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COURSE NUMEER

COURSE DATA

1. DESCRIPTION OF DESIGN AUDIENCE

This course has been specifically designed for Test Personnel in
Bldg. 290 (Downey) whose work involves the proper test and checkout
of the installed Primary Guidance Navigation and Control System.
Course contents is also directly applicable to, and appropriate for
the training of Q&RA inspection personnel.

PREREQUISITES: 734NN Apollo Program Orientation
73LXY Checkout Station Orientation

2. GENERAL METHODS OF PRESENTATION

This course is conducted by the discussion method with the
instructor acting as discussion leader. Student participation

is a planned activity in the course. Instructional methods
include discussion of schematics, test procedures and training
handout materials, and display and description of wall charts and
transparencies. The course includes a written examination.

3. DESCRIPTION OF EQUIPMENT & SPECIAL MATERIALS USED IN PRESENTATION

An overhead projector and chalkboard are required to conduct this
course. Transparencies, wall charts, and handout materials are
prepared and provided by the responsible instructor.

RM 2977-G Revised 11-67




L.

ALt s A

The Inertial and Optics section of this course will normally be
conducted in two (6) hour sessions. Training sessions should be
on successive working days. Presentation frequency is as required
to meet Space Division requirements for training Test Engineers,
Test Technicians, and Q%RA personnel on the Apollo Guidance and
Navigation System. Scheduling is by request rather than by any
calendar based interval.

COURSE PRESENTATION

COURSE SCOPE

The Inertial and Optics section of this training course is
comprised of four major parts: System Introduction, Inertial
Subsystem, Optical Subsystem, and an Introduction to related
Ground Support Equipment and test procedures.

System principles of operation and basic mechanization are taught
from simplified training graphics. A discussion of Ground Support
Equipment emphasizes the system functions of GSE items and and
input - output interfaces with the spacecraft. Instructions in
the operation of major items of GSE are the subject of another
series of training courses.

The course includes a written examination, the purpose of which
is to measure student achievement with respect to course objectives.
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COURSE OBJECTIVES

At course completion the trainee will have that knowledge of the G&N
System, associated Ground Support Equipment, and technical reference
documentation required to:

1. Successfully identify, isolate, and report system malfunctions
while the system is undergoing test.

2. Initiate system operational modes discussed during course of
instruction.

3. Recognize; and understand the purpose of, related Ground Support
Equipment.

4, Participate in the Primary Guidance Navigation and Control
System Operational Checkout Procedure number MAQ705-6504 (OCP 6504).
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COURSE OUTLINE

SECTION I: Introduction To The PGNCS
1 HOUR
System Requirements
Interfacing Subsystems
PGNCS Subsystems
SECTION 2: Inertial Subsystem
5 HOURS
ISS Equipment
ISS Functions And Interface
Axes Relationships
Stabilization Loop
Fine Align Electronics
Accelerometer Loop
Coupling Data Unit
ISS Modes Of Operation

IMU Temperature Control System
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SECTION 3: Optical Subsystem

4 HOURS ,
0SS Equipment
0SS Functional Blocks
Optical Unit Assembly
Associated Optical Equipment
Optical Loop Mechanization
SECTION 4: PGNCS Test, Servicing, and GSE
1 HOUR

e

: en Examination

1 HOUR
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SECTION 2
SUBSECTION 2.2

GUIDANCE AND NAVIGATION SYSTEM (G&N)
(CSM 101-106) |

INTRODUCTION.

The primary guidance navigation and control (PGNCS) system
measures spacecraft attitude and velocity, determines trajectory, controls
spacecraft attitude, controls the thrust vector of the service propulsion
engine, and provides abort information and display data. Primary deter-
mination of the spacecraft velocity and position, and computation of the
trajectory parameters is accomplished by the manned space flight network
(MSFN).

The PGNCS system consists of three subsystems as follows:
e Inertial subsystem (ISS)

Computer subsystem (CSS)
e Optics subsystem (OSS).

The inertial subsystem is composed of an inertial measurement unit
(IMU), part of the power and servo assembly (PSA), part of the controls
and displays, and three inertial coupling data units (CDUs). The IMU

‘provides an inertial reference with a gimbaled, three-degrée-of-freedom,

gyro-stabilized stable platform.

The computer subsystem is composed of the command module (CMC)
and two display and keyboard panels (DSKYs), which are part of the controls
and displays. The CMC is a digital computer which processes and controls
information to and from the IMU, the optics, DSKYs, and stores programs
and reference data.

The optics subsystem is composed of a scanning telescope (SCT), a
sextant (SXT), drive motors for positioning the SCT and SXT, parts of the
PSA, part of the controls and displays, and two optics CDUs. The SCT
and SXT are used to determine the spacecraft position and attitude with
relation to stars and/or landmarks.

The three G&N subsystems are configured such that the CSS and OSS
may be operated independently. This allows continued use of the CSS
and/or OSS in the event of a malfunction in one of these subsystems, or the
ISS. System power requirements and reference signals are provided by the
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power and servo assembly (PSA). Major components of the system are
located in the command module lower equipment bay (figure o).
System circuit breakers, caution and warning indicators, and one of the
DSKYs are located on the main display console.

FUNCTIONAL DESCRIPTION,

The primary guidance navigation and control system provides
capabilities for the following:

e Inertial velocity and position (state vector) computation
e Optical and inertial navigation measurements
e Spacecraft attitude measurement and control

e Generation of guidance commands during CSM-powered flight and CM
atmospheric entry.

The PGNCS system is initially activated and aligned during the
prelaunch phase. During the ascent phase, the system measures velocity
and attitude, computes position, compares the actual spacecraft trajectory
with a predetermined trajectory, and displays pertinent data. The flight
crew usec the displayed information as an aid for decision to abort or
continue the mission.

During periods when onboard velocity and/or attitude change sensing
is not required, the IMU is placed in standby operation to conserve elec-
trical power. The CMC is used more extensively than the IMU; however,
it will also be placed in standby operation to conserve electrical power.
When the guidance and navigation function is to be restored, the IMU and
CMC are reactivated, with the CMC using the last computed velocity as
the basis for further velocdity computations. New positional data must be
acquired from optical sightings or MSFN through telemetry or voice
communications.

Initial position and attitude information as well as periodic updating
of this information is made through use of the optics. This is accomplished
by the navigator making two or more landmark and/or star sightings. The
sightings are made by acquiring the star-landmark with the SCT and/or SXT.
When the viewed object is centered, a mark command is initiated. The
CMC reads the optics angles, IMU angles, and time, in conjunction with
internal programs to determine the spacecraft position. This position
information and the spacecraft velocity are used to compute an estimated
trajectory. The actual trajectory is compared with previous trajectory
data to generate the trajectory error, if any, for further reference. Optical
measurements are also used in aligning the IMU to a specific reference
orientation.
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