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FOREWORD
by
. Kalil

This report is the second in a series of reports to be presented by the Ap-
plied Physics Laboratory (Contract NOw 62-0604-C, Task N), regarding the re-
liability of the Manned Space Flight Network (MSFN). The reliability analyses
contained herein are based primarily on failures experienced during flight sup-
port status, Previous analyses and predictions of MSFN reliability for support-
ing the lunar orbiting mission (Apollo 8, AS-503) were reported’ prior to the
mission. These latter predictions correlated with the actual experience during
the AS-503 mission. This report presents similar predictions about the MSFN
reliability for supporting the forthcoming lunar landing, which is scheduled for
July, 1969, The reliability predictions contained herein differ from the previous
ones' in that these predictions: (1) incorporate data from a larger number of
missions; and (2) consider the fact that two manned vehicles must be supported
simultaneously during the phases when the LEM descends, lands and stays on the
lunar surface, ascends, and docks with the CSM. These phases put the MSFN to
a more severe use; however, the predictions herein indicate that the MSFN will be
able to successfully support the mission. Although the reliability predictions
are contained in the body of the report,they are repeated here in summary form
(Tables I and II) for completeness and emphasis. The migsion phases referred
to in Tables I and II are diagrammatically depicted in the following Figure-a,

As shown in Tables I and II,the MSFN's reliability is predicted to be ~0.999
for each of the support functions during each phase of a lunar landing mission.
Redundancy in both hardware and mission coverage were considered, and all
failures (hardware, software, and operator) were considered. The single site
availability is predicted to be ~0.86 on the average for each of the support func-
tions listed for the earth orbital phases; however, the availability for each of the
functions approaches ~0.997 shortly after transiunar injection when three or
more stationg are in view of the spacecraft. It should be noted that the avail-
ability of ~0.86 for a single site could be misleading, primarily because not each
site must necessarily support every function in the earth orbital phase to insure
success of the mission. For instance, MIL, GBM, and GBI provide redundant
coverage during the launch phase; and the network provides 17 contacts, ckout
7.5 minutes each, via individual stations during the first two orbits of the earth
packing orbit phase for check-out of the spacecraft systems.

]“Performance Evaluation of the Unified S-Band Ground System for AS-205," GSFC report X-834-
68-485, Dec. 1968.
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LUNAR LANDING MISSION RELIABILITY STUDY

1. Introduction

A study has been done to estimate the mission support function reliability
of the Manned Space Flight Network for a lunar landing mission. This is a follow
up effort to a previous study done for a lunar orbital mission, The lunar orbital
mission study was submitted to the Manned Flight Planning and Analysis Division
(MI"PAD) at Goddard Space Flight Center in early December, 1968. The lunar
orbital mission studv was also included in the October~December 1968 Quarterly
Progress Report of the Manned Space Flight Network Study Program (Reference
1). This is the quarterly progress report by the Space Communications Group
(CSC) of the Johns Hopking Tiniversity/Applied Physics Laboratory.

The present study extends previous work in several areas:

(1) A more complex mission profile is considered with additional mission
phases such as "transposition and docking," "lunar module descent and
landing' included. The most significant additional complexity, from a
MSI'N reliability standpoint, is that during much of the mission, cover-
age must be provided for two spacecraft.,

(2) Failure and repalr data for 5 missions has been utilized in compiling the
reliability estimates. This data has been obtained from NOM and MMR
mission status reporting for the AS-501, AS-204, AS~502, AS~503, and
AS-205 missions. The last two listed missions provided data not avail-
able for the previous study. For the AS-503 and AS-205 missions it
was necessary to reduce the data directly from the station submitted
TWX reports since no post mission problem summaries were provided
as had been done for the three earlier misgsions.

(3) A summary tabulation of ""Availability' is included in addition to sum-
mary and detailed tabulations of '"Reliability.!" This is done to estimate,
under certain assumptions, the effect of site down time. A discussion
of the interpretation of '"Availability," how it differs from '"Reliability,"
and the assumptions made in determining the estimates is given in
Sections (2) and (3).

Equipment failure data was translated into functional support reliability
estimation by interconnecting, frein a reliability standpoint, those equipments
necessary for the support of the function assumed. Equipment redundancy and
multiple gite coverage were taken into account.



2. Summary of Results

Table I is a summary tabulation of site mean time between failure (MTBY)
and overall Reliability via multiple site coverage for the four major MSEN sup-
port functions during cach phase of the mission, Table IV is a move detailed
tabulation of the same information with major support functions broken down into
subfunctions,

The list of required support functions assumed for this study is given in
Figure 1. The tables show that no functional MTBF, as estimated from the
data, is less than 107 hours for a sinzle site.

The reliability estimates are obtained from the MTBF estimate, an exponen-
tial failure law assumption, and a weighted combination of the site coverage
time interval and number of sites covering depending upon mission phase. These
reliability estimates give the probability of failure free support over a time
interval by at least one site out of the total number of covering sites. The cov~
erage time interval and number of sites covering depend upon mission phase,

Table II is a summary table of single site and multiple site coverage Avail-
ability for the four major MSFN support functions. These esti*iates are approxi-
mations which take into account the ratio of average repair time to mean time
between failure for each equipment area and the amount of equipment required to
support each function. The interpretation of these availability estimates differs
from that of reliability in that reliability is a time dependent probability of fail-
ure free operation given that the time interval began with the site in the "up"
state. Availability is an asymptotic or '"steady state' probability of being in the
"up" state after some time has passed and does not depend upon the state of
things at the beginning of the time interval if a sufficiently long time interval is
considered., This asymptotic probability, (availability) is reached after a period
of time has passed during which both failures and repairs have occurred. The
estimates can be interpreted as measuring the probability of, at any arbitrary
time during the migsion, finding a site (or at least one of 3 sites) capable of
supporting the function.

The estimates of reliability and availability can both be of interest from
different viewpoints. Reliability is of more concern when a relatively short
interval of time is considered during which it is essential thatno failures occur.
Availability is of more concern when a longer period of time has passed over
which it ie likely that failures (and hopefully rapidly completed repairs) have
occurred and the probability of finding a site "up" is considered.
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| Determine Position of Spacecraft vs Time (Tracking/Navigation)
A) Receive Positior/Time Data from MCC or MSFN
B) Acquire and Track Spacecraft and its Signals
C) Transmit Spacecraft Position/Time to MCC
D) Record Spacecraft Position/Time at Site

Il Maintain Voice Communications with Spacecraft
A) Receive voice from MCC
B) Transmit voice to spacecraft
C) Receive voice from spaceciaft
D) Transmit voice to MCC
E) Record voice on site

Il Monitor Spacecraft Status and Systems
A) Receive telemetry from spacecraft
B) Process and transmif i=!emetry suramaries to MCC
C) Record telemetry ori site
D) Receive Television from spacecraft

IV Send Commands/other Up Data to Spacecraft
A) Receive commands MCC
B) Process command data
C) Transmit up data to spacecraft
D) Verify that up data is transmitted
E) Verify that up data is received
F) Transmit command verification f6 MCC
G) Record command history on site

V' Maintain Site Proficiency
A) Test and maintain systems performance
B) Maintain voice communication with MCC and MSFN
C) Maintain teletype communication with MCC and MSFN
[}) Maintain data communication with MCC and MSFN
E) Monitor and maintain all fundamental power equipment
F) Receive and criginate documents and reports

Figure 1-List of Mission Support Functions for each MSFN Site
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3. Outline of Data Analysis

The following material summarizes how the basic data available for this
study was reduced and utilized.

(a)

(b)

(c)

(d)

All failures and their associated down times reported during the five
mission status periods were categorized into appropriate MSFN site
equipment areas. The equipment category breakdown list has been
presented in previous documents and is not attached te this study.

Mean time between failure (MTBF) estimates, taking down time into
account, were calculated via computer programming for each equip~
ment area. Down times for each equipment area were also tabulated.

I'ailure and down time data for certain equipment areas obtained over
all five mission status periods is presented in histogram form in
Appendix I. This data is representative of data used in the study.

By interconnecting the equipment areas {or 'subsystems") as required
for each support function of Figure 1 a functional reliability estimate
for a site is obtained from the MTBF estimates of each equipment area
and the time interval of site coverage for each mission phase.

An "overall" MTBF estimate for each function is also obtained by com-
bining the estimates for each equipment area. The functional reliability
estimates and overall MTBF estimate are not related in a simple ex-
ponential way since both series and parallel (redundant) equipment
interconnections are involved and the resulting distribution of failure
times is no longer exponential. In a redundancy situation for a failure
te have occurred, all parallel paths must have failed. Table III presents
the basic single site reliability data analysis for each support function.
This table gives the single site reliabilities for each support function

as calculated from the data for selected time intervals applicable to
this study. All subsequent estimates of support reliability are based

on Teable III.

By considering total MSFN coverage, i.e., the number of sites which
can view the spacecraft{s) during any given mission phase, an overall
MSFN support function reliability estimate is obtained. In this situation
"redundancy'' is provided by the number of sites covering. This

]For example, the Lunar Orbital Mission Reliability Study included in the October-December 1968,
APL quarterly progress report mentioned in the introduction.



Table III

Single Site Reliability
of Function Over Time Interval T

Function
T=,183hr | T=1.0hr | T=2,0hy | T=8.0hr | T =14.0 hr
I .99893 .99199 .98405 93758 .89354
A 99953 .99656 99313 97285 95247
B .99934 99452 98911 956741 92645
C 99967 99760 .99522 981056 .96708
D .99945 .99595 .99192 .96811 .944.86
II .99982 .99882 99766 .99054 98321
A .99984 .99884 . 99880 .99083 .984.02
B 99984 .99854 99769 .99065 98367
C .99984 .99854 .99769 .99065 .98367
D .99984 .99884 .99880 .99083 98402
E .99984 .99884 .99769 .99083 98402
111 99876 .99080 98170 .92882 87877
A .99983 .99883 99768 99081 98395
B .99913 .99357 98717 94977 .91376
C 99945 99593 .99188 96795 .94459
IV .99925 99227 .98462 .93989 .89722
A .99938 99542 .99087 .964.01 .93788
B 99942 .99574 99151 .96648 .93013
C .99981 .99861 .99723 .98882 98027
D .99955 .99660 .99320 97309 .95338
E .99975 .99826 99652 .98608 97559
F .99945 .99593 .99188 .96795 .93695
G .99942 99574 99151 .96648 .93013




(e)

"redundancy' varies depending upon whether one or two spacecraft are
covered. From a reliability standpoint it is found that dual sites pro-
vide very little redundancy when a single spacecraft is considered, A
summary of site coverage for a lunar mission is given in Figure 2.
The detailed information from which the summary of Figure 2 was
obtained is included in reference 1. This reference described in detail
coverage for a night launch in August 1969 involving translunar injection
over the Atlantic. The first lunar landing mission may well occur in
July 1969 with translunar injection over the Pacific. These missions
would differ in detail as to which sites covered when, but the overall
summary of coverageas given in Figure 2 should apply to either.

A summary table of site mode support capability is given in Figure 4.
It has been assumed in this study that 30 ft antenna sites can "back up"
85 ft antenna sites at lunar distance in the PM modes. (Contingency"
modes or modes other than mode 2 might have to be used.) The 30 ft.
antenna sites cannot '"back up'' the 85 ft, antenna sites at lunar distance
in the I'M modes which includes television. These assumptions can be
inferred from Figure 4. Examples of the variation in equipment re-
dundancy for certain USB areas as a function of site coverage is shown
in Figure 3. Implications for other on site equipment existing in the
same quantities as those selected for illustration can be obtained from
Figure 3.

In estimating "availability' the ratio of average down time to mean time
between failure can be used when both the failure times and repair times
are exponentially distributed;

2
An1_ MIR [ MIR
MTBF = \MIBF

For this study availability estimates were obtained using average down
times for each equipment area but including only those repairs com-
pleted within 30 hours in calculating the average down time. The histo-
gram examples of down time dati given in Appendix I show a 'bi model"
or even "multi model" distribution of down times. Much of this is due
to "logistics time'' during mission status contributing to down times as
long as two weeks or so. Such lengthy down times are assumed not to
be typical of mission flight periods. It is assumed that every effort
would be made during pre launch mission status to provide necessary
spares and if needed, replacement could be flown to sites relatively
quickly while a mission is in progress.




If "ogistics down times' are not considered the data indicates that in most
equipment areas most failures are repaired within one day with a typical aver-
age down time of about 8 hours.
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TABLE V-1

IABILITY NOMINAL OPERATING PARAMETERS FOR MSFN AND SPACECRAT'T

uppert funetiens

Given that it Jacs} one site capoble
of supporting the function con be in
contact with the spacecraft the mini.
mum numtbor of sites which con be in

Maximum tims interval during which
no site copable of supperting the
funetion can be in conloct

Single site MTBF astimetion for the funaticn

One spacacroft § = Sinolla

Two spucecralt § « Sirgle

-~ CIENCY)

contacgt Is! - Dya D = Busl
PM ¥ 85 30! 85* or 30" 85! 30" 185 or 30'] 3015 30'»D 85 20'-5 30'=D 85!
ool |, 0 N I ) 35 min 1 25 vin 25 min {3180 E1EX 318.0 1 4180 4180 | 318.0
stims |09 B 171.8 180.4 180.4 7108 71.8 171.8
o) | ongle £ 400.5 4005 4005 1 400.% 400.5 400.5
D 2406 240.6 240.6 240.6 240.6 40,6
A 740.7 740.7 7A0.7 740.7 T40.7 Y407
PM B 467.3 4941 494, 467.3 467.3 467.3
ommunis | odey, | C 436.9 437.3 A37.3 436.9 446.9 430.9
scraft [y D 740.7 740.7 740.7 740.7 740.7 740.7
E 716.4 716.3 716.3 716.3 716 3 716.3
PM modos | A 8609 B41.3 861,14 860.9 860.9 860.0
slow 152.7 132.7 1527 | 152.7 TN2.7 152.7
TLM C 239.4 2394 239.4 239.4 239.4 239.4
PM modes | A 50y BeTa BT 00y B30T W00.0
normal B 15227 152.7 57,7 152.7 154.7 152.7
TLM c 239 .4 "249.4 239.4 2394 2494 230.4
A 8§60.9 861.3 861, 860.9 B6U.5 860.9
- ft status | FMmodas |8 152.7 155.7 152.7 152.7 152.7 152.7
Tv C 239.4 239.4 2394 | 239.4 2394 237.4 |
A 560.9 661.4 861.3 8609 L] 860.9
TLM ) 152.7 152.7 52.7 152.7 152.7 154.7
playback | C 239.4 239.4 209.4 | 247.4 J39.4 739.4
A 340.0 340.0 340.0 340,0 340.0 340.0
sive [ B 152.7 152.7 152.7 52.7 157.7 152.7
c 239.4 239.4 239,4 239.4 | 230.4 239.4
A 2135 213.4 213.4 213.4 213.4 213,4
B KR 279.0 213.4 229.0 729.0 329,0
- C 1213.3 1213.8 1213.8 | 1213.3 1213.3 1213.3
 other | PM D 793.3 | 293.3 293.3 | 293.3 393.3 2933
caft | modes  ["E 346.3 348.0 | 548.9 | 446.3 | 346.3 346.3
F 239.4 239.4 239.4 239,4 239.4 239.4
G | 2 ] 1 229.0 229.0 229.0 2290 239.0 229.0
an of PM Al 2% 3 GraE 18,0 318.0 318,0 318.0 316.0 318.0
48 time | enging B 171.8 171.8 171.8 171.8 171.8 171.8
ition) doppler [ C 400.5 400.5 400.5 | 400.5 400.5 400.5
angle D 240.6 240,6 240.6 240.6 240.6 240.8
A 740.7 740.7 740.7 740.7 740.7 740.7
. PM B 267.3 494, 494.1 467.3 467.3 467 .4
communt- | yodes, | G 436,9 437.3 437.3 436,90 136.9 436.9
scraft | VHF D 740.7 740.7 740.7 740.7 740.7 740.7
E 716.4 716.3 716,3 716.3 716,43 716.3
PM modes| A 860.9 861.4 860,9 860.9 860,90 860.9
slow B CONTINUOLS 152.7 152.7 152.7 152.7 152.7 152.7
TLM [ 759.4 239.4 7394 239.4 239.4 239.4
PM modos | A COVERAGE 860.9 867.9 861.3 860.9 860.9 8609
notmal B 152.7 152.7 52,7 152.7 | 1562.7 52,7
TLM C 739.4 239.4 230,4 239.4 239.,4 239,4
. A 860,90 8671.9 861.3 860.9 860.9 860,9
oft status | FMmodes| B 152.7 152.7 152.7 152.7 152.7 152.7
v C 739.,4 239.4 239.4 239.4 239.4 | 239.4
A 860.9 861.3 861.3 860.9 860,9 860.9
TLM B 152.7 152.7 152.7 162,7 152.7 152.7
ployback [C 739.4 239.4 239.4 239.4 239.4 239.4
A 340,0 340,0 340.0 3400 340,0 340.0
5lvB B 152.7 152,7 152.7 162.7 152.7 152.7
[ 239.4 239.4 239.4 239.4 239.4 239.4
A AN 713.4 2134 T13.4 313.4 713.4
i 799.0 729.0 229,0 | 229.0 799.0 229.0
P c 1773.3 1213,3 1213.3 | 1213.3 1213.3 1213.3
other PM D 703.3 293.3 293,38 293.3 293.3 293.3
reralt | modes [T 746.3 348.9 | 348,9 | 3463 | 346.3 346,3
F 2304 239.4 239.4 239.4 739.4 239.4
G 729.0 229.0 229.0 229.0 229.0 229.0
IS ASSUMED TO BE THE REQUIRED SUPPORT FUNCTION
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TABLE IV
LUNAR LANDING MISSION RELIABILITY NOMINAL CQPERATINC

Mission
phase

Essential dote/
major decisions

Duration of
single site
soverage interval

Required MSFN support funations

Clvan that at least one site sopat
of supperting tha funatien gon
contast with the spageerslt the m
mym number of uites which eon
in contaot is:

{C) Translunor | (o) Abort and Approximate ¢ g5 30 B5' 1
flight return 1010 M brs on | Determine position of PM Al 24 2 A*
() L. Ig '°ll‘f }6" °”;i spacearaft versus time :’"9'"19 ,g
wnar arths’ Diurna oppler
orbit inserfion &o’aﬂm) {trecking/navigation) angle D
A
I Malntain volce communi. :\t‘do:, ‘E o
catien with spacecroft VHE
PM modes! A
slew B
TLM [T
FM modes] A
norma 8
TLM C
11 Menitor spaescraft FM modes g
status ond systems TV =
TLM g
playback &
S
sive 17
IV Send commands/ether ups A
dote to spacectalt (0.9, B
transmit navigation upe rel
dates, fronsmit mideourse] PM
guldanca correation tare | 4o 3
?otlpg, transmit targeting [
or possiblo aberts, trans 4
mit lunor orbit in section e
targeting) e A CXEL;
{DJ Lunar [ {a) Lunor orbit a) Approximaisly |1 Deiermine posiiien of mglng 5
orbit determination 1.3 hours on, spacacraft versus time dopplor [ C
0.8 hours off {tracking ‘navigation) angle 5
{b) Lunar module for C5M . T
descont & lands PM B
Ing b} Approximately | Hl  Maintaln volce communts | o 4o =
12 to 14 hours sation with spacecroft | yug =~ [B
(¢) Lunar module for LM** 3
stay PM modes] A
B
{d} Lunar modyle frlm =
ascent & PM modes| A
randexvous 11l Monltor spacecraft status| notmal B
and systoms TLM
A
B
C
A
B
Cc
B
AR

{e.g. verify AGC siate
veutor following lunar
orblt insertion

FM modes

Send commands /other
up dato to g spacecraft
fe.g. transmit targeting
or iunar orblt Insertion
2nd burn, transmit ravie
gation updates, fransmif
targeting for tronsearth
injectlon

L

rr

W ;:9‘?}'“ 53
3

C)-nlmonm>

*AS DEFINED IN THE MSFN SUPPORT FUNCTION LIST FIG, 1

"DUR‘!\‘:LQ"OFF” PERIODS FUNCTION V (MAINTAIN SITE PROFICIENCY) IS ASSUMED TO BE THE REQUIRED 3

"M INCLUDES WING $ITE

| V




TABLE 1IvV-2

» [ "y 3 r =y ~ N " -
" NOMINA L, OPERATING PARAMETERS FOR MSI'N AND SPACECRAIT (cont'd)
S Rr i ey e e =% = s mﬁ‘ﬂ
Given that o i i AR
;f si:ppo?tir?g :,g):l'tum'gi:'x‘lgoe‘o, bi!: Maxiniom tima intarval during which Single site 'TRF sstimation for the fynction
£ 1HONS contact w'j;i\ tl;u:rocucm?h ":2 mil?i- ?o" :::&i‘:f?g.l:i r?lc :':J'%pc('mng the S ——
mum num 1} Hes w Lan pe Y ; . B [ 3
in contac! is: One spacecrolt g ” %:\gllc Two spocecrals 6 g Lé,:gg‘lu
* 85 301 85 or 30*} 85 30! B5 or 30'F 308 | 300D RS 05§ 36' -0 85
PM T D] WL TR U IR0 318 0 Y] 5180 1180
mging [ B 1778 L1 OIS R [ 0O V0 I I A I Y A N
doppler [T | a0y 005 4005 AUUS | A00h I 4005
angle [D N R T O Y 406 | 206 | ga06 |
A 74077 Jan.7 3467 I Sz
PM ) A6T.3 L AT AR YR
modes, |G 4369 3T 437.3 4469 RS
YHF D TR0T TR0 A0 | 7T 7407
4 716.3 T16.3 716.3 7164 21E S
U] medes| A 8609 | Boid | P&ld | 8609 H60.9
slow B 1577 LY¥] 152.7 527 152.7
TLM ¢ 2994 2094 | 2394 2594 2304
FM modes| A . 8604 8613 861 3 K oY 9
notmal | B CONTINUOU 152.7 152.7 1527 159.7 152.7
TLM % I 2394|2394 2494 2394 2394
VIR COVERAGE 860.9 861.3 B61.3 | 860 B609
v B 527 | 1527 1577 154.7 1527
T PEEE I M EL) WiLK B354 294
[ A 860.9 | 861.3 861.3 | 8609 860 9
LM B VN TR TR 152.7 154.7
playback =@ Ta0d T A 7394 539 4 PREN]
SiveE BT ‘
A 213.4 1.4 213.4 2184 PIEN 2134
3 7270 229.0 2290 2290 2290 10
Pl ¢ 2133 1 1213.3 12133 1 12134 1 12133 | 12133
"y 5] 293.3 793.3 7934 293.4 PrER N PO
mocas E %463 3489 J48.9 3464 3464 346.4
FT yKLK) FELA] 594 T49.4 PRER 339.4
s Y ~ 5390 | 279.0 729.0 779.0 229.0 2990
P S L 3 TRV Ty | 4B min (CSMIABminlGSMIAB min(GoMT 418.0 1 31B.0 "318.0 | 318.0 18,0 | 418.0
tnging B ' T " 77,8 ] 180.4 180.4 171.6 171.8 171.8
doppler [ € A00.5 4G0.5 400 5 400. 5 400.5 400.5
angle D 0.6 | 240.6 740.6 TA06 J40.6 | 240.6
A 7A0.7 740.7 740.7 7A40.7 740.7 740.7
Y] B 673 | 494 AGA, 1 467.9 467.9 467.4
modes, | G 4369 | 437.3 436.9 436.9 4146.9
VHE D 740.7 740.7 740.7 740.7 740.7
E AT 716.3 716.3 716.4 716.3
PM modes| A 860.9 861.3 §60.9 B860.9 860.9
slow B 152.7 | 152.7 52.7 152.7 152.7
TLM ¢ 2394 239.4 239.4 739.4 239.4
"PM modes| A 860.9 861.3 860.9 860.9 B6C.9
aormal [ B 557 1537 1547 152.7 152.7
TLM C 2304 23«12.4 239.4 239.4 739.4
; A AL 60,9 8613 860.9 60,9 860,9
g".'\",‘ modes 3 ST 152.7 | 152.7 152.7 153.7 152.7
C > 7394 739.4 2394 239.4 735.4
M A =~ 860.9 861.2 860.6 §60.9 860.5
lavback |2 > 152,7 152,7 152.7 152.7 152.7
playback =& 239 4 239.4 239.4 239.4
A 3 GER 213.4 213.4 213,4 213.4 213.4 213.4
B 926.0 726.0 226.0 276.0 226.0 2260
¢ T213.3 [ 12139 12133 1213.3 | 1213.3 1213.3
PM D 293.3 | 293.3 793.3 293.3 3933 293.3
modes  ["F 83T Y48 348.9 3565 546.3 3463
F ! 239.4 239.4 239.4 239.4 239.4 239.4
G 229,0 729.0 225.0 7390 799.0 779.0
IS ASSUMED TO BE THE REQUIRED SUPPORT FUNCTION
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TABLE IV=

LUNAR LANDING MISSION RELIABILITY NOMINAI OPERATING 1

Givan thot at lsast e site oo

ble

Missien Essentiel doto Duratin of ‘ sf supperting the fungtion con ba in
: single sit Required MSTPN suppert functions gentyet with the spagegrafi the mni-
phase major doclilons | o, Lot nterval w PP Faam nunber af $ites which cen be in
gontact is
(E) Trarisearth | {o) Tronsedrih Appreximie M * 85 39 85w 30
flight Inisetion Wiolhson 1} Deraaine position of i A2 : ik
1010 14 bus off** I T
' to 14 ivs @ spagacrolt varsus time | depplar
(k) Eorths {tracking navigation) | angl < i B
atmosphiere ngle T
ontry A
p -
I Mainteln veice communis m::iu g Bhit s
catlen with spacecralt |y 9 s
£
PM modes] A !
slow 0
LM [T
"PW medos|A
nermal B '
I Monitor spacesralt status | TLM [ ' 5
ond systems M ) A 5T
lo.q. varily AGC sate | py medes | 25
vacter tollowing tronss T
earth injoction) TLM A P
playback |- g, 25
----- 1 "
’ LB g e
IV Send comunands ‘other up B
dota to spacacraft G
{e.g. tronsmit tergeting PM D
for entey corridor modes  [°F
control} " F
161
{F) Entry Approximate I Dafermine position of P A
10 minutes spacacralt vorsus fime  |mging | B
{1recking navigation) doppler [ €
{0.g. antry trajectory
monitoring, splash point angle 2]
pradiciion) g
11 Maintein voice eommuni» r?oﬁdat ol
sathon with spacecraft | ypp | )
E —
PM modas |_& -
slow n:
TLM [}
PM modes| A
normal 3
TLM C
i . A
1 Monltor spacecraft status | FM modes g
ond systems TV T
M |4
playback =
“A
B
, C
IV Send commands/other PM ]
up data 1o spacecraft modes [
£
G

*AS DEFINED IN THE MSFN SUPPORT FUNCTION LIST FIG, )

**DURING *OFF*" PERIODS FUNCTION V (MAINTAIN SITE PROFICIENCY)

Wk

INCLUDES WING SITE

'

IS ASSUMED TO BE THE REQUIRED SUPP



TABLE 1V-3

JILITY NOMINAL OPERATING PARAMETERS FOR MSFN AND SPACECRAFT (cont'd)

=pport functions

Given thyt et mast me sile capable

of supporting the functien con be in

contact with the spacecralt the minie
mum nuinbet of siies which can be in
contact Is:

Haximum tima interval duting which
na site copably of supperting the
function cen ba in contact

Single site MTBF estimation for tha function

=

» DOne spacecralt § - Single
PR B 2 Doat

Two spacecralt 5 < Single
P < Dot

85 or 30"

5 gr 30"}

o

PM » g5 30! 85 3¢° -8 1 30D g8t 1005 3000 g5
ool | rnging Al 2ees 2 4*19 3180 3180 S180 | 1B T80 21810
3 time | Joppler Bl e - e LB 1804 1804 1718 LTAN ) 171
o) fangle | B - 400:3 100,51 ~"dnu s [ 4008 70 s I TA00 8
0 - - ’ i b 08 240 6 JA0 6 | 4406 240.6 7406
A IAG7 740.7 7407 | 7402 Fa07 7467
I PM B X D . 4673 AAT | A94.) 4673 As7 4673
SRV | podes, o T 1 The g VIR 437 3 446.9 a6 4369
scolt lyye B F1N] 21T L L0 L A e LT T407
_ T e AL} A i A T 11823 AT
PM modes]| A - 860.9 861.0 B61.9 | 860.9 B60.9 860.9
slow n i 1557 30T i 1527 155.7 1527 154.7
TLM A RL¥] b A4 739:4 2394 3394
PMmodus [ _A 607 9813 861.3 4609 Be0.0 1 3609
normal B CONTINUOUS 2.7 1527 152.7 1| 1507 152.7 152.7
alt status ) TLM [« S 239 4 394 23941 2494 ) 4494 249.4
PM modas k.l T Zeie COVERAGE 860.9 513 861.3 860.9 860.9 #60.0
state | yy B - - B 152.7 | V52°7 152.7 527 1. 827 527 |
 1anss ¢ . ) 1 TR0 | 2394 PELX] 2994 | 2394 239.4 |
TLM A o “HeU 9 | " Bsld BOLA | HOUY | 660y 8609
playtack fes Pl 152.7 152.7 152.7 | 1527 | 152.7 152.7
[+ o 3394 559.4 349.4 239.4 249.4 230.4
it b 4 M N . - J
5'? a "ﬁ,'i_: o SRS iaadissaiiitcadedt Mucaiusaiasiar MaASAAAMAOLSNY Adencec BAMMAAMASMALY SAGH A CCORIRCES )
T e e s "
) A Attt
other yp B
sF1 C
Lo geting PM D
i modas ¥
r
G 1
PM A 3 min 3 min
tnging 8 [
doppler [4 !
dnglo D
A
PM B
modes, [
VHE BT
E
PM modes |_ A
slow B
TLM (4
PM modes| A )
tiormal Bl
TLM T
A
FM modes (=%
TY £
TLM e
playback x
A 213.4 213.4 213.4 713.4 213,4 213.4
B 229, 229,0 29.0 229.0 290.0 | 929.0
M C 1213.3 1213, 1213.6 | 1213.3 1213.3 1213.3
modes ) 203.3 293.3 293,3 293.4 293,3 293.3
E 346.3 348,9 348.9 946.3 346,08 346.3
r 239.4 239,4 739,4 239.4 289.4 30,4
U 229.0 229,0 229.0 | 229.0 229.0 229.0

CIENCY) 1§ ASSUMED TO BE THE REQUIRED SUPPORT FUNCTION
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LUNAR LANDING MISSION RELIABILITY NOMINAL OPERATING FARAMETERS FFOR

TABLE IV~4

Duration of

Single sity
over the cove

Mission Essentlal data/ . N
phave molot decisions single sita Required MSFN support functions S = Single
coverage Inferval One spacecraft D= Duc?l
_ * | 39'-5 | 30'-D | 85
{A} Launch, (0} Earth orbit Apptsximate { Determine position of PM A | ,99953 | 99953 | 9995
Insertion, determination 8 min on spacecraff varsus time tnging B | ,99934 1 99934 |.,999
Earth orkit 80 min off** (tracking/navigation) doppler C | 99967 1 ,99967 | .999¢]
{b) Translunor {typical Earth ongle D | 99945 ] 99945 |.9994!
inl;ctlon orhit coverage) AT 90504 | 97984 | 959
go/na go Il Maintain volce communication :::Ad“‘ g .g;gg::
with spacecraft VHE B 199984
) £ | 99984
P modes | A _| 99003 | 09983 | .49
slow B 99913 [ 99913 ] 9991
TLM C 99945 1 ,99945 | .9994
P modes 1 A | .97983 | .99783 | .999E
norma) B | 99913 [ 99913 [ 9991
TLM C 1.,99945 1 99945 | .9994
H r::i:o;':;:::ecruh stofus —— T 00085 0036|9908
4 v B | 99913 | .99913 | .7991
C 99945 | 99945 | .9994
TLM A 99983 | 99983 | ,999¢E
playback B 199913 | 99913 1 9991
C | 99945 | ,99945 | .9994
A 99960 | 99960 | ,999¢
sive B ,99913 | 99913 | ,999?
[ 99945 1 ,99945 | .9%99
__A 99938 | 99938 | .999
B 9994271 99942 1 9994
C 99981 99981 1 .999¢
1V Sand commands/other PM =
up data to spacecraft modes g 'ggg?g 199995 _| 9995
5 . 99975 1 .999
F 99945 | 99945 | ,9994
G ,99942 1 .99942 | ,999.
(8)sivs (a) Lunor Approximate ] PM A 1 99313 [ ,99313 |, 994!
Separation, landing 120 min | Detarmine positlen of mging B | .98911 | 98911 | .989"
transposltion determination spacocraft versus time dopplor C 59537 | 99522 [ L995;
and docking milestona (tracking/navigation) angle D [ 99192 | 99192 | 991
A | 5988C | 99880 | .958
1 M?l:taln vcal::ef communication f::;"' g :g;;gg '33;23 :33;
with spacecralt VHF D_| .99680 | .99880 | 998
E 997697 ,99769 | .997¢
PM modes A ,99768 ( 99768 | .997
slow B 98717 | ,98717 | .987
TLM C 59188 T .99188 [ ,991¢
PM dees A 99769 | 99769 | 997
notma B 98717 | 98717 | 987
HI Mo:ltorfspacecraﬁ status TLM T 99188 195788 | 597
and systems M mod A1 ,99789 199769 | 997
Hhy medes ™81 ,98717 | .98717 | .987
C ,99188 | ,99188 | ,991
TLM A 99769 | ,99769 '997‘
lavback B 98717 | .98717 | .987
play C | .55188 | 99188 | 991
A 99404 | .99404 | .994
Sive B 98717 | .98717 | .987
C .99188 | .99188 | .991
A 99087 | .99087 | ,990
B 99151 | ,99151 | .99
1V Send commmnds/other PM g 333;3 ’335;3 'ggé
up data to ipaceeraft modes E 159657 | 99652 | 998
F 99188 | .99188 | .99
G ,99151 1 99151 | ,991

*AS DEFINED IN THE MSFN SUPPORT FUNCTION LIST FIG, 1
**DURING ""OFF'' PERIODS FUNCTION V (MAINTAIN SITE PROFICIENCY) IS ASSUMED TO BE THE REQUIRED SUPPORT FUNCTION.
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TABLE 1V-4
\BILITY NOMINAL OPERATING PARAMETERS FOR MSFN AND SPACECRATT (cont'd)

¢ Single site reliabilis Ovarall relicbility over
hon of over tgho covarage inte vl 'h°(°m%‘i;’i':!°: "i'::‘f)"“'
7le site Required MSFN support functions € S = Sindle T
i - - Single
3o interval One spocacroft D = Du:t Two spacecialt D w Dsqgl sm:- '::Z:,
»* 30’"5 300D a5 304§ 20'mD g5 craft croft
 nate I Determine position of PM A L 999531 99953 | 99953 | ,99953 | .99953 |.999953 | .999953
n spacacraft versus time rnging B (99934 1 ,99934 ].,99934 | ,29934 | .99934 | .99924 ,99934 1 /
. off** {tracking/navigation) doppler C | 99967 | 99957 1.99067 | 99967 | 99967 | .99967 99967 \ i
-1 Eorth angle D 109945 | (09945 99945 | 99945 | 59945 |.99945 | 99945 |\ |
verage) ‘ AL 9ORA | 00984 | 00084 | S0008a T UoYBd 00584 | . 99984 T T
1 Motrai | PM B 1 .95964 { T
aintain volcq communlcation modes, C 199984 - \ ]
with spacecraft VHF o 5956a 7
E | .99984 ‘ 7
B modes | A 1 00083 | 95983 | 00083 | .08984 | 09963 | .00983 55983 1
slow B | .99%13 [ 99912 | 99913 | 09913 | .99913 |.99913 | .99913 7
TLM C | 99945 | 99745 | 99945 | 99945 | 99945 | 99945 | 99945 7
Pl modes | A | 00083 | 09788 1 50983 |~ 99987 | 99983 199983 | .95983 W)
normal B 199913 | 99713 | 00918 | 99913 | 99913 |.09918 | 99513 Vi
11l Moniter spacacraft status TLM C | -99945 | 99945 | 99945 | 99945 | 99945 | .99945 | .99945 '
y "’ M moden || _+oV98T | 09983 |~ 99083 | 99583 | 05985 | 59983 | 69983 T
and systoms ™ B | 99918 | 09913 | ,99913 | 99513 | 99913 | .99913 | 99913 A\
T | 99945 | .09945 | .99945 | .99945 | .99945 | 99945 | .99945 A
T L A_| 99983 | 99983 [",99983 | 90983 | 99983 | 99983 | 99983 T\
lovback B | .99913 | 99913 | .09518 | 99913 | .99913 |.99913 | .59913 1
pley C | ,99945 | .99945 | 99945 | 99945 | .99945 | .09945 | .99945 T
A [ 59960 | 99960 | 09960 | 99960 | 99960 | 99960 | .99960 T
sivp B 199913 ] 99913 .99913 | .99913 | .99913 |.99913 | .95913 T\
C {99945 | 99945 | 99945 | 99945 | .99945 |.99945 | .99945 i {
A | 99938 | 95548 | 99938 | 99948 | 99938 |.99938 | ,99938 | 1
B 99947 (99947 | 99942 | 99942 | 99942 |.99942 | .99942 | | \
IV Send commands /other M C | 99981 | 09981 | .90961 | .99981 | .69981 |.99981 | 59981 | ] T
T tata 10 sooreraft rode D | .99955 | 99955 | .99955 | 99955 | .99955 | .99955 | .99955 || I\
wp pocecra s E 99975 | .99975 | .99975 | .99975 | .99975 | .99975 | .99975 1] {
F | 99945 | 99945 | .99945 | .99945 | 99945 | 99945 | .99945 {
G | ,999421.99942 | 99942 | .99942 | 99942 | 99942 ,95942
ximate | Darerming patision of M A | .99313 | 99313 |.99313 | .99313 | .99313 | 99313 | .999999 | 99997 |
0 . mmhfmm el rging B | .98911 | 96911 | .98911 | .98911 | .98911 | 98911 99987
‘ ('P e et oation] doppler C | 99522 | 99522 | .99522 | 99522 | 99522 [ .99522 ,99598
racking/navlgation angle D[ .99192] 99192 | 99192 | 99192 | 99192 | ,99192 ,99993
' A ] 59880 | 99880 | 99800 | 99880 | .99860 | .99880 ,99959 ¢
It Mo PM B 1599769 | 59769 | .09769 | .99769 | .09769 | .99769 ,59939
dintaln voice communication modes, C 199769 1 .99769 1 .99760 | 99769 | 99769 |.99769 799999
with spacecraft VHF D] -99880 | 99880 | 99880 | 59880 | L6980 | 99880 99999+
E | .99769 | .99769 | .09769 | .99769 | .99769 |.99769 ,99999
PMmodes | A | 09768 | .99768 | .09768 | .99768 | .99768 |.99768 ,99999
slow B | 98717 | .98717 | .98717 | .96717 | .98717 | 98717 .55984
TLM C | .99188 | .99188 | .,99186 | .09188 | .99188 |.,99188 99993
PMmodes | A | .99769 | .99769 | .99769 |..99769 | ,99769 | 99769 299959
1l Menitor sacseraft status normal B | .98717 ] .98717 | .98717 | .98717 | .98717 | 98717 ,99984
] pa TLM C | 99188 | .99188 | .59186 | .99188 | .99188 | .99188 .99993
and systums M rod A | .99769 | .95769 | .99769 | .99760 | ,99769 | 99769 ,99999
Tt’,‘ modes "B | 48717 | .08717 | .98717 | 98717 | .98717 | 98717 .99984
C | .95188 | .69188 | ,99188 | .99188 | .99188 | ,99188 ~99993
_ A | 99769 | 95769 | 09769 | .99769 | 99769 | 99769 ,99999
levback B | 98717 | 98717 | 98717 | 98717 | .98717 | 98717 799984
playbac C 1 .99788 | 99788 | .90188 | .99188 | .09188 | 99188 ,99993
A | 99404 | 99404 | 09404 | .99404 | .99404 | .99404 | 999989 | 99996
slve B | 98717 | .98717 | .98717 | .98717 | .98717 | 08717 | ,999999+ | .99984
C | .59188 | .99188 | .091a8 | .99188 | 99188 |.59188 .99993
A | .99087 | .99087 | .99087 | .99087 | 99087 |.99087 199992
B | ,99151 ] .9915] | .99151 | ,99151 | ,99151 | .99151 .93993
C [ .99 ) 99273 | .99273 | .99273 | .99273 ,9999
IV Send conimands/other PM L'b ‘gqggg Zzgzg '33320 99320 | .99320 | .99320 99995
vy data vo spacecraft modes E 509655 | 09659 | 99652 | 99652 | .99652 | .99652 99995
F | .99188 | .99188 | ,99188 | .99188 | ,99188 | .99188 59999
G | .99151 | .99151 | .99151 | .99151 | (99151 | .99151 199793
T F1G. 1

TE PROFICIENCY) 1S ASSUMED TO BE THE REQU!RED SUPPORT FUNCTION,
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TABLE IV-5
LUNAR LANDING MISSION RELIABILITY NOMINAL OPERATING PARAMETERS FOI’

Singla site
wver the cove

Duration of
Mission Essentlol data/ lo sit . v
phase majo. decisions cov?r'::%:i:\lt:rval Raquired MSFN support functions S - Single
One spacocraff [t - Dual
* ] 308 30D 85!
{C) Trensiunar {o) Abort and Approximate PM Al 95247 | 952447 | 9524
fiight retum 10 1o 14 hrs on | Determine posltion of rmging B | 02645 | L02645 | 9264
10 to 14 hrs off** spacecidft vorsus time doppler € 96708 | .96700 | 9870
{b) Lunat (Earths' Diurnal (tracking/navigation) angle D | .94486 | ,94486 | 9448
orblt Insertion Rotation) A |.98402 | ,98402 | ,9840:
PM B | 98367 | .98%67 | 98361
i} Mui':nain voico; communication modas, €1 98347 108247 | .9634
with spacecroft VHF D [ .08402 | ,9B402 | .9840
E | .98402 | 98402 | .9840:
PM modes A | ,98395 [ .98595 | .9839
slow B[ .91376 1 91376 | .9137
TLM C| 94459 | 94459 | 9445
PM modes A | 98395 | 98595 [ ,9839"
Mo ( nermal B | .91376 | ,91376 | 9137
;“"" spacacraft stotus TLM T | 594459 | 04459 | 9445
ana systems P A 9839
g medes "B 7 [9187
[od ,9445
A ,7839°
TLM
B 2137
playback c d AN NIV
IV Sand commands/other up data A | .93788 | ,93788 | ,9378
to spacecraft (e.g, transmit B 1 .93013 | .93C13 | .9301
navigatlon updates, transmit PM C | .98027 | .98¢27 | .9802
midcourse guidance correction modes | D} 95338 | .95338 | 9533
targeting, tronsmit targeting for E | 97559 | 97559 | ,9755
possible aborts, transmit lunar F | .93695 | ,93695 | .9369
‘ orhit In saetion targeting) G | 93013 | .93013 | .9301
{BY Lonar (a) Lunar orbit a) Approximately PM A | .95247 ] ,95247 | ,9524
orblt determination 1,3 hours on I Detormire position of mging B | .92645 | ,92645 | .9264
0.8 hours off spacecraff varaus fime doppler T 96706 | 56708 | 5670
{b) Lunar module tor CSM {tracking/navigation angle D | ,94486 | ,94486 | .9448
descent & landing A ].98402 | .98402 | ,9840
b) Approximately PM B 1 .,98367 | ,98367 | ,9836
{c) Lunar module 12 to 14 hours Il Maintain volcz; communication modes, C | .98347 | ,98347 | .9834
stay for LAY with spacecraft VHF B[ 98402 | 58402 | 9840
E | ,98402 | .98402 | ,9840
(d) Lunar PM modes A | 98395 | ,98395 | .9839
module ascent slow B | 91376 | .91376 [ .9137
& rendezvous TLM C | .94459 | 94459 | ,9445
PM modes A | 98395 | ,98395 | ,9839
Il Monitor spacecraft status normal B 1 .91376 | .91376 | .9137
and systems TLM C | 94459 | .94459 | 9445
(e.g. verify AGC state vector A TN 19839
following funar orblt insertion) FM modes B S pd ,9137
TV c 5445
) A 9839
TIM
' 2] / 9137
playback T AN KTVY]

Serid commands/other up dota
to spacecraft (e.g. tronsmit
targeting for Junor orbit
Insertion 2nd burn, transmit
navigation updates, transmit
targeting for transearth
injection)

PM

modes

A | .93788

B 1 .93013 | .93013 | .9301
C | .98027 1 98027 [ .9802
D [ .95338 | .95338 | .9533
E | .97559 ]| .97559 | ,9755
F { .93695 { 93695 [ .936
G [ .93013 | .93013 | .930

*AS DEFINED IN THE MSFN SUPPOR'f' FUNCTION LIST FiG.1 ‘
**DURING “OFF" PERIODS FUNCTION V (MAINTAIN SITE PROFICIENCY) IS ASSUMED TO BE THE REQUIRED SUPPORT FUNCTION.
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TABLE IV~-5

LITY NOMINAL OPERATING PARAMETERS FOR MSFN AND

SPACECRATT (cont'd)

Required MSFN support functions

Single site reliability

over the coverage interval

Ovarall relinbility over
the coverage intervol
{multiple sites)

§ - Singlov

5 = Single
vol One spocecraft D = Ducl Two spacecraft D - Dugl 5,?::,. ,m‘;,
] 305 | 30D | 8y 305 | 300-D 85 croft eraft
PM A | 95247 | 95247 | 95247 | 95247 | 95247 | 95247 |.999999 ,99891
) I Determine position of mging B 03645 | 02645 | 02648 | 02645 | 92645 | 92645 |.999995 | .99883
1 e spocecroft versus fime doppler C1 96708 | 96708 | 96708 | 96708 | 96708 | 96708 | .999999+ ,99960
al {tracking/navigation) angle D[ 04488 | 04486 | 04486 | .9A486 | <04486 | 194486 | .599508 759939
A 98402 | 98402 | 98402 | 08402 | ,08402 | 08402 |.9999991 | .99995
, ) PM B (98367 | 08367 | 08367 | 08367 | 98367 | .06367
Il Maintain voice communication modes, C | 08347 | .98347 | .98347 | .98347 | .98347 | .98347
sith spacecraft VHF BT 98407 | 08402 | 98402 | 08402 | 98402 | 98402
BT 08405 | 08400 | 98402 | 98407 | 98402 | 98402 ‘
P modes | A | .96395 | 08395 | .08395 | .08395 | .98395 | 98395 |.099599+ | .09995
slow BT 91378 01376 | 01076 | 91376 | 01376 | 91376 | 999590 799633
TLM C 1 0A480 | 04450 | 9AUsT | oA AEY | 94450 | 94459 | .99999R “X3937
PR modos | A | 08395 | 98305 | 98395 | .06305 | 08395 | 98395 |.999999+ | .99995
notmal B {91376 | 91376 | 91376 | 91376 | .01376 | 91376 | 995990 .99833
I Monitor spacacraft status TLM T 94459 | 04450 | 04450 | 04450 | 04459 | 94459 1999998 | 99937
and systems M mod A ,98395 [\, ,58395 | ,99978 ,98619
TV medes MBI NSO 791876 | 7| 91376 | 99342 .92669
C 94459 ,94459 | ,99744 ,95338
i A N 98395 98395 | 99978 98619
ek B <5187 | 91376 99342 572689
piéyoe C ‘ "94459 94459 | ,99744 .95338
IV Send commands/other up data Al .93788 | 93788 | 93788 | .93788 | .93788 | .93788 | .999997 .99920
to spacecraft (e,g. tronsmit B [ .93013 1 ,93013 | .93013 [ ,93013 | .93013 | ,93013 {,999996 ,99896
novigation updates, transmit PM C 198027 | .98027 | .98027 | .98027 | .98027 | 98027 | .999999+ |  .99993
midcourse guidance corroction | modes D | 95338 | .95338 | 95338 | .95338 | .95338 | .95338 | ,999999 99557
targeting, transmit targeting for E [ 97580 | .77559 | 07559 | 97559 | ,97559 | .97569 | .999999+ | .99989
possible aborts, fransmit lunar F {93695 | 93695 | 293695 | 93695 | 93695 | 93695 | 999999+ | 99917
orbit in saction targeting) 6153073 193013 | 93013 | 93013 | .93073 | 93013 1069994 | 99804
raly v A 155247 | 95347 | 95247 | .05047 | 95247 | ,05247 |.099999 59891
n, | Determine pasition of maing B 92645 | 92645 | 92645 | .97645 | 02645 | 92645 | .999995 ,99833
ff spacecraft versus fime doppler C {96708 | 96708 | ,96708 | .96708 | 06708 | 96708 | .999999+ | .99980
(tracking/navigation) angle D[ 94486 | 94486 | 94486 | 04486 | 94486 | 94486 | 099998 99939
A ] 98402 | 98402 | 08402 | .98402 | ,98402 | 08402 |.999999+ | .99995
toly o PM B | 98347 | 98367 | 08367 | ,98367 | 98367 | .98357
surs | I Maintain volce communication  } 1o g0, C 98347 | 98047 | 98347 | .08347 | .98347 | 98347
with spacecraft VHF D 98402 | 98402 | 98402 | .58403 | .598402 | 98403
E | .58402 | 98402 | 98402 | 98402 | 98402 | 98402 !
PMmodes | A | .98395 | 98395 | 98395 | ,08305 | 08395 | .98395 |.999999+ | .99995
slow BT 97376 | .91376 | .01376 1.01376 | .91376 | 91376 | 099990 99833
TLM C 194459 | 94450 | .94459 | 94459 | .94459 | .94459 | .999998 159937
PMmodes | A 1 .98395 | 98395 | 98395 | 08395 | 96395 | .98395 1.999999+ | 55995
Il Monitor spacecraft status normal B 191376 | 91376 | 91376 | .01376 | 91376 | .91376 | .999990 .99833
and systoms TLM C {94459 | 94459 | 94459 | .94459 | 94459 | 94450 | .999998 199937
(e.g. verify AGC siate vector A ,98395 ' ,98395 1.99978 .98619
following lunar orblt Insertion) F \’f modes B N~ 7 91376 N pd 91376 | 99342 ,92689
T C 94459 V4 94459 | .59744 .95338
" A N "98395 98395 |,99978 98619
T Bl 7 | S 10876 T 7 |~ | .91376 |.99342 92630
playback C -94459 94459 99744 .95388

Send commands/other up data
to spacecraft (e.g. tronsmit
targeting for lunar orbit
insertion 2nd burn, tronsmit
navigation updotes, transmit
targeting for transearth
injection)

PM
modes

Al 93788 | ,93788 | ,93788 | ,93788 | .93788 | .93788 | .999997 .99920
B | ,93013 } ,93013 j ,93013 | .93013 | .93013 | .93013 |.999996 99896
C 1 .98027 ] ,98027 | .98027 | .98027 | .98027 | .98027 | .999999+ .99993
D] .95338 | ,95338 | ,95338 | ,95338 | ,95338 | .95338 [ .999999 99957
E | 97559 | .9755% | .97559 | .97559 | .97559 | .97559 | .999999+ .99989
F 1 .93695 | .93695 | .93695 | ,93695 | .93695 | .93695 |.999999+ 99917
G ] .93013 | ,93013 | .93013 | .93013 ] .93013 | .93013 | .999996 ,99896

FICIENCY) IS ASSUMED TO BE THE REQUIRED SUPPORT FUNCTION,
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TABLE IV-6
LUNAR LANDING MISSION RELIABILITY NOMINAL OPERATING PARAMETERS FOR MSFN

Mission
phose

Essentiol doto/
major decislons

Duration of
single site
coverage interval

Reqiired MSFN support functions

Single site rellability
over the covatage interval

Ona spacecraft D = Dua

§ ~ Single
Two spacacraft

v

Send commands/other
up data to spacecraft

PM

modes

v [ 300ms | 20.D | 85 | 30-s | 30'-
(E) Transearth {a) Transearth Approximate PM A | .95247 | 95247 { 95247
flight injection 1090 14 hrs on | ! Determine position of mlng B 102645 | 92645 | 52645 | \
10 to 14 hrs off** spacecraft versus time doppler [ € 196708 | 06708 | .96708 | \
(b) Earths' (tracking/navigation) angle’ D[ .94486 | 94466 | 04486 |\
atmosphere A | 98402 | 98402 | 98402 \\
entry PM B [.,98367 | 983487 | ,98367 \
Il Mointain volce communication modes, S 198347 198347 | 58347 \
with spacecraft VHF D 98402 | 98402 | .08402 \
E | .98402 | ,98402 | ,98402 \
FM modes A | ,98395 ,98395 | 98395
slow B | ,91376 | 91374 | 91376
TLM C | .94459 | 94459 | 94459 | AN
PM modaes A |.,98395 | ,98395 | 98395 \
Il Menitor spacecraft stotus notmal B 17.91376 [ 91376 | 91376 \
and systems (e.g, verify TLM C | .94459 | .9445% | 54459 T\
AGC state vector following EM mod A 7] ,98395
transearth injoction) TV modes R N e 91376 /
C 94459 /F
A ,98395
TLM X 9176 7
ployback ¢~ 94459
Al ' )
,93013 | ,93013 | ,93013
1Y Send commonds/other up g _320;7 ‘9902:} '320;7 //
data ta spacecraft PM D | 95328 | 05335 | 95338 |/
(0.9, transmit targeting modes E 57559 | 57559 | 57559 | /
for entry carridor control) F 193695 | 93695 |.93695 17
G | 93013 | 93014 © 93013
(F) Entry Approximate I Determine position of spaces | PM A {.,99953 | ,99953  .99953 -
10 winutes eraft versus time (tracking/ | rrging B 1.99934 | .99934 | 99934 | \
r::,'f"'“g fo.g. entry te* | dopplor C 199967 | 59967 | 99967 | \
hoint predletion) o T oF angle D 1.99945 | 99945 | .99945 |\
——— A 1.,99984 | 99984 | .99984 \
PM B \
1l Mointaln voice communication] o jas C N
with spacecraft VHE ! D \
E . \
PM modos | A | 99983 | 99981
slow B | .99913 [ 99911 \
TLM C | .99945 | ,9994Y% j ) \
PM modes A ].,99983 | ,99983 \
normal B |,99913 { 99913 \
i1l Monitor spacecraft status TLM i -Zgggg .gg‘;gg —\X
and systems V s k
Y w modes 550573 | -95913 7
C 1 .99945 | .99945 /
A | 99983 | .,99983 /
TLM B 1.99913 | .99913 /
playback 95945 /

A ].99938 | 99938 | 99938
B ] .99942 | 99942 | 99942 |/
C 199981 | 99981 | .99981 |/
D 17.99955 | .99955 | 99955 | 7/

E {99975 | 99975 1.99975 [ 7

F 199945 | 99945 | .99945 |/

G | .99942 | .99942 | .99942

*AS DEFINED IN THE MSFN SUPPORT FUNCTION LIST FIG, 1

“*DURING "OFF" PERIODS FUNCTION V (MAINTAIN SITE PROFICIENCY) IS ASSUMED TO BE THE REQUIRED SUPPORT FUNCTION.
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TABLE IV~6
IABILITY NOMINAL OPERATING PARAMETERS FOR MSFN AND SPACECRATT (cont'd)

Overall reliability over

tho coverage interva
& coverage Interval (multiple sives)

Sln%lo site reliability
over t

Nt Required MSFN funeti
;:i:':vol eavire support functions 5 - Single 5 = Single One Two

One spacecraft D = Dual Two spacecraft D = Dual space- spaces
[ 300§ | 20D | 85 | 305 | 30'-D | 85" eraft craft
imate PM A | 95247 | 95247 | 95247 999999
dhrson || Determine position of mgling B 92645 | 02645 | 92645 |\ 717599995 |\ T
4 hrs off** spacecralt versus time doppler € 196708 | 96708 | .96708 | \ 7 999999% | | 7
(tracking/navigation) angle’ D 194486 | 94485 | .04486 |\ 71999998 |\ T
A 158407 108402 198400 |\ 7 9959995 |\ T
PM B 198367 | 08387 | «08367 \ 7 1 7
I} Maintaln volce communication modes, e 138347 [ .98347 | 98347 i\ 7 { T
with spacecraft VHE 598402 | ,98402 | .98402 \ 7 7
E | ,98402 | 98402 | ,98402 \ / \ ]
BW modes | A | 98395 | ,98305 | .08395 59959951 1|
slow B 191376 | 91376 | 01376 7 7599990 7
TLM C 104459 | 94457 | L04459 N7 ~999998 7
M modes | A | 98395 | .983%5 | .08395 N7 999999+ | 1]
Il Menitor spacecraft status normal B | 91376 | .91376 | 91376 T\ / 1999990 \/
and systems (e.g. verlfy TLM C | .94459 | 94457 | ,94459 \/ ,999998 \
AGC stato vactor following | oy A ] 98395 A .99978
transearth injection) TV moces ™R N d 91376 /\ 99342
C 94459 7\ 99744
A 198395 7\ 99978
TLM BT 91376 7 59342
playback [~ 54459 ) \ ,99744

A | .93788 | ,9378B | ,93788 / \ .999
B[ ,93013 | .93013 | .93018 7 \ .559996 | | {
IV Send commands/other up C 38027 | 96027 |.98027 |/ \ 2990999+ | | \
data fo spacecraft PM B 195338 | 05338 | 95338 | 7 N 17999959 | ] \
(0.0, transmit targeting modes B | ,975569 | .97550 | 97559 | / \ | .999999+ || {
for entty corridor control) F 193695 | 93695 | .93695 |/ ‘ \ 1999999+
G |.93013 | .93013 | .93013 .999996
ximote | Dstermine position of space- | PM A | .,99953 | ,99953 | 99953 99953
utos eraft versus time (tracking/ | snging B | .99934 | .99934 | .99934 { \ /1.99934 |\
navigation) (e.g. antry 1o+ | 4oppor C 199967 | 99967 | 99967 | \ 7 199967 |\ /
e maration) > 1 | angle B 95945 | 99945 | 99945 |\ VA LY A 1
1 A .99984 | 99984 | 99984 | \ 7195984 |\ [
PM B N A \ /
{1 Maintaln volce communlication modes, C Y 7 \ ]
with spacecraft 1 VHF B \ 7 \ ]
E \ Ji \ I
PM modes | A | 99983 | ,99983 [ .99983 [ \ / 99983 V]
1 slow B 1.99913 | .99913 | .99913 \ .59913 V]
TLM C | .99945 | .9994% | 99945 \ 7 299945 U]
PM modes | A | .99983 | .99983 | .99983 N\ 7 ,99983 ]
nermal B | .99913 | .99913 | .99913 \ 7/ .99912 17
H) Monlitor spacecraft status TLM C ].,99945 | 99945 | ,99945 \Vi 199945 \
and 5y51°m5 FM modes A ,99983 99983 99983 X 99983 X
TV B 1.99918 | .99913 | .99913 7\ 99913 A\
! T | .99945 | .99945 | .99945 7\ ,99945 [
K 159983 | 99983 | .99983 7\ .99983 R
TLM B [.99913 | 99913 |.99913 17 \ .99913 T3
playback o

199945

A 199938 /77938
B 199942 99942 | ]
IV Sond conmands/other | PH 553 e BV I ¥
up data to spacecraft modes E_| 99975 99975 | / \ 199975 |] )
F_[ 99945 99945 | \NIEIZE | \
G | 99942 | 99942 | 99942 99942

LIST FIG, 1 '
IN SITE PROFJCIENCY) IS ASSUMED TO BE THE REQUIRED SUPPORT FUNCTION,
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1.) Launch, Earth Parking Orbit
a) Coverage (Discontinuous)
Minimum number of sites, one, 85 ft or 30 ft antenna
Typical number of sites, two or more in cerfain regions
b) Typical time interval of coverage by one site, 8 minutes

2.) Translunar Injection (TLI)
a) Coverage (Continuous)
Minimum number of sites, two 30 ft antenna dual sites, (one a ship)
Typical number of sites after TLI, one 85 ft site and wing site, three
30 ft antenna dual sites (one a ship)
b) Typical time interval of coverage by one site, TLI approx. 5 minutes,
? hours following TLI

3.) Transposition and Docking, S4-B Separation (T and D)

a) Coverage (Continuous)
Minimum number of sites, one 85 ft antenna site with wing site,
three 30 ft antenna dual sites (one a ship)
Typical number of sites, same as above for about 4 hours after
transposition and docking, then additional coverage available

b) Typical time interval of coverage by one site, T and D approx.
2 hours, 7 hours following T and D

4,) Translunar Flight

a) Coverage (Continuous)
Minimum number of sites; one 85 ft antenna site and wing site, two
30 ft antenna dual sites
Typical number of sites, one 85 ft antenna site and wing site, two
30 ft antenna dual sites, and two 30 ft antenna single sites
Maximum number of sites, two 85 ft antenna sites and wing sites,
two 30 ft antenna dual sites, and six 30 ft antenna single sites

b) Typical time interval of coverage by one site, 12 hours
(Over a 12 hour interval the continuous coverage will be by the
minimum number of sites for approximately 2 hours, the typical
number for approximately 8 hours, and the maximum number for
approximately 2 hours)

Figure 2—-Approximate Summary of MSFN Coverage for a Lunar Mission
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5.) Prior to Lunar Orbit Insertion
a) Coverage (Continuous)
Typical number of sites, one 85 ft antenna site with wing site, three
30 ft antenna dual sites
b) Typical time interval of coverage by one site, 3 to 9 hours prior to
lunar occultation

6.) Lunar Orbit by CSM, Lunar Stay by LM
a) Coverage (Continuous for LM, discontinuous for CSM due to lunar
occultation)
Minimum number of sites, one 85 ft antenna site and wing site, two
30 ft antenna dual sites
Typical number of sites, one 85 ft antenna site and wing site, two
30 ft antenna dual sites and two 30 ft antenna single sites,
Maximum number of sites, two 85 ft antenna sites and wing sites,
two 30 ft antenna dual sites, and six 30 ft antenna single sites
b) Typical time interval of coverage by one site
i) For LM, 12 hours
ii) For CSM, 1.2 hours on, 0.8 hours off due to lunar occultation
(As for the translunar and transearth phases, over a 12 hour
interval the continuous coverage will be by the minimum
number of sites for approximately 2 hours, the typical
number for approximately 8 hours, and the maximum
number for approximately 2 hours)

7.) LM Touchdown on Lunar Surface, LM Ascent and Prior to Rendezvous

a) Coverage (Continuous)
Maximum number of sites, two 85 ft antenna sites and wing sites,
three 30 ft antenna dual sites, two 30 ft antenna single sites

b) Typical time interval of coverage by one site,
Approx. 1 hour during LM descent including lunar touchdown, 10
hours following linar touchdown
Approx. 1 hour foilowing LM ascent to lunar occultation

8.) Prior to Transearth Injection
a) Coverage (Discontinuous)
Typical number of sites, one 85 ft antenna site and wing site, two
30 ft antenna dual sites, and four 30 ft antenna single sites
b) Typical time interval of coverage by one site,
Approx. 1 hour prior to lunar occultation

Figure 2 (continued)—Approximate Summary of MSFN Coverage for a Lunar Mission

24




9.) Transearth Flight
a) Coverage (Continuous)
Same as for translunar flight
b) Time interval of coverage by one site
Same as for translunar flight

10.) Entry
a) Coverage (Discentinuous)
Typical number of sites, one 30 ft antenna site, single or dual
b) Typical time interval of civerage by one site, approx. 5 minutes

Figure 2 (continued)—Approximate Summary of MSFN Coverage for a Lunar Mission
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One Spacecraft
Coverage by:

20 MHz Local

Oscillators
per
Spacecraft

Reference
Loops
per
Spacecraft

Ranging
Systems
per
Spacecraft

TLM
Receivers

per
Spacecraft

Antennas*
per
Spacecraft

PM
Modes

FM
Modes

mos s evion
e o

1 85 ft antenna site
and wing site, 1 30
ft antenna dual site

1 85 ft antenna site
and wing site, 2 30 ft
antenna dual sites, 2
30 ft antenna single
sites

2 85 ft antenna sites
and wing sites, 2 30
ft antenna dual sites,
6 30 ft antenna
single sites

=T

10

18

12

20

36

10

18

12

20

36

12 4

Two Spacecraft
Coverage by:

1 85 ft antenna site
and wing site, 1 30
ft antenna dual site

1 85 ft antenna site
and wing site, 2 30
ft antenna dual sites,
2 30 ft antenna
single sitey

2 85 ft antenna sites
and wing sites,

2 30 ft antenna dual
sites,

6 30 ft antenna
single sites

O~

10

18

10

18

1.5 1

12 2

Figure 3—-Summary Table of Certain Unified S-Band Equipment per Spacecraft
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Moda (PM) |, fi‘ii ',8,? Wn?? 10;‘0?9 50,330 mfn?m 24(3;?00
#2) Carrier, A) 85 ft Antenng \ \ \
PRN Ranging Coolcggj_g_rgnlg_wr_:w N v R AR T
Voice B) 30 It Antenna | | I R ' »
Normal TLM | Coolad Paromp A IR PR N R A
{51.2 kbs) 'C) 30 ft Antanna | - X
Uncooled Paramp| L R A B
#4) Carrier, A) 85 ft Antenna
Voice, Slow Cooled Paramp A A P R .
LM B8) 30 ft Antenna R R o
(1.6 kbs) Cooled Paramp s \ N N . D
C) 30 ft Antenna ‘
Uncooled Paramp| V b b Y A A
79) Carrler, A) 85 ft Antenna ' R
PRN Ranging, | __Cooled Paramp v v S R | N
Slow TLM, B) 30 ft Antenna
(1.6 kbs) Cooled Paramp R A P R N N
C) 30 ft Antenna - S
Unccolad Paramp] v A N LSO R L,
¥5) Carriar, A) 85 ft Antenna
Slow TLM Coolad Paramp v \ v AT v
(1,6 kb) B) 30 ft Antenna ) o
Coolad Paramp \ N " L . v
C) 30 ft Antenna ' : ,
N Uncooled Paramp| Y v v Y h M
77) Carrier, A) 85 ft Antenna )
PRN Ranging| __ Cooled Paramp \ \ v \ \ y
B} 30 ft Antenna 4 ’
Cooled Paramp v i A A ¥ M
C) 30 ft Antenna , ' ,
Uncooled Paramp! v A v v
710) Carrier, A) 85 ft Antenna ) ‘ ,
Back Up Cooled Paramp v v v v Y v
Voice B) 30 ft Antenna
Cooled Paramp v Y \ v M \
C) 30 ft Antenna ,
Uncooled Paramp| % Vo v Y M v
Mode (FM) 7 ‘ ‘
F1) Playback, | A) 85 ft Antenna
Voice, CSM Cooled Puramp y v v v oy \
TLM, B) 30 ft Antenna
Scientific Cooled Paramp v \ * X X X
Data C) 30 ft Antenna A N _
Uncooled Paramp| ¥ v X X X X
7 4) Television | A) 85 ft Antenna b
Cooled Paramp v v v Vo v v
B) 30 ft Antennc
Cooled Paramp v v X X X X
'C) 30 ft Antenna ‘
Uncooled Paramp| v \ X X X X

v - adequate signal margin, mode can be supported
y? - no signal margin, mode degraded but could probably be supporfed
% - mode cunnot be supported

-~

Mezyins are based on a TLM signal te noise ratio for 10~ bit error probability, voiee signal to noise ratio of 10 db for
90% word intelligibility und a PRN ranging signal te noise rotio of 0 db for 1 minute of integration.

Figure 4—Representative Mode Support for the Unified S-Band System with
Adequate Signal Margin for Nominal MSFN and Spacecraft Parameters
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APPENDIX I

This appendix contains histigrams of the total number (over the five mis-
sions status periods) of reported failures and repair times for some of the on
site equipment categories. Included specifically are the Unified S-Band and
642~B computer areas.
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Unified S-Band

Figure Al-1-Equipment Subsystem Cumulative Failures for Missions AS-204, 205, 501, 502, 503
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Unified S-Band

Figure Al-2—Equipment Subsystem Cumulative Failures for Missions AS-204, 205, 501, 502, 503
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Figure Al-3—Equipment Subsystem Cumulative Failures for Missions AS-204, 205, 501, 502, 503
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