c EICAT 0

*

. 7~
BY AUTHORITY OF Ly o (oo St © ° _2 -2
Jfrsg&hm% s

VASRSCA N~72F

DATESEP 1 6 1971 i

T RSB

o y = ~ e e i
A AR W W B R N R W e e e .
B osmen g omeew ¥ omesl B OS5 B ,v

o

e

( Unclassified Title)
MASTER END ITEM DETAIL SPECIFICATION
( PRIME EQUIPMENT )
PERFORMANCE / DESIGN
AND
PRODUCT CONFIGURATION
REQUIREMENTS
PART I
MEI NO. 2015000
AIRBORNE GUIDANCE AND NAVIGATION EQUIPMENT - BLOCK II
FOR
APOLLO COMMAND MODULE
SPECIFICATION NO. PS2015000

cory#,- 33 of /% cories

THIS DOCUMENT CONTAINS éf‘; PAGES

i “5!!\
DO%& .
Ny fOO ™ 9y L

e LT Y ALTED 19 v
DL LAOOITILY Arlen IV4 { L F

DOD DIR 5200.10
This document contains information affecting the

WALLLLS

national defense of the United States within the
meaning of the Espionage Laws, Titlel8, U,S, C,,
Sections 793 and 794, the transmission or revela-
tion of which in any manner to an unauthorized

person is prohibited by law,

M.I.T. INSTRUMENTATION LABORATORY

INDEXING U

AT , oy SUBJEC SIGNATOR  LOC

be7, D -




-

Specification No, PS2015000
Revision A

Initial Release Date 6/21/65
Initial Release TDRR 24757

MASTER END ITEM DETAIL SPECIFICATION
(PRIME EQUIPMENT)

PERFORMANCE /DESIGN
AND
PRODUCT CONFIGURATION
REQUIREMENTS

PART I

MEI NO. 2015000
AIRBORNE GUIDANCE AND NAVIGATION EQUIPMENT - BLOCK II
FOR
APOLLO COMMAND MODULE
(U)

Submitted by W% %w Date ///é/%é%{/’ |

MIT /IL

L}

Approved by _m 4. W Date //,/2 2/‘{

MIT /1L g

Approved by M. E. Dell per Ltr. £G26-162-65-852 Date 11/22/65

NASA /MSC




Record of Revisions

ted

Approval
Revision TDRR
Date Letter No., Pages Revised MIT NASA
12/20/65 A 24757 Complete revision as negotia- V/// 4. C. METZ
H \\

GER



1.0

2.0

3.0

PS2015000

Rev A
Table of Contents
Scope
Applicable Documents
2.1 Project Documents
2,2 Specifications
2.3 Standards
2.4 Publications
2.1,1 NASA
2.4.2 MIT Instrumentation Laboratory
2.4.3 North American S&ID
2.4.4 Grumman Aircraft Engineering Corporation
System Requirements
3.1 Functions and Modes
3.1.1 Prelaunch
Sedlad Prelaunch
3l 2 S-1 Boost
Badsurlsad S-1I Boost
3.1.1.4 S-IVB Boost Into Earth Orbit
3:1.1.5 Abort From S-I and S-II Boost
3.:1.4.5.1 Abort From S-I and S-II Boost with Launch
Escape System (LES)

3,1.1,5.2  Abort From S-II Boost (After LES Jettison)

3.1.1.6 Abort From S-IVB Boost Into Earth Orbit
3.1.1.7 Earth Orbit
3,1.1.8 Earth Orbit Aborts
3.1.1.9 Trans-Lunar Injections
3,1.1.9.1  Trans-Lunar Injection (S-IVB Guidance Primary
Control)
3.1.1.9,2 Trans-Lunar Injection (G&N Guidance Primary
Control)

3.1,1,10 Trans-Lunar Injection Aborts
3.1.,1,11 Trans-Lunar Coast

[\V]
1 ! 1 i
[SSR T nNo

1 1

W W W W w w w w
] 1
N DN DN DN DN



3.

W W w w w w w
I S S e T S S

3.1.2

w W w w
e e

w w w w w

W W W w w w w w w w
. . . . . . . . N
T T S S S S Gl Y

3.1.3
3.1.4
3.1.5
3.1.6
3.1.7
3.1.8

s T

1,12 Trans-Lunar Coast Aborts
1,13 Lunar Orbit Insertion

1,14 Lunar Orbit Insertion Aborts
1,15 Lunar Orbit

1,16 Trans-Earth Injection

1,17 Trans-Earth Coast

1,18 Entry

Entry

2.1 Prelaunch Alignment Mode
.2.2 Boost Monitor Mode

.2.3 Integrate Equations of Motion
.2.4 IMU Alignment Mode

3.1,2.4,1 Coarse Alignment
3.1,2,4.2 Fine Alignment

.2.5 Low Orbit Landmark Tracking
.2.6 Star Acquisition Mode
2.7 SXT Star-Landmark Angle Measurement
.2.8 SXT Star-Horizon Measurement Mode
02,9 Attitude Attitude Control

3.1.,2,9.1 Saturn Launch Vehicle Attitude Control and

Backup Guidance
3.1.2.9.2 Command Module Attitude Control
3.1.2.9.3 CSM Attitude Control
.10 Thrust Vector Control Mode
.11 Midcourse Correction Mode
.12 Entry Mode
.13 Data Readout
.14 Data Transmission
.15 Data Insertion
.16 Remote Updating
.17 Alarm Monitor
.18 System Monitor

N DN DN NN NN DN DN DN DN

Attitude Error Signals

Alignment of Backup Reference Equipment
Data Link with Entry Monitor System (EMS)
Central Timing and Synchronization Signal
Telemetry Data ,

Display of G&N Status

Secondary Characteristics

3.2.1

Subsystem Characteristics

ii

.19  In-Flight Inertial Component Null Bias Determination

PS 2015000
Rev A

3-17
3-17
3-8
3-8
3-8
3-9
3-9
3-9
3-10
3-10
3-11
3-11
3-11
3-11

3-12
3-12

3-13
3-13
3-14
3-14
3-14
3-14
3-14
3-14
3-14
3-14
3-14a
3-14a
3-14a
3-15
3-15
3-15
3-15



3.2.1.1 Computer Characteristics
3.2.1.2 IMU Characteristics
3:2.1.3 Optics Characteristics
3.2,1.3.1 Scanning Telexcope (SCT)
3.2,1.3.1.1 SCT Mechanical Characteristics
3.2.1,3.1,2 SCT Optical Characteristics
3.2,1,3,2  Sextant (SXT)
3.2.1.3.2,1 SXT Mechanical Characteristics
3.2.1.3.2,2 SXT Optical Characteristics
32l 4 PSA Characteristics
3.2.1.4.1 PIPA Electronics Assembly Characteristics
B 2ilad CDU Characteristics

3.2.2 Performance Characteristics

I Optical Errors
3u2e2a2 IMU Errors
3.2.2.3 Alignment Errors

3.2.3 Interface Lists

3.2.3.1 Mode Control

3.2.3.2 Analog Signals

3.2.3.3 Engine & Jet Control

3.2.3.4 Maneuver Command Signals
3.2.3.5 Computer Telemetry and Timing
3.2,.3.6 Backup Attitude Signals
3.2.3.7 Status Light Control

3.2.3.8 Unused Capability

3.2.3.9 Power

3.2.3.10 Astronaut Interface Displays
3.2.3,11 Astronaut Interface Controls

3.
Operability
3.3.1 Reliability
3,3.2 Maintainability

DN

.3.12 Signals Available for Telemetry

3.3.2.1 Maintenance Requirements
3.3.2.2 Maintenance Repair Cycle
3.3.2.3 Service and Access

3.3.3 Useful Life

3.3.4 Natural Environment

3.3.5 Transportability

3.3.6 Human Performance

3.3.7 Safety

iii

PS2015000
Rev A

3-15
3-16
3-17
3-18
3-18
3-18
3-19
3-19
3-20
3-20
3-21
3-22
3-23
3-24
3-24
3-26
3-217
3-28
3-29
3-29
3-30
3-30
3-31
3-31
3-31
3-32
3-32
3-34
3-35
3-37
3-37
3-37
3-38
3-38
3-38
3-38
3-39
3-39
3-39
3-39



4,

0

3.5

Quality Assurance

4,1

3.3.8

Induced Environment

MEI Definition

34,1
3.4,
3.4.

Interface Requirements

1.1
1.2

Schematic Arrangement

Detailed Interface Definition

Design and Contruction

3.5.,1
3.5.2
3.5.3
3.5,
3.5.
3.5.
3.5.4
3.5.5
3.5.6
3.5,
3.5,
3.5.7
3.5.8
3.5.9
3.5,10
3.5,
3.5,
3.5.
3.5,

General Design Features

Selection of Specifications and Standards

Materials, Parts, and Processes

3.1
3.2
3.3

Materials
Parts

Processes

Standard and Commercial Parts

Moisture and Fungus Resistance

Corrosion of Metal Parts

6.1
6,2

Corrosive Metals

Dissimilar Metals

Interchangeability and Replaceability

Workmanship

Electromagnetic Interference

Identificaton and Marking

10,1
10,2
10.3
10.4

Safety Markings
Electrical/Electronic Symbols
Electrical/Electronic Reference Designations

Panel Markings

3.5.11 Storage

Phase I Test/Verification

4.1.1
4,1,
4.1.
4,1,
4,1,

4,1.2

4,1.3
4,1,
4,1,
4.1,
4ol

Engineering Test and Evaluation

1,1
1.2
1.3
1.3

Primary Performance Characteristics Tests
General Design Features
Electromagnetic Interference Tests

Detailed Interface Tests

Preliminary Qualification Tests

Formal Qualification Test

3.1
3.2
3.3
3.4

Inspection
Analysis
Demonstrations
Tests

4,1.3.4.1 Functional Characteristics Tests

iv

PS 2015000
Rev A

3~-39
3-40
3-40
3-40
3-40
3-40
3-42
3-42
3-42
3-42
3-43
3-43
3-43
3-43
3-43
3-43
3-43
3-44
3-44
3-44
3-44
3-44
3-44
3-45
3-45
3-45



PS 2015000

Rev A
4,1,3.4.2 Natural Environment Tests 4-4
4,1,3.4.3 Induced Environmental Tests 4-4

4, 1,344 Electromagnetic Interference 4-
4,1,4 Reliability Test and Analyses 4-4
4,2 Phase IT Integrated Test Requirements 4-4
4,2,1 Prerequisite Tests 4-5
4,2,2 Design Integration Tests 4-5
4,2,2,1 Interface Verification Tests 4-5
4,2,2,2 System Performance Tests 4-5
4,2,2.3 Environmental Tests 4-5
4,2,2,4 Electromagnetic Interference Tests 4-5
4,2,.2.5 Maintainability Tests 4-6
4,2,2,6 Human Performance 4-6
4,2,3 Development Flight Tests 4-6
4,2,4 Performance Analyses 4-6
4,2,5 Reliability Analyses 4-6
5.0 Preparation for Delivery 5-1
6,0 Notes 6-1
6,1 Supplemental Information 6-1
6.1.1 Abbreviations 6-1
6.1.2 Astronaut Sighting Uncertainty 6-2



PS 2015000
Rev A

1.0 Scope

This part of this specification establishes the requirements for performance, design,
test, and qualifications of one type-model-series of equipment identified as MEI 2015000,
Airborne Guidance and Navigation Equipment, Block II, for the Apollo Command Module
hereinafter referred to as "equipment'. This equipment shall be the primary means of
accomplishing command module guidance and control and serve as a backup for command
module navigation provided by the Manned Space Flight Network. This equipment shall
perform these functions for complete lunar operations and the various maneuvers required
atany phasethereof. Requirements for developmental missions (e.g. earth orbit, etc,) are

not necessarily a part of this specification and will be covered by additional specifications.



2.0

Applicable Documents

PS2015000
Rev A

The following documents, of the issue in effect on date of invitation for bids, form a

part of this specification to the extent specified herein. In the event of conflict between

document referred here and other detail content of Section 3 and 4, the detail requirements

of Sections 3 and 4 shall be considered the superseding requirement.

2.1

2.2

2.3

Project Documents

ND-1002019

ND-1002037

Specifications

MIL-A-8421

MIL-D-70327
MIL.-I-8500

MIL.-1-26600

Standards

MIL-STD-12

MIL-STD-15-1

MIL-STD-16

Specification for General Marking
Environmental Qualification Specification for

A/B Equipment

General Specification for Air Transportability
Requirements

Drawings, Engineering, and Associated Lists
Interchangeability and Replaceability of Com-
ponent Parts for Aircraft and Missiles
Interference Control Requirements, Aeronautical

Equipment

Abbreviations for Use on Drawings and in
Technical-type Publications

Graphic Symbols for Electrical and Electronics
Diagrams

Tlectrical and Electronic Reference Designation

2-1
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MIL-STD-143 Specifications and Standards, Order of Precedence
for the Selection of
MIL-STD-44%7 Definitions of Interchangeable Substitute and
Replacement Items
MS 33586 Metals, Definition of Dissimilar
2.4 Publications
2.4.1 NASA
MSC-ASPO-EMI-10A Addendum to MIL-I-26600, Interference
Control Requirements, Aeronautical
Equipment
NPC-200-2 Test Methods for Electronic and Electrical
Component Parts
NPC-200-3 Inspection System Provision for Suppliers
of Space Materials, Parts, Components,
and Services
NPC-250-1 Reliability Program Provisions for Space
System Contractors
TBD Performance and Interface Specification for Apollo
Guidance and Navigation System, Block II,
2.4.2 MIT Instrumentation Laboratory
E-1167 MIT Apollo Drawing Standards
2.4.3 North American S&ID
TBD Preparation Manual, Interface Coordination and
Documentation
2.4.4 Grumman Aircraft Engineering Corporation
LED 540-12 Design Reference Mission, Apollo Mission Planning

Task Force, 30 October 1964
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3.0 System Requirements
3.1 Functions and Modes

The principal function of the CSM Block II Guidance and Navigation System is to
control the Apollo Spacecraft trajectory throughout a Lunar Landing Mission. This and

other required functions are specified in par. 3.1.1,

The G&N equipment shall be entirely contained within the Command Module and
require noassistance or data from sources external to the spacecraft in order to perform
its assigned functions. The accuracy requirements in this specification apply to this
self-contained mode of operation. The system must, however, be designed to accept
navigation data from Earth-based facilities when required by the mission plan to improve
guidance accuracy, to reduce spacecraft propellant requirements, or to gain some
operational advantage. Navigation data from the Earth shall be accepted either by direct
crew input or by means of the Up Data Link. The G&N System shall also take maximum
design advantage of the unique visual and managerial capabilities of the flight crew. In this

respect the system must be operable by a single crew member in or out of his spacesuit.

System functions are specified here in sufficient detail to govern equipment design.
A complete definition of functions including guidance equations, control logic, telemetry and
display data, etc., is required to govern G&N operations on any specific mission. This
complete definition of functions for a specific mission will be documented in a G&N System
Operations Plan and implemented by guidance computer programs, operational procedures,
and signal conditioning equipment. System design shall take maximum advantage of the
assumption that each G&N System Operations Plan will be essentially complete many

months in advance of launch.
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3.1.1 Primary Functional Characteristics

= % e

a)

b)

Prelaunch

Prior to launch align and hold attitude reference automatically after an initial
visual check to ground azimuth reference target.

Provide total attitude to the FDAI for gross check on prelaunch alignment

3.1.1.2 S-1 Boost

a)
b)

c)

Compute position and velocity using accelerometer data
Display Boost Monitor parameters on DSKY and total attitude on FDAI
Drive CDUs with S-I nominal pitch program sothat FDAI attitude error meters

indicate boost vehicle attitude error

3.1.1.3 S-II Boost

a)
b)

c)

d)

e)

Compute position and velocity using accelerometer data

Display Boost monitor parameters on DSKY and total attitude on DSKY

Guide S-II toward Earth Orbit on SPACECRAFT CONTROL command from
astronaut

Initiate program to guide abort on ABORT command from astronaut

Display attitude error on FDAI through LES jettison

3.1.1.4 S-IVB Boost Into Earth Orbit

a)
b)

c)

d)

Compute position and velocity using accelerometer data

Display Boost Monitor parameters on DSKY and total attitude on DSKY

Guide S-IVB into Earth Orbit on SPACECRAFT CONTROL command from
astronaut

Initiate program to guide abort on ABORT command from astronaut

3.1.1.5 Abort From S-I and S-II Boost

3.1.1.5.1 Abort From S~I and S-II Boost with Launch Escape System (LES)

The GN & C system shall provide the capability for a rapid stable platform alignment

to the S/C bodyaxes for a LES abort. This shall be used to provide an attitude reference

for entry based upon the initial orientation determined by the pilot using visual references

through the window.
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3.1.1.5.2 Abort From S-II Boost (After LES Jettison)

The following abort modes can be implemented by the G&N system for failuresin the

S-1I booster stage.

a)
b)
c)
d)

Guide CSM to Earth Orbit using S-IVB and SPS thrust
Guide CSM and LEM to Earth Orbit using S-IVB thrust
Guide CSM to Earth Orbit using SPS thrust

Guide CM to selected recovery area using SPS thrustand CM lift vector control

The CMC will be programmed to execute a particular abort mode depending on the

time it receivesthe ABORT command. Abort alternatives require input to the CMC via the

DSKY.

3.1.1.6 Abort From S-IVB Boost Into Earth Orbit

Two abort modes can be implemented by the G&N system:

a)
b)

Guide CSM to Earth Orbit using SPS thrust
Guide CM to selected recovery area using SPS thrust and/or CM lift vector

control

The CMC will be programmed to execute a particular abort mode depending on the

time it receives the ABORT command. Capability for the astronaut to choose either a) or
b) would require input to the CMC via the DSKY.

3.1.1.7 Earth Orbit

a)
b)

c)

d)

e)

f)

Determine that a suitable orbit has been attained
Maintain best estimate of position and velocity (orbit ephemeris)

Update best estimate of position and velocity on basis of navigation data from:

1) Low orbit landmark tracking
2) MSFN tracking via UPLINK
3) Star-horizon measurements

4) IMU acceleration data during thrusting phases including S-IVB ullage
and venting

Determine Initial Conditions for trans-lunar injection

Provide an inertial reference for attitude control of the S/C--IVB, This

reference will be up-dated from star-sighting data

Initiate program to control trans-lunar injection
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g) Display appropriate G&N parameters on DSKY

h) Compute abort trajectories

1) Initiate program to guide abort on command from.astronaut
3.1.1.8 Earth Orbit Aborts

Guide CM to selected landing site using SPS thrust and CM lift vector control,

Anabort from earth orbit can be either minimum time or landing site-programmed.
If time is imperative the abort is such as to provide guidance to enter and land. If the abort
is not time critical the abort will be programmed to guide to a selected landing site,
3.1.1.9 Trans-Lunar Injections
3.1.1.9.1 Trans-Lunar Injection (S-IVB Guidance Primary Control)

a) Compute position and velocity from accelerometer data

b)  Display boost monitor parameters on DSKY and total attitude on FDAI

c) Initiate program to guide abort on command from astronaut

d) Guide S-IVB--S/C to proper trans-lunar trajectory on SPACECRAFT

CONTROL command from astronaut

3.1.1.9.2 Trans-Lunar Injection (G&N Guidance Primary Control)

a) Guide S-IVB--S/C to proper trans-lunar trajectory using S-IVB propulsion

b) Compute position and velocity from accelerometer data
c) Display G&N parameters on DSKY and total attitude and attitude errors on FDAI
d) Initiate program to guide abort on command from astronaut

3.1.1.10 Trans-Lunar Injection Aborts

Guide CSM to trans-earth abort trajectory using SPS thrust on astronaut command.

Aborts from trans-lunar injection may be either minimum time or to a selected

landing site.

3.1.1.11 Trans-Lunar Coast

a) Determine that a suitable trans-lunar trajectory has been attained

b) Maintain best estimate of position and velocity

3-4



c)

d)

e)

f)

g)
h)
i)
j)
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Update best estimate of position and velocity on basis of navigation data from:

1) Star-landmark measurements
2) MSFEN tracking via UPLINK
3) Star-horizon measurements

Determine initial conditions for mid-course corrections and lunar orbit
insertion

During times of IMU operation, provide S/C attitude control. The inertial
reference will be established and up-dated from star sighting data.

Control mid-course corrections to achieve proper initial conditions for lunar
orbit insertion.

Display appropriate G&N data on DSKY

Compute abort trajectories

Initiate abort program to guide abort on command from astronaut

Initiate program to control lunar orbit insertion

3.1.1.12 Trans-Lunar Coast Aborts

Guide CSM to trans-earth trajectory using SPS thrust on astronaut command.

Abort from trans-lunar coast may be either minimum time or to a selected landing

site.

3.1.1.13 Lunar Orbit Insertion

a)
b)
c)
d)
3.1.1.14

a)

b)

Compute position and velocity using accelerometer data
Guide S/C into lunar orbit using SPS thrust
Display G&N parameters on DSKY and attitude and attitude errors on FDAI

Initiate program to guide abort on ABORT command from astronaut

Lunar Orbit Insertion Aborts

Guide S/C to lunar parking orbit of reasonable period for subsequent trans-earth
injection

Guide S/C to direct abort to trans-earth trajectory

The CMC will be programmed to execute a particular abort mode on receipt of the

ABORT Command from the astronaut.

Mode a) above would be executed by an immediate or delayed thrust cutoff of the SPS.

Mode b) above would be accomplished by immediate thrust cut-off, reorientation of

the S/C and SPS thrust to inject to a trans-earth trajectory.
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a)

b)

c)

d)

e)
f)
g)
h)
i)
i)

k)
1)

m)

n)

0)
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Lunar Orbit

Determine that a suitable orbit has been attained
Maintain best estimate of position and velocity (orbit ephemeris)

Up-date best estimate of position and velocity on basis of navigation data from:

1) Low orbit landmark tracking

2) MSFN tracking via UPLINK

3) Star-horizon measurements

4) Star occultation measurements

5) IMU accelerometer data during thrusting phases such as translation
maneuvers

Determine initial conditions for trans-earth injection and LEM guidance
During time of IMU operation, provide attitude control of the S/C or CSM.
The inertial reference will be updated from star-sighting data.

Compute trans-earth trajectories

Initiate program to control trans-earth injection

Display G&N parameters on DSKY and attitude and attitude errors on FDAI
Track intended LEM landing point in order to:

1) Locate landing site in navigation coordinates

2) For visual monitor

Using MSFN and visual sighting data, maintain best estimate of LEM descent
coast orbit, lunar surface position and ascent coast orbit.

Compute LEM launchtime and azimuth foruse by LEM abort guidance system.,
Compute LEM Rendezvous mid-course corrections for transmission to LEM if
required.

Compute CSM rendezvous mid-course correction. Guide CSM to accomplish
rendezvous mid-course corrections if required.

Compute LEM terminal rendezvous maneuver for transmission to LEM, if
required.

Guide CSM toaccomplish terminal rendezvous maneuver if such amanaaraeis
required of the CSM.

Note: Items j-o are contingent upon the ability to visually sight the LEM with the

SXT.

3,1.1.16 Trans-Earth Injection

a)
b)

c)

Compute position and velocity using accelerometer data
Guide CSM to trans-earth trajectory using SPS thrust
Display G&N parameters on D3KY and attitude and attitude errors on FDAI



3.1.1.17

a)
b)
¢)

d)
e)

3.1.1.18
a)

b)
c)
d)
e)
f)
g)

h)
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Trans-ltarth Coast

Determine that a suitable trans-earth trajectory has been attained
Maintain best estimate of position and velocity

Update best estimate of positionand velocity on basis of navigation data from:

1) Star-landmark measurements
2) MSE'N tracking via UPLINK
3) Star-horizon measurements

Determine initial conditions for mid-course corrections and entry

During time of IMVY operation provide CsSM attitude control. The inertial
reference will be established and up-dated from star sighting data.

Control mid-course corrections to achieve proper initial conditions for entry
Display G&N parameters on DSKY and attitude and attitude errors on FDAI
Initiate program for entry guidance

Accept manual control inputs

Entry

Compute position and velocity using accelerometer data and MSFN tracking
data via UPLINK

Display G&N parameters on DSKY and attitude and attitude errors on FDAI
Guide CM to landing site using lift vector control

Accept manual control inputs

Display attitude error for manual lift vector control

Provide rate damping in pitch and yaw

Command the lift orientation for initial atmosphere penetration compatible
with the EMS corridor verification.

Control the entry trajectory to be within critical flight limits defined by the
thermal protection subsystem design, structural and crew load tolerance,
subsystem lift times, entry range limits, and trajectory monitoring

requirements defined by the EMS.

3.1.2 System Operating Modes

Function and Mode Control will be accomplished by means of astronaut control

through the display and control panels and the DSKY or by ground control through the
MSFN Uplink.
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3.1.2.1 Prelaunch Alignment Mode

The purpose of this mode is to align the stable member of the Inertial Measurement
Unit in preparation for the Boost Monitor mode. The stable member Z axis will bevertical

with the N axis oriented in the direction of the launch azimuth.,

The prelaunch alignment mode will be accomplished by two phases: 1) vertical erection
and 2) gyrocompassing. Vertical erectionis accomplished by first coarsealignment of the
IMU by the computer utilizing either coarse align values keyed in by the operator or by
values taken from memory. The IMU will then be fine aligned through the computer by
using the X and Y PIPA outputs to generate torque signals which will be applied to the
IRIG's to level the platform,

The gyrocompassing will be accomplished through the computer pulse torquing the
Z IRIG as a function of the resolved X and Y PIPA outputs.

3.1.2.2 Boost Monitor Mode

The Boost Monitor Mode of the G&N System will monitor spacecraft guidance during
the S-1I, S-II, and S-IVB thrusting phases. Spacecraft attitude and acceleration will be used
to compute the boost trajectory. This trajectory data will be compared with a pre-
programmed trajectory and the difference shown on visual displays. The computer will
also compute and update an abort-re-entry program to be utilized at the command of the

astronaut.

Velocity increments and gimbal angles are fed to the CMC from the inertially
referenced IMU. These gimbal angles are sent to the SCS and displayed by the FDAI ball.
The CMC will compute attitude errors from the difference between the present gimbal
angles and the desired gimbal angles which are specified by the pre-programmed pitch
program. During S-1I thrusting these errors will be sent to the SCS and displayed by the
FDAI error needles. During the S-II and S-IVB thrusting these attitude error and also
engine cutoff signals will be sent to the S-II and S-IVB computers at the command of the
astronaut. Selected parameters (not defined) will be displayed by the CMC on the DSKY.

3.1.2.3 Integrate Equations of Motion

The purpose of this mode is to compute navigational and guidance parameters,
During free fall phases the data will be computed in navigational coordinates using inputs
from the OSS and MSFN. During applied forces the data will be computed in inertial
coordinates using inputs from the ISS. Display of the computed parameters will be on the
DSKY.
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3.1.2.4 IMU Alignment Mode

The stable member of the IMU must be aligned with the appropriate coordinate frame
prior to any control use. This alignment process has two phases: Coarse Alignment and

Fine Alignment.

3.1.2.4.1 Coarse Alignment

This mode will be preceded by two star sightings using the SCT to determine the
present orientation of the nav base with respect to the inertial frame. During these
sightings, the present orientation of the stable member with respect to thenav baseis read
intc the computer. Using this data and the desired orientation of the stable member, the
CMC determines the change in IMU gimbal angles that will bring the stable member to the
desired position. The CMC then repositions the stable member through the coarse align

loop.

The desired change in IMU gimbal anglesis applied inthe form of pulses to the error
angle counters of the ICDU which activate the DAC's to generate error signals that represent
the difference between the actual and desired gimbal angles. These error signals will be
transformed inthe PSA to torque signals and applied to the IMU gimbal torque motors. As
the gimbal angles change, this changeis fed to the ICDU digitizer loop and thus back to the
CMC in the form of pulses representative of increments of angular change. The DAC

signals are nulled when the stable member of orientation is the desired orientation.

3.1.2.4.2 Fine Alignment

This section of IMU alignment may be preceded by a spacecraft maneuver through the
computer and attitude control loop. The Fine Alignment is based on two star sightings with
the SXT. Star acquisition is first made through the use of the SCT or the optics may be
prepositioned by the computer. By use of the displays and controls, the astronaut centers
the star image in the SXT field. The astronaut may make a manual mark or activate
automatic tracking. The star direction angles with respect to thenav baseareread into the
computer. The stable member orientation with respect to the navigation base is also read
into the computer through the IMU gimbal angles. The astronaut next makes a sextant
sighting ona second star and these star direction angles are also read into the CMC. The
difference between the present gimbal angles and the gimbal angles which would exist if
the stable member were in the desired orientationis computed. The computer then positions

the stable member through gyro torquing to the desired orientation.
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3.1.2.5 Low Orbit Landmark Tracking

The purpose of this mode is to determine the earth or lunar orbit parameters. The
scanning telescope will be used as a single-line-of-sight instrument to acquire and track

predetermined landmarks.

Prior to this mode, the IMU will be fine aligned to a star frame. The IMU gimbal
angles and the optics angles will be read into computer through the ICDU and OCDU
digitizer loops. The astronaut, with the use of the optics hand controller, will center the
landmark in the optical field of view and press the Mark button. When the Mark button is
pressed, the computer records the IMU gimbal angles and optics angles with respect to the
common Navigation Base and also the time of "MARK'", The astronaut continues to track
the landmark and repeats the "MARK'". A series of sightings on each of a series of
landmarks will be used by the computer to calculate the orbit parameters, The landmarks
may be of either known or unknown position. Up to five sightings of known landmarks may
be made with the SCT and two sightings of each unknown landmark must be made with the
SXT.

3.1.2.6 Star Acquisition Mode

The purpose of this mode is to center the starin the SCT field of view to establish the

proper SXT shaftand trunnion values for navigational sightings. This mode hastwo phases:

a) Shaft Positioning., With the optics in the direct function, the astronaut will
direct the SCT shaft with the hand controller until the "R'" line intersects the
appropriate star image (if the star is not within the 60° field of view, the 95°
offset function will be utilized to drive the SCT trunnionto 25°and thus increase
the total field of view to 110° as the shaft is rotated through 360°).

b) Trunnion Positioning. After the shaft angle has been established, the hand
controller will beused to drive the trunnionuntil the star image is centered in
the SCT field of view.

The optics hand controller signals are processed in the PSA and applied to the SXT
integrator loopsto drive the SXT shaft or trunnion. The SCT position follow-up loops will
position the SCT shaft and trunnion in response to the SXT movement. By generating the
proper SCT shaftand trunnion as viewed by the image, the proper shaft and trunnion angles
for the SXT will thus have been generated to bring the star image into the SXT field of

view.
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3.1.2.7 SXT sStar-Landmark Angle Measurement

The purpose of this mode is to determine the precision angle between a star and
landmark for anavigational sighting. The astronaut will use the optics hand controller and
the minimum impulse controller to superimpose the SXT images of the star and landmark.
When the images are superimposed, the astronaut pressesthe Mark button which causes the
CMC torecord the SXT angles and thetime, The CMC uses this data to compute and update

thetrajectory data so it can provide display of present or extrapolated position and velocity.
3.1.2.8 SXT Star-Horizon Measurement Mode

The purpose of this modeis to determine the precision elevation angle between a star
and the closest point tothe horizon blue line. After preliminary spacecraft orientation and
star acquisition using the SCT, the astronaut initiates star tracking by centering the ap-
propriate star image in the SXT and energizing the tracker. While viewing through the
SCT, (0° offset), the astronaut rolls the spacecraft using the 3 axis hand controller to sweep
the landmark LLOS through the horizon which is directly below the tracked star. When the
landmark LOS crosses the ''blue line'', the photometer generates an automatic Mark signal
which causes the CMC torecord the SXT angles and the time. The CMC uses this data to
compute and update the trajectory datato provide display of present or extrapolated position

and velocity. Visual sighting on the moon horizon is also used.

During tracking, the Star tracker will generate SXT error signals which will be
processed by the SXT integrator loopstodrivethe SXT shaft and trunnion and thus the star
LOS insuch amanner as to cause tracking, When the tracker is locked on a star, a ''Star
Present" signal will be generated and applied to the computer. The SXT angles are read

into the computer through the SXT resolvers and the OCDU digitizer circuits.
3.1.2.9 Attitude Control
3.1.2.9.1 Saturn Launch Vehicle Attitude Control and Backup Guidance

The G&N System shall have the capability to control the attitude of the Saturn Launch
Vehicle during both thrusting and free-fall periods by means of analog attitude error
signals. Three signals proportional to the computed attitude error resolved into Launch
Vehicle axes shall be sent from the G&N System to the Saturn Instrument Unit and to the
FDAI error needles upon receipt of a discrete Spacecraft Control Signal from a CM Main
Panel Switch.
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The G&N System shall also provide two switch closures to the Saturn Instrument
Unit. one commanding 5-IVB shutdown and the other initiating S-IVB Translunar Injection

engine sequence start.
3.1.2.9.2 Command Module Attitude Control

The G&N System shall control the CM attitude about all axes by means of discrete
ON/OFF command signals to each of the 12 CM RCS thrusters. These signals shall be
generated by computer programs and/or in direct response to discrete inputs from the

Rotational Hand Controllers (RHC) inaccordance with the following crew-selected mode.

a) AUTO: Thruster command satisfy programmed equations when RHC inputs
absent, and provide fixed body rate with axis and sign corresponding to RHC
input.

b) HOLD: Thruster commands hold CM attitude when RHC inputs absent, and
provide fixed body rate with axis and sign corresponding to RHC input.

c) FREE: Thruster commands are OFF when RHC inputs absent, and provide

angular acceleration with axis and sign corresponding to RHC input.
3.1.2.9.3 CSM Attitude Control

The G&N System, when in operation, shall control the attitude of the CSM about all
axes during free fall and about the CSM X axis (roll) during SPS thrusting by means of
discrete ON/OFF command signals to each of the 16 SM RCS thrusters. These signals
shall be generated by computer programs and/or in direct responseto discrete inputs from
the Rotational Hand Controllers (RHC) in accordance with the following crew-selected

modes:

a) AUTO: Thruster commands satisfy programmed equations when RHC inputs
absent, and provide fixed body rate with axis and sign corresponding to RHC
input.

b) HOLD: Thruster commands hold CSM attitude when RHC inputs absent, and
provide fixed body rate with axis and sign corresponding to RHC input.

c) FREE: Thruster commands are OFF when RHC inputs absent, and provide

acceleration with axis and sign corresponding to RHC input.
3.1.2.10 Thrust Vector Control Mode
The Thrust Vector Control mode will beused to command and control the spacecraft

during velocity change maneuvers (other than midcourse correction). Priorto the initiation

of this mode, the magnitude and direction of thrust is determined by the CMC, and the IMU
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is aligned so that the X PIPA input axis lies along a predetermined direction near the
desired velocity change. The computer will provide signals to control engine turnon and
cutoff. The IMU will provide velocity increments which are measuredby the accelerometers.
Velocity perpendicular to the desired direction results in engine gimbal angle commands

from the ICDU error angle counters which will cause corrective motion,

The IMU gimbal angles will be displayed by the FDAI ball and the attitude error
signals will be displayed by the attitude error meters on the FDAI. Velocity to be gained
will be displayed on the DSKY.

3.1.2.11 Midcourse Correction Mode

The purpose of this mode is to control the magnitude of thrust for the midcourse

correction and to monitor the thrusting to determine resultant trajectory parameters.

Priorto this mode, the IMU will be aligned to a starframe with the X PIPA input axis
nearly along the desired velocity changevector. The computer will issue the engine turnon
and cutoff signals. Velocity increments will be generated by the accelerometers and
spacecraft attitude changes will be controlled by the CMC using IMU gimbal angles and

accelerometer signals.

IMU gimbal angles will be displayed by the FDAI ball and attitude error on the FDAI
needles. Velocity to be gained will be displayed on the DSKY.

3.1.2.12 Entry Mode

The purpose of this mode is to control re-entry lift during the re-entry phase which

will cause the spacecraft to follow the proper trajectory for entry and landing.

The G&N System shall control the CM flight path in the earth's atmosphere by
controlling the lift vector orientation about the relative wind vector. This control will be
accomplished by discrete ON/OFF commands to the roll and yaw RCS thrusters in the
AUTO mode described above. Attitude stabilization about the relative wind vector and rate
stabilization about the stability pitch and yaw axes (normal to the relative wind vector) will
be accomplished in both the AUTO and HOLD modes described above,

IMU gimbal angles will be displayed by the ball of the FDAI and roll attitude error
will be displayed by the FDAT attitude error needles.
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3.1.2.13 Data Readout

Data available in the CMC may be read out on the DSKY through DSKY control, and

specific data may be read out on the FDAIL
3.1.2.14 Data Transmission

Data available in the CMC may be transmitted to the ground through the MSFN
Downlink. Datatransmittedis selected either by CMC program or MSFEFN Uplink instructions.

3.1.2.15 Data Insertion
Data insertion will be accomplished through the DSKY or MSFN Uplink,
3.1.2.16 Remote Updating

Position and velocity information can be directed to the CMC through the MSFN

Uplink from ground tracking data and computation.
3.1.2.17 Alarm Monitor

The purpose of this function is to provide an automatic readout of system operating
conditions. These alarms will be displayed to the astronaut. The alarms will also be

applied to the S/C Master Caution System.
3.1.2.18 System Monitor

The system operational status will be transmitted to the ground through the MSFN

Downlink.
3.1.2.19 In-Flight Inertial Component Null Bias Determination

The GN & C system shall be capable of determining the null bias drift of the gyros
and the acceleration bias of the accelerometers while in free fall. It shall be possible to

compensate the CMC programs with the information determined by these measurements,

3.1.3 Attitude Error Signals

To provide a backup attitude error indication for manual free-fall attitude control in
the event of G&N attitude reference equipment failure, the G&N computer shall accept body
axis increment data from the SCS Body Mounted Attitude Gyros (BMAGs).
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3.1.4 Alignment of Backup Reference Equipment

The G&N System, when in operation, shall provide direction data needed to align the

SCS reference equipment,

3.1.5 Data Link with Entry Monitor System (EMS)

The G&N computer shall have the capability to provide the following signals to the

EMS:
a) G - HI switch closure
b) G - LO switch closure
c) + V increments
d) -V increments

3.1.6 Central Timing and Synchronization Signal

The G&N computer shall provide a clock reference signal to the Spacecraft Central

Timing System. Frequency instability shall not exceed 2 parts per million.
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3.1.7  Telemetry Da‘a

System to permittransmissionof analogand digital system data for posi-flight analysis and

real-time monitor of system performance.
3.1.8 Display of G&N Status
The G&N System shall display a clear indication of status in the performance of

guidance and navigation tasks in order to enhance crew participation in and management of

system operation.

3.2 Secondary Characteristics
3.2.1 Subsystem Characteristics

3.2.1.1 Compiter Characteristics

a) Memory
1) Erasable: 2048 words of ferrite coincident current
2) Rope: 36,864 words of wired transformer type tape wound cores. Core

rope detail specifications are included in the separate Mission Speci-
fication.
b) Word Length: 16 bits (15 bits + parity)
c) Instruction Codes
1) Single precision: 18
2) Double precision:
3) In/Out servicing:
4) Branching and interrupt control:
d) Clock Rate:
Oscillator: Over entire environmental range 2,048 MC + 2ppm
Memory Cycle Time: 11,7 usec

e) Input, output (see Section 3.2.3)

f) Weight:
Computer: 65.0 pounds nominal*
2 DSKYs 17.5 pounds each nominal*

g) Packaging: Sealed
h) Power as drawn from 428V dc busses
Standby: 10 watts nominal*

Operate: 110 watts nominal*

*Nominal weight and power requirements status listed in this sectionisas reported in MIT

Report E-1142, System Status Report, Rev. 37,
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3.2.1.2 IMU Characteristics

a) General:

The IMU consists of three single-degree-of-freedom gyroscopes (IRIGs)
and three single-degree-of-freedom accelerometers (PIPAs) on a stable
member isolated from vehicle orientation by a servo-driven three-degree-of-
freedom gimbal system.

b) Gimbal arrangement: compatible with Main Panel Flight Director's Attitude
Indicators
1) Outer axis, fixed to vehicle and parallel to and in same direction as
vehicle X axis (roll axis),
2) Middle axis; parallel to and in same direction as vehicle Z axis (yaw
axis) when outer Gimbal angle is zero.
3) Inner axis; parallel toand insame direction as vehicle Y axis (pitch axis)

when outer and middle gimbal angles are zero.

c) Components on Inner Gimbal (Stabilized Member) (Beryllium):
1) Three size 25 single-degree-of-freedom Inertial Reference Integrating
Gyros.
2) Three size 16 single-degree-of-freedom Pulsed Integrating Pendulums.
3) Gimbal-mounted electronics toservice suspensions and output signals of

gyros and pendulous accelerometers.

4) Temperature control heaters and sensors.
d) Components on Inner Axis:
1) Two assemblies of slip rings, 40 rings each.
2) Two duplex-pair bearings; one fixed, one floating.
3) One combination one-speed sixteen-speed resolver transmitter.
4) One single-speed gyro error signal resolver,
5) One d-c servo torque generator, 3.8" diameter air gap.
6) No gimbal stops, unlimited motion.
e) Components on Middle Gimbal (hydroformed aluminum hemispheres):
1) No components.
f) Components on Middle Axis:
1) Two assemblies of slip rings, 40 rings each,
2) Two duplex-pairs of bearings; one fixed, one floating,
3) One combination one-speed sixteen-speed resolver transmitter,
4) One d-c servo torque generator, 3.8" diameter air gap.
5) No gimbal stops, unlimited motion.
g) Components on Outer Gimbal (hydroformed aluminum hemispheres):
1) Blower motor and fan for heat transport from stable member to case,
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i)
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Components on Outer Axis:
1) Two assemblies of slip rings, 50 rings each,
2) Two duplex-pairs of bearings; one fixed, one floating.
3) One combination one-~speed sixteen~speed resolver transmitter.
4) One d-c servo torque generator, 3.125" diameter air gap.
5) No gimbal stops, unlimited motion.

Components IMU Case (hydroformed aluminum hemisphere):

1) Roll-bonded coolant passage and quick disconnects,

2) Electrical sixteen-speed zero adjustment module.

3) Mounting pads for mounting to Navigation Base.

4) Two 61-pin electrical connectors.

5) Blower control relay.

6) Insulation to control condensation on coolant passages.

Size: Case diameter - 12.5 inches
Along outer axis - 14 inches
Volume - approx. 1100 cubic inches

Weight: 41.3 pounds nominal*

3.2.1.3 Optics Characteristics

The optical subsystem is the primary on-board navigation data measurement

equipment. The optical subsystem in conjunction with the rest of the equipment shall provide:

a)

b)

c)

d)

e)

g)

Means for making star direction measurements for initial alignment of the IMU
visually by the astronaut and automatically.

Means for making the navigation angle measurement between navigation stars
and landmark features of the earth or moon visually by the astronaut.

Means for making the navigation angle measurement between navigation stars
and sunlit horizons of the earth or moon visually by the astronaut and
automatically.

Means for making the navigation direction measurement to landmark features
while in low orbit around the earth or moon visually by the astronaut.

Means for making navigation measurements by moon-star occultations visually
by the astronaut.

Means for making manual backup attitude measurements with respect to selected
stars for backup alignment of inertial attitude sensors.

A pair of articulating telescopes for general viewing by the astronauts, one

high-power and one low-power.
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3.2.1.3.1 Scanning Telescope (SCT)

The scanning telescope is a single-line-of-sight, unity-power, wide-field, articulating

telescope used for:

a)

b)

c)

d)

852 Lids 1u)

a)

b)

c)

3:2:143: 1.2

a)
b)

Landmark tracking for low orbit navigation in conjunction with IMU attitude

reference.

Acquisition instrument for the SXT.

Spacecraft attitude measurement for backup alignment of inertial attitude

sensors.

Low-power, wide-field, general-viewing instrument.

SCT Mechanical Characteristics

Articulation of line of sight with respect to spacecraft.

1)

2)

Trunnion motion, +50°, -5° of line of sight from shaft axis about trunnion
axis which is perpendicular to shaft axis.

Shaft motion, continuous rotation carrying trunnion axis about shaft axis
located parallel to SXT shaft axis and approximately 33 degrees from

the spacecraft Z axis towards spacecraft X axis in the XZ plane.

Trunnion axis components:

1)
2)
3)
4)

5)

Servo motor-tachometer at 5952 speed with respect to trunnion prism.
Resolver transmitter at one speed with respect to trunnion prism,
Illuminated mechanical counter readout 000.0 to 359.9 degrees of line-of-
sight.

Universal tool manual drive at 696.8 speed with respect to trunnion
prism.

Trunnion prism at one-half speed with respect to line of sight.

Shaft Axis Components:

1)

2)

3)
4)

Servo motor-tachometer at 2976 speed with respect to the shaft-axis
line-of-sight plane.

Resolver receiver at one speed with respect to the shaft-axis line-of-sight
plane.

[lluminated mechanical counter readout 000.0 to 359.9 degrees.
Universal tool manual drive at 348.9 speed with respect tothe shaft-axis

line-of-sight plane.

SCT Optical Characteristics

Magnification: unity

Field of view: 60 degrees diameter
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c) Unobscured field coverage by use of articulation: approx. 50 degrees from
shaft axis.
d) Illuminated reticle
e) Ilye relief: 0.520 + .031 inch normal eyepiece
2.7 +.031 inch one-half power long eye relief eyepiece

3.2.1.3.2 Sextant (SXT)

The sextant is a two-line-of-sight, 28-power telescope having one line of sight
identified as the landmark line, fixed parallel to the shaft axis, and the other line of sight

identified as the star line, articulated as described below. The sextant is used for:

a) Star-to-landmark or star-to-horizon angle measurement, manual or automatic.
b) Star direction measurement for IMU alignment, manual or automatic.
c) High-power articulating telescope for general viewing,

3.2.1.3.2.1 SXT Mechanical Characteristics

a) Articulating of star line with respect to spacecraft:
1) Trunnion motion 0 to +90 degrees of line of sight from shaft axis about
trunnion axis which is perpendicular to shaft axis.
2) Shaft motion, £270 degrees carrying trunnion axis about shaft axis located
parallel to SCT shaft axis and approximately 33 degrees from the

spacecraft Z axis towards spacecraft X axis in the XZ plane.

b) Trunnion axis components:
1) Servomotor-tachometer at 11,780 speed with respect totrunnion mirror.
2) Resolver for optics hand controller cosecant attenuator at two speed with

respect to the trunnion mirror.
3) Resolver transmitter one speed with respect to trunnion mirror.
4) Resolver transmitter 64 electrical speed, one mechanical speed with

respect to trunnion mirror.

5) Trunnion mirror at one-half speed with respect to star line of sight.
c) Shaft axis components:
1) Servo motor-tachometer at 3010 speed with respect to the shaft-axis

star-line-of-sight plane,

2) Resolver for hand controller resolution at one speed with respect to the
shaft axis star line-of-sight plane.

3) Resolver transmitter one speed with respect to the shaft-axis star-line-

of-sight plane.



d)

e)

3.2.1.3.2.2

a)
b)

c)

d)
e)
f)
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4) Resolver transmitter 16 electrical speed, one mechanical speed with
respect to the shaft-axis star-line-of-sight plane.
5) Resolver transmitter one-half speed with respect to the shaft-axis star-
line-of-sight plane.
Star tracker
1) Carried by head of sextant and rotates with shaft motion.
2) Uses portion of trunnion mirror for trunnion motion.
3) Star tracker field one-half by one-half degree,
4) Provides following signals:
trunnion error
shaft error
star present discrete
Horizon Photometer
1) Carried by head of sextant and rotated with shaft,
2) Line of sight is parallel to shaft axis.
3) Provides auto-mark signal to computer when horizon brightness reaches

measurement state.

SXT Optical Characteristics

Magnification: 28 power

Field of view: 1.8 degrees diameter

Unobscured field coverage of star-line field by use of articulation: ap-
proximately 50 degrees from shaft axis.

Relative brightness ratio adjustment landmark-line field to star-line field: 1:12
I1luminated reticle

Eye relief: 0.875 £ .031 inch

3.2.1.4 PSA Characteristics

a)

b)

c)
d)

General. The PSA (Power Servo Assembly) is a group of electronics in a
common package and supports the operation of the IMU and optics subsystem.
Construction. Modular packaging of associated electronic circuitry which
plug into a single level header which makes up necessary intermodular intercon-
nectionand connections tothe rest of the system through a wiring harness. The
PSA shall be protected by a sealed container.

Weight: 49.4 pounds, nominal.*

Module identification for PSA:
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Quantity Name

DC Differential Amplifier & PVR
Binary Current Switch

Pulse Torque Gyro Calibration
Pulse Torque Power Supply

-28 VDC Power Supply

3200 cps 1 percent Amplifier

3200 cps Phase & Amplitude Control

N = = = e s e

800 cps 1 percent Amplifier

800 cps 5 percent Amplifier

800 cps AAC Filter

G&N Subsystem Supply Filter
IMU Auxilliary

Gimbal Servo Amplifier

Motor Drive Amplifier

800 cps Load Compensation
Two-Speed Switch

Cosecant Generator

Anti-Creep Electronics
Modulator & Loop Compensation
Tracker Electronics
Photometer Electronics

Reticle Light Dimmer

IMU Load Compensation

Relay module

Optics Automatic Operate Relay
SCT Moding

i S i e o e S = S U L BTSN OV B B V)

40 Modules Total

3.2.1.4.1 PIPA Electronics Assembly Characteristics

a)

General: The PIPA (Pulsed Integrating Pendulous Accelerometer) electronics
listed here to be packaged separately from the rest of the electronics in the
PSA. The assembly includes serialized circuitry associated with serialized

inertial components in the IMU.



b)

c)
d)
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Construction: Modular, with sealed covers, plugging into a single-level inter-

connection header,

Weight: 7.9 pounds nominal*

Module Identification

Quantity Name
3 DC Differential Amplifier & PVR
3 Binary Current Switch
3 AC Differential Amplifier & Interrogator
3 PIPA Calibration

12 Modules Total

3.2.1.5 CDU Characteristics

a)

b)

d)

General: The CDUs, Coupling Data Units, are the interface units between the
digital computer and variables of the rest of the G&N, FEach CDU has two

sections:

1)

2)

An analog-to-digital section (a/d) accepting two-speed resolver data
transmission and feeding angle incremental pulses to the appropriate
computer counter.

A digital-to-analog section (d/a) accepting incremental pulses of the
variable of concern and generating an 800-cps suppressed-carrier voltage
proportional to the count of the input pulses. Each D/ A output also hasa
synchronous demodulator associated to generate a ground-isolated

proportional DC voltage.

Construction: All solid-state electronics, nomoving parts. Modular packaging

plug into wire-wrapped header in sealed container.

Weight: 35.7 pounds nominal*

Configuration: There are five CDUs for computer interface used as follows:

1a)

1b)

2a)

2b)

(A/D), Read IMU inner gimbal anglesfrom 1-and 16-speed resolversto
CMC,

(D/A), Send pitch error from CMCto FDAI pitch attitude error needle and
to Saturn instrument unit for spacecraft control of Saturn. During coarse
align mode of G&N, send inner gimbal error signal to IMU servo,
(A/D), Read IMU middle gimbal angle from 1- and 16-speed resolvers
to CMC,

(D/A), Send yaw error from CMCto FDAI yaw attitude error needle and
to Saturn instrument unit for spacecraft control of Saturn. During coarse

align mode of G&N, send middle gimbal error signal to IMU servo.
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3a) (A/D), Read IMU outer gimbal angle from 1- and 16-speed resolvers to
CMC,
3b) (D/A), Send roll error from CMC to FDAI roll attitude error needle and
to Saturn instrument unit for spacecraft control of Saturn. During coarse
align mode of G&N, send outer gimbal error signal to IMU servo.
4a) (A/D), Read SXT trunnion angle from 64-speed resolver to CMC,
4b) (D/A), Send yaw service module engine command from CMCto engine
servo. During optics drive operation, send trunnion error signal to SXT
servo,
5a) (A/D), Read SXT shaft angle from 1- & 16-speed resolvers to CMC,
5b) (D/A), Sendpitch service module engine command from CMC to engine
servo. During optics drive operation, send shaft error signal to SXT
servo.
e) Module identification for five CDUs:
Quantity Name
.
5 Quadrant Selector
3 Coarse System
5 D/A Converter
5 MSA & Quadrature Rejection
5 Error Angle Counter & Logic
5 Read Counter
1 Mode Module
i Interrogate
1 Digital Mode
1 Power Supply

32 Modules Total

3.2.2 Performance Characteristics

The following charts list the 1-sigma values of the performance-determining

parameters. Theseare based upon the best information available for estimates applicable

to systems suitable for the lunar landing mission,
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3.2.2.1 Optical Errors

Table 3.1 shows the error contributions in the navigation sighting of star to plane,

Table 3.1 Optical Errors

Star-Landmark Line-of-Sight
SXT Sighting Angle Error Sources RMS Error in Seconds

Resolver Zeroing Uncertainty
Resolver Function Error

Geometric Error

CDU Linearization Error

CDU Quantization and Dead Zone Error

RSS Uncertainty in Navigation Angle 10, 85

Astronaut Sighting Uncertainty

Including Optical Resolution Error 5-7 (Typical)1

Star Tracker L.OS to Star LLOS Nonparallelism
Measurement Uncertainty in Trunnion Plane 11,5

Measurement Error Perpendicular to Trunnion Plane 102.0

Horizon Photometer LOS to Landmark L.OS Nonparallelism
Measurement Error in Trunnion Plane 102.0 g

Measurement Error Perpendicular to Trunnion Plane 102. 0
3.2.2.2 IMU Errors

Table 3.2 lists the IMU performance errors. For the gyro and accelerometer,
certain errors are measured prior to flight and inserted into the computer for in-flight
compensation, The acceleration insensitive errors can be measured in flight during
free-fall after the IMU is first turned on and before the use of the IMU inapowered man-
euver, The Stable Member Alignment Errors listed in Table 3. 2 are based upon the

in-flight alignment error contributions listed in Table 3. 3.

Refer to Paragraph 6. 1. 2 for further details,

. These errors are compensated to an uncertainty of 40 seconds,

This error is compensated to an uncertainty of 10 seconds,
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Table 3.2 Inertial Subsystem Errors
Item Error Error AGC Com- RMS
Symbol Units pensatio Value After
Range Compensation

(Quantization) (Where Applicable)

Accelerometer Errors

Bias Error ACB cm/sec2 2. 50 0. 20
(0.01)

Scale Factor Error SFE ppm 976 116
(1, 00)

Accel, Square Error NC ug/g2 -- 102

Input Axis Misalign, o arc sec == 20

Gyro Errors

Bias Drift BD meru 512 2
(0.1)

Input Axis Accel, Sens, ADIA meru/g 512 8

Drift (0. 1)

Spin Ref, Zxis Accel. ADSRA meru/g 512 5

Sens, Drift (0.1)

TA Accel. Squared Sens, A%pIa meru/g -- 0.32

Drift

SRA Accel. Squared Sens. A%DsrA meru/g -- 0,32

Drift

IRIG Scale Factor SF(G) ppm -- 500

TA Align about SRA aSRA arc sec e 300

IA Align about OA a OA arc sec i 300

SM Alignment Errors

Prelaunch Azimuth arc sec 500

Vertical arc sec 50
Free-Fall All Axes arc sec 40
1

Maximum range is a result of minimum bit size choice and is not to be construed as
implying a possible inertial component value

Theoretical values
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3.2.2.3 Alignment Errors

Alignment errors are shown in Table 3, 3.

Table 3. 3 Alignment Errors

RMS Error in Seconds of Arc

Stable Member Alignment Error Sources

Stable Member to Navigation Base

Resolver (16X) Zeroing Uncertainty (OGA, MGA, IGA) 4.9
Resolver (16X) Functional Errors (OGA, MGA, IGA) 12,0
CDU Quantization and Dead Zone Errors (OGA, MGA, IGA) 11,6
CDU Linearization Errors (OGA, MGA, IGA) 5.6
MGA-OGA Non-orthogonality 15.5
IGA-MGA Non-orthogonality 19.2
OGA Alignment to Nav. Base Mounting Plane (about an) 7.0
OGA Alignment to Nav, Base Mounting Plane (about an) 7.0
Sextant L. O, S. to Navigation Base
Sextant Shaft Axis to Nav, Base Alignment (about an) 17.0
Sextant Shaft Axis to Nav, Base Alignment (about an) 20. 0
Sextant Shaft Axis to Nav, Base Alignment (about an) 12,0
Resolver Zeroing Uncertainty
SDA (16X) 5.7
TDA (64X) L%
Resolver Functional Errors
SDA (16X) 12,0
TDA (64X)
CDU Linearization Errors
SA :
TA 2.8
CDU Quantization and Dead Zone Error
SA 11. 6
TA 5,8
Trunnion Axis/Shaft-Axis Non-orthogonality and Star 1L.LOS/
Trunnion Axis Non-orthogonality (combined error) 11.5
Geometric Error 50
Sighting and Optical Resolution Error 2.5
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3.2.3 Interface lL.ists

The following lists tabulate all electrical and function interfaces between the G&N

and the remainder of the spacecraft, booster, or crew. In each listthe following code is used:

a)
b)

c)

d)

e)

f)

First letter - alphabetically assigned for use of these lists only.
Three-digit number, when present, is the appropriate computer interface
control code.

Interface type:

DE: d-c input to computer "in bit"

SD: Switch closure of dc

DC: DC proportional analog voltage

800-cps: Analog 800-cps suppressed carrier or 800-cps power

400-cps: Analog 400-cps suppressed carrier

CB: Computer dc output under program control

XC: Computer transformer output continuous signal

X2 Computer transformer output special signal.

Y= Computer transformer input special signal.

YG: Computer transformer input into counter.

XA: Computer transformer output under counter control.

28VDC: 28VDC power

DSKY: Associated with either or both ofthe Displays and Keyboards.

E.L.: Associated with computer data display through

electroluminescent panel.

STATUS: Associated with white status lights.

CAUTION: Associated with yellow caution lights.,

LEB Annunciator: Lights of the Lower Equipment Bay condition
annunciator.

NAV Panel Light: Status light onnavigation control panel., Counter: Degrees
and decimal degrees counter,

Eyepiece: Eyepiece

Interface name: Listed after interface type.
Number in parentheses is that used in minutes of the Integrated Guidance and
Control Implementation Meetings at MSC.

Description of Interface
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3.2.3.1 Mode Control

a) 004 DE

b) 007 DE

c) 068 DI

d) 066 DE

e) 060 DE

f) 067 DE

g) 065 DE

h) 040 DE

i)

j) 082 DE

k) 158 DE

1) 159 DE

m) - SD

n) 083 DE

Ullage Thrust Present (106), Signal from Saturnindicates 5-IVB ullage
engine is firing to signal G&N to integrate resulting acceleration.

Lift Off (108), Signal from Saturn indicates first motion of booster.
Guidance Reference Release (109), Signal from Saturnindicates to G&N
that the Saturn booster guidance has ceased gyro torquing to the local
launch vertical and the trajectory plane framework.

S-IVB Separate/Abort (42), Signal from the master event sequencer
indicates that S-IVB is staged and is interpreted as anabortif it occurs
early.

LEM Attached (44), Indicates LEM is attached to CSM.

SM Separate (43), Signal from SM/CM reaction jet control transfer
unit indicates the SM is staged.

Free Function (59), Indicates astronaut has selected the FRETL mode of
G&N attitude control whereinthe G&N responds only to hand controller
acceleration output signals and commands corresponding RCS firings.
Hold Function (58), Indicates astronaut has selected the HOLD mode of
the G&N attitude control wherein the G&N holds present spacecraft
attitude except when responding to hand controller velocity commands.
Auto Function ( - ), (Indicated by NOT FREE or NOT HOLD), Indicates
that the astronaut has selected the AUTO mode of the G&N attitude
control wherein the G&N commands spacecraft position according to
computer program or hand controller velocity commands.

SPS Ready (41), Indicates that the astronaut has completed the engine
start checklist and the G&N can proceed with engine RCS-ullage-SPS5-
firing cycle.

SC Control of Saturn (105), Indicates that the pilot has chosen to have
the Apollo G&N g<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>