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ABSTRACT

Report E-1142 (Rev. 10) presents weight, center of gravity, and mo-
ment of inertia values for all components of the Command Module guidance
and navigation equipment. Design load weights for Command Module com -
ponents are specified.

Power requirements of the Command Module G & N equipment upon
Primary +28 VDC Power Supply are also included.

In addition, this report presents weight estimates of the Lunar excur-
sion Module G & N equipment.

E-1142 is prepared monthly and distributed on the 15th of each month.
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Section 1

INTRODUCTION

1-1 INTRODUCTION

E-1142 (Rev. 10) is submitted in compliance with the documentation
requirement of weight, center of gravity, and moment of inertia data for
Apollo guidance and navigation equipment.

Section 2 presents the above information for the Command Module. In
addition, power requirements of the Command Module G&N equipment, upon
the Primary £28 VDC, are included.

Section 3, at present, includes only estimated LEM weights.

1-2 WEIGHT STATUS REPORTING

Weight changes since the last report, E-1142 (Rev. 9), June 15, 1963,
are shown and fully explained.

1-3 ACCURACY

The accuracy of numerical values reported in this revision should not

be considered to be within the tolerance implied by the significant figures
quoted. Numerical values will approach the established tolerances as design

and development phases approach completion.

i e
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Section 2

COMMAND MODULE DATA

2-1 WEIGHTS

Table 2-1 presents all weight items, grouped according to their spe-
cific location within the Command Module. Subsystem weights are reported
to the component level and to the nearest tenth of a pound.

Given component weights are identified as calculated, measured, or
estimated. These terms are defined by North American Aviation as follows:

Calculated weights (C) are weights based on detailed calculations made
from final production drawings that will be used to build flyable equipment.

Measured weights (M) are the actual weights of equipment built to the
production drawings.

Estimated weights (E) are rough calculations.

North American Aviation will provide and be responsible for coldplate
welghts which are not integral with guidance and navigation equipment.

2-1. ] WEIGHT STATUS REPORTING. Table 2-1 offers a comparison of
present component weight values with those listed in the previous Weight and

Balance Report, E-1142 (Rev. 9), June 15, 1963. All weight changes are
explained (see 2-2).

2-1.2SPEC. WEIGHT. The "Spec. Weight' column in table 2-1 contains
"proposed MSC'" weights, that is, goals set forth by MSC in a memo to MIT/
1L dated December 5, 1962.

2-1. 3DESIGN LOAD WEIGHT. The "Design Load Weight'' column contains

assigned worst estimate design weights to G&N subassemblies attached to the

spacecraft structure. These values are included in this report as the result
of an S & ID request, at NASA Coordination Meeting #8, that one total weight

figure for supported G&N load be assigned for structural design use. MIT/IL

herein assigns a total G&N design load weight, in table 2-1, which does not
include items termed ''loose stored items''.

Page 2-1
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2 -2 EXPLANATION OF REPORTED WEIGHT CHANGES

Component weight changes shown in column (c-b) of table 2-1 are
L explained below.

2-2.1 BELLOWS ASSY. The bellows and bellows seals, previously estimat-
ed, were weighed,

2-2,2 INTERCONNECT WIRING HARNESS, The weight increase is based
upon AGC cabling previously reported in the AGC weight.

2-2.3 AGC. The substantial weight reduction is based upon the adoption

of the LEM computer configuration in the Command Module. Major reasons
for the change were: (a) Better packaging arrangement, (b) Substantial
weight reduction, (¢) Improved volumetric efficiency, and (d) Improved
thermal interface.

A

2-2.4 SPARE TRAY, Increased volume of the spares area in the new com-
puter configuration(see 2-2.3)has led to a re-evaluation of the spares to be
stored.

i 2-3 CENTERS OF GRAVITY

Table 2-2 presents the centers of gravity of each weight component
or packaged, which are determined with respect to the basic X, Y, Z axes
of the Command Module shown in figure 2-1. Center of gravity values are 'j
given to the nearest tenth of an inch. i

| 2-4  MOMENTS OF INERTIA

Table 2-2 also presents the moments of inertia, of each weight com-
ponent or packaged assembly, determined about each of the component axes
which (1) run through the center of gravity of the component and (2) are
parallel to the basic X, Y, Z axes of the Command Module.

2-5 POWER CHART

The power requirements of the Command Module G & N equipment,
upon the primary * 28 VDC, are shown in figure 2-2. This chart assumes
a new 14 day lunar orbit mission (previous reports assumed a 200 hour
mission) in which the calculations were riade with the IMU on during the

lunar orbit period. More reasounaniy, the IMU would be off during this
period. This would reducc tt.e energy requirement by about 45 KWH.

Date 15 July 1963
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Section 3

LUNAR EXCURSION MODULE DATA

3-1 WEIGHTS

Table 3-1 presents LEM G&N weights and is similar to table 2-1 (see
section 2). ''Spec.' and '""Design Load" weights for the LEM are not available
at this time.

The indicated weights are based upon a fixed telescope installation. A
32 pound weight saving in the LEM is estimated in using the fixed telescope
installation instead of the articulating telescope. Useful references regarding
this subject are:

1) Apollo Project Memo No. 594 11 June 1963

2) MIT Confidential letter AG 448-63 11 June 1963

3) MIT letter AG 451-63 11 June 1963

3-2 EXPLANATION OF REPORTED WEIGHT CHANGES

3-2.1 TWO DIGIT READOUT FOR RETICULE. This item should have been,
but was not, included in the previous report, £-1142, Rev. 9.
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AGC:

BELLOWS ASSEMBLY:

CABLING:

CDU & FRAME ASSEMBLY:

D&C/AGC:

D&C/NAV:

Section 4

GLOSSARY

Apollo Guidance Computer: complete com-
puter, except display and keyboard. In-
cludes: - all structural mounting rails,
support for spare tray, AGC cable to front
panel for spacecraft electrical interface,
spare logic in four trays, and power sup-

ply.

Bellows Assembly: connection between
Command Module and Optical Subsystem
consisting of SXT and SCT bellows plus
bellows seals.

Cabling: interconnect wiring harness
which electrically ties together the assem-
blies which constitute a completely inte-
grated system.

Coupling Display Units and frame assem-
bly: five gear boxes and frame assembly,
used as an angle data interface among the
optics, IMU, AGC, and spacecraft auto- )

pilot. i
|

Display and Control, Computer: letter and ‘
number readout, keyboard, control, relays,
and support structure.

Display and Control, Navigation: consists
of G&N Indicator Control Panel, IMU
Control Panel, D&C Electronics Module,
and Optical Shroud. The above includes
meters, switches, lights, etc. except as
reported elsewhere. The weight does not
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include the clock group which is supplied
by NAA.

G&N Ind Cont Panel: G &N Indicator Control Panel: consists of
the necessary switches, indicators, and
controls for the navigation task not report-
ed elsewhere. Includes optics hand con-
controller, altitude impulse control, pan-
el wiring, and supporting hardware.

IMU Cont Panel: IMU Control Panel: meter, switches,
panel wiring and supporting hardware. i
Optical Shroud & Cover Optical Shroud & Cover Assembly: optical !
Assy: shroud and protective cover. i
EYE RELIEF EYEPIECES: Eye Relief Eyepieces: a SXT and a SCT

eyepiece to provide eye relief of at least
1. 6 inches for closed visor operation.

FILM CARTRIDGES: Film Cartridges: film cartridges, in-
cluding film, for Map and Data Viewer.

HORIZON PHOTOMETER.: Horizon Photometer: an automatic, photo-
metric, horizon detector device inter- a
changable with sextant eyepiece to provide

capability for use of earth's illuminated
limb as a navigation reference.

IMU: Inertial Measurement Unit: gimbal as-
sembly inertial components, data trans-
ducers, support structure, and internal
cooling.

JUNCTION BOX: Junction Box: electrical interconnection
center between subassemblies in lower
equipment bay.

M&DV: Map and Data Viewer: film viewer for
display of maps, charts, procedures, etc.
Weight includes one film cartridge with film.
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NVB & SHOCK MOUNTS;

OPTICAL EYEPIECES:

OPTICAL SUBSYSTEM:

Optical Base & Gearing:

SCT:

SXT:

PSA.:

Navigation Base and Shock Mounts: rigid
structure supporting the IMU and the
Optical Subsystem with its associated
hardware and supported by three shock
mounts that attach the NVB to the space-
craft.

Optical Eyepieces: optical eyepieces for
SXT and SCT.

Optical Subsystem: SXT, SCT, Optical
Base and gearing, panel base, and asso-
ciated hardware.

Optical Base and Gearing: base for SCT
and SXT with associated gearing.

Scanning Telescope: single line-of-
sight, wide-field, two-degree-of free-
dom telescope and its attached gearing.

Sextant: two line-of-sight, narrow field,
two-degree-of-freedom sextant, including
attached gearing and internal cooling.

Power Servo Assembly: IMU, SCT, and 4
SXT servos, power supplies, CDU elec-
tronics, IMU backup mode electronics,
Signal Conditioning electronics, and mis-
cellaneous electronics.

Page 4-3

Date 15 July 1963

E-1142

- o i, St -

e o " o Sl iy, el B o el L



APOLLO 6 & N WEIGHT & BALANGE REPORT E-1142

DISTRIBUTION LIST
E-1142 Rev. 10

NASA (50 copies)

Participating Contractors
(36 copies, 12 each)

Apollo Limited Internal

Nipn.

Alonso, R. Koso, A.
APOLLO Library (15) Kramer, M.
Battin, R. Kupfer, W. i
Bean, W. L.add, D. :
Bowditch, P. Levy, J. (WESCo) (2) |
Boyce, A. Mavyo, G. i
Bryant, P. Miller, J.
Dahlen, J. MIT/IL Library (68 Albany St) (8)
**Ebersole, P. (2) Nevins, J. i
Egan, R. Nugent, J.
*Felix, S. (Attn. Dept. 4-612) Olsson, E.A.
Flanders, J. **¥Peters, Fred
Gregorek, S. (S&ID, Cambridge) Rhine, W. (NASA)
Hall, E.C. Sciegienny, J.
Halzel, I. Sears, N.
Hanley, D #¥%Smith, J. P.
Hickey, E. Tragesser, M.
Hoag, D. Wilk, L. (2) é
Houston, F. Woodbury, R.
Hursh, J.
*North American Aviation, Inc. *%Apollo Command and Service Module
Space & Information Systems Div. Office City
12214 I.akewood Boulevard Manned Spacecraft Center (NASA)
Downey, California Houston 1, Texas

***¥Washington Engineering Services Co., Inc.
White Flint Science Park
Kensington, Maryland

Page 5-1
Datel5 July 1963

Sl T S Toi R




