panel III
Meetings - GN&C Software Equation Formulation
and Implementation Panel.

MSC-03439, '"Space Shuttle Orbiter GN&C Design
Data Book,'" 6 October 1970.

EG7~70-120, "Shuttle GN&C Baseline System,"
10 November 1970.

Lockheed Technical Report 67542D/032201., "Space
Shuttle Functional Simulator Detailed Design
Specifications," 2 November 1970.

MSC-02542, "Typical Shuttle Mission Profiles and
Attitude Timelines, Volume I-Space Station Resupply
Missions,'" 23 June 1970.

MSC-02542, "Typical Shuttle Mission Profiles and
Attitude Timelines, Volume II-Four Scientific Support
Missions," 28 September 1970.

MSC-02542, "Typical Shuttle Mission Profiles and
Attitude Timelines, Volume III-First 10 Shuttle
Missions,'" 11 December 1970.

MSC-02542, "Typical Shuttle Mission Profiles and
Attitude Timelines, Volume IV-Four Shuttle Mission
Profiles,'" 1 March 1971.

Derivation of GN&C equations. References are made
to applicable studies in the '"Submittal Status
Sheets" for the equations contained within this
document.

Other applicable reterence sources yet to be published include:

a.

Vehicle and environmental data
e Error models
e Mass properties

e Propulsion models
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b. Simulation specifications, descriptions and user's
guides.
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6. GN&C SYSTEM DESCRIPTION

The Baseline GN&C System description i1s included here to define
the hardware configuration assumed for these equations (where a dependency
on the hardware might exist). Figure 6-1 summarizes the GN&C baseline
system as of the writing of this document. This system is based oun
Reference Document d. A computer capability (Block 1) for the GN&C system
(which may be several computers or part of a single centralized computer)
is assumed as part of the Data Management System along with a four gimbal
inertial platform (Block 2), The transponder ranging system (Block 5)
may prove feasible as a navigation aid for boost, orbital coast,
cooperative target rendezvous, cruise, approach and landing. The
uncooperative target rendezvous mission will require another sensor
(Block 6) which is assumed to be in the payload. The optical sensor
(Block 3) will be used for IMU alignment as well as a rendezvous naviga-
tion aid with a sun-lit or flashing-light target vehicle. Although a
station keeping and docking sensor (Block 8) is not yet baselined, such a
sensor was assumed in the docking control equations of this document.

The components shown enclosed in dashed lines do not have firm require-

ments established for them.
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7. GN&C SOFTWARE FUNCTIONAL REQUIREMENTS

The GN&C software functional requirements from Reference a are
summarized here for easy reference, A detailed definition of the GN&C
software functional requirements for the orbiter is given in Reference a.
These functional requirements are surmarized in the following matrices,
which also identify the related higher level requirements, the reference
for the requirement, and related ground or station/base support functions.
The sources used to develop these requirements are:

1. MSC-00141, Rev M, "Guidelines and Constraints

Document -~ Space Station Program Definition
(Phase B)," 20 March 1970.

2. "Statement of Work - Space Shuttle Systems
Program Definitico (Phase B) - Appendix C -
Desired System Characteristics,' 20 February 1970.

3. NASA/MSC Document, 'lechnical Requirements for
Space Shuttle Vehicle Avionics System,"
22 December 1969.

4. Assumed or inferred from more general require-
ments.,
The requirement source is identified in thc wmatrices by paragraph number

in the source document, e.g., (1) 6.213,

Table 7-1 presents the functional requirements for the orbiter.
Also, Table 7-2 is included to cross reference the defined functions with
the software modules defined in detail in the GN&C Software Functional

Requirements Document (Reference a).

It should be noted that functions listed in the ''GN&C Software
Function'" column of the matrices are generally not defined explicitly
in the source of reference. That is, the GN&C software functions represent
interpolations of the more general mission/system requirements which are

defined in the reference sources.

Certain requirements such as failure detection, processing manual
commands, and communications are common to most GN&C activities and may

be considered appropriate to each subsection of the tables. Such functions
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are not listed in the '"GN&C Software Function' columns because of their

repetitious nature and the length of the tables that would result.
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8. COORDINATE SYSTEMS AND TRANSFORMATIONS

The coordinate systems which will be established for the Space
Shuttle missions will be defined in this section. The following repre-

sents a preliminary identification of the coordindte system envisioned.

l. Earth Centered Inertial (ECI) (same as Apollo Basic
Reference Coordinate System)

2. Earth Centered - Earth Fixed Systems (several orientations
may be desirable)

3, Launch Centered, Earth Fixed

4, Landing Site Centered, Earth Fixed
5. IMU stable member (a function of the IMU alignment)

6. Navigation Base Coordinate System(s) (vehicle fixed
systems for convenient reference to sensors)

7. Sensor Centered Coordinate Systems (fixed to onboard and
ground sensors and transponders)

8. Vehicle or Body Coordinate System (along the axes of
geometric symetry)

9. Vehicle Centered Control System Coordinate System(s)
(specific orientations to be based on mass p.operties,
propulsion properties, and aerodynamic conditions)

10, Vehicle Centered Local Vertical Coordinate System (along
the local vertical, downrange, cross range)

11. Docking rurt Centered, Target Vehicle Fixed Coordinate
System

12. Docking Port Centered, Shuttle Vehicle Fixed

Transformations between the coordinate systems will be provided in later
editions of this document when the coordinate systems are more firmly
defined.
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