n
Q <
2]
\\,\\\é o
~) g — b EE % .
NEE i
J:i% {4 GUIDANCE AND NAVIGATION
& NS -3 39'—
= Q Sh 0
= 48 B
5 N &5 &
=1 o B '
S \ﬁ N E z pproved:_% 2. W Date: 72/ Yoy
£ \E\S o
= N34 e MILTON B. TRAGES£R, DIRECTOR
E Q \% 8 B APOLLO GUIDANCE AND NAVIGATION PROGRAM
g i o
— n - o
2 00353
[l o RIBER )
© 4oy 3
LIEJ O\Lé g ” ,_ Date:7/2 ) /4 Y
ZAE=aN N OGER B, WOODBURY, DEPRY BIRECTOR
<558 INSTRUMENTATION LABORATORY
Sla2is
ERS 03

E-1557

Average Power Profiles For Apollo
Guidance and Navigation In The Command
Module and Lunar Excursion ModuleQ)B
by
William Nadler

April 1964

INSTRUMENTATION
LABORATORY

CAMBRIDGE 39, MASSACHUSETTS

cory# /A




ACKNOWLEDGMENT

This report was prepared under DSR Project 55-191,
sponsored by the Manned Spacecraft Center of the National
Aeronautics and Space Administration through Contract
NAS 9-153.

The publication of this report does not constitute approval
by the National Aeronautics and Space Administration of the
findings or the conclusions contained therein. It is published

only for the exchange and stimulation of ideas.

ii




AVERAGE POWER PROFILES FOR APOLLO
GUIDANCE AND NAVIGATION IN THE COMMAND
MODULE AND LUNAR EXCURSION MODULE

The accompanying tables summarize the average power
and energy as a function of time and Apollo mission phase for
the Block 2 Command Module and Lunar Excursion Module
Guidance and N‘avigation equipments as defined in the G&N System

Status Report.

The values reported are center value (average) estimates.
They are the latest expected values and should not be taken as

"not to exceed' extremes.

Transient peaks of power occur at higher levels during
turn-on and slewing operations. These are not included but are
estimated to consume negligible energy. Data on these peaks

will be published soon.

All power and energy numbers are those drawn from the
spacecraft's primary supplies assumed exactly at the nominal
28 volt level.

Two charts are given each for the Command Module and

Lunar Excursion Module Guidance and Navigation Systems.
A. Power Profile

This is a tabular listing of average power against
time. The column entitled mission phase contains the
various phases of the nominal mission time line identified
below. The mission event column denotes a particular
occurrence at each listed time, For convenience, elapsed

time is recorded in both hours and minutes. Associated

*MIT/IL Report E-1142, Rev. 18, March 15, 1964 (Confidential)




with each activity (or group of recurrent activities) is a
beginning and an ending time. The "X" in columns 1
through 7 marks the AGE equipment in operation during
each activity. Column 8 is the power level for the oper-
ating mode of the G&N activity. Columns 9 and 10 are

self-explanatory.
B. Power and Energy Summary

This summarizes power and energy as a function of

G&N activity and equipment identification.

The column labeled "G&N Activity'' describes the
operation configuration of the G&N system in words and
gives associated power and total time in each configura-
tion. The first row identifies the operating elements of
the G&N system as selected by the ''on-off" switches.
Numbers at the intersections are total average energy

consumption in kilowatt hours.

Command Module G&N

Table I is a chronological power profile and mission
time-line for the Block 2 Guidance and Navigation equipment

in the Apollo Command Module,

Table II is a power and energy summary of the data in
Table I.

The mission time-1line upon which these tables are based
is a "l14-day' mission listed in the enclosure to North American
Aviation, Inc. , letter 64MA3540, dated March 12, 1964, sub-

mitted to MIT as the required electrical power design mission,

The operating details of the G&N system throughout the

Command Module mission were based upon the following:

(1) Alignment of IMU: Considering expected platform
coarse-alignment and fine-alignment times and the

time required to acquire and ''mark'' the necessary




(2)

(3)

(4)

(5)

alignment stars, the time of fifteen (15) minutes for
alignment of the platform in midcourse was established,
Similar considerations were employed to define the

alignment updating time interval of five (5) minutes.

Optical Measurements: The time required for mid-
course star-landmark measurements (Sextant) was
defined to require ten (10) minutes. The time avail-
able for telescope tracking was assumed to be the
time that the landmark was visible, i.e., nearly
horizon to horizon passage. This was calculated to
be five (5) minutes for Earth Orbit and thirteen (13)
minutes for Lunar Orbit. The number and frequency
of optical measurements were based upon guidelines

established by the Space Guidance Analysis Division.

Second Computer Update: Since the Block II G&N
System has two computers, a time of one (1) minute
was available to update the second computer after
each sextant sighting, landmark tracking, and star
occultation., For similar considerations the second
computer was turned on for an additional fifteen (15)
minutes prior to each major maneuver and through-
out the maneuver to provide emergency backup. The
major maneuvers are defined as ascent, translunar
injection, lunar orbit injection, transearth injection,

and entry.

AV Corrections: A time of fifteen (15) minutes was
established for the time necessary to accomplish and
confirm each of the three AV corrections during

transearth and translunar operations.

IMU Operation: The IMU is in operation from pre-
launch until after the first midcourse correction,
It is then off during periods of free-fall in order to

conserve energy.



Lunar Excursion Module G&N

Table III is a chronological power profile and mission
timeline for the Guidance and Navigation equipment in the

Apollo Lunar Excursion Module.

Table IV is a power and energy summary of the data in
Table II1,

The mission timeline upon which these tables are based
is that listed in the preliminary LEM Interface Control Document
ICD LIS-390-2 submitted from Grumman Aircraft Engineering
Corporation to MIT as the required electrical load analysis form.
(The incompatibilities between this LEM mission and the former

one for the command module are recognized.)

The operating details of the LEM G&N system during the
LEM mission are based upon considerations similar to those
for the CM G&N equipment.
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