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APOLLO 5 MISSION' (AS-204/IM-1) OPERATIONAL TRAJECTORY
| VOLUME T - MISSTON DESCRIFITON

By Edwin G.zDupnick and Velt Hanssen
1.0 SUMMARY AND INTRCDUCTION

This document revises the spacecraft operaticnal trajectory fox
the unmanned Apolle 5 mission (AS-204/IM-1). The operatiocnal trajectory
ig intended to satisfy mission objectives within mission rules and con-
straints (ref. 1, 2, and 3, respectively). It defines the nominal mis-
'sion profile that has been generated based on the spacecraft data pre-
gsented in section 3.0 of this report and revision 1l of the launch vehicle
operational trajectory (ref. h)

The revilsed operational trajectory 1ls similar to the mission profile
defined in reference 5. However, this report reflects the revisions
and modifications to the mission profile that have been issued since
© publication of reference 5. The mission profile incorporates the free-
flight attitude control and powered-flight guldance-steering logic utilized
in the spacecraft onboard program (ref. 6). The data presented for the
ascent-to-orbit prhase and the orbital ccast phase from insertion to
IM/S-IVB separation are based on datae extracted from reference 4.

This report is presented in four volumes. Volume I summarizes the
spacecraft data used iIn the generation of the mission profile and de-
scribes the major mission phases and ‘events, tebular time history of
sallent spacecraft position, velocity, and weight characteristics, and
MSFN .coverage data. -

Volume II of this report contains the tables of the spacecraft
trajectory simuletion and reference coordinate system definitions.

Volume TII presents detalled tracking time histories of radar data
for the land-based MSFN stations and the tracking ships that are cur- -
rently planned to be available for support during this migsion. 1In
addition, AOS/IOS data is provided:

The consumables requirements for the nominal Apollo 5 mission are
glven in Volume IV.
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MSFN L : L Menned Space Flight Network
RCS - - reaction control system
SLA -~ ' "~ spacecraft~IM adapter -

3.0 SUMMARY OF INPUT DATA

3 1 Saturn IB Launch Véhicle

The Saturn IB launch Vehlcle which will be used to 1nsert the
S-IVB/SLA/IM combination into the initisl earth orbit is comprised of
the S-IB and S-IVB stages and is illustrated in figure 1. A brief
launch vehicle weight statement obteained from reference L 1s presented
in teble - I. The characteristics of the insertion state vector are pre-
'sented in table II. o

3.2 Spacecraft {IM-1)

- The Apollc spacecraft whi¢h will be inserted into orbit by the
AS-204 launch vehicle consists of IM-1, a spacecraft IM adapter, and
an aerodynamic shroud. The specifications for these items have been
obtained from reference 6. An outboard profile of IM-1, including the
spacecraft coordinate system definitlon and rotatlion convention, is
presented in figure 2.. The spacecraft data required to support this
opergticnal traJectory rev1sion are presented in the followlng sub~
sectlons. ‘

342 l Weight characteristics.- The 'spacecraft inert structure and
propellant weilght characteristics were obtained from reference 6. These
data are summarized in. table IIT.

3 2.2 Propulsion characterlstics.- The propulsicn characteristics
of the IMRCS were obtained from relerence 7. There are four bagic uses
of the IMRCS: translation, rotation, deadband cperetion, and moment
control. The criteria for IMRCS propellant congsumption for these modes
are discuesed in the followlng paragraphs.

In the Apollo 5 mission, translation maneuvers require four -+X-axls
thrusters. ' The propulsion characteristics of a gingle RCS thruster are
shown in table IV.

For simulation purposes, all ofientation.maneuvers heve been ac-
complished at.a 5—deg/sec‘rate. However, if the resultant meneuver time
is less than 1 second, a maneuver rate of 1 deg/sec wes used Instead.
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For the AS-204/IM-1 mission no control is provided about the spacecraft:
X-axis. Thus, for all attitude meneuvers dictated by guidence (includ-
ing prethrust alignment) the axis ‘of rotation 1s normal to a plene de=:.:

' fined by the present spacecraft X-axls and the desired spacecraft X-axis.
Thus the X-axis travels through the shortest path to attein a desired - .
attitude. The RCS propellant consumption during ungulded attitude
orientation maneuvers was tgken from reference 8.

During all orbital coasts, the IM is maintained within a specified
sngular displacementofrom a desired attigude.' The anguler displacement
mey be either the +5 maximu or the £.3  minimum.deadband. The criteria
for RCS propellant consumption during deadband operations are glven in
table V and are also taken from referemee 8. - = i '

The 'RCS-is also.used.for moment control during gulded descent .
engine and ascent-engine burns. For simulation purposes, one RCS Jet. .-
wag assumed. to be thrusting for appropriate lengths of time in.a posi-
grade direction for moment control. The time rate of propellant utilized
by the RCS during the DPS-1, DPS-2, and APS-2 burns is given in figures 3,
%, and 5, respectively, and is ‘taken from reference 9. - .

3.2,241 Descent propulsion system: 1The4descent propulsion system
characteristics-have been .obtained from veference 6. .. . . .

<o .'The “start sequence for ‘the DPS burn consists of an.8-second RCS - .
ullage maneuver which bégins 7.5 seconds 'before DPS engine~-on gignal-
is seént and terminates, 0.5 second later. -It should be noted. thet when:
en engine-on signal is sent, thrust. does not begin Immediately.  -How= ..
ever, the term ignition will be applied to the time" of engine on, and -
not thrust initiation. Following DPS ignition at the 10 percent throttle
setting (1283-1b thrust), the throttle setting is increased- to the FTP
26 géconds after. ignition. - The DPS buildup and telloff profiles are -
given in figures 6 and 7, respectively, and are taken from reference 6.
Propellant consumption rate as a function of DPS thrust is presented
in figure 8. - . o 0 - SRR S VU ENTE D

_ f§;2;2.2‘Ascentipropulsiohfsystem:f'Thefascent-pfopulsioﬁ éjstem
characteristics were also obtained:from reference 6, L

The start sequence for the APS5-2 burn consists of a 1l3-second RCS -
ullage maneuver. which begins 12.5 seconds before APS ignition and term-.
inates: 0.5 second lateirs . The thrust buildup and tailoff characteristics
are presented in figures 9 and 10, respectively. The APS thrust and.
propellant flow rate sre given in table VI. Plume impingement effects
during the FITH abort test were simulated:by.applyilng an impulse of
TTh?lb/see‘to(the ascent stage. This datum was obtalned from refer-
ence 10. "The sequence of events concerned with the FITH maneuver were-
taken from reference 1l. ‘



3.5 -MSFN Stations

The locations and eapabilities of the MSFN stations that are .
planned to: be available .for support of Apollo 5 mission were obtained
- from refevences 12 and 13, These data are summarized in table VII.

4,0 MISSION DESCRIPTION

4,1 8-IB/S-IVB IM Iaunch Phase

Launch of Apollo 5 1g planned to occur from launch complex 37B of
the Kennedy Space Center. For mission simulations, launch 1s assumed
to occur at 14:00 hours Ge.met. (09:00 hours €.s.t.) on January 16, 1968.

A disdrete events summary of this mission phase, based on refenence L,
is .presented . presented in table VIII.

Insertion into elliptic orblt occurs 608,152 seconds after llft—off.
The vehicle stste vector at insertion is presented in table II.

It should be noted that the data presented for this mission phase
are Included. for completeness only. The official launch vehicle opera-
tional trajectory data are presented in the launch vehicle operational
trajectory (ref. 4).

4.2 S-IVB/SLA/IM Orbital Coast
At S~-IVB GCS the 5-IVB aux111ary propulsion system initiates a

maneuver -to maintain the inertial ettitude of the S- IVB/SLA/IM, The -
launch vehicle time base four (t ) is established by the IU 0.2 second

, : _ , h :
later. S-IVB LOX venting begins 0.2 second after tb and terminates
' . ok
after 40 seconds; IH2 venting starts O.4 second after tb and terminates

‘ L
1260 seconds later. Six seconds after S-IVB/IM orbit insertion, mission
phase 6 is enabled. This phase will be disebled 716 seconds later.

The aerodynamic shroud which covered the IM during the ascent- to-
orbit mission phase is jettisoned at 00:10:43,35 ge.e.t. The aerodynamic

shroud -is sprlngloaded go that separation 1mparts a AV of T-fps to the
shroud. . _



Forty-five seconds after shroud Jettison, the lsunch vehicle sec-
ond stage meneuvers to meintain the spacecraft +X-axis in the local
horizontal plane in the direction of motion and the +Z-axls pointing
‘upward along the local verticel. : This attltude would place a crew on
their backs with heads “into the direction of flight in relation to ‘the
'ground.

Deployment of the SLA occurs at 00:19:58.35 g.e.t. (lO minutes
after/t ) southwest of the Canary Island tracking station. Mission
J-|. -
phase 6 (S-IVB/IM coast) is disabled at 00:22:10.15 g.e.t.

u 3 B IV.B/I.M Separation (
, The S- IVB/LM will begin an inertial attitude-hold to maintain a

. ‘congtent inertial attitude during the separation sequence at 00:50: 05.00,
Some 27 seconds later mission phase T, S-IVB/IM separation, 1s enabled.

- Four minutes 22 seconds after the S-IVB begins holding inertial attitude,
four IMRCS thrusters are ignited to provide +X-axis translation. Five
‘seconds after RCS ignition, the straps holding the IM in the SLA are
mechanically severed, and the IM begins withdrewal from the SLA. Five
seconds’ after the restraining straps are severed, RCS thrusting is-
terminated. - Then, following & 5-second coast, the four +X-axls RCS: .
thrusters are reignited for an additional S-second buim. Missilon phase T
1s then disabled at RCS shutdown. S '

4.4 Orbital Coast to DPS~1

Twenty ‘seconds after completion of separation, mission phase 8 .
(DPS cold sosk) ig enabled. This 150-second mission phase orients the
spacecraft to an inertial attitude calculated by the IM.  The IM main-
tains this inertial attitude in the maximum degdband mode for the dura-
tion of the subsequent two revolution coasts until 03:55:08.50 g.e.t.
when mlssion phase 9, DPS 1 burn, is enabled.

L5 DPS 1

A 20-gecond coast is initiated after migsion phase enable during
which the time of DPS" 1gn1tlon and-initial thrust attitude are auto-
metically caleulated by the IM. This ettitude maneuver is performed
in order to minimize the attitude trensients at the DPS-1 initiation. .-
Four +X-axis RCS thrusters are ignited 7.5 seconds prior te the calculated
DPS ignition time (about 262 seconds after mission phase ensble) to
provide ullege settling. RCS thrusting is then terminated C.5 second



after the DES engine is commended on.. Unlike the upcoming DPS-2 burn,
steering begins when the DPS englne is turned on. The DPS throttle
setting is increased to the FTP, 26 seconds after ignition from the

- dnitial 10 percent throttle setting. Guidance cutoff occurs approxl-
mately 12 seconds after reaching full throttle.

The "Hohmann descent" guldance technique is used to control the
spacecraft attitude to achieve the desired velocity following DPS-1
(ref lh) This guldance technique exhibits the following characteristics:-

1. Burnout at a O inertial flight-path angle establlishing & new
line of apsides.

. 2. Burnout at a velocity such that a desired radiusomagnitude is
achieved after free flight through a central angle of 180 .

- Following DPS thrust talloff mission phase 9 1s disabled sat
0L:00:16.10 g.e.ts . The resulting ellipse is 115 and 179 n. mi. (perigee
‘ < T

and apogee altitude ) e /=5

4.6 Orbital Comst to DPS-2

Following DPS-l; the IM begins an orbital coast to DPS-2, The
spacecraft -inertial. attitude at the end of DPS-1 is maintained in the
maximum deadband mode during this coast of approximately 33 minutes.

.7 DPS-E/FI‘I’H/APS 1

L. 7 l Second DPS burn.- Mission phase 11 (DPS-E/FITH/APS 1) is
enabled at 04:33:00.5 g.e.t. During the following 25-gecond coast,
the IM is using the engine-cn algorithm and powered landing guidance
to compute an ignition time and Initiate thrust direction. This at-
titude meneuver is performed in order to minimize the attitude transients
at DPS-2 initiastion. Approximately 220 seconds after mission phase
enable, an 8-gecond RCS +X-axis trenslation maneuver is initiated to
provide ullage settling which terminestes 0.5 second after DPS ignition. -

The DPS-2 thrust profile represents the profile expected for lunar
landing, which consists of five phases: start sequence, braking, high
gate, visibility, and the random throttling sequence. This is provided
by. the powered landing guidance (ref. 1) which controls thrust vector
magnitude and direction. This guidance philosophy utllizes multiple
target phases and target parameter sets. These target parameter sets
are defined in inertial space by specification of a unitonormal to &
plane to be achieved at cutoff. This plane forms a 15.5° angle with



respect to the, initilal orbit plene and the line of intersection is -
sbout 2% away from the radius at DPS-2 ignition. As noted previously,
the spacecraft meintains a constant inertial attitude: during the DPS-2.
start sequence and guidance steering is hot initiated until the throttle
is set to the FTP.

The random throttling sequence, the FITH sbort test and the first

APS burn are performed in an attitude-hold mode with the ‘thrust vector.
“normal to the target orbit plenes The random throttling phase has
throttle settings lasting 10 seconds each at 10, 50, 30, 4O, and 20 per-
- cent thrust levels. The throttle position will then be increased to
meximum throttle in preparaticn for the FITH. The DPS-2 duration is
12 minutes 34 seconds. The majority of the T000-fps AV 1s directed
out of the orbit plane in order to optimize ground coverage of APS-2.
The orbit resulting from DPS-2 has & predicted perigee altitude of

165 n. mi.: and an apogee altltude of 172 n. mi.
—— — ‘
h Te2: FITH{APS lo- The FITH abort test is initiated immediately

upon completion of the DP8-2 random throttling with almost simultaneous

DPS shutdown, IM staging, and APS ignition. Upon detection of the abort
stage sequence initiate signal, the DPS englne is commanded off. A

time delay of O.LUT second. is used to allow the DPS englne thrust to .

decay toc a level that will allow separation. At this time, physical
separation tekes place and the descent stage is Jettisoned. A

0.21-second coast takes place before the APS is commended on (ref. 11),

For *this simulation; 774 1b/sec of impulse were spplled to the ascent
" gstage during the sbort .test to simulate plume impingement effects.

The APS engine 1s- commanded off 5 seconds later., Mission phase 1l 1s
disabled 0.3 second later after APS tailoff et L:h9:28.76. At APS .
burn shutdown, the resulting orbit is 167 by 177 n. mi. Specific events )
during the DPS- E/E‘ITH/APS 1 sequence are. illustrated in figure 11.

4 8 Orbital Coast to APB-2

Following the APS-1 shutdown, the LM beging an orbital coast to
DPS-2, The -inertial attitude of the spacecraft at the end of APS-1 is
. malntained in the maximum deadband mode during this coast of approxi-
mately 1 hour 23 minutes.

b

u9APs-e o

Following acquisition by the Coastal Sentry Quebec during the ‘
fourth revolution, mission phase 13 1s enabled at 06:12:2%,2% geeets
A 20~seécond coast 1s then initiated, during which an iniltial thrust
direction is calculated to minimize attitude gtert transients at the
beginning of APS-2. An attitude maneuver is then performed to orlent



the IM to. this altitude. The RCS +X-axis thrusters are ignited for
lBJSeconds‘to provide ullage settling 157.5 seconds after mission phase
enable. The APS-2 engine-on command is sent 12.5 seconds after RCS
1gnition 1ls initiated. :

The ascent guidance logic (ref. lh) is used to control the space=
craft attitude during this powered maneuver. The ascent guldance
gsimulates a lunar ascent trajectory by satisfying two requirements:

1. The spacecraft must reach a specific position in spacet'

2. This spatial position vector must be reached at a specified
time . ‘ o '

‘ Spacecraft radiug’ magnltude, velocity vector, and flight-path

- angle at predicted cutoff are determined by the ascent guidance to con-
firm that the intercept requirements are achieved, Nine seconds after
APS burn initietion, an RCS intercomnect test is initiated to determine
the operation of RCS using propellants fed from the APS tenks. This
test is terminated’ 5h2 seconds after APS ignition. It should be noted
" that only the RCS ig used for ascent stage attitude control and stabil-
izatlon during this burn. :

This burn is specifically targeted so that the APS fuel avallable
for impulse will be depleted prior to-the time of guldance commanded
~ shutdown, some 60 seconds away. Also, the ingtantaneous perigee elti-
tude will not drop below 149 n. mi. to provide for alternate mission
capabilities in case of premature APS shutdown. As for DPS-2, the
.majority of the AV expended during the 438-second APS-2 (about 6800 fps)
‘is directed out of the orbital plane.

'4.10 Post-APS-2 RCS Tests

The Apollo 5 mission is essentially complete at this'time;-however;
additional spacecraft tests are scheduled. Only tests that affected
the trajectory_(namely, BCS tests) were incorporated in this simulation.

, A1l the RCS tests will utlllze only two +X-axis thrusters except
the fifth test which will use four +X-thrusters. The RCS will also be
“used to prov1de attitude control during powered flight (ref. 8).

Follow1ng acqu1s1t10n by the Rose Knot Victor during the sixth
revolution, the IM will be oriented so that the thrust axis is in the
orbilt plane and gbout 45 above the local horizontal in preparation for
the first RCS burn test. This L-minute lh-second burn 1s designed to
deplete the RCS propellant available for impulse in tankage system B
and verify the RCS thrusters under a long-duration burn.
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After RCS shutdown, the wvehicle then maintains inertial attitude
Jin the minimum deadband mode - until acquisition by Texas. The IM will
then :be commanded to an orientation such thet the thrust vector is
normal to the orbit plane and in the local horizontal for the second RCS
. burn test. This L5-second RCS burn is to investigate the effects of

"helium ingestion into the RCS propellants on RCS thruster and DAP
operation.,‘, : , ‘ a

 After RCS shutdown, the vehicle maintains inertial attitide in the
minimum deadband until scquisition again by Texas late in the seventh
revolution. Another RCS helium ingestion test (third RCS test) will
then be performed for 45 seconds in the same lnertlal attitude as the
previous test. The spacecraft will then coast for 180 seconds and the
RCS thrusters reignited for 10 seconds. This fourth RCS burn test will
investigate RCS thruster operation after maximum soak back from previous
.thruster operatiocn. This test should be conducted within 180 seconds
- -gfter previous thruster operation of greater than l5 seconds.'

The IM will then coast until acquisition by Hawaii in revolution 8.
An erroneous. ascent stage weight will then be updated to the IM. and
“four RCS thrusters ignited to deplete tankage system A. . This 50~ second
burn will verify the response of IGC attitude control with en erroneous
vehicle weight in IGC memory. - It will also determine the RCS useage
»for attitude control under these conditions. -

a All RCS tests will utilize only two +X-axis thrusters except the
fifth test which Wlll use four fX-thrusters. - _

.. . This concludes the planned powered flight maneuver tests for 1*f
Apollo 5. An additional revolution has been added after the fifth RCS
test to provide data for planning any additional spacecraft testing.

Table IX presents a_detailed‘summary according to mission event,

ground elapsed time, position, wvelocity, total spacecraft weight, DPS
- or APS and RCS propellant consumed, AV, and slgnificant.orbital param-
eters. The RCS propellant consumption reflects that used in reference 8.
. Table X presents a summary of MSFN coverage during the mission for a.
minimum elevation angle of 5 and a maximum slant range of 750 n. mi.
Table XI. presents the same data for o° and. 32 000 n. mi. Figure 12
presents the ground tracks for the nominal mission. Table XIT presents
+the computed matrix necessary to transform vectors from the IMU ‘gsystem
to the Greenwich ECI system, It also containg the matrix REFSMMAT,
which transforms vectors from-the IMU. system to the spacecraft Bessellan
EEI system. Table XITIT contains the. targets generated and utllized by
-.the Lunar Lending Branch to simulate the nominal mission. ‘
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"TABLE T.- SATURN IB WEIGHT STATEMENT

Spacecraft®, 1b . . . v v 4 0 v
Instrument unit, 1b . . . . . .
8-IVB stage dry, 1b « « . « .+ &

8-IVB residuals, 1b . .
Useable reserve propellants
(ineluding FPR), 1b .

Injection weight, 1b. . . . . .

J=2 thrust decay propellants and LOX venting,
1be v v e . e e e e s e e s

S-IVB cutoff weight, 1b .

S~IVB propellant consumed, 1b . . . . + .
S-IVB APS propellant consumed, 1b . . ..
Ullage cases, 1b. . . « « « « ¢« &+ « s &

S-TVB "90 percent thrust” weight, 1b.

8- IVB GH2 start tank, 1lb. . . . . o
S-IVB buildup propellant consumed lb .
Ullage propellant consumed, 1b.

8-IVB detonation package, lb.

S-IVB stage weight at separation, 1b.

8-IVB aft frame hardware, 1b. . . . . .

S-IB/S~IVB interstage, 1b . . . . .

S-IB dry weight (1nclud1ng re81dual and
reserves), 1b . . . . e e e e e e

S-IVB frost consumed, lb e e

8-IB frost consumed, 1b .

S-IB seal purge, fuel additive and lubrlcants
consumed, 1b. . .« .

Thrusgt decay propellants consumed 1b . .

S-IB mainstage propellant consumed, 1b. . .

Vehicle lift-off weight, 1b . . . . .

a5LA closed with ring, 1b . . + . .
0 R ) T T
Wose cap, 1b . . . .

Total, 1b. . . .

36

23
2

3

22k

96

880 338

5

31

3hp

b 600

ho
450

386

2k

976

215

390
176

31
654

160

100

000

THT
796

950
325

1 067

TO 205

70 LL6

295 643

296 218

1 285 ohk

36 3k2



TABLE II.= APOLLC 5 INSERTION:CHARACTERISTICS

[orpital Tnsertion - Guidance. Cutoff Signal +.10.2 sec]

TIME, SEC ¢ s o o o o o o si s v s o o 4 a4 W . 608:152
RAQIUE, T. ¥ v o o o e v e e e e e e e e e e . 2L k2 116
CALtItude®, Pt . . . 2 e e s e e e w4 . . 516 39k

Tnertial velocity, fPS« « o « o w o o « « » o « 25 684.38

:i;éftial flightfpgth'angle, deg . . e ‘ 0.008 .
Inertial aiimuth; aeg frdm‘true.noféh . Q:,‘; ;. ;l-785;913'
- .Geodetic ldfi%udé; deginorﬁh..{éA . . ; . , ._}.: | ?1.567
Longitude, deg west . « + v « o ¢ o ... f . 61.480:
Inclinatioﬁ;-deg. . . ; . . .:. .F;:.'. . r-.'. o 31.614
 Perigee alfifudea, n. mi. L’€_7j.l... '.7,'.'.' ‘_ 8%.978
Apogee altifgdea, A. Mie @ v 0 v e e e e e .119.557
Eccentricity, ﬁ.d. : ; ;ﬁ; ;;L'; . ._;;. ;';’. .i 0.00&9

Semimajor AXis, Fhe « « « ¢ o o o o o e s w o 20 SWT IW5

True anomaly, deg + « ¢ «. .+ . e e ieie e e .,;' - 1L.60 .. -
Period, Min « « + « + « o i+ v . oo . o 88.28

8Referenced tofan earth radius of. 3443.9308 n. mi.
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- TABLE IIT.- IM~) MASS PROPERTIES

‘ . Possible
Ttem - Component weight, | Design weight, | variation,
) 1b 1b 1b -
Ascent - 4599 £50
Loaded APA propellants
Unusable tanked® . 124
Minimum usable 5056

Total 5180 +25

Loaded RCS propellants
Unusable tanked® Th.
Minimum usable 539. '

Total 61k ,2 +3
Descent Stage - 3260 +50
Loaded DPS propellants

Unusable tanked® 363
Minimum usable 17 605

Total 17 968 +90

Total® 31 621.2 o5 |

aTpeludes system variables, residuals in tanks, engine and valve
operation, and contingency.

bIncludes‘expulsion,efficiency, oxidizer/fuel‘ratio variation,

and loading variation. {from ref. 8).

Cprior to S-IVB/IM separation.



NETR

TABLE IV.- RCS THRUSTER PROPULSION CHARACTERISTICS

Thrust, | Specific impulse, | Propellant flow

A o gec ~opate, 1b/sec

100.0 | . erets |7 0.36T

TABLE V.- RCS DEADBAND USAGE

Deadband Mode " Rate, 1b/hr

Mindnfim’ L.86
Maximum Lo N 0.5

" TABLE VI.— APS CHARACTERISTICS

Thrust, Specific impulse, Pfopéilaﬁt flow
Abr o oeesee ool 0 rate, 1b/sec -

3493. s05.97% | - 11.116




TABLE VII.- LOCATIONS OF APOLLO 5 MSFN STATIONS

Geodetic
Call latitude, Longitude, Altitude,
Station |1 letters deg deg ft

Merritt Island (C-band) VLA 28,4248 -80.66L4 39.370
Grand Bahama GBI 26.6363 -78.2677 39.370
Bermuda (C-band) BDA 32,3481 64,6538 1 s59.055
Grand Canary - CYI - 27.7632 -15.6348 131.233
Antigua ANT : 17.1440 -16.7928 190.288
Ascension . ASC - T7.9727 -14.%016 %69.159
Pretoria PRE -25.9437 28,3584 533Lk.628
Hawaii HAW 22.1220 -159.6653 3740.145
Guam GWM 13.3092 1hk,734h 416.665
Goldstone GDS 35.3416 -116.8732 3166.000
White Sands WHS 32.3582 ~106.369 Lek1.981
Texas - , TEX 27.6537 -97.378k 32.808
Tananarive TAN ~19.0007 17,3150 51.000
Carnarvon CRO ~24,897L 113.7160 190.288
"Pt. Arguello CAL _ 34.5829 -120.561 2119.416
Guaymas GYM 27.9632. -110.720 62.336
Coastal Sentry Quebec £sQ -27.0000 96.0000 72.178
Rose Knot Victor RKV 31.0000 -124.000 | 65.61T
Watertown ' -~ WIN 30.0000 ~138.000 T70.000
Patrick AFB PAT 28.2265 -80.599 ho.212

¢t




TABLE VII.- LOCATIONS OF APOLLO 5 MSFN STATIONS - Concluded

: Geodetic o .
Call latitude, Longitude, Altitude,

Station letters “deg deg i
Grand Canary cYI 27.7L00 ~15.6030 169.850
Redstone RED 28.0000 -41.0000 32,808
Merritt Island (S-band) MIL - 28.5082 -80.693k 32.808
Bermuda- (S-band) ‘BDA 32.3512 68.897

-6l 6561

oT
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PARLE VIIT.- AS-20h/IM-1 LAUNCH VEHICIE OPERATIONAL FLIGHT TRAJECTORY
' ) Space-fixed
Flight Altitude,| Velocity, ] flight-path “Azimath, Geodetic Longitude,
Event time, second n. mi. ps angle, deg deg i latitude, deg deg
Guidance reference . '

release -5.0 0.02 1341.63 0.000 90.00 28.53 -80.56
First motion 0.0 0.02 1341.63 0.000 90.00 28.53 -‘80.56'
- Maximum dynemic pressure L 6.66 2445.99 +32,146 83.L0 . 28.54 -80.53
Tilt arrest 133.2 | 28.11 6863.06 | +28.715 76.07 28.66 -80.11
- Inboard engine cutoff 139.1 31.76 7578.43 +27.846 75.71 28.69 -80.03
Outboard engine‘cutofi" 1k2.1 33.52 TT7i.51 | +27.39L 75.6U 28.70 -79.98

'5-TB/S-TVB physical - '
separation 3143.5 3L.33 T77k.20 +27.146 TS.64 - 28.71 -79.95
J-2 Engine start command 1hk.8 35.10 7756.38 +26.898 75.66 28.71 -79.93
Ullage case jettison 155.4 41,02 T7789.68 425,010 75.68 28.76 -79.76
Initiate IGM 159.3 43.07 7831.61 +2k, 369 75-67 28.78 -79.69
EMR shift sensed by IGM 475.8 95.5T |17 990.22 -1.465 81.53 30.73 -65.88
Guidance cutoff signal 598.2 88.12 25 661.01 - =0.00k 85.71 31.52 -62.2h.
Orbit insertion 608.2 88.13 |5 68L.33 0.008 86.13 31.57 —61.48

LT



TABLE [X.- MAJOR MISSION EVENTS

L focation Inertial velocity vector Propellant used
Geodetic Flightpath Total Apogee/ True
Event Rev. Time Latitude, Longitude, Altitude, Velocity, angle, Azimuth, weight DPS/APS| RCS, AV perigee, Anomaly,
No. hr:min:sec deg deg n,mi, fps deg deg b Ib 15 ft/sec i, deg

S-IVB orb. insertion - maintain cut 1.05(00:10:10.15] 31.58 -61.33 88,12 25684.550 | .019 86.21 *70488.92 1.18 123/88 1.79
off inert, att, - cont, venting
Enable mission phase six ($-IVB/ 00:10:14.15] 31,59 -61.02 | . 88,13 25684.994. §.,020 . 86.38 70464.76 |. . 1.92 . . -2.08-
LM coast) : e i . i
Terminate S-IVB vox venting 1.06]00:10:38.550 31,69 -59.16 88.17 | 25687.639 ] .027 87.40 70317,39 4,92 3.79
-Jettison nosecap ) " -|00:10:43.35 31.70 -58.80 88.18 | 25687.578| .028 87.61. | 69250.38 4.10
Initfate pitch maneuver to align - 1.07|00:11:28.35] 321.78" -55.36 '88.29 25686,842 | .037 89,51 7.03
longitudinal axis with local ~ ~ o T : - . : o '
horizontal plane : BT X E . -
Terminate pitch maneuver - maintain 1.08100:12:04.46] 31,77 =520 88.40 25686.040 | .044 91.04 9.38
local attitudes : R ) C- . : ; e EEECR .
Deploy SLA panels 1.17(00:19:58.35} - 25.84 - -18.00. 91.60 25658.976 | .137 109.11. 38,21
Disable mission phase six |1.20)00:22:10.15] 22.58: - 9,32 93.06 _25646.5"45 162 112.89 45,32
Teminate 5~1VB LH2 venting 11.28]00:30:58.75 5.59, 21.48 101.15 | 25582.010 | .246 12121 73.31
S~IVB/LM begin nettial attitude 1.4700:50:05.00] -29,01 89.21 119,73 | 25458.194 { .097 103253 164.52
fiold for separation -, . Co . : - b o o
Enable mission phase seven (S-1VB/ 1.48100:50:32.49] -29.43 91.16 119,91 25457,139 | 086 102.53 166.64
LM separation) . h : T
RCS ignition with S-IVB attached 1.52{00:54:27.49] -31 .63 108,38 120,61 |: 25453.588 '|-.006 93.24 183,9
Sever restraining straps - extract 1.53100:54:32.49] -31.65 | 208.76 | 120,61 | 25454.461 |-,008 93.04 | §5232.04 734 0.93 184.24
LM from SLA. ) : . o ' - ) : ) o
RCS shutdown 00:54:37.49] -31.67 109.13 120.60 25456.381 1-.008 92.83 31599,32 2.97 184.41
RCS igition 00:54:42.49] 31.68 | 109.50 | 120.60 | 25456.417 {-.010 92.63 : 14.68 o 184.77
RCS shutdown - set dap at maximum 00:54:47.49) -31.70 109.88 120.60 25458.,334 |-.011 92,42 31588.80 7.34 2.04 184.94
deadband—disable mission phase seven . . 218
Enable mission phase eight (estabh. 00:55:07.49| -31.74 111.38 120.58 25458.524 {-.018 91.59. +.31582.70 . 186.38
cold scak att.) ) 6.10
Disable mission phase eight - set 1.5600:57:37.49| -31.47 122,60 120,05 25462,084 |-.076 85.38 31582.70 ! 197.27
dap at maximum deadband ST

%X 17968 Ib DPS propellant, 614 b RCS propellant,

8T
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" TABLE IX ,-MAJOR MISSION EVENTS - Continued
LM location Inertial velocity vector Propellant used
Geodetic . Flightpath - Total Apogee/ True
Event Rev, Time Latitude, Longitude, Altitade, Velocity, angle, Azimuth, weight, |DPS/APS| RCS, AV perigee, Anomaly,
No, hr:min:sec deg deg n,mi, fps deg deg b . b ib ft/sec n.mi, deg

Enable mission phase nine, (first 3.45| 03:55:08.50( -31 .02 82.32 119.24 25466,1981 -.093 82.72 31574.68 1,60 200.48
DP$ burn) 6.42
RCS ignition 3.51]03:59:30.00] -26,96 101.99 116,41 25483,941 -.183 72.56 31574.68 . 120/95 222.61
First DPS ignition - execute 03:59:37.50( -26 .81 192.50 116.31 | 25487.387]-.182 72,32 31563.67 225,23
guidance commands - begin thrust
buift up
RCS shutdown 03:59:38.00| 26,80 102,54 1 116.20 |25487.617]-.182 72.30 31562,94 11.74| 326 225.42
Terminate thrust built up 03:39:40.20] -26.75 102.69 116.27 25488,967 | -.18} 72,23 31558.14 4,79 1,43 226.51
Guidance commanded shutdawn - 3.52| 04:00:15.50] -25,99 105,08 115,88 25628.825| -.050 71.12 21069.45 | 485.03| 2.67 | 152.86 0.07.
begin DPS tail off
Disable mission phase nine - 04:00:16.10}f -25,98 105,12 115.88 | 25630.637|-.044 71.10 31065,51 4.64 1.11 | 179/11% 0,31
set dap to maximum deadband / . 0 30
Enable mission phase eleven 3.84]|04:33:00.30| 30.64 ~138.35 164,15 25290.918} 371 81,18 31059.21 ] ’ 127.85
({second DPS/fith/first APS bum) 6.30 E
RCS ignition 3.88|04:36:40.70) 31.77 -122.31 169,27 25253,884| .264 89.99 31048.20 ) 1747119 143,08
Second DPS ignition 3.89]04:36:48.20] 31.77 -121.76 169.41 25252 .960] .261 - 90,29 31047.47 143,57
RCS shutdowrt 04:36:48.70] 31.77 -121,72 169.42 25252,900} .260 90,31 31042.67 11,74 3.32 143.60
Terminate thrust built up 04:36:50.90| 31,77 -121.56 169.46 25252.6411 .259 90,39 30938.96 8.44 28.50 1.46 143.75
Begin preprogrammed random 4,03|04:48:30.74{ 27,32 - 71.47 167.73 25358.025] -.076 101,12 15065.81 |15948,35 ) 6998.89 180/166 329,50
throttling = set throttfe to 10
percent 1.47
Set throttle to 50 percent 04:48:40.74] 27.19 - 70,78 167.67 25357.674 | -.071 101,40 15020.78 {15991.91 0.73 702717 ' 329.48
Set throttle to 30 percent 04:48:50.84] 27.06 - 70.10 167.62 25355,460 | -,050 101,47 15017.91 [16167.50 '7 7140.14 327.73
Set throttle to 40 percent 04:49:00.74] 26.93 -~ 69,41 167,56 25354.306 { -.038 101.64 14738.27 |16272.95 0.76 7208.71 326,92
Set throttle to 20 percent 04:49:10.74] 26.79 - 68,73 167.51 25352 ,839 | -.022 101.71 14597.79 j16413.49 7300.30 325.73
Set throttle to maximum 04:49:20.74] 26.65 - 68.04 167.47 | 25352.157 { -.013 101.99 14527,04 [16484.18 7346 .44 352,47
Initiate fire in the hole - abort test 4,04104:49:22.74] 26.63 - 67.91 167.46 25351,555 1 -.006 i01.95 14461.78 (16549.44 7390.19 324.93
Jettison descent stage 04:49:23.19{ 26.62 - 67.88 167.45 25351.498 | -,005 101.97 14457,19 {16554.01 7393.,22 324,90
First APS ignition - begin thrust 04:49:23.46( 26,62 - 67.86 167.45 25351.498 |-,005 | 101,97 *10288.46 324,91
built up

0.59
Terminate APS thrust built up 04:49:23.86] 26.61 - 67.83 167.45 25350.241 | -.000 101.97 10286.42 1.45 2.37 325.94

* 5180 1b APS propeliant

6T



TABLE IX,- MAJCR MISS10N' EVENTS - Concluded

LM location Inertial velocity vector Propellant used ~
Lo Geodetic . Flightpath Total |~ . ' Apogee/ True
Event Rev. Time Latitude, Longitude, Altitude, |~ Velocity, angle, Azimuth, " weight, |DPS/APS] RCS, .. AV perigee, Anomaly,
- No. hr:min:sec deg - .deg cnmi. fps deg deg th lb Ib  ft/sec. n.mi, deg
Command APS shutdown ~ begin thrust 04:49:28.46 26,55 - 67.32 167.43 25351.0421 .006 102.01 - 10232.59 52.15 1.68 51,92 333,98
tailoff - F . . . o
Terminate APS taiioff - disable phase 04:49:28.76 | -26.54 - 67.50 167.43 25351.065( ..006 102,01 10231.51 0.97| 1,03 177/167° 334,21
eleven - set dap to maximum deadband ' . 2.90 ’
Enable mission phase thitteen 4,88 | 06:12:23.23 | 28.69 -123,04 168,56 | 25355.774| .023 85.76 . 10228.61 ’ 317.82
{second APS harn) : . ' o 1.20 '
RCS ignition 4,91 }06:15:00.70 28.94 -111,82 168.33. | 25353353 [ .017 91,91 -10227.41 : 177/167 321,81
Second APS ignition - begin thrust - 4,92 06:15:13.23 28.91 -110.92 168.31 25353.353( 017 91.91 . 320,74
- bild up - command guidance -] . , )
execution _ i .
‘Tetminate APS built up 06:15:13.63 28.91 -110.50 168.31 | 25353.219| ,017 91.92 1,40 : 320.56
RCS shutdown . = 06:15:13.73 | 28,91 -110.89 168.31 | 25353.213} .017 91.92 10204.42 | 19.09 15.98 320,37
APS shutdown on APS fuel de- 5.00 | 06:22:31.17 | 27.36 - 80.04 170.01 | 25803.00 |-.147 92.41 5191 .42) 5000.,03) 15.47 | 6723.65|456/170 356,42
. pletion .~ set dap to maximum . . ’
 deadband : . ) ’ 25.00 -
Orient for first RCS test 6,40 | 08:52:24.58 |-23.96 87,53 425.52 | 23987.172 -.655 77.12¢ 5166 ._42 - 0.80 450/175 . 200,06
. First.RCS burn test - deplete 6.46 | 08:52:44,016.] -23.68 ~ - 88.66 424,51 | 23992.824| -.697 76.63. 5165.62| Cr ' 201.23
system B ] E .
" RCS shutdown - set dap to 6.50 | 08:56:58.81 {-18.77 104.21 411.61 24265,618 | -,497 70.80 4977.80, 185.32 320.50(440/308. 213.03
minimum deadband _ . 7.00 .
Orient for second RCS test 6,98 109:46:20.40 18,09 | - 86.39 313,97 25059,061; .458 110.11 4970.80 0.80 447/302 | - 31L.46
Second RCS bum test 6.98 09:46:39:99 17.64 - 85.27 314.59 25054,534( 477 110,51 4970,00 ) 32.60
RCS shutdown - set dap to 6.99 | 09:47:23.859 | 16,62 - 82.78 316.07 | 25053.581) .525° 111.22 4937.00 33.00 57.00] 453/302 33.90
minimum deadband - . 21.40
Third RCS burn test 7.94 [11:27:39.00 13.46 ~100.65 320.57 25025.394) .624- 113.11 4915.60 | 4537302 40,72
RCS shutdown - set dap to 7.95111:28:23.96 12,30 ' | - 98.21 322,52 25021.084{ .674 113.64 4882.60 33.00 59.06| 459/303 - 2,01
minkmom deadband ' ' ' 0.15 ‘ ‘
Fourth RCS burn test 7.97 111:31:23.96 7.46 ~ 88.67 331.44. | 24955.668] .837 115.71 4882.45| o 4597304 " 2.51
RCS shutdown - set dap to 7.97|11:31:33.70 7.19 -'88.16 331,97 24953.718 | .847 | 115.76 4875,30 7.15 12.85|) 460/303 2.78
minimum deadband J ' ’ : : 17.86 !
Orient for fifth RCS test 8.72]12:52:11.00 26.96 -175.95 308.01 25106,192 | -.331 91,38 4857.44 0.40 458/302 349,22
Fifth RCS burn test §.7212:52:18.10 26,92 -175.48 307.92 25107.286 | -.323 21.61 4857,04 : 349.65
RCS shutdown - set dap to 8.73 | 12:52:58.5% 26,72 -172.80 307.44 25131.819} ~.271 92,67 4797.60 59.44 107.98] 470/303 353.25
minimum deadhand

oe



‘TABLE X.- RADAR ACQUISITION DATA FOR A MINIMUM ELEVATION OF 50 AND A MAXTMUM SLANT RANGE OF 750 N. MI.

STATION ' REV ACQUISITION ‘ . LOSS ELAPSED TIME MAaX ELEV ACQ RANGE MIN RANGE

NAME NO. D H M _S D H M S M S DEGREES N. MIo N Mls
BDA C . RTVC 1 [ I I S I ) 2.0 11 4l i 35 . 25.9 - 538, - 192,
BDA S RTVC 1 1) g 12 & 0 0-11 =4l 1 35 25.8 538. © 192
REL C4S RTYC i 9 & 12 35 0 ¢ 16 53 4 11 24,9 . 520. 200,
cYl C RTVC 1 0. 2 18 6 o 0 22 33 4 26 29.0 533, 182.
CYI § RTVC 1 9 0 138 7 ¢ 0 - 22 33 4 26 - 29.2 531. 181.
TAN C RV 1 ¢ -0 38 © o 0 42 3 4 2 12.2 6064 415.
€30 S TVC 1 ¢ 0 48 52 2 0 54 11 5 18 29.6 663 232.
CRO € RTVC 1 2 0 53 27 0 0 57 47 4 20 12.6 659, 436.
RKV C TVC 1 = 1 28 55 0 1L 30 41 1 46 6.l 5504 515.
GYM S§ RTVC 1 0 1 23 59 -] 1 34 33 4 33 5ie3 496. Il6.
wHS € R 1 o5 1 31 30 0 1 35 33 "4 3 17.4% 524, 272.
TEX S RTVL 1 1] 1 32 57 0 1 37 24 & 26 3l.6 . 546 167,
MLA C R 2 .0 1 36 50 0. 1 41 7 4 16 22.7 521. . 219
PAT C R 2 3- 1L 38 52 o 1 41 7 4 14 21.4 529. 231.
¥IL S RIVC 2 0 1 36 50 0 1 41 7 4 17 23.3 521. 215+
GBI ¢ RTVC 2 0 1 37 38 0 1 41 25 3 48 13.6 548. . 326.
BDA L RTVLC 2 91 4) 12 0 1 44 47 4 3% 46,7 528. . 124,
BGA § RTVC 2 g 1 40 12 Q2 1 44 47 4. 3% 4646 527. 124,
REG C9S RTVC 2 g -1 45 34 ¢ .1 50 9 4 135 36.9 539. . 152.
TAN € RV 2 6 2 1) 29 ¢ 2 15 38 5 9 26.4 © 60T 245.
-CS0 S TVvC 2 ¢ 2 22 23 ¢ 2 21 26 5 3 20.4 636.. 3104
CRC € RTVC 2 9 2 26 38 o 2 31 38 4 59 20.3 660. . 307,
HAW C RTVC 2 b 2 52 26 6 2 561 3 34 11.7 553, 371.
WTN C+S R 2 0 2 57 37 9 3 1 36 3 59 16.2 549, 288,
RKY € TVC 2 o 3 9 23 0 3 4 53 4 29 39.0 - 496. l4l.
CAL C RV 2 0 3 1 36 U 3 5 31 3 54 15.5 543, 296.
GDS § RIVC 2 0o 3 2 26 6 .3 & 17 3 .51 14.8 509, 305.
GYM'S RTVC 2 ¢ 3 3 17 0 3 1 24 4 18 22.8 5454 219.
KHS € R 2 0 3 &4 12 O 3 .8 &7 4 34 56.2 527. . 108.
TEX S RTVC 2 0 3 6 25 U 3 .10 31 4 5 17.7 510. 267,
MAC R 3 o 3 9 58 0. 3 14 31 4 32 39.4 551. 142,
FAT C R 3 ¢ 3 13 © o 3 14 32 4 31 36.8 509. 149,
¥IL S RTVC 3 ¢ 3 9 58 9 3 14 3D 4 32 40.6 547. 138,
GBI C RTVC 3 0 3 1) 41 2 3 15 3 4 21 2444 543, 210.
EDA € RTVC 3 9 3 13 35 0 3 17 13 3 38 12.2 S45. 357.
BDA S RIVC 3 0 3 13. 35 o 3 177 13 3 38 12.2 545. 357,
ANT C RTVC 3 0 3 16 & 0. 3 18 49 2 33 7.5 563, 475.
ASC C RY 3 0o 3 29 15 o 3 33 15 4 9 12.6 591 390.
PRE C R 3 3 3 40 ¢ D 3 45 26 5 25 59.9 634, . 149.
TANC RV 3 0O 3 45 55 ] 3 47 9 1 i3 5.4 65T 5454
cs¢ s TvC 3 0 3 55 32 0o 4« 0 59 5 27 50.9 653. 150,
LRE € RTVC 3 0 3 59 41 9 4 5 2 5 20 43.7 649. 165.
HAW € RIVC 3 0 4 24 37 D 4 30 30 5 52 36.6 710. 248,
wIN C.8 R 3 [+ ] 4 29 53 0 4 36 13 6 19 T5.5 750. 169.
RKV € TVC 3 0 & 33 7 0 4 39 26 6 19 T4.1 T48. . . 175.
CAL C RY 3 o 4 34 1 0 4 40 7 6 & 42.9 Téh . | 242.

R



TABLE X.- RADAR ACQUISITION DATA FUR A MININUM ELEVATION OF 5° AND A MAXTMUM SLANT RANGE OF 750 M. MI. - Continued

STATIuN REV. AT SIT1ON L LUSS ‘ ELAPSED TIME  MAX ELEV ACQ RANGE  MIN RANGE

NawE NG v H 43 0. # M S M5 OEGREES Ne HIZ N. Mlo
GBS 3 RTVC 3 9. & 3~ 51 T 4 4D 33 5 3 35.3 Ta4%. 282.
CYt S RTvC 2 g 4 Fu 23 ¥ 4 42 22 5 59 37.3 748, 2712,
wWHS L < 3 5 & 37 8 G4 43 25 & 18 6644 T48. 187.
TFX S RTVL 3 G & 35 24 0 .4 45 3D o 5 42.9 749. 245.
M2 € K 4 4 % 43 10 0 4 49 34 6 23 82.3 147 . 170.
PAT C R & v 4 43 12 3. 4 49 15 5 3 T35 T44. 172.
MIL §  RTVC 4 g & 43 i v 4 45 17 6 b 84.0 749, 173.
el ¢ KTvC 4 2 & &3 49 U4 49 B3 6 & 5640 748, 20t.
80a ¢ RTVC 4 9 & &7 2 o 4 52 13 5 13, 205 747 417,
BGA § RTVC 4 A - 3 4 351 54 4 51 29+5 747, 417.
eNT € RTVC 4 9. 4 43 4 0 4 33 54 4 49 15.3 Téba 506.
REL Co5 RTVC 4 2 a4 53 4 9 & 57 15 4 10 12.2 718." 577.
ASC C R V' 4 ¥ 5 &« 23 g 5 7 14 2 52 9.1 131, - 659.
PRE C R 4 2 5 15 3 9 5 20 1s 5 12 19.7 72T 424.
TANC R W 4. 0 5 13 45 o 53 24 14 5 29 20.9 736, 407.
€sd §  TvC 4 3 5 33 21 s 5 36 25 5 4 80.1 7224 169,
CRE € RIVC 4 3 5 34 41 ¥ 5 40 53 6 15 53.1 728 193.
HAW C  RTVC 4 0 & 2 2¢ 2 6 5 35 6 15 58.3 T44. 196.
wWIN Cs5 R 4 o s 5 45 9 .6 11 &7 6 1 38.6 715. 261.
RKY € TvC 4 29 5 3 1 & & 15 13 6 11 48.0 Taks 223.
CAL C R Y 4 3 6 12 20 4 6 15 &4 5 23 22.7 749. 390.
DS § RTVC 4 @ & il 2 3 6 16 27 5 24 20.0 Tak. 426,
cYM 5§ RTVC 4 0 o 12 3 9 & 18 21 & 17 73.5 T49. 178.
RHS C R 4 o 5 13 6 G 6 19 3 6 1 35.4 T4Ta 278,
TEX § RIVC L3 0 5 15 13 & & 21 23 6 18 . T6.6 750. 173.
MLA C R 5 9 5 19 4 9 o 25 13 s 8 63.9 750, 182.
FAT C R 5 2 &6 13 7 O &6 23 33 4 26 2.6 T4be 178.
MIL 3 RIVC 5 9 6 13 5 s & 22 55 4 50 oT.4 T48. 183.
GBI C RTVC 5 0 6 19 42 U 6 .25 32 & v 75.4 745 . 17s.
E0A € RTVC 5 9 6 23 24 U 6 28 13 4 49 20.2 702. 432.
EDA § RTVC 5 0 6 23 22 3 6 27 43 4 21 2042 702, 432.
ANT € RTVC 5 3 &6 24 57 2 6 29 32 4 335 15.7 736. 5184
_RED £45 RTVC 5 a 6 28 34 0 6 33 34 4 59 17.3 730. 521.
PRF € R 5 G 6 53 9 0 -6 55 4l 2 31 26.0 T48. 712.
TAN C RV 5 g 6 22 12 2 7 1.4 39 29 61.6 747 442
CS¢ 5 Ive S 3 1 9 8 0 7T 14 24 5 16 86.5 T47. 433,
CRG € RTVC 5 2 7 14 & o 7 20 22 6 14 77.5 739. 431,
HAW ¢ RTVC 5 a 7T 41 52 u 7 4T 36 5 44 3546- 719. 356.
wiN €45 R 5 C 7 45 5 3, 7 53 2 s 37 25.9 740 395,
RKV £ - TVC 5 9 7 30 3% 2 7 56 24 5 48 314 739. 322.
CAL C_ RV 5 9 1 51 57 2 7 56 39 4 32 16.9 Téle 496,
GDS § RTVC 5 3 1 52 57 9 7 57T 31 4 34 15.2 732. 526,
GY¥ 5 RTVC 5 ¢ T 53 25 0 7 59 ‘24 5 59 76.0 697. 176,
®HS C R 5 ¢ 7T 54 35 ¢ 8 0 13 5 37 26.8 736 348,
TFXx S RTVC 5 0 7 58 39 0 8 2z 18 5 3% 7l.4 698 179.
MLA C R & u 3 ) 37 [ 8 6 14 5 36 32.2 703. 3l2.
PAT € R - g 3 I 43 3 8 5 45 5 2 33.5 . 695. 303.
¥IL 5 RTVC o 9 3 3 &2 9 8 5 43 5 5 31.7 707. 316.
GBI C RTVC 6 o 8 9 27 & 8 & 55 6 21 42.3 T4ta 257.
-
o »
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TABLE X.- RADAR ACQUISITICN DATA FOR A MINIMUM ELEVATICN OF 50 AND A MAXDMUM SLANT RANGE CF 750 N. MI. - Concluded

STATIUN REV ACQUISITION L0O5S _ ELAPSED TIME  MAX ELEV ACQ RANGE  MIN RANGE
NAME U D H M-S D H M- 8§ M S DEGREES N. MI. N. MI. °
BNT C - RTVC & ¢ 8 3 39 g 8 11 55 5 156 2.2 Téle . 207.
ASC C RV 5 9 8 23 11 ¢ 8 .26 29 5 9 69.8 - 710. 327.
PRE ¢ R 6 ‘v, 3 33 3 5 8 39 22 6 12 78.1 T45. 426,
TAN & RV 6 3 8 23 55 % B8 43 2 19 & 3542 T46. 657.
C5¢ 5§ TvC S A 8 51 48 2 8- 56 5% 5 2 4945 T47. 528.
CRG ¢ RIVC 3 9 8 57 59 ¢ 9 o 23 2 32 30.3 T4T. 137.
GWM S  RTVLC 6 9 3 11 31 2 9 12 43 i 11 24.4 T42. 738.
=AW ¢ RTVC 6 3 9 23 ¢ o 9 30 2 6 12 6l.1 737. 361.
WTN CsS R 6 3 9 23 S2 9 9 35 15 6 . 22 61.1 749, 351.
CAL C RV 6 0 9 34 32 3 9 37 48 3 16 28.2 736. 578.
RKV € _ TVC & a9 33 12 o 9 38 33 5 26 49,3 T16. 395, .
GDS §  RTVC & G 9 35 52 o 9 39 22 3. 29 24,1 725. - B42.
wHS £ R £ G % 37 13 ¢C 9 42 22 5 3 28.3 I 5784
GYF S RTIVC 5 3 3 35 56 0 9 41 48 5 51 60.0 693. 351.
TEX § RTVC 5 Y 9 39 32 9 9 45 22 5 49 39.5 735. 462,
GBI € RTVC 6 9 9 47 5 0 9 47 41 0 35 i9.6 750. ) T49.
ANT € RTVC 7 O 9 53 49 G 9 54 1 3 11 2445 739. 675,
ASC C RV 7 s 19 o 29 9 0 9 21 2 52 29.0 743, 696,
PRE C K 1 o 12 18 8 0 16 24 1 5 53 78,2 T14. 429. o
TANC RV 7 3 10 24 29 ¢ 10 28 21 3 52 37.9 - 736. 538, O
GwM § RTVC 7 o 10 53 29 O 10 59 - 40 6 11 78.6 136, 355. N
WTN CsS R 7 0 10 45 52 ¥ 11 18 16 32 24 4640 (1, B 413,
RKY € TVC 7 o 11 18 9 2 11 19 5 0 56 2647 Tat. 83,
CYM 3 RTVC 7 3 11 21 4% 3 11 25 1L 3 11 23.4 736, 665,
FRE C R 8 9 12 2 58 2 12 8 51 5 53 86.3 724, 432,
TAMC RV 8 .0 12 4 55 0 12 14 31 9 3% T2.7 727%. hh4,
GaM S RTVC 8 0 12 39 40 8 12 42 50 3 129 - 24.1 748. 684,
HAW C RTVC 8 9 12 53 23 g 12 59 35 6 11 59,7 729. 353,
»TN Cs5 R 8 6 13 9 3 v 13 1 54 1 51 25.3 743, 725.
PRE C R 9 0 13 48 42 O 13 53 15 4 32 43,8 134. 595, —
TAN € RV 9 ¢ i3 54 23 ¢ 13 58 35 4 12 38.8 759. 623,
rAW C  RTVC 9 0 14 38 23 0 14 43 55 5 32 47.1 696. 413,
ASC € RV 11 2 17 1 2 ¢ 17 13 55 3 52 38.0 738. 643,
GWM S RTVE 11 ¢ 17 55 3 0 18 0 15 5 11 . 38.3 135. 478,



TABLE XI.- RADAR ACQUISITION Di T4 FOR A MINDMUM ELEVATION CF 0° AFD A MAXTMUM SLANT RANGE OF 32 000 N. MI.

STAT L REV ACQUISLTEGN [RIERS ZLAPSED TIME  MAX ELEV LUSS RANGE MIN RANGE
NAME N+ D H oM S 2 H M5 moS DEGREES Ne MIs N. MI.
ELE ©  RTVL 1 g 03 iy 1l O 5 12 44 2 33 25,9 186 192.
ELa S RTVC 1 0% 1y 11 0 U 12 44 2 33 25.8 786. 192,
RED C+5 RTVC i 2 & 11 31 2 2 17 58 6 26 2449 194, 290.
CYT ¢ RTVL 1 o > 17 2 3 0 23 33 & 36 29.0 8l6. 182,
CYI 3 RTvC bS 4w 1T 3 w0 23 4) & 3B 29,2 816. 181,
TAN C RV 1 F 0> 36 4l 9 3 43 22 3 4) 12.3 899, 415.
TSw &~ TvL 1 S 2 4T b3 5 2 55 18 7 35 2946 91 6. 232.
CRO C  RTVE 1 3 e 529 o D 59 .5 6 35 12.6 91l1. 436,
nTN CsS R 1 g 1 25 11 9 1 27 29 1 17 o1 812 801.
RKV ¢ TVC 1 o 1 27 9 9 1 32 24 5 15 5l 890, 513,
CAaL £ RV 1 3 .1 23 45 9 .1 32 35 4 11 S 3.9 802, 637,
GhS § RIVE 1 D 1 23 25 v 1 33 53 4 28 3.6 80l - 6084
GY# 'S5 RIVC 1 3 1 28 55 o 'L 35 35 5 40 51i.1 793, il6.
wHS € R 1 9 1 30 20 "D 1 36 4l 5 21 17.4 : 796, 2.
TEX § KRTVL 1 9 1 31 53 o 1 38 27 6 34 32.3 192, 1654
#LA G R 2 G 1 35 45 ¢ 1 42 13 6 27 22.6 795, 220.
FAT C R 2 0 1 35 47 0 1 42 13 & 26 21.3 795, 232.
MIL .S “RTVL 2 -0 1 .35 44 0.1 42 13 6 .28 23.2 795. 216.
681 T -RIVC 2 Y 1 3 .27 D 1 4Z 35 a 8 3.4 T 795. 328.
EDA ¢ . RTVC 2 2 1 39 9 0 1 45 51 6 41 4beT 806, 124,
SBDA S RTVC 2 g 1 .39 9 9 1 45 51 6 41 4646 806, 124,
REDC C#S KTVC z 2 i 44 31 3 1 51 15 5 44 136.1 821. 155.
CYI C RTVC 2 3 1 51 14 3 1 55 1 ‘3 47 2.2 836, 697,
€YD S RTVC 2 J 1 51 15 @ 1 55 2 3 47 S 2.2 836, 697,
PREC R .2 a2 .7 17 9 2 12 28 5 3 1L 903. 663,
TAN & RV 2 g 2 9 &l > 2 16 4s T 24 26.5 907, 245,
€50 S - TVL 2 ¢ 2 21 13 9 2 28 35 7 22 20.1 909, 313.
“CRC € RYVC 2 J 2 25 28 0 2 .32 47 7 19 12043 898. 307.
HAw C RTVC 2 o 2 51 .8 5 2 57 15 6 6 “11.7 800. a7l.
aTN Cs5 R .2 5 2 59 25 9 .3 2 45 6 19 16.2 795. 289,
fRKYV € TVC 2 9 2:59 19 0 3 5 56 6 37 39,9 T9%. i4l.
"CAL C RV z a 3 2 25 G 3 6 4l & - 16 15.5 797, 296+
GDS 5 KRTVC 2 0 3 1 14 U 3 7 23 6 14 14.8 797, 305.
GYM § RTVC 2 2 3 2 1 i+ 3 -8 393 6 27 22.7 T793a. 220.
WHS € R 2 o 3. 3 .3 o 3 9 5) & 40 ‘59,5 79T. . i05.
TEX S RIVC z A 3 5 18 9 3 11 39 & 20 18.9 796, 265,
¥& £ R 3 o 3 8 56 0 3 15 35 6 42 39.9 80T, 140,
PAT ¢ R 3 4 3 8 57 0o 3 15 37 & 39 37.9 807. 149,
MIL S RTVC 3 4 3 3 53 i} 3 15 35 5 4y 4i.2 808, ~ 137.
GBI € RTvC 3 o 3 9 37 a3 16 12 5 32 23.9 8U8. 213,
BDA ¢ RTVC 3 v 3 1z 21 .9 3 18 39 & 8 12.1 -819. 359.
BDA 5 RTVC 3 o 3 1z 21 0 3 is 32 6 3 "12.1 819, 359, -
ANT € RTVC 3 3 3 14 38 6 3 20 12 3 33 1.5 - 817. 476,
REC C+$S RTVC 3 2. 3 1l 27 o 3 22 56 4 28 3.5 834, 635.
ASC C R WV 3 b3 23 ¢ 3 3 34 33 & 32 12,5 874, 392.
FRE C R 3 2 3 33 54 o 3 46 32 7 37 53.9 912. 149.



TABLE XI.- RADAR ACQUISIUTON DATA FOR A MINIMIM ELEVATION OF 0° AND A MAXTMUM SLANT RANGE OF 32 000 N. MI. - Continued

STATIUN REV : ACQUISITION LOSS ' ELAPSED TIME MAX ELEV LO0OSS RANGE. MIN RANGE

NAME NO. D. H M S 0 B M 5 M S DEGREES Ne MILs ‘Me MIs

TANC R Y 3 8 3 43 47 9 3 49 19 5 32 Set 910. 645,
Cse s Tve 3 0 3 54 26 9 & 2 5 T 3% . 50.9 903, 150+
CRG C  RTVL 3 O 3 58 35 0 & & 10 7 35 43.2 910. . 166.
FAK C  RTVG . 3 0 4 23 14 9 4 32 |1 8 47 35.5 1068, 254,
WTN G5 R 3 o0 4 28 31 0 4 37 45 9 14 75.0 1097, 170.

CRKY C TVC 3 e 4 31 40 0 & 41 2 g 21 74.0 1104, 176.
CAL C RV 3 0- 4 32 18 J 4 41 48 9. 30 43.1 © 1106, 242,
GDS $ RTVC 3 0 4 33 19 0 4 42 3% 9 17 ’ 35,4 . 1104. 282.
GYM S RTVC 3 0 4 34 49 0 4 43 57 9 7 37.4 1095. 213,
WHS € R 3 0 4 35 36 @ 4 45 2 9 26 4605 1095. 187.
1EX S RTVC 4 9 4 3T 51 0 4 41 3 9 11 43,1 1589, 245.
MLA C R 4 D 4 41 34 d 4 50 59 9 24 82.5 1087. 170.
PAT C R | 4 9 4 41 36 ¢ 4 51 0 9 23 78.6 1087. T 372,
¥IL S RTVC 4 0 &4 41 34 g 4 50 538 9 24 84.1 1087. 170.
GBI C RTVC 4 0 4 42 15 O 4 51 35 9 19 56.1 1086, - 201.
BDA C RTVC 4 0 4 45 18 o 4 5¢ 7 3 49 20.2 1990. 421.
BDA S RTVC 4 0 4 45 18 0 4 54 7T 8 49 20.2 1090. 421.
ANT C RTVC 4 0 4 47 L7 9 4 55 38 8 21 15.3 1082. 506.
RED CsS RTVC 4 ‘9 4 51 16 0 -4 59 17 8 1 12.2 . 1088, 576,
ASC C R Y 4 0 5 2 1 0 5 3 35 7 28 9.0 1083, 668,
PRE C R & 0 5 13 21 % 5 22 5 8 44 19.7 1093. " 431,
TANC RV 4 0 5 17. 5 90 5 25.55 3 50 21.5 1092. 407,
€s¢ S TvL % 9 5 28 SO o 5 138 17 9 26 T3.7 1099. i74.
CRG C  RTVC 4 0 5 33 7 0 5 4z 31 9 23 52.9 1098. 211.
HAW € RTVC & 0 5 58 45 0 4 8 5 9 19 58.5 1088. 196.
WIN €35 R 4 0 &6 4 22 0 & 13 35 9 12 34.6 1090. 283,
RKV C  TvC 4 0 6 T 33 0 46 16 51 3 17 46,7 1091. 221.
CAL C RV 4 6 6 8 36 0 & 1T 30 8 5S4 22.5 - 1094, - 392.
GDS § RTVC 4 0 & 9 29 0 & 18 18 8 49 19.9 1096. 427..
GYM S RTVC & 0 & 12 35 9 -6 19 57 3 22 70.9 1095, 177.
w3 C R 4. o & 11 32 0 & 20 55 9 23 35.3 1099. 279.
TEX S RTVC 5 0 &6 13 44 9 6 23 17 9 33 T6.6 1095. 174. .
FLAC R 5 9 6 17 37 0 & 27 22 9 45 69.6 ili2. 181.
FAT C R 5 0 6 17 38 0 & 21 23 9 &4 73.2 i112. 178.
Mii 5§ RTVC 5 9 & 17 36 0 & 27 22 3 46 68.0 i112. 183.
GBI C RTVC 5 0 & 18- 14 a & 28 32 10 17 75.4 i124. 176.
8CA C RTVC 5 0 6 21 27 0 & 31 14 9 4o 19.9 © 1162, 436,
8DA 5 RTVC 5 0 6 21 27 0 6 31 14 9 456 15.9 1162, 436,
ANT € RIVC 5 Q0 & 23 18 0 & 32 34 9 16 . 15.2. 1177. -528.
REC CeS RTVC 5 9 & 27 23 0 6 36 4l 9 18 17.6 1260, 514,
CYI C RTVC 5 0 6 35 9 O 6 40 43 5 34 ‘ 3.2 1351, 1074,
CYL § RTVC 5 0 & 35 9 0 &6 40 43 5 34 3.2 1351, 1074,
ASC C R Y 5 9 5 38 1 0 & 47 25 9 24 . 15.1 1504, 897.
FRE T R 5 3 6 43 4l 0 7 2 41 14 90 25.6 i778. 731.
TAN C R ¥ 5 0 6 51 29 Qa 7 1 54 16 25 63.3 1815. 452.
€56 §  TVC 5 ¢ 7T 4 3 3 7 21 29 17 11 80.0Q . 1768, 460.
CRC C  RTVC 5 g 7 9 2t 9 1T 25 29 16 & 79.3 1713, 451.
GWM S RTVC 5 d T 26 45 & T 34 27 7 42 3.1 1528. 1439.
FAW C  RTVC S 4 7 9 7

50 40 19 42  36.0 1173, 370.

gl



REL Cs5 RTVC

TABIE XI.- RADAR ACQUISIFION DATA FOR A MINIMIM ELEVATYON -OF 0% AND A MAXTMOM SLANT RANGE OF 32 000 N. MI. - Continued

STATION
NAME

TN CoS R
RKVY C  TvC
GDS S RTVC
CALC RV

T WHS € R
CYM § RTVC
TEX 'S RTVC
MLA C R
FAT ¢ R
MIL 5§ RTVC

. 6BI € _RTVC
80A C  RTVC
BDA. § RTVC
ANT C - RTVC

ASCC RV

" PRE C R

L TAN'C RV
csa s TV
CRO € . RTVC
GWM.S - RTVC

" HAW C RTVC
WTN 3SR
CAL C R V¥
RKV ¢ TVC
€G0S S RIVC
GYM 5 RTVC
WHS € R
TEX S RTVC
MLA C R
EDA C RTVC
PAT C R
¥IL S RTVC
BDA § RTVC
6Bl C RTVC
ANT € RTVC
ASC C RV
PRE € R
TAN C RV
€sQ 5 ve
CRO € RTVC
GWM S RTVC
HAw € RTVC
WTh-CsS R
€DS S RIVC
CALC RV
FKV € TVC
WHS C R
GYM S RTVG

REV
NO.

-Jﬂﬂﬂdﬂ—d-j-lﬂﬂﬂ-dvq-d-d-d#-ldﬂ@000‘9‘000@00‘00 OO VMIMIWiAG

ACQUIS

D.

COUBUDDOUODOOOROEO0EOROROCOOOCORPUVRILLROCDEDOB0W

H

GOV OVVVVYYOD VLI ODRXDORORPEE NN~

ITION
- M

S

o

OOOObOOOODDQGOOOOO¢000000DOGQOOOOOOOOQOQQQOQOGQQO

VOOV VOO PO O VNI LI O NP ROPORDOED®D @O ® =

LOSS
H

M:

ELAPSED TIME ~MAX ELEV  LOSS RANGE ~MIN RANGE
. “No MI.

M

e

CE~N~NO OOV OT V0RO

S

DEGREES . N. MI.

. 2641
29.0
14.8
17.0
"25.2
55.2
Tk

. 31.9
33.3
31.3
39.8

7.9
7.9
6l.4
3.3
67.0
B4ed
37.3

51.5
31.7
23.9
58.6
59.8
26.8
43,5
22.4
59.2
26,0
36,4
16.9

2.2
17.3
16.8

2.2
18.7

23.3
30.0
6949
38.5
19.0

8.1
72.5
37.4
41.1

“11.9
14.0
25.5
10.3
21.7

1110,
1098.
1099.
1099.

I 1108.

1105.

1130,

7 401,
350,
535,
499.
367.
207.

©"L76.

3l4.
304.
318.
266
T6%,
164,
22%.

1065

337,
4564
669,
Sék.
719.
756.
" 353,
a3s,
564
403.
§35.
332.
517.
459.
773,
'1359.
764.
171,
1359.
733,
671.
635,
' 4T1.
657,
976.
1317.
363.
453,
419.
932.
833.
5a7.
$70.
640.

92




TABLE XT.- RADAR ACQUISITION DATA FOR A MINIMUM ELEVATION OF 0° AND A MAXTMUM SLANT RANGE OF 32 000 N. MI. - Concluded

STATION REV ACQUISITION LOSS . ELAPSED TIME  MAX ELEV LOSS RANGE MIN RANGE

NAME NOW D H - M s B ] M s M s _DEGREES = N« Ml N. MIs
TEX § RTVC 7 9 11 22 2t 9 11 33 &40 11 18 12.2 1549. 923,
¥LA C R 8 9 11 28 30 6 11 34 59 & 29 2.0 1565. 1394,
PAT C R 8 9 11 238 27 g9 11 35 1 & 33 2.2 1565. i385,
#IL S RTVC 8 9 11 23 29 ¢ 11 34 58 6 28 . 2.0 1565. 1397,
GBI € RTVC 8 3 11 23 0 0 11 38 17 7 15 2.6 1580. 1370.
ANT € RTVC 8 3 il 34 50 0 11 41 49 6 58 3.9 : 1644 1373,
ASC € RV 8 O 11 48 21 ¢ 12 1 40 13 19 13.7 1820. 1138.
FRE € R 8 - @ 11 5% 1 0 12 16 14 1T 13 8345 1802. 463,
TJAN C RV a o 12 4 26 -9 12 21 36 17 10 72.7 1758, 471.
CS¢ s TVvC 8 9 12 23 32 o 12 27 0 &6 27 1.8 1704, 1633,
GuM S RTVC 8 0 12 36 22 0 12 48 3D 1z 7 23.1 1463, 686
HAW € RTYC 8 0 12 51 11 013 4 26 13 14 51.7 1476, 361.
GDS § RTVE 8 0 13 5 24 6 13 8 27 3 3 N 1519. 1445,
CaL € R Y 8 9 13 3 3 0 13 & 39 3 35 2.7 1518. 1327,
WTN €S R 8- 0 12 56 33 0 13 8 28 11 54 19.4 i516. 709.
RKV £ TVC 8 59 13 9 35 0 13 11 i} 10 25 8.4 1547, 1054,
GYM § RIVC 8 9 13 4 37 0 13 13 42 9 5 5¢3 1579. 1225.
ASCT C R Y 9 0 13 35 2 -0 13 47 16 12 14 11.0 1853, 1305,
FRE C R 9 0 13 44 22 0 14 ¢ 3 s 7 4hs 1777, 621.
TAN ¢ RV 9 0 13 49 59 0 14 5 50 15 5% 4.5 1716. 634,
GWM § RIVC 9 0 1% 23 7 0 14 33 45 10 38 12.0 1437. 912,
HAW C RTVC S 9 14 35 28 0 14 45 42 13 13 4540 15424 %00.
TN CeS R 9 0 1% 43 10 0 14 51 3 7 53 4.0 1561. 1273.
BSC C RV 10 9 15 23 28 0 15 35 5 14 36 . 16+ 1819, 1ilé.
PRE ¢ R 14 9 15 29 55 0 15 44 19 14 23 15.4 1719. 1105.
TAN C RV 10 o 15 38 37 0 15 48 3D 11 53 9,5 1665, 1257.
GWM 5 RTVC 10 0 1 8 33 o 16 19 15 10 42 14.2 1453. 825.
AW (. RTVC 1y D 16 21 53 2 16 32 36 10 43 il.9 159%0. 969.
ASC C RV 11 9 T 5 43 0. 17 21 45 16 1 37.8 . 1733, 671.
Gk S 11 9 17 53 42 0 18 5 31 12 9 35.7 1521. 475,

RTVC

L
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TABLE XIT.- MATRICES USED IN THE OPERATIONAL TRAJECTORY
© :FOR VECTOR CONVERSION .

" REFSMMAT® _
- 65568236 | -.30013053  +0.6hEN35LT
+.3796485L . -.910b1273. © . =.16436435
+.6526466H +.137647HT +. 74505405
T1oaM
r 7
, ~.083000347 +.75843959 +.646L35LT
. -.98587h30 +.032189984 -.16436435"
~.1h516918 - .65094789 +.Th505405
ars _ Eal
[x]IMU = [REFSMMAT ] [)‘{]BES
bre= _ =
[x]IMU = [TI.28M] [X]ECI
IMU = Inertial measurement unit system (stable member, or inertial
platform) ‘ .
BES = Reference compufation gystem for spacecfaft. An earth-
. centered inertial system with the X-axis in the directicn
of the vernal equinox at the beginning of the Besselian year
nearest the launch date .
ECT = Reference computation system fbf trajectory simulation. An

earth centered inertial system with the X-axis in the Greenwich
meridian at midnight before launch. (Launch is assumed to be
on January 16, 1968, 14:00 hr GMT)

s
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TABLE XIIT.~ APOLLO 5 SPACECRAFT TARGETS AND EVENT TIMES
USED IN THE OPERATIONAL TRAJECTCRY

Mission phase 9 enable

time, hrimin:sec, g.e.te . ¢ v v v v v 0 v 0 e e . 3:55:08.50
S i 22 000 000
PP :
Mission phase 11 enable.
time, hrimin:sec, g.€.b. .+ v v v « vt v 0w a4 . 4:33:00,30
CPT6ECI
X, n.d. e e e e e e e e +0.48278786
B N +0.06931671
7 e c e e e e e e e e e e e e e e e e e .. +0,87208972

Mission phase 13 enable
time, hr:min:sec, g.e.tv « « « v 4 v v e 0 e e W 6:12:23.3
TGONOM, sec . e e e e e e e e e e e e e e e e 515.6
RDOTD, FPSe v v v o ai v 0 a0 v o o vt e v v vy ~90,37T1376
YDOTD, FPSe o v v v v v 0 o v v e o e e e e e e 24 891.905

ZDOTD, FPSe v 4 v v v v 4w et e e e e e e TTLT.6129
_ L
COMp oy
X, ft . 22 571 889
Y, ft . . -4 848 133
Z, ft . -5 894 065
Rygs T8« v v v v v v v v SRR 21 938 132
Toyps S€C, g.eft. e e e e e e e e e e e e e 24 880
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Figure 1,- 5-IB launch vehicle.
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Figure 2 IM-1 flight configuration and
body axis system
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Figure 4,- RCS propeilant usage during the DPS-2 burn,
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