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AVERAGE POWER PROFILES FOR APOLLO 
GUIDANCE AND NAVIGATION IN THE COMMAND 

MODULE AND LUNAR EXCURSION MODULE 

The accompanying tables summar ize  the average power 
and energy as a function of t ime and Apollo mission phase for 

the Block 2 Command Module and Lunar Excursion Module 
Guidance and Navigation equipments as defined in  the G&N System 
Status Report. 

.I, , I .  

The values reported a r e  center  value (average) es t imates .  
They are  the latest expected values and should not be  taken as 

not to exceed" ex t remes .  I 1  

Transient peaks of power occur  a t  higher levels during 
turn-on and slewing operations. 
estimated to consume negligible energy, 
will  be published soon. 

These are not included but are 
Data on these peaks 

All power and energy numbers are those drawn from the 
spacecraft  Is pr imary  supplies assumed exactly a t  the nominal 
28  volt level. 

Two charts  are given each fo r  the Command Module and 
Lunar  Excursion Module Guidance and Navigation Systems. 

A. Power Profile 

This is a tabular  listing of average power against 

The column entitled mission phase contains the t ime. 
various phases of the nominal mission t ime line identified 

below. 
occurrence at each listed t ime,  Fo r  convenience, elapsed 
t ime is recorded in  both hours  and minutes. 

The mission event column denotes a par t icular  

Associated 

.I, ,,. 
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with each activity (or group of recur ren t  activit ies) is a 
beginning and an ending t ime.  
through 7 marks  the AGE equipment in  operation during 
each activity. 
ating mode of the G&N activity. 
self -explanatory. 

The "X" in  columns 1 

Column 8 is the power level fo r  the oper- 
Columns 9 and 10 a r e  

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" descr ibes  the 
operation configuration of the G&N system in  words and 
gives associated power and total  t ime in  each configura- 
tion. The first row identifies the operating elements of 
the G&N system as selected by the 
Numbers at  the intersections a r e  total average energy 
consumption in  kilowatt hours.  

1 1  on-off" switches. 

Command Module G&N 

Table I is achronological power profile and mission 

time-line f o r  the Block 2 Guidance and Navigation equipment 
in  the Apollo Command Module. 

Table I1 is a power and energy summary  of the data in  

Table I. 

The mission time-line upon which these tables a r e  based 
is a "14-day" mission listed in  the enclosure to North American 
Aviation, Inc. , le t ter  64MA3540, dated March 12, 1964, sub- 
mitted to  MIT as the required electr ical  power design mission. 

The operating details of the G&N system throughout the 
Command Module mi.ssion were  based upon the following: 

(1) Alignment of IMU: Considering expected platform 
coarse-alignment and fine-alignment t imes and the 
t ime required to acquire and ' 'mark ' '  the necessary 
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alignment s t a r s ,  the t ime of fifteen (15) minutes for  
alignment of the platform in midcourse w a s  established. 
Similar considerations were employed to define the 

alignment updating time interval of five (5) minutes. 

(2) Optical Measurements: The t ime required for  mid- 
cour  s e s t a r  - landmark me asurem e nt s (Sextant ) was 
defined to require ten (10) minutes. 
able fo r  telescope tracking w a s  assumed to be the 
t ime that the landmark w a s  visible, i. e. 
horizon to horizon passage. This was calculated to  
be five (5) minutes fo r  Earth Orbit and thirteen (13) 

minutes f o r  Lunar Orbit. 
of optical measurements were  based upon guidelines 
established by the Space Guidance Analysis Division. 

The t ime avail- 

nearly 

The number and frequency 

(3) Second Computer Update: Since the Block I1 G&N 
System has two computers, a t ime of one (1) minute 
w a s  available to update the second computer a f te r  
each sextant sighting, landmark tracking, and s t a r  
occultation. 
computer was turned on for an additional fifteen (15) 
minutes pr ior  to each major  maneuver and through- 
out the maneuver to provide emergency backup. 
major  maneuvers a r e  defined a s  ascent,  t ranslunar  
injection, lunar orbit injection, t ransear th  injection, 
and entry. 

Fo r  s imi la r  considerations the second 

The 

(4) AV Corrections: A time of fifteen (15) minutes w a s  
established fo r  the time necessary to accomplish and 
confirm each of the three  AV corrections during 
t ransear th  and translunar operations. 

(5) IMU Operation: The IMU is in  operation from pre-  
launch until af ter  the first midcourse correction. 
It is then off during periods of free-fall  in order  to 
conserve energy. 
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Lunar Excursion Module G&N 

Table I11 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 i n  
Table 111. 

The mission timeline upon which these tables a r e  based 
is that l isted in the preliminary LEM Interface Control Document 
ICD LIS-390-2 submitted from Grumman Aircraf t  Engineering 
Corporation to MIT as the required electr ical  load analysis form. 
(The incompatibilities between this LEM mission and the f o r m e r  
one for the command module are recognized. ) 

The operating details  of the LEM G&N system during the 
LEM mission are based upon considerations s imi l a r  to those 
f o r  the CM G&N equipment. 



x 
c ..i 

..i Y 

0 < 
z a 
U 

i--- I I 

&I 

5 



_. 

L- r- 

N, 
W 

I 
I 
0 

d 

- 
co 0 

d 

0 % I  
2 0  
d d  

OD t- 
OD N 

d 
I I 

W 0 

OD r- 

m 

d I 0 Lo 

d 

-. 

Lo 

ui 
E In 

Q 
5f 

In 
In 
E Lo 

__ 

X 

v) 

co r- 

v) 

W W N 

__ 

N t n  

L o c o  
o r -  * 
. .  

x 

X 

X 

- 

X 

X 

x 

x x 
- 

_. 

- 

X 

X 

x 
__ 

X 

X 

- 

T m 

N N 

m I- /T- O * 
2 2 * E 

P a P a 

6 



- . . 

o w *  m L- 
* *  * 
0 0  L- 
o- A. o. 

o w  o 
o w  (1 
O N  
. .  

W J N  In 
G u i  u; 
E ; %  L i  

x x 

X X 

x x  x 

0 
(0 * 0 
d 

m 

d 
0 

WJ 
In 
% 

X 

X 

X 

x 

b 
% 
B 

N 

0 * u; 

o). 

T--L 
0 P- 

m 
2 +- N 
W * P- 

7 



rr o d  

r- W ;I; 0 0  

0- 

4 
N 

0 
m 

d 

o r -  
I n 0  
0 0  
. .  

__ 
I O N  

m m  
r - 0  
I n *  

. .  

x 

X 

x x  

I x  

s 
0 

In 

In 
r- v) 

__ 

x 5 

x 
c (4 

.* c 
0 
4 
z a 
U 

- 
3 
N 

3 

3 
m 
- 

W 

N 
r- 
W r- 

I -I 

m 

m 

W 

0 
3 

m 
N 

W t- 

8 



o d d  

I 
w o  
O I 2  2 ' 0  x- 4- 

--t- -+- 

4 N I n  

0 
d u ;  
1 %  

I- 
-& 

I J- 
x " .+ 
.+ Y 

u < 
z 
d 
13 

I --t N ro 
r- 0 
4 - 

N r- 
4 
4 r( - 

9 



. ___ .. ... . .. "i; d d  

m w  

s -  W i * 

m 
4 

2 
0 

v) N 

0 

N 

In 

0 * 
v) 

m 
P- b 

b 
C 
P 
P 
P 
G 

P 
t 
4 
i 
G 
E 

C 

c 
2 

c c 

K 

E 

E 
e 
I= 

< 
e 
FI 
e 

t 
c 

?: 
C 

c 
P 

fl 

-e 
s 
( 
C 

I-- 

. 
i; 

P 

E 

c 

< 

x 
__ 

X 

0 
m 
d 
0 N -TI- 
0 

N N 
m 

4 

P- m 
N 
In 4 

P 

i3 

-4 
m 
m 
a 

u 

c 
4 

10 



IC d 
W 0 

0 

m 
d 
N 0 

0 

- 

8 
0 

+ d d  l- 0 

0 

N 
In 

dl 
m 

t I- 
X 

I 

E 
.3 
.2 w l  

- 

, 
I 

, 
T 

+ 4 0 * * m - 

11 



- .  
-. 

m 
m 

v ) I  

0 
g !  

m 
In 
0 

m 
(0 -r 

N 

W 

Is 

N 

m 
W 
2 
d 

d 

I- * 
c 
d d 

W m m 

0 

d 
v) 

N 

m 
I I , 

W 

r- 

0 

m m 

N 

0 

m 

I 
, 

d * m 

m - I 0 

2 
0 

m 
d 0 

0 

d 
W W 

N N 

d 

m m 

2 

I- O m 

N 

I- d 
m 
d 

W d m 

-r 

m 
0 In 

d N 
(0 

0 

m U J  

0 

4 

s 
d 

m 

W 

0 

W 

m 
m hn 
su 
0 

m 
Is c3 

0 

y 
c 
0 
m 

m 

? 
2 
m c 

N 

? 
c 
m 
I- 

0 
c 
N 
d 

3 ” ... c - 
z 

~ 

4 
U 1 m V 



- -  I--- 

f 
w c -  
L o N  * 

0 0 0  ? I  d 
W 0 

0 

m 
N 
0 

m 

0 0 

Lo 

LD 

a m 

X 

X 

x 
..a .d 

.d 1 

U 

c - 

_t_ 

2 
0 

- 

l- 

l- N d 

% M 

.I + 
M 

2- 
X 

c 
X 

__ 

X 

I 

T 1 -+- 
0 0 

m 
co 

d 
0 

m m 

m : I  m w  f /  O O W  
N N l -  

m o o n ' &  
I 

0 0 0 0 N, N / '  4 N  

--t---t- Lra 

0 

m 
P 

c - m  

5 / c /  9 
0 

m 
P c- l- - 

I 

..a 

B 

9 
8 

B 

zl 

4 , 
W 

It 

13 



- 

m 4  I- 

a s  2 
d d  0 

I - 0  m 
m e  N 
d d  d 

I - I -  I- 

I- N I - I -  
N N  
. .  
* *  * 
B O  al 
- 4  2 2  3 
.y 2 .r( d 

; 
- 4  
M U  w 
a l a l  

x x  x 

x x  % 

x x  * 

_._ - 

0 0 0 

0 

m 
m 
d 

- 
0 

d 

I 

m 

N m N 

Y 

0 
d 

i 

14 



-__- 

rn 
t- m 
4 

In 
co 0 
0 

In 
P- O 

4 

-1 I ._ 3 z M OI 

m 0 
0 

0 

m 
0 W 

0 

co 0) 

N I 0 

* 0 N 
r- 

co 
3 m 
0' 

m 
P- 
4 

3 

m 
In 

m 

-f 

c- m m 

d 
P- m 

0 

3 
0 N 

0 

0 
0 0 

0 I 

v1 - 
; 
m 

0) W 

m 
i. 

h 3  
c 

'$ s 
.I 

- 0  u c  
m .  s : :  

2 > 

1 5  



E-1557 

DISTRIBUTION LIST 

Internal 

R. Alonso 
J. Arnow (Lincoln) 
R. Battin 
W, Bean 
E. Berk 
P. Bowditch 
A. Boyce 

R. Boyd 
P. Bryant 

R. Byers 
G. Cher ry  

E. Copps 
s, COPPS (MIT/ACSP) 
R. Cr i sp  
W. Crocker  

G. Cushman 
J. Dahlen 
E. Duggan 
J. Dunbar 
K. Dunipace (MIT/AMR) 
R,  Euvrard  
P. Fel leman 
S. Felix (MIT/S&ID) 

J. Flanders  
J. Fleming 
L. Gediman 
F. Grant 
Eldon Hall 

1. HaPzel 
D. Hanley 
W. Heintz 
E. Hickey 
D. Hoag 
A. Hopkins 
F. Houston 
L. B. Johnson 
M Johns ton 
B. Katz 

A. Koso 

M. Kramer  

W. Kupfer 
A. Laats 
D. Ladd 

A. LaPointe 
J. Lawrence (MIT/GAEC) 
T. Lawton 
D. Lickly 
R. Magee 
G. Mayo 
J. McNeil 
R. McKern 
R. Mudgett 
James Miller 
John Miller 
J. Nevins 
G. Nielson 

S .  Nugent 
E. Olsson 
C. P a r k e r  
W. Pa t te rson  
J .  Potter 
K. Samuelian 
P. Sarmanian 
W. Schmidt 
R. Schslten 
J ,  Sciegienny 

N. Sears 
D. Shansky 
T. Shuck 
J. Sitomer 
W. Stameris  
E. Smith 
W. Tanner 
R. Therr ien 
W. Toth 
M Trageser 
R. Weatherbee 
R. White 
L, Wilk 
R. Woodbury 
W. Wrigley 
D, Yankovich 
Apollo Library  ( 2 )  

MIT/IL Library ( 6 )  



External  
(ref. APCAN; 2 July 1963) 

P, Ebersole  (NASA/MSC) 
W. Rhine (NASA/RASPO) 

S. Gregorek (NAA S&ID/MIT) 
T. Heuermann (GAEC/MIT) 

AC Spark Plug 
Kollsman 

Rayt heon 
WESCO 

Capt. W .  Delaney (AFSC/MIT) 

NAA RASPO: National Aeronautics and Space Administration 
Resident Apollo Spacecraft Project  Office 
North American, Inc. 
Space and Information Systems Division 
12214 Lakewood Boulevard 
Downey, California 

CAPE: 

HDQ: 

AMES: 

LEWIS: 

FRC: 

LRC: 

National Aeronautics and Space Administration 
Kennedy Space Center 
Cape Kennedy, Florida 
Attn: M r .  B.P.  Brown 
NASA Headquarters 
1520 H Street  
Washington, D. C. 
Attn: Mr. G.M, Low, M.A.P.  
National Aeronautics and Space Administration 
Ames Research Center 
Moffett Field, California 
Attn: L ibrary  
National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 
Attn: Library  
National Aeronautics and Space Administration 
Flight Research Center 
Edwards AFB, California 
Attn: Research Library 
National Aeronautics and Space Administration 
Langley Research Center 
Langley A FB, Virginia 
Attn: M r ,  A .  T, Mattson 

( 3 )  



GSFC: National Aeronautics and Space Administration ( 2 )  
Goddard Space Flight Center 
Greenbelt, Maryland 
Attn: Manned Flight Support Office code 512 

George C. Marshall  Space Flight Center 
Huntsville, Alabama 
Attn: R-SA 

MSFC: National Aeronautics and Spac e Admini st ration ( 2 )  

GAEC: Grumman Aircraft Engineering Corporation 
Bethpage, Long Island 
New York 
Attn: M r .  A. Whitaker 

Space and Information Systems Division 
12214  Lakewood Boulevard 
Downey, California 
Attn: M r .  R. B e r r y  

NAA: North American Aviation, Inc. 

GAEC RASPO: National Aeronautics and Space Administration (1) 
Resident Apollo Spacecraft Pro jec t  Officer 
Grumman Aircraf t  Engineering Corporation 
Bethpage, L. I . ,  New York 
Attn: M r .  Jack  Small 

Post  Office Drawer D 
White Sands M i s s i l e  Range 
White Sands, New Mexico 

Manned Spacecraft Center 
Apollo Document Control Group (SPID) 
Houston 1, Texas 

WSMR: National Aeronautics and Space Administration ( 2 )  

MSC: National Aeronautics and Space Administration (45) 


