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ABSTRACT

(Unclassified)

The System Status Report is distributed monthly on the
15th. This month's revision of E-1142 (Rev. 35) contains, in
general, the following for the Block I and Block II Command
Module and Lunar Excursion Module equipment: configuration
weights, centers of gravity, moments of inertia, power
requirements, status of computer programs, and reliability

values.

by Apollo Staff
August 15, 1965

el B

- A




e Bl o F N S TN SWRSETETTTT T 5

Section 1,

1-1

1-2

Section 2.

2-1

2-2

2-3

2-4

2-95

Section 3.

3-1

3-2

TABLE OF CONTENTS

INTRODUCTION.

Introduction .

ACCUTACY « « 4« &« =+ =

BLOCK I COMMAND MODULE DATA .
Weights .

2-1.1 Weight Status Reporting .
2-1,2 Control Weight (100 Series)
2-1. 3 Design Load Weight (100 Series) .

Reported Block I 100 Series Weight Changes

2-2.1 Optical Subsystem (-3. 4 1bs)
2-2.2 IMU (+ 0.7 1b) . m m W
2-2.3 Coolant Hoses (Two) (+ 0.1 1b) .
2-2,4 D & C Electronics (-0. 4 1b)
2-2.5 Control Electronics (-0. 2 1b),
2-2.6 IMU Control Panel (+ 0.1 1b),
2-2.7 Optical Shroud (0. 0 1b).

2-2,8 5¥7 Eyepiece (+ 0.1 1b).
2-2,9 &U0 Eyepiece (+ 0.1 1b) .
2-2. 10 Eye-Relief Eyepiece (+ 0.1 1b) .

Block 1 (Zero Series) Weight, Center of
Gravity, and Moment of Inertia Data . . .

Command Module Power Requirements
(100 Series). . . . . . .

Status of Command Module AGC Program .
BLOCK II COMMAND MODULE DATA.,
Introduction .

Reliability . « o « « o« 0 v o o + &

17

17
18
24
24

24

RS N TP g eSS PR .




v O - RN P .

3-3

3-5

Section 4.

4-1
4-2
4-3
4-4

TABLE OF CONTENTS (CONT)

Weights for the Block II Command Module .

3-3.1

Design Load Weights .

Reported Block IT'Weight Changes. . . .

3-4,1
3-4, 2
3-4, 3
3-4.4
3-4. 5
3-4, 6
3-4, 7
3-4.8

CDU Assembly (+ 2, 7 1lbs) .
Optical Subsystem (-3. 4 1bs).
SXT Eyepiece (-2. 7 lbs)

SCT Eyepiece (-2.0 1lbs). .
Coolant Hoses (Two) (+ 0. 1 1bs).
Optical Shroud (0. 0 1b).

AGC (+ 12,0 1bs) .

SCT Long Eye-Relief Eyeplece
(+0.81b). . . . . . . . . .

Power Requirements.

LUNAR EXCURSION MODULIE DATA
Introduction

Reliability . . . . . . . . + « « + .
Weights for LEM . . . . . .
Reported LEM Weight Changes .

4-4,1 IMU(.01b) . . . . . . . . . .
4-4,2 NAV Base (-2,01bs). . . . . . .
4-4,3 AOT and Button Box (-0, 4 1b)
4-4,4 PTA (+2.81bs). . . . . .
4-4,5 Harness "B'" (+ 4, 5 1bs) .
4-4,6 DSKY (0. 0). 4 @ A & b
4-4,7 LGC(+12.01bs) . . . . . . . .
4-4,8 CDU(+3.81bs). » « « + &+ « . .
4-4,9 PSA (+4.91bs). . . . . . . . .
4-4, 10 Signal Conditioner ASSY (+ 1.0 1b)

27

27
27
27
27
27
27
27

27
27
33
33
34
34
34

34
34
34
34
34
37
37
37
37
37



USRS SN ERLE O S i e i B ™ . W SNl e il IR SR o e il i N et il . "R W i, W [ iy N - G SRR W, M eSS T R T T
-

SRR S

ol oy g iy e B o el VRS 2 el e al

- LW

Y - —_— i -, gm

TABLE OF CONTENTS (CONT)

4-4, 11 Harness "A'" (+ 19,0 1bs).
4-4, 12 Book of Procedures (-2. 0 lbs) .

4-5 Power Requirements.
Section 5, GLOSSARY AND SYSTEM DEFINITION

Appendix A CHRONOLOGICAL REPORTED WEIGHT
STATUS OF LEM PGNCS EQUIPMENT,

41

51

—

L e Fa L W

Tomipa s = .




s R R e LR e e ool Rl b T ol By il i B el Wiy e, Werlnne el B Tl i B R b SR, & TSR

Figure

2-1

3-1

4-1

Table

2-1

2-11

2-1II

2-1V

2-V

3-1I

3-1III

3-1V

4-1

LIST OF ILLUSTRATIONS

Page

Electrical Load on Primary +28 VDC Power
Supply for Block I (100 Series) Systems. . . 19

Electrical Load on Primary +28 VDC Power
Supply for Block II Systems . . . . . . . . 28

Electrical Load on Primary +28 VDC Power
Supply for LEM Systems . . . . . . . . . . 39

LIST OF TABLES

Page
|
Current Weight Status of Block I (100 Series)
Command Module T £
Block I (Zero Series) Weight and Balance
Data . « . . . . ¢ ¢ v ¢ o v v v o o o« o 17T

Nominal Power Dissipation (watts) vs G&N
Activity for Block I (100 Series) Systems . . 20

Block I (100 Series) Command Module Energy
Consumption Profile for 8, 27-Day Lunar
Orbit Mission . . . . . . . . . . . . . . 21

Current Memory Capacity of Command Module
AGC Programs (T/15/85) = « « s & & o s «» 22

Reliability Estimated for Variations of
AMPTF Design Reference Mission. . . . . 24

Current Weight Status of Block II Command
Module. . . . . . . . . . . ... ... 293

Nominal Power Dissipation (watts) vs G&N
Activity for Block II Systems . . . e e 30

Block II Command Module Energy Consump-
tion Profile for 8. 27-Day Lunar Orbit
MISBI0N: s « « » » ¢ & &« » # w @ @ # & % O

Reliability Estimate for LEM G&N Based
on AMPTF Design Reference Mission . . . 35

s i T A o e




TABLES (CONT)

Table Page
4-1I Estimated Weights of LEM G&N Command
Module. . = « ¢« ¢ ¢ o o o o ¢ ¢« ¢« « o« b
4-TI1 Lunar Excursion Module Power Profile
Based on GAEC Report LED-540-12 ., . . 40

10



it s, S el S . W ol i il i ey oot e ey e, [ iy, bt il il b i s Syt B il S0 sy S gt « "N il i i W giiire el o} S nelingt sl P, WP i i R R L i B T T AR el R ST AT e el e e e

iR Pt _acdouh

e W e S 2 SRy . ot e Wi, B - sy fpeanifil

ol 2

LI o T R e R

- . Tty W8

Section 1

INTRODUCTION

1-1 INTRODUCTION
The following information is included in this month's report:

(1) Command Module, Block I
100 Series: Weights and power requirements
Zero Series: Centers of gravity and moments of inertia
Guidance and Navigation Lunar Land Mission: Status of

computer and reliability values,

(2) Command Module, Block II

Integrated Guidance, Navigation, and Control Configura-

tion: Weights, power requirements and reliability values.

(3) Lunar Excursion Module
LEM integrated Guidance and Control Configuration:

Weights, power requirements and relidbility values.

The definition of what constitutes. Block I, Blecck II, and
LEM hardware is contained in the Glossary, Section 5. Appendix
A gives the chronological reported weight status of LEM PGNCS
equipment.

1-2 ACCURACY

The accuracy of numerical values reported in this revision
should not be considered to be within the tolerances implied by the
significant figures quoted. The reported values, although based
upon the most current information, are subject to normal changes

as design and development phases approach completion.

11
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Section 2

BLOCK I COMMAND MODULE DATA

2-1 WEIGHTS

Table 2-1 presents the weights of all Block I flight
(100 series) systems equipment, grouped according to specific
location within the Command Module. Weights are reported to
the component level and to the nearest tenth of a pound.

Given component weights are identified as estimated,

calculated, and measured in order of increasing accuracy. These

terms are defined by North American Aviation as follows: estimated

weights (E) are based on rough calculations; calculated weights
(C) are based on detailed calculations made from final production
drawings that will be used to build flyable equipment; measured
weights (M) are actual weights of equipment built to the production
drawings.

North American Aviation will provide and be responsible
for cold plate weights that are not integral with guidance and con-
trol equipment.

2-1.1 WEIGHT STATUS REPORTING. Table 2-I also offers a
comparison of present 100 series component weight values with
those listed in System Status Report, E-1142 (Rev. 34) July
15, 1965, All weight changes are explained ih paragraph 2-2.

2-1.2 CONTROL WEIGHT (100 SERIES). Column (a) in Table

2-1 contains the total control weight for the Apollo G& N 100 series

equipment as specified in letter EG-151-44-65-55 (February 10,
1965) from Mr. R.W. Young, ASPO, to Mr. M. Trageser, MIT/IL,

13
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2-1.3 DESIGN LOAD WEIGHT (100 SERIES). Column (d) of
Table 2-I contains the 'not to exceed' design load weights for
individual Block I G&N 100 series subsystems, These weights
were assigned per ICD MH01-01256-416, signed June 3, 1965,

2-2 REPORTED BLOCK I 100 SERIES WEIGHT CHANGES

2-2.1 OPTICAL SUBSYSTEM (-3. 4 1bs) In the optical subsystem,
the SXT, SCT, and the Optical Base and Gearing will be no longer
reported as separate estimated weights. They have been com-
bined with a total weight of 46, 6 lbs. This decrease is due to

the measured weight of the hardware in System 101.

2-2,2 IMU (+0.71b) The IMU weight is now measured rather

than calculated,

2-2.3 COOLANT HOSES (TWO) (+0.1 1b) The coolant hoses in
system 110 have a measured weight of 0, 9 1b rather than the

estimated weight of 0. 8.

2-2.4 D and C ELECTRONICS (-0.4 1b) This is now a measured

rather than an estimated weight.

2-2,5 CONTROL ELECTRONICS (-0, 2 1b) This is now a

measured rather than an estimated weight,

2-2.6 IMU CONTROL PANEL (+0.1 1b) This is now a measured

rather than an estimated weight,

2-2.7 OPTICAL SHROUD (0.0 1b) This is the measured value
rather than the estimated value,

2-2,8 SXT EYEPIECE (+0,1 1b) This is the measured weight
of this hardware in System 101,

16
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2-2.9 SCT EYEPIECE (+0.1 1b) This is the measured weight
of this hardware in System 101.

2-2.10 EYE-RELIEF EYEPIECES (+0.1 1b) This is the

measured weight of this hardware in System 101.

2-3 BLOCK I (ZERO SERIES) WEIGHT, CENTER OF GRAVITY,

AND MOMENT OF INERTIA DATA

At the present time since BlockI(100 series) G&N equip-
ment is not available inhouse and ACSP is not contractually obli-
gated to perform moments of inertia calculations or measurements.
MIT is using Block I zero series information and final production
drawings to calculate the Block I (100 series) moments of inertia
and centers of gravity. These data will appear in future reports.
Table 2-II summarizes Block I (zero series) data. '

Table 2-II. Block I (Zero Series) Weight and Balance Data

Weight Center of Gravity Moments of Inertia*
(1b) (in) (slug £t %)
:
408. 9 X 55. 1 Ixx 146.8 :
Y -0.3 Iyy 418.1
Z 37. 3 Izz 282.1

*Values determined with respect to the basic X, Y, Z axes of

the Command Module.

2-4 COMMAND MODULE POWER REQUIREMENTS (100 SERIES)

The power requirements of the Command Module G&N

17
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100 series equipment on the primary +28 VDC power supply are
shown in Fig. 2-1 which presents the magnitude and location of
dissipated power values on a subassembly level. This assumes
an 8,27-day mission, as defined by the Apollo Mission Planning
Task Force (AMPTF) for power profile computation, and is

based on a 28 VDC input at the connectors. The values shown

are average values. (Ref: GAEC Report No. LED-540-12,

October 30, 1964.)
Table 2-III shows the magnitude and location of power
dissipation for the established G&N activities, each of which

consists of various power levels of operation.

Table 2-1V shows the energy requirements for each
G&N activity on a power level basis. The table is based upon
MIT letter AG-679-6, ''G&N Power Profile Status, ' dated
August 14, 1963, The vertical column to the left indicates

the various G&N activities (phases of operation) for the model
8.27-day mission submitted by the AMPTF (GAEC Report No,
LED-540-12, October 30, 1964). The column also indicates

the power requirement and operating time for each specifjc
activity. The top row indicates the power requirement and
operating time for each G&N power consuming equipment. The

table sums up the energy consumption for each G&N activity

and each G&N power consuming equipment,

2-9 STATUS OF COMMAND MODULE AGC PROGRAM

The Block I Command Module program status (Table 2-V)
reflects the lunar landing mission exclusive of the stabilization
and control function.

The Block II Command Module computer program,

which contains S&C functions, is in the process of being
calculated and will be reported when the values become established.

18
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Table 2-V Current Memory Capacity of Command Module

AGC Programs (8/15/65)

tem =

List Processing Interpreter 1762
AGC Executive 318
AGC Waitlister 190
AGC Self-Check 889
G&N System Test 1699
Display & Keyboard 2847
Input/Output Control 1769
Navigation 1775
Powered Flight Guidance & Attitude Control 1052
Prelaunch Alignment 782
In-Flight Alignment* 925
Re-Entry 1543
Re-Start and First Start 468
Mission Sequencing (202) 960
Miscellaneous 497

17476
*Estimated
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Section 3

BLOCK II COMMAND MODULE DATA

3-1 INTRODUCTION

There is an expected weight increase in the PSA, and
PIPA ELECTRONICS ASSY. This increase is now being eval-

uated and will be contained in the September System Status
Report (Rev. 36, E-1142),

During the reporting period, MIT received a NASA direc-
tion (EG 131-5-65-374) redefining the ground rules to be used
in reporting the command module primary guidance navigation,
and control systems reliabilities. In compliance, MIT has
extended the operating time from earth launch until LEM
powered descent.

3-2 RELIABILITY

The operating times and associated mission success
probabilities in Table 3~-I are based upon the Apollo Mission
Planning Task Force (AMPTF) time line listed in GAEC Re-
port LED-540-12, dated 30 October 1964,

3-3 WEIGHTS FOR THE BLOCK II COMMAND MODULE

Table 3-II shows the weights of the Block II Command
Module Integrated Guidance and Control System.

In general the data conforms to the information contained

in paragraphs 2-1, 2-1.1, 2-1.2,
3-3.1 DESIGN LOAD WEIGHTS Column (d) of Table 3-1I

contains the 'not to exceed" design load weights for individual
Block II G&N Subsystems. These weights were assigned per
ICD MHO01-01356-416, signed 16 July 1965.
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3-4 REPORTED BLOCK II WEIGHT CHANGES

3-4.1 CDU ASSEMBLY (+2.7 lbs) The reason for this
weight increase is that refinement was made to module estimates
based on weight measurements of unpotted prototypes. Tray and

cover estimates were updated by calculation from final drawings.

3-4.2 OPTICAL SUBSYSTEM (-3.4 lbs) See Section 2-2.1
for reason for weight decrease.

3-4.3 SXT EYEPIECE (-2.7 lbs) The reason for this weight
decrease is that Block I, 100 Series, design is now being used
for Block II per direction in Letter EG 44-292-65-469.

3~4.4 SCT EYEPIECE (-2.0 lbs) Reason for decrease same
as 3-4. 3 above.

3-4.5 COOLANT HOSES (TWO) (+0.1 1b) See Section 2-2. 3

for reason for weight increase.
3-4.6 OPTICAL SHROUD (0.0 1b) See Section 2-2.7.

3-4.7 AGC (+12.0 lbs) This increase is due to several
factors which are reflected in this new estimate. Part of the
increase is due to the changes needed to solve thermal and
stress problems. The moisture proofing dirccted by MSC
(EG 151-180-64-477) was achieved by sealing the computer,
requiring the case to tolerate the pressure vessel stresses.
Also installation problems in the command module resulted

in a less efficient form factor and corresponding weight penalty.

3-4.8 SCT LONG EYE-RELIEF EYEPIECE (+0.8 1b) By
direction from MSC in EG 44-292-65-469 this item is added to

provide a long eye-relief eyepiece with one-half magnification.

3-5 POWER REQUIREMENTS

The power requirements of the Block II Command Module
G&N equipment on the primary +28 VDC power supply are
shown in Fig. 3-1, which presents the magnitude and location
of dissipated power values on a subassembly level. This chart
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assumes an 8. 27-day lunar orbit mission as defined by the

Apollo Mission Planning Task Force (AMPTF) for power pro-

file computation and is based on a 28 VDC input at the connectors.
These values are average values (Ref: GAEC Report LED-540-12,
October 30, 1964).

Table 3-III shows the mmgnitude and location of power dis-
sipation for the established G&N activities, each of which con-

sists of various power levels of operation.

Table 3-IV shows the energy requirements for each G&N
activity on a power level basis. The table is based on MIT
letter AG 679-6, "G&N Power Profile Status, ' dated August
14, 1963. The vertical column to the left indicates the various
G&N activities (phases of operation) for the model 8. 27-day
lunar mission submitted by AMPTF (GAEC Report LED-540-12,
October 30, 1964). This column also indicates the power re-
quirements and operating time for each specific activity. The
top row indicates the power requirements and operating time
of each G&N activity and each G&N power consuming equipment.
The total power consumption for each G&N activity and each G&N

power consuming equipment is also given.
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Section 4

LUNAR EXCURSION MODULE DATA
4-1 INTRODUCTION

Two events occurred during the reporting period which
reflect considerable change in this month's report. First of all,
design releases have reached the stage where a considerable
fraction of the design drawings are available to make new estimates
of weight worthwhile, Second, at NASA coordination meeting LL14A
the urgent need for design load weights for LEM was recognized.
This and other weight proper’ty data will be submitted by GAEC to
MIT for comment in a preliminary ICD LIS-490-10001, Also, at
L14A other ICDs were signed off which clarified the configuration
responsibilities.

The design load weights added this month are based upon-
the MIT answer to an L14A action item on this subject to MSC as
listed in MIT memo AG:GAEC: 316-402, dated 30 Jul 1965,

‘Since the increased total in this report exceeds the control
weight assigned by MSC letter EG 151-44-65-55, MIT is preparing
weight reduction proposals as required by the provisions of this
letter.

The configuration changes from earlier reports identify new
items and new names which will not appear in the glossary until the
next issue of this report. They are explained this month in
Section 4~4 below.

An additional weight increase is forecast to meet the lower
voltage limit accepted by MIT on NASA direction at meeting L14A.
MIT was given an action item to determine the engineering changes

necessary to make the system work under the lower supply voltage,

The most reasonable solution, which requires a voltage booster regu-

lator for the PSA, would add approximately 2. 0 pounds.
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4-2 RELIABILITY

The operating times and associated mission success
probabilities in Table 4-I are based upon the Apollo Mission
Planning Task Force (AMPTF) time line listed in GAEC Report
No. LED-540-12, dated 30 October 1964, which uses the interval
of LEM operation from earth launch to LEM lunar touchdown.

4-3 WEIGHTS FOR LEM PGNCS

Lunar Excursion Module weights are presented in Table
4-1I. In general the data conforms to the information contained in
paragraphs 2-1, 2-1.1, and 2-1, 2,

4-4 REPORTED LEM WEIGHT CHANGES

4-4,1 IMU ( (E) to (M) ). The change in status from estimated,
(E), to measured, (M), is a result of an actual weighing of IMU
serial 600 F.

4-4.2 NAVBASE (-2.0 lbs.). The reduced estimate is based upon
a study of the latest brazed unit.

4-4,3 AOT AND BUTTON BOX (-0.4 lb.). At Coordination Meeting
L14A the mark buttons and dimmer previously mounted as part

of the AOT were removed to mount on a GAEC supplied frame which
protects the optics. The listed AOT weight is based upon 95% of
actual weighed parts. The Button box estimate includes only 60%

actual part weights.

4-4.4 PTA (+ 2,8 1bs.). Part of the increase is due to the change

to solid polyurethane potting from the original foam which was giving
adhesion problems. Also, refined thermal calculations and pressure
vessel stress calculations have resulted in weight increasing design
changes.

4-4,5 HARNESS B, (+4.51bs.). This is a newly identified item
in this report. The installation studies of MIT and GAEC of the
above items outside the LEM pressure vessel have led to the
recognition of the advantages of having the interconnections of these
assemblies supplied by MIT designed GFE harness. During the
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reporting period ICD LID 280-10004 was signed off with this decision.
The estimated weight includes connectors, distribution box, wire,
insulation, shielding, and cable clamps.

4-4.6  DSKY (+0.0 1b.). The majority of parts of the DSKY have
been weighed and support the original weight estimate.

4-4, 7 LGC (+12.0 1bs. ), The increase is attributable to many
factors which reflect into this revised estimate. Among these are
the design solutions to moisture proofing (for the CM), thermal
control, and stress, Also a less efficient form factor to solve
spacecraft installz tion problems caused weight penalty.

4-4. 8 CDU (+ 3.8 1bs.). The 'increase reflects a refinement to the
module estimate based upbn measurements of uripotted prototypes.
Tray and cover estimates were updated by calculations from final
drawings. |

4-4, 9 PSA (+ 4.9 1bs., Increases due to the same factors listed
under Section 4~4. 4 above., The majority of the estimate is based
upon calculations from design drawings,

4-4.10 SIG COND (+ 1.0 1b.), Although the requirements are not
completely defined and hence design details are not available for
weight calculations this item is increased to correspond to the

growths experienced in other electronics assembly estimates,

4-4,11 HARNESS "A'" (+ 19,0 lbs,). This is a much larger harness
performing more of the spacecraft interconnection than was pre-

viously identified in this report as "LGC-PSA interconnect assem-

bly. " Besides including items as listed in Section 4-4, 5 it also j
provides for the estimated weight of filters in the distribution box

to solve transient EMI problems.

4-4,12 BOOK OF PROCEDURES (-2, 0), This item has been included
on the status list for some time without clear definition. In attempting
to determine MIT's responsibilities for the book MIT sent a TWX

No. 1441 to MSC on 1 April 1965 asking for clarification. Although

no answer was received we are assuming data and procedures for PGNCS
operation will appear in a master flight data book. It appears that this

37

RS MR LA B T



- -y e

month is a good time to remove this item from the report.

4-5 POWER REG UIREMENTS

The estimate for LEM power and energy consumption shown
in Fig. 4-1 is based upon the 8.27-day lunar orbit mission as
defined by the Apollo Mission Planning Task Force (AMPTF) for

power profile computation (Ref: GAEC Report LED-540-12, dated
October 30, 1964).

Table 4-III shows t..e energy requirements for each G& N
activity on a power level basis. The table is also based upon GAEC
Report LED-540-12. The vertical column on the left indicates
the various G & N activities (phases of operation). This column
also indicates the power requirements and operating time for each
activity. The top row indicates the power requirements and operat-
ing time of each G & N power consuming equipment, The table

sums up the energy consumption for power consuming equipment.
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Section 5
GLOSSARY AND SYSTEM DEFINITION

Apollo Guidance Computer (AGC)

CM BLOCK I A single complete flight computer containing all logic, memory as-
sociated power supplies, and all interface circuits except those identified with the
CDU's. Does not contain the associated displays and controls.

Consists of one case containing factory replaceable electronic modules. Includes
cover for moisture-proofing, but does not include the necessary cold plate or the
G&N to S/C Interface Assembly which is located in the adjacent area.

CM BLOCK II AND LEM Many modules have been redesigned and repackaged in a
separate case. The CDU's are either adjacent to or on the opposite side of the same
cold plate as the AGC. Memory capacity is increased over Block 1.

Alignmeﬁt Optical Telescope (AOT)

CM BLOCK I AND CM BLOCK II Not in CM; see Optical Subsystem.

LEM A three-position periscope with single-degree-of-freedom, manually read
reticule for alignment of the IMU. Includes the weight of the bellows assembly, a
long-eye-relief eyepiece, and regular eyepiece.

Bellows Assembly

CM BLOCK I Consists of two flexible metal bellows forming pressure seal between
CM & optical subsystem for penetration of hull for optics.

CM BLOCK II Same except for two elastomeric seals and transition pieces.

LEM One bellows with a double convoluted wall and two seals providing a flexible
seal for pressure penetration of the AOT in the spacecraft. This weight is included
in the AOT value.
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Condition Annunciator Assembly

B S Ry T e—— S & .

previously part of the Map & Data Viewer.

CM BLOCK II AND LEM Not defined as yet for Block II and LEM.

Coupling Data Unit (CDU) Assembly

— e -n . —

The CDU provides the necessary signal interface among the IMU gimbal angles,
‘optics gimbal angles, radar gimbal angles, angle registers in the AGC, the space-
craft autopilot attitude error signals. and the tracking radar command error signals.

CM BLOCK I Five interchangeable gear boxes each with necessary motor tachometer,

resolver synchros, and encoder with mounting frame work. Does not include associated
electronics which are located in the PSA.

CM BLOCK 11 Functionally identical to Block 1 except the instrumentation is all elec-
tronic. Includes all support electronics (including special power supply) and header

mounted adjacent to the AGC. Changes in resolver synchro characteristics and mode
controls make Block I and 1I CDU's noninterchangeable.

LEM Interchangeable with CM Block 1I CDU's except for the headers.

n P

Cold Plates N

CM BLOCK I, BLOCK II, AND LEM Cold plates for the IMU arebuilt into the IMU.
Necessary cold plates for electronics are part of the equipment supplied by the space-

craft manufacturer. All surfaces over glycol coolant passages and open to the cabin
€nvironment will be insulated to prevent moisture condensation.

Control Electronics Assembly

CM BLOCK I Consists of one power transformer, one relay and diode module, and a

bracket end connector mounted behind G&N indicator control panel to support display
and control functions. Includes moisture-proofing.

gSM BLOCK II Not required in Block II. These functions are now incorporated into the
A .

LEM Not required in LEM.
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CM BLOCK I AND CM BLOCK II Consists of (1) two stee) flex coclant hoses. onebe-

a0 W T — v S S — - g oy o B @ . e ey R v e W

tween IMU and spacecraft and ore hetween optics and spacecrait (2) hracket assembly
screws and clamp, and «3) entrapped coolant,

LEM Not identified as part of LEM.

——— . —

Display and Contiol/Apot)o Guidance Comguter (D&C/AGC)

P — W Bam— 4 - - P Wy s ome . e S e e A e -

CM BLOCK I Number displays and keyboard control associated with the operation
of the AGC. Two functionally i1dentical and parallej operaung units in each CM

system, one in lower equipment bav and one on main panel between leit and center couches.

CM BLOCK I}_' Mechanically ard electrically identical to Block 1 but smaller config-
uration because of smaller relays. The Block II display and keyboard controls will
be hermetically sealed by encasing the unit in a container.

LEM Identical to Block IT except only a single umt 1s required.

—— - ——

D& C_Electronics Assembly
CM BLOCK 1 Consists of a chassis, a relay and diode module, a demod. elect.
module, a saturable reactor, a time delay module, a connector, and wiring and

is mounted behind the G&N Indicator Control Panel. Used to support display and
control functions. Connectors will be moisture-proofed.

CM BLOCK II Not required in Block II. These functions now incorporated in the PSA.

LEM Not defined in LEM at this time. 4

Flight Data Book/Book of Procedures

LR Bt ey e D — e e S e —

CM BLOCK 1, CM BLOCK II, AND LEM Book or other form of maps, charts,

-l E—————— ——— ““L‘

procedures, instructions and the like, needed for use during the Apollo Mission.
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(+&N Indicator Control Pane__}

CM BLOCK I Consists primarily of controls and displays for the operation of the optics,
1MU temperature control, panel brightness control, and attitude impulse control. It

includes dispiay and control elements, panel, panel wiring supporting hardware, and
moisture-proofing.

CM BLOCK 1l Functionally the same as Block I, however, redesigned as follows:
Panel thickness decreased, integrated lighting and function Jights added, wiring
changed, and the hand controller attitude impulse switch changed.

LEM__ Does not exist in LEM.

G&N Interconnection Assembly

CM BLOCK 1 Consists of PSA End Connector Assembly and interconnect wiring
harness, which electrically ties together the assemblies that constitute a completely
integrated system. This term does not include weights of harness support brackets,
which are an NAA responsibility, or the G&N to S/C Interface Assembly weight.

CM BLOCK II Not in Block II.

LEM Not clearly defined but at present is called the LGC/PSA Interconnection Assy.

Because of the wide separation of G&N components, most interconnection will be ac-
complished as part of spacecraft wiring.

G&N Interconnection Harness Assembly

CM BLOCKI Not required.

CM BLOCK II Consists of nine cables that electrically tie together the assemblies that
make up the G&N system and interface with the spacecraft.

LEM Not required.

G&N to S/ C Interface Assembly

CM BLOCK I Cable interconnection between the spacecraft wiring channel, the com-

puter connector, and the PSA end connector. Contains no active electronics.
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CM BLOCK I1 Nor in Block 1I.

el i S S ——  ———  ——

LEM Not identified yet as a separate item in LEM.

i, i Sep—

Horizon Photometer

CM BLOCK 1 AND BLOCK II An earth horizon brightness photometer and automatic
star tracker used for navigation measurements against the earth’s illuminated limb.
The sensors are incorporated into the head of the SXT the weight of which includes

this function. The PSA includes all support electronics for Block I1 and some of the

support electronics for Block |.

LEM Not a part of LEM.

Horizon Photometer Electronics

— e — e = — . &

CM BLOCK 1 Additional horizon photometer and star tracker electronics mounted

on an auxiliary header and attached to the right-hand wall in the lower equipment bay.

CM BLOCK II All electronics are located in the PSA or on the sextant head.

LEM Not required.

Horizontal Hand Holds

CM BLOCK I AND CM BLOCK II Hand holds on the G&N Panel for use during
navigation sightings. These Hand Holds are a part of the body tethering system
for the S/C and will be removed during flight.

LEM Not defined in LEM.

Inertial Measurement Unit (IMU)

CM BLOCK 1 Size 14 IMU (14 -inch case diameter) gimbal assembly including 2ll parts

inside hermetic case, entrapped coolant, and heat exchanger insulation.

CM BLOCK I1 AND LEM Size 12.5 IMU is functionally similar to the Block I IMU but not
physically interchangeable. Redesigning has eliminated the ADA's, and it now requires

a single torque motor per gimble assy.
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IMU Control Panel

CM BLOCK I Consists of panel, wiring, attitude error meter, CDU

transfer switch, manual alignment switch, CDU mode control
switches, connector, supporting, hardware, and associated moisture-
proofing,

CM BLOCK II Does not exist in Block II. Moding is done by AGC
program and AGC push buttons,

LEM Does not exist in LEM.,

Lens Cleaning Kit

CM BLOCK I AND CM BLOCK II Not specially defined but ap-
propriate cloths for cleaning the accessible surfaces of the optics

lens.
LEM Not defined in LEM,

Long-Eye-Relief Eyepieces

CM BLOCK I Consists of a SXT and a SCT eyepiece to provide eye
relief of at least 1. 6 inches for closed visor operation, Used in
place of normal eyepieces of SXT and SCT,

CM BLOCK II Combination eyepiece, regular and long-eye-relief,
that has full power and full field of view.

LEM Long-eye-relief eyepieces are included as part of the AOT.
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NVB and Mounts

CM BLOCK 1 Rigid beryllium structure supporting the IMU and the optical subsystem
with its associated hardware. The NVB is attached to the spacecraft using flexible
resilient mounts to prevent spacecraft strains from distorting the NVB and the alignment
between the IMU and optics. These mounts also provide shock and vibration attenuation.

CM BLOCK II A polyurethane filled aluminum skinned structure functionally similar
to Block I but lighter and will provide for mounting the size 12.5 IMU. The Block II
NVB is attached to the spacecrait by use of strain isolation hardmog\nts and will have
a transition piece as a result of the re-orientation of the NVB so that the IMU axes
will be parallel to the Command Module axes.

LEM A toroidal aluminum ring with: (1) four tubular aluminum posts to provide for

IMU mounting, (2) four tubular aluminum posts for AOT mounting, and (3) three alumi-
num inserts to provide strain isolation ball mounting to the GAEC structure.

Optical Eyepieces

CM BLOCK I Removable SXT eyepiece and SCT eyepiece.

CM BLOCK II Combination eyepiece, regular and long-eye~relief, that has full power
and full field of view.

LEM Included as part of the AOT.

Optical Subsystem

CM BLOCK I AND CM BLOCK II Consists of SXT, SCT, Optical Base, and associated
hardware defined as follows:

SXT: Sextant: A two-line-of-sight, narrow-field, two-degree-of-
freedom sextant and its attached gearing. The horizon photo-
meter and automatic star tracker sensors are incorporated
into the SXT head. (See Horizon Photometer Electronics.)

SCT: Scanning Telescope: A single-line-of-sight, wide-field-of-
view, two-degree-of-freedom articulation optical instrument

and its attached gearing.

Optical Base: Base for SXT and SCT with associated gearing.
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LEM Not in LEM; see AOT.

Optical Shroud & Cover Assembly

CM BLOCK I AND BLOCK II Consists of the optical shroud and protective cover.

LEM Does not exist in LEM.

PIPA Electronics Assembly

. CM BLOCK 1 Ddes not exist separately in Block I.

CM BLOCK I Consists of electronics which directly support the function of the
PIPA loop, including the calibration modules, containing selected components, .
assigned to each IMU. This sealed assembly is located in the Block I CDU location.

LEM Not required.

Power Servo Assembly (PSA)

CM BLOCK I Includes most of the support electronics: power supplies; IMU, f)PtiCS’
and CDU servos; IMU temperature control; accelerometer and gyro pulse torquing;
and horizon photometer and automatic star tracker electronics. Consists of 10 trays

and replaceable modules which plug into the PSA end connector assembly. Includesa
beryllium front toe plate.

CM BLOCK 1 Similar in function to Block I except that all horizon photometer electronics,
D&C electronics, and control electronics are included in the Block II PSA; the CDU servos
are deleted also. Electronics to support the PIPA loop have been transferred. See ''PIPA
Electronics Assembly." Consists of a single plane matrix header, mounted to a cold

plate, with the modules plugging onto the top. Many of the modules have been redesigned
and repacked.

@ Consists of electronics similar to those identified in the Block II PSA minus
various electronics modules. Does not include optics and photometry electronics
associated with the Block I and II PSA's. Also, the LEM PSA does not include
electronics for the PIPA and IRIG loops. See "Pulse Torque Assembly."
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PSA End Connector Assembly

CM BLOCK I Electrical interconnection between the PSA trays, the G&N Intercon-

nection Assy, and the G&N to S/C Interface Assy. The End Connector weight is re-
ported in the G&N to S/C Interconnection Assembly weight.

CM BLOCK II AND LEM Not identified as a separate item; will be part of the PSA

matrix header.

PSA Covers

CM BLOCK I Ten plastic connector covers, gaskets, and mounting screws (one for

each tray) for moisture-proofing. Weight included in PSA weight value.

CM BLOCK II AND LEM Cover required for moisture-proofing during flight. Weight
is reported in PSA weight value.

Pulse Torque Assembly

CM BLOCK I Does not exist separately in Block I.

CM BLOCK II Not required.

LEM This assembly consists of electronics contained in the PIPA and IRIG loops,
including the pulse torque power supply and PIPA and IRIG calibration modules. The
PIPA calibration modules, containing selected components. are assigned to each IMU.
This sealed assembly is located adjacent to the IMU in LEM.

Signal Conditioner Assembly

CM BLOCK I Conditions signals for telemetry.

CM BLOCK II These modules are located in the same volume now occupied by the
Block I lower equipment bay DSKY.

LEM Same as for Block I.
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