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FOREWORD

This report, whichdefines the Preliminary Mission
Profile for Apollo Mission SA-501, is submitted by TRW
Space Technology Laboratories (STL) to the NASA Manned
Spacecraft Center in partial response to Task MSC /STL
A - 20 (Establishment of Reference Trajectory for Apollo
Mission SA-501) of the Apollo Mission Trajectory Centrol
Program (Contract No. NAS9-2938, Phase II). This report
is presented in two volumes. Volume I summarizes the
mission objectives, the system constraints, and the input
data for mission simulation and describes the mission pro-
file. It presents pertinent data in both tabular and graph
forms. Volume II contains the trajectory listing of the mis~

sion profile, along with the necessary print key.
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1. INTRODUCTION AND SUMMARY

1.1 PURPOSE

The Preliminary Mission Profile defined in this report is designed
for the unmanned Apollo Mission SA-501. It is a combined launch vehicle
and spacecraft trajectory profile that is intended to satisfy the mission's
primary spacecraft objective (to obtain data on the thermal protection
system under lunar entry conditions; Reference 1) without violating any of
the launch vehicle and spacecraft ground rules and constraints applicable
to the mission. It also satisfies the single-SPS-burn mode previously
agreed upon by MSC and MSFC,

1.2 SCOPE

In addition to the spacecraft mission requirements, this volume
of the report summarizes the input data used in simulation of the pro-
file., It describes the major phases of the mission, gives the trajectory
analysis for applicable phases, and presents time history data for
pertinent trajectory parameters. It also presents the spacecraft rise
and set times as seen from 19 tracking stations and the times of space-

craft entry into and exit from the earth shadow.

Volume II of this report will contain the trajectory listing of the

mission profile.

The computer simulations of both the launch vehicle and space-
craft trajectories were characterized by simple propulsion system
models and open loop steering (constant attitude and attitude rate
commands). These simulations do not consider spacecraft attitude
during orbital coast operations and entry, RCSpropellant consumption, or
detailed tracking coverage. These items are currently under evaluation

and will be reported in later documentation on this mission.
1.3 PROFILE SUMMARY

Apollo Mission SA-501, currently planned for the first quarter of
1967, will be the first launch of the Saturn V vehicle with an Apollo

spacecraft. For mission simulation, launch is assumed to occur at

“LCONMHDEMNEr™
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13:00 GMT, January l, from launch complex 39A of the Merritt Island
Launch Area. In addition to giving a daylight launch, this time selection
results in almost a full day of sunlight near Hawaii for the Command

Module (CM) recovery operation.

Major events of the mission are illustrated in Figure 1-1. The

mission has been divided into seven major phases:

1. Saturn V ascent to orbit

2. Earth parking orbit

3. S-IVB second burn

4. Earth intersecting coast

5. Service Module Propulsion System (SPS) burn
6. Pre-entry sequence

7. Atmospheric entry

The Saturn V launch phase includes the burn of the S-IC stage, the
burn of the S-II stage, and a partial burn of the S-IVB stage. Thrust
termination for the latter occurs at a 100 n mi circular parking orbit.
After approximately' two revolutions in the earth parking orbit and while
in the vicinity of Cape Kennedy, the S-IVB is restarted and burns to
nominal fuel depletion. This burn injects the spacecraft into an orbit
with an apogee altitude of 7,467 n mi and an inertial flight path angle at
entry into the earth's atmosphere (defined as 400, 000 feet) of -7. 35
degrees. This earth-intersecting orbit will permit successful entry and

recovery of the CM in case of an SPS failure.

Approximately 1-1/2 hours aftecr apegee and while being tracked by
Carnarvon, the SPS is ignited, accelerating the spacecraft so that an
inertial entry velocity of 36, 333 ft/sec and an inertial entry flight path
angle of -7.35 degrees are achieved. Following SPS cutoff, a pre-entry
sequence is initiated while the spacecraft is still under coverage of
Carnarvon tracking. This coverageis lostapproximately 4-1/2 minutes
after SPS burnoutand atmospheric entry occurs about7 minutes later. The

spacecraft thenflies a Nominal Undershoot Entry Trajectory over a 2500

nmirange and lands approximately 750 nmi duenorth of the Hawaiian Islands.
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SPACECRAFT MISSION REQUIREMENTS

2.1 SPACECRAFT TEST OBJECTIVES

The spacecraft test objectives presented here were taken from

Reference 1.

2.1.1 First Order

a)

b)

Demonstrate satisfactory spacecraft performance at
lunar return conditions during terminal transearth,
entry, parachute-descent, and post-landing mission
phases.

Demonstrate the structural integrity of the space
vehicle (Saturn V/SLA-LEM-CSM).

2.1.2 Second Order

a)

b)

c)

d)

a)

b)

c)

d)

Evaluate CM heat shield performance at the Nominal
Undershoot Entry, initiated at not less than the rela-
tive velocity corresponding to 36, 333 ft/sec inertial
velocity and an inclination of 40 degrees following a
cold-soak to the transearth design temperature
condition.

Determine Emergency Detection System open-loop
performance.

Verify CM radiation shielding effectiveness.

Determine the structural and dynamic response of the
CSM and adapter to the Saturn V launch environment.

2.1.3 Third Order

Determine the response of the LEM to the Saturn V
launch environment.

Demonstrate normal mode separation of the Launch
Escape System (LES) and the Boost Protective Cover

(BPC) from the CSM.

Demonstrate (upon ground command) LES performance
in event of launch vehicle failure prior to normal LES
jettison.

Demonstrate maximum continuous SPS burn required
(approximately 400 seconds to simulate lunar orbit
insertion).

Demonstrate operation of the parachute recovery sub-
system and recovery aids following entry at nominal
design conditions.



f)

g)

Reference 1.
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Demonstrate operational radiation monitoring instrumen-~
tation in a radiation environment.

Demonstrate entry guidance at lunar return velocity.

2.2 MISSION CONSTRAINTS

The following mission constraints for this Preliminary Mission

Profile have been compiled from data supplied by MSC and from

2.2.1 Launch Vehicle Systems Constraints

a)

b)

c)

d)

f)

g)

h)

Launch azimuth of 72.0°.

The launch vehicle profile will be as close as possible
to the profile of the nominal Lunar Orbital Rendezvous
(LLOR) mission.

Full S-IVB loading and full S-IVB burn are required.

A minimum of two orbits of the S-IVB/IU(Instrumentation
Unit)/SC.

Tracking is required for both the pre-ignition sequence
and the second S-IVB burn. This burn will occur over
Eastern Test Range (ETR).

After S-IVB cutoff, the vehicle attitude will be maintained
relative to the local vertical.

Guidance command angle rate limitation of 1 deg/sec in
pitch and yaw.

Thirty-degree maximum command attitude in the yaw
plane.

2.2.2 Spacecraft Systems Constraints

-\
aj

b)

c)

d)

Total mission duration {launch to CM splash}) not to
exceed 12 hours (programmer limit).

Spacecraft orientation control as required to provide
structural temperature gradients.

A continuous SPS burn of at least 400 seconds.

Initiation of SM/CM separation manuever no later than
5 minutes before reaching 400, 000-foot altitude.




e)
f)
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Nominal trim lift-to-drag ratio is 0. 34,

Tracking is required for all SPS burns.

2.2.3 Trajectory Profile Constraints

a)

b)

c)

d)

f)

A minimum of two revolutions in the 100 n mi parking
orbit.

At least 4 hours of cold soak beyond earths' significant
albedo (to simulate terminal transearth conditions).*

Free return of the spacecraft on an earth-intersecting
trajectory following spacecraft/launch vehicle separation

(to allow satisfactory recovery of the spacecraft in case
of an SPS failure to fire).

CM entry into the earths' atmosphere (400, 000-foot
altitude) with an inertial velocity of 36, 333 ft/sec and
an inertial flight path angle of -7. 35 degrees (measured
from the local horizontal).

A 2500 n mi range from entry to landing (Nominal
Undershoot Entry Trajectory).

Earth landing to occur in the Pacific Ocean clear of any
major island group.

>kIn the selected mission profile, the time duration from S-IVB burnout
to SPS ignition is only slightly greater than 3-1/2 hours.
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3. SUMMARY OF INPUT DATA

The summary of input data in this section consists of data from
References 2 and 3 and data agreed upon at a number of unpublished tech-
nical coordination meetings of MSC and STL personnel. This data includes
all quantitative specifications on launch vehicle, spacecraft, and ground

tracking stations, and is considered adequate for the present evaluation

of the mission.
3.1 LAUNCH VEHICLE

Data on the Saturn V launch vehicle was based on material in
Reference 2, and supplemented by an MSFC trajectory listing (dated
2 October 1964) for the SA-501 launch vehicle.

Weight and propulsion characteristics of the Saturn V launch
vehicle are presented in Tables 3~-1 and 3-2, respectively. Weights
are given in a manner essentially equivalent to their chronological
disposition in the trajectory simulation. It is understood that all jettison
weights include propellant reserve allowances, if any. Propulsion data
is used in a simple propulsion model that applies a constant propellant
flow rate and a constant thrust, but with corrections for atmospheric
pressure effects. The thrust history for the S-II stage is divided into
three constant~thrust, constant-flow-rate phases to simulate the
optimum thrust profile for this stage. These phases, listed in order of
occurrence, are:

1) A short duration, nominal thrust, nominal specific impulse
phase

2) A high thrust, low specific impulse phase
3) A low thrust, high specific impulse phase

The launch vehicle sequence of events used in the trajectory simulation
is presented in Table 3-3. This sequence was derived from the above

weight and propulsion data.



At

At

At

At

At

At

At

At

At

Table 3-1. Sequential Weight Statement

Saturn V Liftoff

S-1C Propellant Consumed
Inboard Engine Cutoff
S-IC Propellant Consumed
S-IC Burnout

S-IC at Burnout

S-1II Ignition

M al,
siesle

S-IC/S-1I Interstage
LES J'ettison**

S-1I Propellant Consumed

S-II Burnout

S~II at Burnout

S~-IVB Ignition

S-IVB Propellant Consumed
S-IVB Cutoff Into Parking Orbit
Loss in Parking Orbit

S-IVB Second Ignition

S-IVB Propellant Consumed

S-IVB Burnout

S-IVB at Burnout

Payload at Injection

3300-6001-RC000
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Weight Event
Losses Weights
(1b) (1b)
6, 088, 000
4,192,421
1, 895,579
94, 388
1,801, 191
394, 145
1,407, 046
9, 869
8, 200
929,998
458, 979
105, 041
353,938
84, 134
269, 804
3,873 |
265, 931
141, 312
124,619
39, 619
85, 000

*5-1C inboard engine is cut off 4 sec prior to outboard engine cutoff.

ale ot
,,,,,,

S-IC/S-1I interstage and LES are jettisoned at 30 and 35 sec after
S-IB burnout and jettison, respectively,



Table 3-2.

Stage Propulsion Data

Vacuum Sea Level Propellant
Stage Thrust Thrust Flow Rate
(1b) (1b) (1b/sec)
S-1C
All Engines Firing 8,745, 393 7,610, 000 29,496. 14
Only Four Outboard
Engines Firing 6,996, 314 6, 088, 000 23,596, 91
S-1I
0 to 10. 0 sec 1, 035, 000 N/A 2,441, 040
10. 0 to 238. 319 sec 1,135,000 N/A 2,694, 234
238. 319 to 367. 072 sec 960, 000 N/A 2,255,799
S-IVB 207, 000 N/A 488, 206
Table 3-3, Time Sequence of Events
Event Time from Liftoff
(sec)
Liftoff 0
End Vertical Rise, Start Pitchover 12. 000
Inboard Engine Cutoff 142, 135
Outboard Engine Cutoff and S-IC Separation 146,135
S-1I Ignition, Start High Pitch Rate Steering 149. 935
Start Low Pitch Rate Steering 161,700
Jettison S-IC/S-II Interstage Adapter 176.135
Jettison Launch Escape System 181,135
S-II Burnout and Jettison, S-IVB Ignition 517. 007
S-1IVB Cutoff Into Orbit 689, 340
S-1IVB Restart T+0
S-IVB Burnout T + 289.451

~CONHDENTMAL—
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The Saturn V launch vehicle is illustrated in Figure 3-1, and the

zero angle-of-attack drag force data is presented in Figure 3-2. An

aerodynamic reference area of 855. 3 square feet was used.

The static atmosphere model used in the trajectory simulation has
two parts. Below an altitude of 35 km, the Patrick Atmosphere (Refer-
ence 4) is used, while between 35 km and 400, 000 feet, the U.S. Standard
Atmosphere, 1962 (Reference 5) is used. Both atmospheres are provideci
to the computer as tables of pressure and temperature versus geometric
altitude. In changing from the Patrick to the U.S. Standard Atmosphere
at an altitude of 114, 830 feet, no attempt has been made to remove the
discontinuity between the two models. Table 3-4 gives comparative

atmospheric values at that altitude.
3.2 SPACECRAFT

Weight characteristics for the Apollo spacecraft were obtained from
Reference 6. SPS thrust and propellant flowrate characteristics and CM
entry aerodynamic data were obtained in unpublished technical coordination
meetings with MSC personnel. The sequential weight statement for the

spacecraft is presented in Table 3-5., Approximately 1400 pounds of usable

SPS propellants are not consumed, which should provide more than adequate

allowance for flight performance reserves.

The SPS was characterized by a vacuum thrust of 21, 900 pounds
and a vacuum specific impulse of 313. 0 seconds. This results in a

propellant flow rate of 69. 968 1b/sec.

The aerodynamic trim drag coefficient data used for the CM entry

trajectory is presented in Figure 3-3 and is based on an aerodynamic

[

reference area of 129. 36 square feet, The lift force is based on a
constant 0. 34 times the drag force. The entry trajectory is based upon
the U. S. Standard Atmosphere, 1962, and a constant CM weight of

11, 000 pounds.

3.3 GROUND STATIONS

The precise complement of stations, their ultimate locations,
their operating characteristics, and such related data to be used for
Apollo Mission SA-501 are currently not known. The data in Table 3-6,
compiled from tracking site and equipment information supplied by

MSC, is assumed to be applicable at this time.
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Figure 3-1. Saturn V Reference Dimensions
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Figure 3-2. Saturn V Zero Angle of Attack Drag Coefficient

MACH NUMBER

Table 3-4. Atmospheric Values at 35 km

Patrick Atmosphere

U. S, Standard

Pressure (lb/inz)
Temperature (°R)
Speed of sound (ft/sec)

Density (slug /ft3)

0. 085922154
439, 42235
1027. 6009

0.16403886 x 10~

4

0. 083418396
425. 72477
1011. 4798

0.1643758x10"

4
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Table 3-5. Spacecraft Weight Data
Weight Event
Losses Weights
{1b) (1b)
At Liftoff 93,200
Launch Escape System 8,200
At Injection Into Orbit 85, 000
LEM Jettison 21,490
Saturn Launch Adapter 3,800
At SPS Ignition 59,710
)
SPS Propellant Consumed 37,083 ‘
At SPS Cutoff 22,627
SPS Propellant Remaining 1,427
SPS Burnout 10, 200
Command Module 11,000
B
Propellant consumption is based on a 530-second SPS burn time.
1.4
REFERENCE AREA = 129.36 FT2
0.34 LIFT TO DRAG RATIO
1.3 A
—
$ 1.2 \\
W
o
Yo
O
<
oz
fa)
Y
= 1.0
<
e
a
O
o 0.9
<
0.8
*7% 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0

MACH NUMBER o
Figure 3-3. Command Module Trim Drag Coefficient
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The station coordinates given are based on a Fisher ellipsoid.

This model is described by:

a = semimajor axis = 6378. 166 km
b = semiminor axis = 6356, 784 km
f = flattening = 1/298.3

The altitude is referenced to the ellipsoid and includes geoidal separation.

3.4 MISCELLANEOUS DATA

The following earth constants and conversion factors (Reference 7)

have been used in the generation of the mission profile and are consistent

with those presented in Reference 8.

3.4.1 Earth Constants

Rotational rate 4.37526902 x 10~3 rad/min
0.417807416 x 10”2 deg/sec
0.729211504 x 10~ 4 rad/sec

Equatorial radius 2. 092573819 x 107 ft
Average radius 2. 0909841 x 107 ft
Gravitational parameter {io) 5.53039344 x 10°3 er3/min?

11. 46782384 x 103 er3/day?2

3.986032 x 105 km3/sec?

1. 407653916 x 1016 £t3/gec?

Coefficients of potential harmonics

J term (second harmonic) 1.62345 x 103 nd
H term (third harmonic) -0.575 x 10~5 nd
D term (fourth harmonic) 0.7875 x 10-5 nd

Earth flattening (f) 1/298. 3 nd
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3. 4. 2 Miscellaneous Constants and Conversion Factors

Velocity of light in a vacuum
Astronomical unit of length
Kilometers per foot
Kilometers per nautical mile
Feet per nautical mile
Weight-to-mass ratio
Mass-to-weight ratio

Feet per earth equatorial
radius

Nautical mile per earth
equatorial radius

9. 83571194 x 108 ft/sec
4.90810367 x 1011 ft
0.3048 x 103 km/ft

1. 852 km/n mi
6076.115486 ft/n mi

32. 17404856 1b/slug

0. 031 080950 slug/lb

2. 092573819 x 107 ft/er

3443, 93358 n mi/er

Page 16
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4. MISSION ANALYSIS AND DESCRIPTION

The mission profile for Apollo Mission SA-501 has been designed
to meet the Test Objectives of Section 2.1 without violating the Mission
Constraints of Section 2.2. To satisfy these objectives and constraints
and determine values of the free variables, a certain amount of trajectory
analysis was required. The results of this analysis, along with a descrip-

tion of the resulting mission profile, are given in this section.

In addition to the nominal mission profile, an alternate profile result-
ing from an SPS failure to burn is also described. These two profiles have
been characterized by "SPS Burn'" and '""No SPS Burn" titles and are identi-
cal up to the SPS ignition.

In the selected profile, the time duration from S-IVB burnout to
SPS ignition is slightly greater than 3-1/2 hours and therefore does not

meet the 4-hour cold soak constraint (Section 2.2, 3b).
4.1 SATURN V ASCENT TO PARKING ORBIT

Launch of Apollo Mission SA-501 will occur from Pad "A" of Launch
Complex 39 during the first quarter of 1967. The geodetic coordinates
are 28°38' 50.927" North latitude and 80°38' 08.071" West longitude. For
the trajectory simulation, launch was assumed to occur at 13:00 hours
GMT (08:00 hours EST) on 1 January 1967,

The launch profile is initiated with a 12-second vertical rise
followed by a 0. 3568-degree kick (an instantaneous rotation of the missile
attitude and velocity vector) into a gravity turn trajectory with a 72-
degree azimuth heading. Approximately 4 seconds prior to S-IC out-
board engine cutoff, the center engine is cut off. Following a 3. 8-second
coast from S-IC cutoff and separation, the S-Il is ignited and initiates a
pitch-up at a 1 deg/sec rate. This high pitch rate steering is terminated
approximately 11.5 seconds after ignition, and a low pitch rate steering
of 0.1043 deg/sec down is initiated. Thirty seconds after S-IC cutoff
and separation, the S-IC/S-II interstage adapter is jettisoned, and 5

seconds later, the LES is jettisoned.
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The S-II burnout and separation and the S-IVB ignition all occur
simultaneously in the simulation per Reference 2. The low pitch rate
steering of 0. 1043 deg/sec is maintained until S-IV B cutoff at circular

orbit velocity.

The values of the kick angle, the duration of the high pitch rate
steering, and the magnitude of the low pitch rate steering were
determined by iteration techniques so that the S-IVB cutoff would occur
at 100 n mi altitude with a zero-degree flight path angle and maximum
injected weight (or concurrently, minimum S-IVB propellant

consumption).

It should be noted that the injected weight of 269, 804 pounds calcu-
lated in the above simulation is 366 pounds less than that presented in
Reference 2. This amounts to 0. 136 percent of the injected weight, or
less than 1 second of S-IVB burning, and is well within the error to be
expected due to non-nominal performance. These results are satisfactory
for establishing the preliminary mission profile and the spacecraft launch

environment.
4.2 EARTH PARKING ORBIT

The S-IVB cutoff, which occurs approximately 11.5 minutes after
liftoff, injects the spacecraft into a 100 n mi circular parking orbit with
an inclination of 32. 588 degrees and an orbital period of 88. 1 minutes.
On the second orbit, approximately 169 minutes after S-IVB cutoff, the
Point Arguello Tracking Site acquires the spacecraft at a 5. 0-degree
elevation angle from the horizon, in preparation for the S-IVB second
burn ignition. This initial acquisition by Point Arguello marks the begin-
ning of a period of continual tracking coverage over the continental United

States.
4.3 S-~IVB SECOND BURN

Eleven minutes after Point Arguello tracking acquisition, the space-
craft has passed over the Eastern coast and is approximately 240 n mi
north of Cape Kennedy. At this point, the S-IVB is ignited and starts its
second burn. This particular selection of ignition time was chosen for

three reasons:
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1) It is desirable to have a good period of tracking coverage
prior to S-IVB ignition. The above selection allows 11
minutes ot tracking coverage.

2) Itis desirable to have a good period of tracking coverage
following S-IVB burnout. This selection allows a 12~
minute period of Antigua tracking coverage from burnout
to the time that the spacecraft goes below a 5. 0-degree
tracking elevation angle.

3) For the earth intersecting coast profile selected, this
timing places the CM splash point due north of the
Hawaiian Islands. This appears to be a desirable landing
point, for it places the impact position of the spent
S-1VB stage and the SM near the middle of the Pacific
Ocean and is a convenient position for operating the
recovery force.

The S-IVB burns for a full 290 seconds, simulating a translunar
injection. However, the pitch steering was determined so that the
resulting orbit would remain near earth (less than 12,000 n mi altitude)
and intersect the earth's atmosphere. The latter allows for a successful

CM recovery if the SPS fails to fire.

At this date, there are no firm criteria on which to base the
selection of an entry flight path angle for the no-SPS-burn condition.
There appear to be two alternatives, however. The first would be to
perform a high heat rate test of the CM if the SPS fails to burn. A large
value of the entry flight path angle is required in this case since the
entry velocity is considerably less than the desired value of 36, 333 ft/sec,
However, this alternative has an operational disadvantage in that the
locations of atmospheric entry and CM splash from the no-SPS-burn
case are considerably separated from those with an SPS burn, and two

recovery teams would probably be needed to cover both landing locations.
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The other alternative would be to select a no-SPS-burn entry
condition in which the distance between the two landing sites would be
minimized. This requirement would favor a shallow entry flight path
angle in order to stretch the entry range to a maximum. The latter
alternative was developed in this mission profile, and a flight path angle
of -7.35 degrees (same as that required with an SPS burn) was selected.

This results in a 363 n mi separation of the two CM splash points.

The effect of the §~-IVB pitch rate on the initial pitch attitude*
required to achieve entry flight path angles of -7.35, -10.0, -12.5, and
-15.0 degrees is illustrated in Figure 4-1, Sheet 1. This illustration also
shows the resulting apogee altitudes and entry latitudes. Figure 4-1, Sheet 2,
shows the effect of S-IVBpitch rate on entry longitude, the time duration
from liftoff to entry, and the entry velocities. Several interesting observa-
tions concerning pitch steering may be made from this data:

1) Large values of S-IVB pitch rate, both positive and
negative, and greater in magnitude than 0. 3 deg/sec,
appear desirable since they place the atmospheric entry

into the Pacific Ocean and clear of the Asian continent, and
secondly, reduce the total mission duration time.

2) Conversely, values of S-IVB pitch rate less than 0. 3 deg/
sec in magnitude have very long mission durations, very
poor locations of atmospheric entry location, and the
highest entry velocities.

3) Negative pitch rates (counterclockwise and up) require
negative (down) values of the initial pitch attitude. This
is deemed undesirable because it will cause the altitude to
decrease initially and is an undesirable thrusting attitude.

Based on the above observations, an S-IVB pitch rate of 0.5 deg/

sec was selected for the second burn. This results in an initial pitch

attitude of -122.4 degrees (up) for the entry flight path angle of -7.35 dégrees.

*For simulation purposes, the initial attitude is referenced to the inertial
velocity vector.
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Unfortunately, this selection does not meet the 4-hours cold-soak constraint
of Section 2.2.3.b. The elapsed time from S-IVB burnout to SPS ignition

is only 3 hours and 34 minutes with this profile.
4.4 EARTH INTERSECTING COAST

At final burnout, 3 hours and 16 minutes after liftoff, the S-IVB
has injected the spacecraft into an orbit characterized by a 7,467 n mi
apogee altitude and a -7.35-degree entry flight path angle. This orbit
has a semimajor axis of 43,573,000 feet, an orbital eccentricity of

0.5226, and an orbital inclination of 32. 6 degrees.

Although an exact coast duration from S-IVB burnout to S-IVB/CSM
separation was not established in the launch vehicle constraint (2. 2. 1f),
a 30-second coast period was assumed for this profile. Approximately
12 minutes after S-IVB burnout, the spacecraft goes below the 5-degree
elevation angle from the Antigua tracking station. The ground tracking
coverage over the continental United States before, during, and after the
S-IVB burn should provide adequate ground tracking data for launch

vehicle systems evaluation and spacecraft orbit determination.

Almost an hour and a half later, Carnarvon tracking observes the
CSM at an elevation angle of 5.0 degrees and a range of 9500 n mi.
Twenty -three minutes later (5 hours and 15 minutes after liftoff), the:
spacecraft reaches apogee. During the spacecraft descent from apogee,
but prior to SPS ignition, the orbit state vector (position and velocity) and
the target vector will be updated in the Apollo Guidance Computer (AGC)
by Carnarvon tracking via the Up-Data-Link.

4.5 SPS BURN

The nominal mission plan calls for the SPS to accelerate the
spacecraft in such a way that the desired values of velocity and flight
path angle at atmospheric entry will be achieved. Figure 4-2 illustrates
the effects of SPS pitch rate and SPS ignition time (measured from
apogee) on the SPS initial pitch attitude that is required at ignition in
order to achieve the -7. 35-degree entry flight path angle. The corre-
sponding values of the entry velocity and time duration from SPS burnout
to atmospheric entry are also shown in this figure. This data indicates
that the entry velocity achieved from the 530-second SPS burn continues

to increase as the SPS ignition time is delayed.
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The selection of a 45-minute period from apogee to ignition appears
to be a reasonable one bascd on the above data. This selection allows
for an 11. 3-minute period from SPS burnout to atmospheric entry.
Resulting values of SPS pitch rate and initial pitch attitude* to satisfy the
36,333 ft/sec entry velocity and the -7. 35-degree entry flight path angle
were -0. 292 deg/sec (counterclockwise) and +129. 3 degrees (down),

respectively.
4.6 PRE-ENTRY SEQUENCE

4. 6.1 Pre-Entry Sequence (SPS Burn)

Almost 7 hours after liftoff, the SPS is cut off and an 11. 3-minute
coast to atmospheric entry is started. At 3. 8 minutes after SPS cutoff,
the spacecraft drops below a 5. O~degree Carnarvon tracking elevation
angle. This profile assumes that 5 minutes prior to entry, CM/SM
separation is initiated. The CM then assumes the proper entry attitude,
Atmospheric entry occurs at a longitude of 155, 64° East and a latitude
of 23. 40° North.

4. 6. 2 Pre-Entry Sequence (No SPS Burn)

The pre-entry sequence phase in case of SPS failure to burn is
initié.ted at the nominal SPS ignition time, 45 minutes after apogee.
Approximately 5. 3 minutes of Carnarvon tracking at ele.vation angles
greater than 5. 0 degrees remain after this time, and atmospheric entry
occurs 12,1 minutes after loss of Carnarvon tracking. Entry occurs at
170. 85° East longitude and 28. 95° North latitude with an inertial velocity
of 31,592 ft/sec and an inertial flight path angle of -7. 35 degrees. As

before, CM/SM separation is assumed to occur 5 minutes prior to entry.
4.7 ATMOSPHERIC ENTRY

4.7.1 Atmospheric Entry (SPS Burn)

Seven hours and 18 minutes after liftoff, the CM initiates entry into
the earth's atmosphere. The entry trajectory was simulated by using
two values of the vertical lift-to-drag ratio. The maximum value 0. 34

was used from entry to pullout (horizontal flight) while a lower value

* . .
Referenced to the inertial velocity vector.
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was used from pullout to drogue chute deployment at 24, 000 feet. A
secarch iteration was performed on the latter lift-to-drag ratio in order
to satisfy the 2500 n mi entry range requirement. The resulting lift-to-
drag ratio of 0.2346 simulates the effect of the Apollo CM rolling back

and forth to reduce the vertical lift component.

Horizontal pullout is achieved 76. 3 seconds after entry, and the
CM starts an upward drift at the reduced lift-to-drag ratio. The CM
ascends to an altitude of 360, 400 feet before it starts the final descent
5-1/2 minutes after atmospheric entry, Drogue chute deployment occurs
9 minutes later at an altitude of 24,000 feet. Following the main
parachute deployment at an altitude of 11, 000 feet, the CM performs a
water landing almost 1 6 minutes after entry and almost 7-1/2 hours
after liftoff. The splashpointlatitude and longitude are 32. 46° North
and 157. 98° West, respectively. This position places the spacecraft

approximately 750 n mi north of Hawaii.

4. 7. 2 Atmospheric Entry (No SPS Burn)

The entry trajectory profile for the no-SPS-burn condition has
a sequencing of events identical to that presented above. The primary
difference in the two profiles is that the entry velocity for the no-SPS-
burn is 5740 ft/sec less than desired. By using maximum lift throughout
this profile, a range of 1254 n mi from entry to landing can be achieved.
The water landing occurs 11. 4 minutes after entry and almost 7-1/2 hours
after liftoff at 32. 54° North latitude and 165.15° West longitude. This
splash point is approximately 363 n mi from that estimated for the

nominal, SPS-burn profile.
4.8 VACUUM IMPACT POINTS

Impact points for the S-IC, S-II, and S-IVB have been calculated,
based upon a vacuum ballistic entry. No impact was available for the
SM since burnout inserts the SM into an orbit with a perigee altitude of

10 n mi.

S-IC impact occurs at 30. 16° North latitude and 74, 59° West
longitude while S-II impact occurs at 32. 05° North latitude and 38.32°
West longitude. The S-IVB impact following the second burn will occur
at 31. 48° North latitude and 176. 90° West longitude.
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5. NOMINAL TRAJECTORY DATA

This section contains trajectory parameter histories describing and
illustrating the nominal mission profile. These data, presented here in
tabular and graph forms, are based on the trajectory printout data in
Volume II of this report. Data are presented for both the SPS burn profile
and the no-SPS-burn profile,

Figures 5-1 and 5-2 present the earth ground track and the altitude-
longitude history, respectively, for the entire mission profile, The time

sequence of events for the mission is shown in Table 5-1.

For each of the mission's seven major phases, pertinent powered and
and free flight trajectory parameters have been plotted as a function of
time from liftoff. These graphs, along with related tabular data, have
been grouped on the following pages according to mission phase, as follows:

1) Saturn V Ascent to Orbit (Tablé 5-2, Figures 5-3
through 5-8)

2) Earth Parking Orbit (Table 5-3, Figures 5-9 and 5-10)

3) Second S-IVB Burn (Table 5-4, Figures 5-11 through 5-14)
4) Earth Intersecting Coast (Table 5-5, Figures 5-15 and 5-16)
5) SPS Burn (Table 5-6, Figures 5-17 through 5-20)

6) Pre-entry Sequence (Tables 5-7 and 5-8, Figures 5-21
through 5-24)

7) Atmospheric Entry (Tables 5-9 and 5-10, Figures 5-25
through 5-36)
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Table 5-1. Time Sequence of Events
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Time From Liftoff

Phase Event hrimintsec, GMT)
SPS Burn Profile
Saturn V Ascent to Parking Orbit
Liftoff{ 13:00:00

End Vertical Rise, Start Pitchover

5-1C Center Engine Cutoff

S$-1C Outboard Engine Cutoff, §-1C Separation

S-11 Tgnition

S-1C/S-1I Interstage Adapter Jettison

Launch Escape System Jettison

S§-11 Engine Cutoff, S-I1 Jettison, and S-1VB Ignition
S-1VB Engine Cutoff Into Earth Parking Orbit

Earth Parking Orbit

Start of Earth Parking Orbit

Start of Second Orbit

Acquisition of Point Arguello Tracking
End of Earth Parking Orbit

Second S-1VB Burn

Start of S-IVB Second Burn
Burnout of §-1VB

Earth Intersecting Coast

Start of Coast

Los Antigpua Tracking

S-1VB Jettison

Acqure Carnarvon Tracking

Apogee of Coast (7,467 n mi Altitude)

Update Spacecraft State Vector (Position and Velocity)
End of Earth Intersecting Coast

SPS Burn

Start of SPS Burn
SPS Cutoff

Pre-entry Sequence

Start of Coast to Entry

Lose Carnarvon Tracking

SM Jettison and Assume Entry Attitude
400, 000 ft Altitude

Atmospheric Entry

Start of Entry Trajectory

Pullout to Horizontal Flight, Start Roll Mancuvering
Drogue Chute Deployment at 24, 000 ft

Main Parachute Deployment at 11,000 ft

Earth Landing

"
No SPS Burn Profile

Pre-entry Sequence

Start of Coast to Entry

Lose Carnarvon Tracking

SM Jettison and Assume Entry Attitude
400, 000 ft

Atmospheric Entry

Start of Entry Trajectory

Pullout to Horizontal Flight, Start Roll Mancuvering
Droge Chute Deployment at 24, 000 ft

Main Chute Deployment at 11,000 ft

Earth Landing

Fl‘he event times are the same through the Farth Intersecting Coast phase.

13:00:12.00
13:02:22.13
13:02:26.13
13:02:29:93
13:02:56.13
13:03:01.13
13:08:137.01

13:11:29, 34

13:11:29. 34

~ 14:38:00

16:00:37.69
16:11:37.69

16:11:37. 69
16:16:27. 14

16:16:27.14
16:28:30. 00
16:16:57. 14
17:52:02. 20
18:15:17.32
19:36:00.00
19:50:37, 33

19:50:37, 33
19:59:27. 33

19:59:27. 33
20:03;15,.28
20:05:40,00
20:10:49.93

20:10:49.93
20:12:06.29
20:25:32.65
20:26:06.27

19:50:37,33
20:05:56.73
20:12:00,00
20:17:57.63

20:17:57.63
20:19:22.23
20:28:11.29
20:28:46. 65
20:29:22.94



Page 31

%0 "88 0000 186°se L86 €G- 11L°2¢ 285°L09 $€ 689
09¢ " 18 $SL°0 22612 820°99- 00L " 1€ 268 ‘966 10°L1S
LLS"GL 1261 6806 ¥S1°6L- 090°62 696 ‘6L2 €1°181
675 "SL €66°GT 0006 €92°6L- 0£0°62 L62 “L92 €1°9L1
¢1¥ "gL 0%¥ 61 1098 T18°6L- 188°82 8FS ‘L6 1 €6 °6%1
2LE°SL 80102 %98 L88°6L- 098 '8¢ %% ‘981 €1°9%1
16% "L 129 02 1028 696 6L~ 8¢8°8¢ €0L‘PLT €1°2%1
LL6 68 ¥GL ¥ GHel 9¢9 °08- L¥9°82 8¢9 00°21
000 "06 000 "0 o%el 9¢9 08~ L¥9°82 0 0°0
(82p) (3p) (0°s/33) (3°p) (39p) (37) (09s)
s18uy a18uy Ayoore A epnjtBuorl  epmyize]  IPMINVY 33033171
YInwizy mied 1erlIauU]l wox g
3 g sy,

Azeuwrtwing sjusAg 93910SY([/ITqIQ OF JUIISY A ulinjeg

2-g

31910
Sumnaed yreqg ojul
jpomD suiduyg gAI-S

uon3tud] gAI-S

pue ‘pauosiiiar II-S

‘z301m) durduy II-S

uos1j3af
wals Ag adeoso youne|

uos1lel ra9jdepvy
a8eysaaju] I1-§/DI-S

uotjtul] I1-S
uoljeaedsg
DI-S ‘330IMDH
sur8uy pieoqinQ DI-S

330IMD
suiug a9jua9) HI-S

Iaaoydltd 31®eis
‘3sTY 1821319 A PUH

3033171

JUS AT

°1q®eL




Page 32

3300-6001-RC000

800.0

H

700.0

600.0

500.0

400.0

0

00.

3

0

00.

2

0

100.

33.5

1.

X 10°

33.0

9.0
X 10°

5

32.

8.0
X 10°

0

7
X1

{93q) 3anLI9NOT

0 e

™ I
{930) 3an1IUV1

°'% S

0 - n -~

x xX
(14) 3anLiy

30.5

4.0
X 10°

.0

30

3.0
X 10°

.5

2.0
X 10°

0

29.

o

i

X1

-850l

0.0

28.5

0.0

TIME FROM LIFTOFF (SEC)

Latitude,

Saturn V Ascent to Orbit/Altitude,

and Longitude

Figure 5-3.




3300-6001-RC000

Page 33

800.0

700.0

600.0

500.0

00.0

4

300.0

960.0

100.0

0

94.0

45.0

5.0
X 104

92. 04

40.0

4.5
x 10*

90.0¢

35.0

x 10*

30.0

3.5

x 10*

o o

- . o
$ 3 8
(930} HINWIZV TVILIINI
e < <
&Q ] 0
(930) I1ONV HIVd LHOIT4 TVILENI
s e g%
x x x

(235/14) ALIDOI3A TVILYINI

10,0 80.0f

1.5
x 104

5.0

1.0
XIO4

76.0F

0

0

0.5
x 104

4.0%

7

5.0

0.0

Saturn V Ascent to Orbit/Inertial Velocity, Flight
and Azimuth

Path Angle,

-4

Figure 5




|

RELATIVE VELOCITY. (FT/SEC)

2.5
X 10

2.0
X 10

x 104

1.0
X 10

0.5
x 10*

0.0

RELATIVE FLIGHT PATH ANGLE (DEG)

90.0

80.0

70.0

60.0

50.0

40.0

20.0

10.0

0.0

-10.0

RELATIVE AZIMUTH (DEG)

3300-6001-RC000
Page 34
300.0 {42 ‘g i
Fit 45 E :
il ;
b4 ]
%w. i 1
250.0 P
ot :
: 1 Q) ‘
T a 1 1 I
e T T 1 k
200. 0 e = : i i
i Z :
i 0 £ o T "
i K :
: : K : i : i
150.0 i , i 50 :
% i e i e ;
£ 5 N D ‘
R + A\ I :
o Sois s saeat satacis Q&J}F—— S R R R e e e B R EEes
, ( thh S
100.0 {HHE : : Hrir Fitis : :
1 SR AYE i IR Rah o I ant .
it : - RELATIVE AZIMUTH ;
§ : ; S
50.0 ' :
bk A T 1
T e SiER] SEEEE
: SR SR dEIEEE e (i o et it e
090 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0

Figure 5-5.

TIME FROM LIFTOFF (SEC)

Saturn V Ascent to Orbit/Relative Velocity, Flight
Path Angle, and Azimuth



Page 35

3300-6001-RC000

800.0

700.0

600.0

500,0

400.0

300.0

200.0

8s

100.0

fr
T

: seissifnisnegs HensiRenats RIS ER SERNt st pa e et
o o o o [=
(= Q (=] w Q
O ~r ~N <]
=2 2 o =2

(235/14) NOILV¥313DDV TVIOL ANV aIsN3S

TIME FROM LIFTOFF (SEC)

Saturn V Ascent to Orbit/Sensed and Total
Acceleration

Figure 5-6.




[ ipNe)
oM

11

H]

ey

ot

it

S3R5s

1as
T+

:
1
T

TH

LAY

i
e

i 1 M Hi
T T > T - e

a3 & inasingayd tod + aant : ! T

H I : 2 f 2ega M ! ,‘M ]

Hi i Bi SR T R T R

i Eill e ittt ctaliathe iabaiiak: calasa:

HHHT T JRs aeons sotaiass 338 Spanananes

aad san. a5 ﬁl T ! 1 + H_H_H

T
yus
i
I
T

+t
jas
4
T

>

HEH
s
o)
"o
i
iy

t:

T =i

i H H vyl jRas danat T THE
e TR AN §
=i Q N RERES
SEL S N
=3 bedic i fa0ehd T et o
ool Seatceras O o x
o raghl rOunzfm
53 SRR3R RERGH SRR B2 FRERZRUaN:
ugs sfdy 3d: r o ¥
8 9 Tt
N ]
- <
pu v
O
=
a

11
bt
i
T

Tt

g

200. Oy
180.0
160.0
140.0

(930) 30N111LY HOL1d

Q ° N 2 ° 2 S 2

¢ ? 8 8 8 Q @ =3
(930) XDVILY 4O FTONV HOLld

e «© © - N < h -

[
(535/93Q) 3Ly HOLId

(=] o 0.
'] o “
~0 @ <
<3 o -
t [] 1

TIME FROM LIFTOFF (SEC)

Pitch Attitude,

itch Rate,

Saturn V Ascent to Orbit/P
and Pitch Angle of Attack

-7

igure 5

F




ALTITUDE (FT)

9.0
X 105

8.0
X 10

7.0
X 10

6.0
X 10°

5.0
X 105

X 10

3.0
X 10°

2.0
X 10

1.0
X 10°

0.0

3300-6001-RC000
Page 37

0.0 1000.0
9.0 900.0
b
8.0  800.0
7.0 700.0 l !{
=
6.0 x 600.0 ‘
e SRy
3 $
I S
g ¥ &
2 50 3 500.0+—y £
) [7e} =it T
b w 12
T 8- z
g —=F
z z -2
4.0 £ 400.0
[a]
3.0 300.0
2.0 200.0} {Z —
o 100.0p ]
o Ll
0.0 0.0 < L. BN b 191 LI i JEaes SRRES PRES {Urini 4 shgfstams A}
%0 100.0 200.0 300.0 400.0 500.0 600.0
TIME FROM LIFTOFF (SEC)
Figure 5-8. Saturn V Ascent to Orbit/Altitude, Mach Number,

and Dynamic Pressure



3300-6001-RC000

Page 38

092°66 100°0- 28662 901 *6L~ 656 °1¢ 90€ ‘909 86% ‘11 11910
Sunjred yireq jo puly
Lzr-zL S00°0 ¥8¢ ‘gz 0S¢ °821- ¥$88°L2 1€6 ‘109 8¢8 ‘01 Bupyoea] olenday
jutod jo uorjisinboy
€97 °¥8 100°0 185 °‘se 118°28- 0¥%¢ "2¢ 1€1°209 08865 31qIQ PUODI3g JO 1I®IS
¥%0 88 000°0 186 ‘g2 L86°€S- T1L°2¢ 285 °L09 689 1q10
Sumaedg yixed Jo 1aeis
(80p) (3ap) (525 /13) (32p) (3°p) (33) (09s) EEEYC
a18uy a18uvy £310019A opn3tBuory apniiye] apPMINVY J303311
yInwizy yred Ter3aau] woax g
ysna sw],
Axewrwung sjusAg 932x281(g /311910 Sunjieq yyreq °‘¢-¢ 21qEL




Page 39

3300-6001-RC000

apnjtduo] pue ‘epnjije] ‘OpninIv-31qi0 Suriied yired

(235) 3401411 WOUd IWIL

"6-g 2an3ig

0°00Z-

0°000£ 0°0009 0°000S

07051~

0°001-

(93Q) 39NLIONOT

0°0¥-

0°0¢~

0°0z-

o oL~

0°0l

0702

0 or

0°09

1(930) 30NLILYT

Ol X

0 )
wy

(=]
x

(14) 3anLv

[=2e)
o -

2
=
x

9

mo_ X
9°9

m.o_ X

01 X

0°L




Page 40

3300-6001-RC000

YInwizy pue

‘o18uv yred WS ‘AITOOTd A TRHILUI/ITQIQ Suniied yjied

oL X gt X HLX (D35) 4401411 WORH 3WIL
'l , L 0L 00006 0008 0°000/ 00009 __ 0°000S __ 0°000F 0°000¢ 0°0002____0°000L 00 e
“ i i i dm ,_ 3 m ~ .Ix,m ;%, : s | s ,, -
RN )
BN , B Al 0°09
| / S )
; | e IR o 1 J
N0 _ / i i. \L T IR Y £ 0°0¢
RN B R R
_ﬁ g m b / M, Lr /
« ; ; : : ; ; —40°08
LY A N I A o S e b
A B O G B B
A M,x. ] ” BT ) - B .v” 0°06
in I8 |
f K LNt S
| b —T 1\ 17 o 000t
TENCS Tt B S .,. A = 31
w M = A - _
na B il 1
...I_wl) ! | “/ bt ,
m N 0°0l1
\ \
e y
j _ { \ 1/ ; H (H e P
R RREE w AN | e
i | i
T ~0°0e1
. I
" 1
w 16 I ! Ll L
W I 0°ovl
! ! ! T : —
H ,. ; ‘ i ; | |
L] m _ NN EEENE L h‘ ! Pl
o i T T T T i T T
: - - , : , 4 0051

(93Q) HLINWIZV TVIL¥ANI

"01-¢ 2andrg

8°0-

v0-

o o~
o o

~
o
(930) ITONYV HLVd LHOITS IVILYING

¥°0

9°0

870

0l

e
N ox

(35/14) ALIDOT3A TVIL¥3INY




Page 41

3300-6001-RC000

P¥6 601 LF¥P°C1 L€ ‘0¢€ 0S¥ "86-
092 °66 100°Q- 286 ‘sz 901°6L-
(39p) (3=p) {095 /33) (32p)

918uvy o18uvy L3100T9 A apnji8uorT
InNUWzy yred TeT3a9u]
LI

88¥% ‘92 8%S ‘269 °1T LS8L 11
666 °1¢ 90¢ ‘909 86% ‘11
(Bop) (13) (o9s)
spnjizer] apnINITY 330331
woax J

sy,

gAI-S JO mouing

uing
puodag dAI-S 30 3rels

juaayg

Arewiung sjusag 93910S1(q/uing g AI-S PUODSG ‘-G O1qrRL




Page 42

3300-6001-RC000

1.165

TIME FROM LIFTOFF (SEC) X 10%

T 1 ” .
T T T T T T T t T T T T T
1 1 t 1 } t 1 Ir H 1
T : } } T H I
} t b 1
t T a
T 1 8 SE S T
H T
+ x H H
T a8 T H T
t H HH T
T T {1 A HH +
+ HH T H - -
. x| HH wipr B
SRS m aasl
| w A H HHH = ans|
u T T uEnsawnusl | aux:
t o HHH a
; m..- H
: H H H ¢
aaanm i T ¥ H T
T 5 ; : = 1 HH £ T m
1 HEEHE b~ a e I
o S5 T HHF = B I Asaa a
1 <HHH : T 5
T+ +H = =sas. HH
inaaas: & 1 ane
H HE a ua saus; T i
t
fEasae t : t
8 i T H ! HH s as
e L it | W '
nes 12 t ' : : . H S SaEsasRssagessansaras:
T T H 1 BTt
1 1 f ! tr
1 intaagas SRREs B AN i i
H + ) T T dsel o
I ] T 5 1 458 1 adagany
RS SRR Dasa 3 b L . a Sma 7
T ! " T azan, . aaa v
+ 85 e auna: + T o e HH S5a! K 1888 inaxnadnna
ot t = t + t t
: i : : & : ! f +:+ +
b : e : T nal T NSy sn81 e aanan samu: i T H ans I e
Snes T ; r=H
e s =
fesms T =3 aags
I [ F=t EgEaaa: Sas! E R i
$ o3 T ui I » Bwn: sineha s
1 1 T + +H
DEiE o ; & T H . :
nSRSEES RTodnbuss t H s
v HH mea an. ? T H
5 T pase 5 TR 5 e
e ! HiHE T e e s
e Ei ! _ ; e i Rnenant ! B
T T + L e ' ! ¥
; eamans st L Bunmas: H T 1t T T iadRaean:
; T RS IR =a ot T THT T P + T
iaa. Sasu swset I i3 1 T : b T fow rrnd SEises e 1 a
jaa= i avESE Sbuseansas tau: T amas 4t Sane t
T T T T 1 ot 35 T v ¥
I - g seve Tt I NS lna B - T
B & sam - asen } H pie aage
T > R, T e iy ot T 3 z T e anw H T
T 1 T gl 81 S P IS E aAma I
T 1 i 8
T T S RE IT T [ ]
HHHT T i I T H t
T T T 8| )i
) e ¥ —H
T T BT T T T i =+ TH HIEAE
T HH f 1 tHHH HHH i3 iaus smars iapaaa: 1 H
H t } + HH T
1 - T T ?
T 8 Bk T o T T T T H
T 2 na alas 4 { i SR S TSN PERHT) 1_ T S
= + . H + — o
=3 s : o= h *
ek SR MR S IR SR ; : iggEiseaed ; SRSt R SR
ud e o hgn
: ; aas Aaa: H
ey + s e ; AN
I t 88 B ISuEBE: )
:
» EE8 H T EREasEE: a5 a
I THH IaE e anal HHHT
a8EE A T H Bas pE: BasmEssaEsmpga H
E H HTH H i srann
38 H H i 3
] - 2 fxa
+ H isnSunus ANSSRRGENS AURAA! Ly
=
! i ! Fr A
jEasasan anna T 1 Ty jas anananan:
T aesaaas s=sndsan 1 t T 2ast {mued snasaan
1 Secauns smanasem: _ HH )
(=) wy o [=]
) < N~ D
| t 1 ' T
L i 1 1 1 | 1 i L 1 ]
el 79} <t ™ o~ — Q o~ 0 ~ 0
o ™ o o« o [3 ™ ~N ~N o~ o~
[ ! | 1 i 1 1 ! | ! ]
v.Y ~t o~ o © 0 < o~ S @ ~o
- - . . . . - >
o~ o~ o~ o~ — — — o o

OLX (14) 3anLiv

1.175 1.180

1.170

1.160

1.155

Second S-IVB Burn/Altitude, Latitude, and

Longitude

1.150

1.145
Figure 5-11,




Page 43

3300-6001-RC000

4

4

1
b
T
4

fie

5
T

Sis

:
I
!

T

TIME FROM LIFTOFF (SEC) X 10

pitr o i)
T

it
o t g HH 2}
i i S S
B 8 8-
{93Q) HLNWIZY TvILYINY
1 1 1 1
O ~ o~ o Q-
(93Q) ITONY HiVd LHOITH TVILENI
L 1 1 1 L 1 1 1 1 1 |
; < o o = 3 > = ~ < m
™ ) ™ g ™ © o~ ~ ~ ~ «

01X (235/14) ALIDOTIA WIL¥INI

ht Path

y, Fl

IVB Burn/Inertial Velocit

Angle, and Azimuth

Second S

Figure 5-12

g




3300-6001-RC000

Page 44

= y muns s y y s \enmasnann sm s ™ T T
t T _ﬁ T T «r 1 1 11 1 b «, T T M
T T .}
; ; asiitsasiss tanatangl
fiinctass cansdeaiancadRsinnisibieact ;
] . A . T
HHH HH SR HHHH
I i S T 3
AlREnssaun sERSENTEDE 8 a8 SRESNESE SUNEEANES RO a8 anu! mSauNas SRS T
ASAESESEEE AURERUSERS 8 SsaRSSBEuS AEAREN Ty 11
I aEnEEs
T
L RN H3H SN SEERSEANER SEERG N auEw
muaEAESIEEAUS sunAE S SEEUS aussuasn. S6EESANSLS Aataaandes a0 1Ty
! BER AR NS ARRANSEE! asam }rwmvdulxxmuil e 53 2
1 aEsas au AAEESN SRENE NADES A0S, T
T BESSE sERas RS SSEFRRASESARENAS URBEN B! 1
fssasastasais HHH H SHeidsasinsansinda e HHH
T THE 1 I T ERARUNE RUNNE RS T n T 1 s
1 I 1 L RS R Ran Z i 1
= N T T £ HTrT T
B I RN O I EEmuED

EEREEEEE

T

T

<
HH
iaad anmn = masss aam azen =s M R a
T HH H FH oo BT
jaaz in: HH B SiSSeanass sansenuash susanty dal H HEHHHT 0 H
w
H- HH 1= e e cazansssus=amazax=szdlTl assononnsiaw
anw o a8 spsREREES [\.ilfwwmrr s T O HH
HH a8 P H A O Hr
i ENEUeD SNENE BEWEE SER O
H a8 sasasenss am HH S = P
1 unﬁuﬂ T T T T vﬁvl SENaReN s HE R H anesy < nvxxvvwvﬁrvv 1
T HT ] it R 8 smmasamar 1 Tt HH H T t I t 1
T 18 81 T Il H . 1T T T T L, T T 1 T A suSsaSNESs N T T T
H <
-

SEinasaen Ries fanaasasnsiasaxs PR RN o= HEH
& gesfesdadagissesagis HH -
T T 1 e HESES FN IR 1T 13 T 3 4 DN wY
T T T T 8 T T . SEEEESSUNE INNAEEOERE INENED g
: i 1 O HitH SRiREioes dyfsnaneieistoien. e HH
RERASEES HH IESEISaasEsEIEESERiL HH A1 Hi EEHHE Rt BEEE HT
H M Raasasnus Sass m“”u A PR HH L
manE: HH HHH N R ahanas
HrHH S SmaammamNS SEASSEBESE immuES A [ 1 < H- A aenn
] ms amsmn =, mas [} H+
2 it THER O i i it
H T HH O]
BEmEt Entens o s ia jissastds O] : Sisiais
: H F A ae:
Banes _ i o e HE e AM H%Jn P w T 4 dls
4 D -4 1 - I
nawee 1 p ¥
- H S Sma=azs: FHE
T sy g RENE FENES
4 uunuEuRmus EARAS SRSOOS N + O ]
S R e R T AEERRANE: pnan: L SomEEaEREE 8 A susanse ' 1
i Eawe ub 1 P T H v . T B HEEH A H
HH HH o] e
is ranmasanE A8 HH HH T o HTHHH HHHHH
HHH masasas SEEBEE 5 T Easnas
S SaaBERaRES snane T S4asgsann maunaREas SSassanmsimash HH
REnECHeRE smanasanmsy e A e SdRatisansudyananunvauast Canaus
H bH T HH A 3 PR EHT A B
e » J]ALJ“I DS B8 an

1
T
T

"
T
T

T
T

o

THT

1T

i
T

1
1
I
t
T
1
T
T
'’
s
T

EEBEENES NSNS N RN EEESEERS!
SeNEES SEgasEes 8 8! i
avan sen fesasanay T T
B sasaE! SES SRS NSNS, saumg
sassaaunans fes snsy
EINESEANEDS INSNE ERSSE A A
EEeEUPEES ON SUSEAENE g T na &
e agnd N e

T
it
=

50

(035/235/14) NOILY¥313D0V TV1IOL
1 1

(=} o o
—

100

601

50

st

f\30‘

1.175 1.180

.170

]

165
TIME FROM LIFTOFF (SEC) X 10

1.150 1.155 1.160 i.

1.145

o o o

N —

935 /235/14) NOWV¥IHOIV Q3sSN3s

4

Second S-IVB Burn/Sensed and Total Acceleration

Figure 5-13.



Page 45

3300-6001-RC000

T 28 1aeRaTREnz s ™ T T 183 aaananans:
Seisciact ittt cet it it i e o i i ! s i
IgRa [BERE B - T H BRE B i f 4 T By BEES MRS

5 : JoiH i Hodlird o
[ andl B " . B . b i 1\ Iuﬂ. 11iH w

st : : ! i T
SRESE AR H i 1 : ! —

1 T T t

W » i T T T T
£33 ] I ; A W : “

Hi+H 1 t t T : + H
b I S5t resstoeg : _ B i
i T & s * T 1 | H T H

4= 3 B R
WH oy ; Hi aaglces iu 4kl f i3 141 HR T IQ
SESSERRERS fam T 13 fEsanask: Sne ! ~
sanudeginy : t 11 Sun i

e i : 5 ]
S ; ; O :
b : A
SEEENApAug ki T 1 : "
SaEnasgyEs i s t Eas| & i i OA :
jpasaspass T T s T
Suue g - H aSS BRIl i3 I /MC T o
m=a] ESues " . O : N
sEEREnRe e EsEsaa o6 : 7 gasaad o) -

i\ 1 T ¥ { 1 ! 7

' Y —_
i iass SIS R RN, R Rt e : : &

saate S e ! Fra ?
iEtssaRlE EERE cabastatan ioaVE: FRdcydaast i2ates - T

T = Suasepis: :
R i ik SHecEEET bttt : g
LT 1 T T i1 T a7 ANE H H ¥
- W T T . + ” t VAlv
.. 1 .
B of HEE e

1 H 1 T a. M 1 W
b I + it T T t ]
pot HH
SEBEUBREEE R T [ k3 |
ERas! : e §oarount T o
; g seis R IRasas vs

! T + 11 | H Hrt T -
H»A,l T * 1 _\J._ m‘ﬂ 1 mlw, IVI‘ %Q m W w -I'
aum t > T malf &

= gs T = 3 sNCd

1) 1 7 v T \

i i i «

P ! SEsacs o ieeeaN g
e ! i T 4
iR s S : FHE k NG siE ]
BN e Eaaas aasats : S H e - 0
Tuwet b e e 1 : .
HVIJ HL + 1. T T ”ﬁ m -

EERfusas fuunsnan, i H }
ana jaua ani I - I
B i ] == : i : :
Tﬂlufirﬁ jEan iluaan i Hasding ney mluﬁ
sSSP paaby mnu b3t 13 et R Shaaanats O TH o
L i ina  sesi L o = i i i

Q [=] o o (=4 o [« =
] ~0 ~ m % 0 ~t « N -
— —_ ~— — 1
(93Q) YOVILY 40 F1ONY HOLId
L 1 ] i 1 1 1 1 L 1 !
2 * It < N o ~ < < ) =)
iy o [ o o =3 [ (=3 @ -
] 1 ] ] 1
(D35/93q) 31V¥ HDLId

L 1 1 1 1 1 | 1 1 L ]

o o o o o (=} (=} © o
m © b < N 8 @ 0 <~ N

- = bl - =

(93q) 3aNLILLY HDLId

TIME FROM LIFTOFF (SEC) X 10%

Second S-IVB Burn/Pitch Attitude, Pitch Rate, and

Pitch Angle of Attack

Figure 5-14.




, [a3iNe]
o T
=)
r(” on
oo
o,
=
g
4 681°69 98¢ ‘0¢- ¥16 ‘02 0LE "001 ¥EC 11- 02¥ ‘26091 LE9 ‘¥2
=
o~y
2€2°%9 g9¢ "1¢- 8¥1 ‘L1 €96 "G8 8¢8°02- 0f¥ ‘689 ‘¥ 092 ‘€2
£€Ce¢ch 000°0 GL0 ‘01 9¢2 9% 629°2¢- 626 ‘89¢°‘c¥ L1681
LE6°001 14 Al G666 ‘01 89 °L¢ 920°1¢~ PP 1L ‘E¥ 226 L1
221 92 000 ‘g2 2Z- "L 000 ‘009 ‘8 01621
€11 S 1 008 ‘62 26~ b 44 000 ‘06¢ ‘2 L1811
¥¥6 601 2 4 A TLE‘0¢€ 06V "8¢- 88% “9¢ 8%6 ‘2691 L8LT1
(82p) (3op) (295 /13) (8=p) (3sp) (3) (09s)
s18uy a18uvy L310019 A opnji8uory apnjiyer| opMINITV 3033171
YInwizy yred Te1jaauj wol g
s d ewiLL

Azeurwing SJUdAT 2319IOSI(J/I1SBOD UOI}IDSIIUT Ylieyqg

15207 BurldesIaju]
ylIed 30 pud

(A310072 A

PU® UOIIISOg) I03ID9 A
23%3Q j33eI0oo®dg 93epdn

(ePMITITY T U 195 )
18809 JO 9980dy

Sunioeay
uoaleuxe’) aimboy

Suoex], endyuy osor]

wos1Iaf GAI-S

1SBOD) JO 31a®3I§

jus Ay

"§-g 21q®],




5.0

4.5

4.0

3.5

3.0

2.5

2.0

0.5

ALTITUDE (FT) X 107

0.0

r 6or
- 50-
b 40..
= 30-
L b
- of
= 0-
L _1of
- -20F
%)
o 18
bos .30 F
e a
a 2
=) [U]
|3
3 i
Figure

3300-6001-RC000
Page 47

14 8 tant i I 3 5 *: 3
St : i it i
80 § F }r i H
2 i LN H
| < S
60 X0
) A
()
2
O
40
o §
i558 is
0 :
-20 5 o
Q« = HH43
h \9) t
\9"\0
-40 eEzsidad e
-60 H t 2! jedsenes fout: g
1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.6
TIME FROM LIFTOFF (SEC) X 10%
5-15. Earth Intersecting Coast/Altitude, Latitude, and

Longitude



Page 48

3300-6001-RC000

e
e

i

e

AT

b
itees ot ey e s
¢ £ # LR e
HIRF =
Ak i
1 ey 1 s
e W i
i ! HaRE S b
: S
=i e ¢ HY
B inyEieeass ks B T0O
=070 i ik o
=ik T Qi jiiigmit
2 2 Z5n £
b3 L g ; =
N = i2aEEs '
caX 1= i e e
E 2 T =
i wae T OIRTTH
g | ity
Z _ .
il
, dil i R
8 & 8 R 3 3
(930) HLAWIZV TVILYINI
L il ] i i i 1 1 L m m
o o
S 3 =4 3 m 2 i 2 8 @ s
(93Q) 31ONV HLVd LHOIT TVIL¥INI
1 1 1 1 1 1 i 1 Il 1 J
2 " 2 ? 2 o 2 © S B 2
< ') [ < < ) ) «

2 1 1
01 X (235/1d4) ALIDOM3A TVIL¥INI

TIME FROM LIFTOFF (SEC) X 10

Earth Intersecting Coast/Inertial Velocity, Flight

<
u
o]
&
o
N
<
T
o]
4y
v
—
eTy]
=
<
Kef
+
@
A
©
—
i
wH
(]
-
3
bo
o

F




jj01m D suiBuy sd49$

0Ev "LS 9%S "2¢- 898 ‘0¢ €apell 228°1- 689°96S ‘S L9152
681°6¢S 98¢ "0¢- ¥16 ‘02 0L€ "001 PeeT11- 02¥%°260°91 LEY ‘BT uing SdS 30 31els
(39p) (3ap) (095 /33) (32p) (32ap) (33) (o09s) usAg
s13uy a18uy £310019A  epnytBuory epninjer] SPMIMTY J3035t71
yinuwizy yredq Te13a9uU] wo I g
st g sw],

Arewruung sjusay 931213si(q/uing sdS °'9-G 2IqBL




Page 50

3300-6001-RC000

0L X (235) 3301411 WOU WL
'

514

epnjt8uo pue ‘epnine] ‘epmyny/uing S4S

*L1-G @an3ig

T

ST N
;

T

001

2kt s3nse

:

T
it

HES

Aaus ass

T
t
T

A=

T
T

[ fRjiREEss

peanpane

T
2y 2o
T

T
T
T
1
b

=+

=l

T

T

Sausyunpey e’

b

ii

[~}

o~
—

vl

L8

(93a) 3aNLIDNO1

d

oL-

8-

p-

-

(930 3anLILv1

o~
.

[y}
.

B

LLX (13) 3anuiy



Page 51

3300-6001-RC000

ynuwizy pue ‘o[Suy yied YSUd ‘A310019A Terjrdul/uing §4S 81-g 2InIig

01 X (235 4404417 WOU4 IWIL

¥
5T i 4 15°2 §05°T sz S6¥°2 év°z 41484 1484 74484 A ar4

: i ety Sim i it AR R e e e st el P R Y i Bk I H
: i
:
L i Ju B
S T £
26, mH
S8 il Py 1EREERS H
;
& i
T f |
HisH
it L T
SR
4
H t
FriLT
:
Sany o SRR H
& z
m
-
=
>
-~
>
m.l
z
c
—=
T
I~}
m
@
R/
t
;
H HHBGE
i A
+ i pees s
5 g i
- 1] m «W,HAV =
¥65 -~

(930) I1ONV HLVd L1HOI14 TVIL¥NI
0L X (235/1d) ALIDOIIA TVILEINI




3300-6001-RC000

Page 52

UOTI}RII[IODV

1el10] pue® @Omﬁwm\ﬂhﬁm SdsS

SOLX (D35} 4401411 WO IWiL

*61-g @an3rg

5°2 S6v°Z a4 52144 8y°'Z (72484 IA 4
HTE HHH i g T T T 25
F i i i : : HilH T
3 ALAWHH 1 f
L i e : M

E in e

1T

e laEEag sETur R Caa u

(235/235/14) NOWLY¥I1IDOV AISNIS

ol

Sl

(04

o4

0€

Ge

oy

4

119

(235/235/14) NOILV¥31IDDV V101




o™ .
S0 }oeny jo a[duy ydlid pue ‘orey Ydiid ‘opminiv yoyd/uing S4S ‘07-g 2andrg
S o
O wp
(<83 I
Y 01 X (235) 3401411 WO awiL
o 5T S1§°T 4 §'z S6v*T 6v'Z ser°z z 'z Sv'T 9T .
o T it {5430 SERETRTARR B HEAS AURAE Gaedl sisd: T i SEiLBEH issaEini i ori- 10 JEo
0 i St e g i 3LV HOLId T i
o £ et S
o ! it . I R
™) i b 4 .
) : g it w oz1- -0z szTo-
Hi 5 HHHST :
L itk i 00l- —ovr -0

T

1

—409 —SL°0-

T
1
H

¥

{EHE i | -
i £ S =
: t+ 09- 008 A —L°0-
i it N 2
; THHos Feie; >
b3 ifapyaanass Hied 2 Z
11 Y Eesaisst IR ERsL: Iss e BOls TIoTS M{ (9] m
hisi e < ™ 2
iEHgdes i i 5 : _ 0 8 earo-
j ov- 51001 50°0
> g
2 8
> &
e}
=
=]
0Z- m—0Zl -0
e
0 oyl —S0°0

0Z QJ09L L0

ov -j08t  SL°0

(035/93a) 31vY HOLId



3300-6001-RC000

Page 54

800 %L 0S¢ "L~ 26S°1¢ 168°0L1 056 "82 000 ‘00% 8L7 92 PPNITITV 37 000 ‘00%
286779 vLE 91~ G606 ‘62 ey vyl S6% '8 1 625 °0L9°2 026 °Sc spmIMIV Axjuyg
auINSsy pu® JAS UOS1}yor
961 °8¢ g88°¢2- €6L°92 ¥¥¥ "921 L6F "L 2SS ‘P21°9 LGG‘gZ BupPei] UOAIBUIR) 9SO
681°6S 98¢ "0¢- ¥16 ‘02 0Le "001 PEE"IT- 02% ‘26091 L€9 ‘%2 L1juyg o3 3se0D JO 11EIQ
EER) Bop) (35 /37) @5p) EET)) 7) (5os) eAT
s18uy a18uy £310012 A epnytBuor]  epminyeT  SPNINY J30131 T
YInwizy med Te1jaaug woa g
y311a SwtrL
Azewrung sjusaq 93313sI(q/(uing gds ON) @ouenboag Axjus-91g ‘g-¢ °1qe]
18%°99 0s¢e "L- £€€¢ ‘9¢  L€9°6ql 86€°¢Z 000 °00% 058 ‘S SPMIWIV 37 000 ‘00%
G586 °8S 288 02- bez ‘ve LLLCT€1 L69°0T €98°‘860°¢ 0%s ‘se apnily Aajugmg
: swInNssy pu® NS UOsj3or
S9L"Ls 166 °ge- 126 ‘2¢  S989°¢€21 $82°¢ be0‘ce0‘s 66€ ‘sz Sunpei] uoaIlrUIR) 9507
0Ev LS 9%v¢ ¢¢e- 898 ‘0¢  €sb-ecl 228°1- 689 ‘G658 L91°s¢ L1jug 03 350 3o 31®IS
(3p) (35p) (095 /33) (3=p) (35p) (33) (09s) EEERNC
o18uy 318uy A310019A  apnitduory oPMILIETT  OPMINTY 3303511
YInwizy yred Te13aaug woa
ECCI R awily,
Arewrung sjusary 93910s1g/edusnbog A1jus-s1g ‘2-g oIqel



ALTITUDE (FT) X 10°

LATITUDE (DEG)

3300-6001-RC000
Page 55

450 160t
40F 155
.
35F  150F
30F  145[

2
5

N
S
T
LONGITUDE (DEG)
@
&

o
T
@
S

st ok

2.51 2.55 2.56 2.57 2.58 2.59 2.60
TIME FROM LIFTOFF (SEC) X 10%

Figure 5-21. Pre-entry Sequence/Altitude, Latitude, and
Longitude



3300-6001-RC000

Page 56

I

5 $ 8 3 ] ] 5 S a 5
(930) HLNWIZY TVILENI
[l 1 1 1 1 1 1 B 1 1 N
2 2 - > 7 2 2 g 3 3
(930) IIONY HLVd LHO!TS TVIL¥INI
L 1 L J 1 1 1 i A | J
o o, ] N < ] < 2 s - <
Au © ™ ™ ™ ™ o) L] ™ © ™

SO X (D35/14) ALIDOTIA IVIL¥INI

TIME FROM LIFTOFF (SEC) X 10

Pre-entry Sequence/Inertial Velocity, Flight Path

Angle, and Azimuth

22,

Figure 5



6 8 ‘ ‘ £ bog £ . g
=X opnjt8uo] pue ‘epminie] ‘epniniy/(uing SdS ON) Aduenbag Arjus-sig ¢z-g 2InNoTg
o o
h)
(a4
et 401 X (335) 4401417 WO IWIL
o $9°Z 79°2 09°2 85°2 95°z ¥5'z P44 05'Z 8z z
0 B ISA8% 3EH ISR 4281 T T T n pRe 1 T T n 1 9
, : : , T T T 00l —=Jst-To
O >
_ o = &
o o = 2
w sl Rl =
o ™ 1o1- T 5en T
a1’ 31%°2
m —r >
Q ~
09
-1 6- %0
oct 4o 90
orl 16 -18°0
st 4ol ot
07t —st 21
Aozl Hog v
08l —62 =191
=061  Hoe  48°t
ooz dge  doe




ymwizy pue ‘erfuy yied ysNd

=4V ‘310012 A TeTIISUI/ (uang SAS ON) @dusnbog Axjus-s1d ‘$2-¢ aand1g
o
O (]
o0
o_u N
— A oL X (035) 4401411 WO¥d IWIL
8 29'C 85°2 952 ¥s'Z 252 05z 'z e
o =| g
o 8s 3 do -5
i £1%¢
i &l 3
: 2
E 1 3
vw mw_ =
i 09 ~ o sz-Z
i )
-
E
e
doz- 4

$OL X (035/14) ALIDOT3A TVILEINI




3300-6001-RCO000

Page 59

Buipuer yaeqy

juswrfiordag
‘oinydeaeg UleN

€¢l ‘9z 3uswdoreas 9Inyn sndoxQqg

0sh 06 TT1°21- 16€°1 9L6 "LGT- 9% 2¢ 0 108 ‘92
16€ 06 29T ¥1- 12%°1 686 "LG T~ 99% 2¢ 000°TT  99L°92
€9¢ "06 $00 "L1- 8LP I 966 "LG1- L9¥ 2¢ 000 ‘¥2
€6L 69 000 "0 86L ‘62 201 291 921 °9¢ 29€0L1 926 ‘G2
8% "99 0G6E "L-  €€€£°9¢ L€9 GG 86€ "€2 000 ‘00% 0S8 ‘G2
(3=p) (8=p) (095 /37) (3=p) (3ep) (31) (03s)
a18uy °18uy 431007124 epnyrduor]  9pniyETT  SPMIBIIY  FFOIFIT
yInwizy yied Terasu] wod g
31 g aw ],
Arewrwmg sjusag 9391551 /Aajug dtreydsownyy ‘-G 9IqeL

Sulzeanoury
1oy 31e3is ‘3ysirg
Tejuo z110H 01 1IN0 TInd

Axojoafea],
Axjug j0 31Ie3lQ

UL AT




3300-6001 -

182 06 29¢ 11~ S1%1 8%1°991-
L9T1°06 L1z ¢etl- 8¥¥1 191°991-
0%0 06 €9L 761~ 60651 LLT 99T~
L10°8L 000 "0 €v1 ‘¥2 GeZ 8Ll
800 L 0S¢ "L~ 265 ‘1€ 168 °0L1

®op) Bap)  (es/m) CER)

a1d8uy a18uy f310019A epmtduor]
yinuizy ned TenIau]

W31d

8€6 " 2¢ 0 €96 ‘92
8€6 " 2¢ 000°‘11 926 ‘92
8¢g " 2¢ 000 ‘$2 168 ‘92
1%9 "0¢ 82L ‘LST  29€£°92
066 82 000 ‘00% 8.2 ‘92
(82p) (31) (09s)
(epningerI)  SPMIMIIV  FIOIT
wox
sw],

Arewrwing sjuaArq] 93310s1(g/(uing SdS ©N) Axjug otxsydsownyy

Burpue Yaey

juswiorda(g
ANYH ureN

juswlordag
ainyn sndoaQg

Furazoanauey

110y 31'18 usIg
1®IU0Z110H 03 INO IInd
Lxoroefex] Axjug jo 11e3S

JUS AT

‘01-6 2I9BL



3300-6001-RC000

Page 61
[«
0
~
®
0
~ (]
e
=]
+~
]
TP
o 0
—
E
3
~ «
g
i i o 5
L + 9 o
: « 4
iad : ‘*2 3
= x
i G -
g 3
§ 2
E e
) [ |
3 = <
~ O ~
& PN
S 2 o]
B = o
¥ o~
25 3
13 ot
N H
2
o
%
0
o L4
~Q
K <
S
~N
[ ]
w0y
~ 0
o
-
=
8 20
« fy
(930) 3anNLI9NO1T
1
o [>2]
o~ ~N
(93q) 3anLiLvt
| ! 1 I
"ll ‘-l’ o Cl’ "’I’ CI’ "I’ < ° e 0
~ < @ I o~ o~ P ~ S ?

¢OL X (1d) 3anuv



3300-6001-RC000

Page 62

ymwizy pue ‘9[3uy yjed 1YSid ‘A310019A TenIsul/Arjug orrsydsouny '9z-g @anfig

vo_ X (233) 4401411 WO IWIL
69°C 89°Z £9°2 g9z ¥9°Z €92 9T 19°¢ 09°2 65°C 8677

|
[re)
1

(93Q) HINWIZY TVIL¥3INI
1
=)

|
w

(930Q) 31ONY HLV4 1HOITL TVIL¥INI

S0

<
o~

[Ty
o~

o
.
[}

24

0°s

0L X (23S/14) ALIDOTIA IWILYINI



3300-6001-RC000

Page 63

ymuwizy pue ‘918uy yred ySI[d ‘A110079A sanjeray/Lajuyg orreydsowny L 7-g 2Indig

01 X (239) 34014171 WOud awil

89°C 99°Z 9 9z £9°C 9°C 19°2 0972 85°¢

s9

0L

74

08

vy
<«

(=]
o

(93Q) HLNWIZV 3AILYI3Y

v
o

001

oLl

5 S
? ki
(930Q) IONV HIVd LHOI1d JAILYIIY

H
(=]
N

<60

1
<
o~

L
b
o~

1
e
™

01X (035/1d) ALIDOT3A 3AILYIIY




Page 64

3300-6001-RC000

UOI}BJID[ODDY [BI0I pu®B pasusg/Arjuy d2txaydsoun
I pue p S/ Y v

401 X (535) 4301411 WO IWIL

¥9°Z

9°C 19° ¢

"87-g @an3rg

£9°C

T

e 0S
HE
ERIsLRSE
ke
IHE

HIEE Joot
i i
T 5

5 £ & :
g = 0s1
1oy +
it

THoT

apasy

111

S48 TRaca SICR IoecT RN

soges

SRR R

00S

(235/235/14) NOUV¥313DDV TvIOL

0s

001

051

0sC

00¢

0Se

ooy

osy

00§

(235/235/14) NOILY¥313DDV QISN3IS




0! X (1) 3anuv

own . .y
[« XNe] IoqummpN YoOr]N pue ‘danssaxdg UME.NG%Q d@ﬁuﬁjw\%.HuGH UM.ﬁv:QmoEﬁw 62-6 OH.DMH.M
0 (]
O on
D_w_ m..a $0! X {D39) 440141 WOUd IWIL
- ¥9°z £9°2 .
g T 1 . UL EHEH No 10 5°0-
o auE
(o)
i
o
muJ 6oL ¢ —H0
o
o0z oL -s°0
oog St Ho0°L
loor24oc st
z
z
5| 3
z| 2
00S v 152 —10°¢
21" g
Al 3
— m
m )
S
009 <;{0e  s°2
00z -s¢  -0°¢
008 Hor HS°¢
006 S¥ 0¥
000t 0§ gy




Axjuyg woag o3uey/ALrjug orreydsounyy Q¢-¢g 2andig

Page 66

(01 X D3S) 4401417 WO IWIL
89°C £9°C 992 G9°Z y9°e £9°7 9°t 19°¢ 09°C 65°C 86°C

3300-6001-RC000

\ ooy

-~

\ 008

\ 00zl
\ 0091
\ 000Z

oove

JI,\ 0052

(IW N) AYLNI WO¥4 3ONVY




Page 67

3300-6001-RC000

2.70

:LONGITUDE

2.69

LATITUDE

2.68

W67

2

[/ ALTITUDE

66

2

2

2.64

2.63

300

250 f=

00 |-

2

50 .

i

00 ==

(930) 3aNLONOT
i

5 t—

-50

00

1

5

-150

2,62

33.5 ~

33.0 |~

32.5 —

O -

32

S

3

—

(930) 30nLILVT
|

30

30.0

—

29

29.0 —

5.0

45—

0

4

5

.

3

0

3

wy

o~

no_ X (14) 3aanulv

0

2

5

1.

1.0

0.5

Atmospheric Entry (No SPS Burn)/Altitude, Latitude,

and Longitude

-31.

Figure 5



2.70

Page 68

2.69

3300-6001-RC000

2.68

2.67

TIME FROM LIFTOFF (SEC) X 10t

)
imuth

[

2

No SPS Burn)/Inertial Velocity,

2:657
(
and Az

Entry

.64
ic

2

9%
88 |-

0 < (]
© © w©

(93Q) HINWIZY TVILYINI
| | |

30—
25—
20
15—

(= L2} (=

(930) 1TONY Hlvd JHOINS TVILE3NI
| | I

5.0r—
4.5
4,0 —
3.5~

o Us) o

o o~ o~

S0 X (03$/14) ALIDOTIA IVILEINI

63

2

Flight Path Angle,

Atmospher

62

0 bt
7

76
74 £

2

8
32

-10—
15—
-20

igure 5

5
o
5
ol
F

0



RELATIVE VELOCITY (FT/SEC) X 10*

3300-6001-RC000
Page 69

5.0 20—
4.5 10+
4.0 ol
3.5 -10 -
)
3
30 o -0~ -
-4 []
U] w
Z e
< I
I -
E
25l £ 0| 2
T <
[V] w
urt 2
o =
g n
2.0 '; 40— =
br]
1- 4
1.5 -50—
1.0 - =60 =
0.51— =70 b~
ol _gol
2.62
Figure 5-33.

2.63 2.64 2.65 2,66 . 2.68 2.69 2,70

TIME FROM LIFTOFF (SEC) X 10%

Atmospheric Entry (No SPS Burn)/Relative Velocity,
Flight Path Angle, and Azimuth




Page 70

3300-6001-RC000

UO1}BISTOO0Y [BIO] pue pasuag/(uing S4S ON) Axjug otxeydsownly “He-g 2INSTg

629°2

$O X {D35) ‘4401411 WOUS IWIL

£9°Z

§99°2

99°T

669°¢

6972 S¥9°Z ¥9°Z GE9°C €972

6Z9°2

0S

{ ooz

= L7

00€

05¢

00¥

osy

005

(23$/235/14) ‘NOILY¥IT1IDDY 1vIOL ANV NOILYY¥I1IDDVY QISN3IS



3300-6001-RC000

1 Page 71
50—~ 50
45  45p-
4.0 40|
3.5~ 35}
3.0k 30T

e
% - >
] & P
x o =
= = Y
[ 2 4
L o5k Z 51 3
w T v
[v) w
2 g £
= 9
kS 3
20 20k 2
: >
[}
1.5 15—
1.0  10p
0.5 5p
ol ol B

2.65 2.66 2,67 2.68

TIME FROM LIFTOFF, (SEC) X 104

Figure 5-35. Atmospheric Entry (No SPS Burn)/Altitude, Dynamic
Pressure, and Mach Number
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6. TRACKING AND COMMUNICATIONS DATA

Spacecraft visibility periods for the tracking stations presented
in Table 3-6 are illustrated in Figure 6-1. Spacecraft visibility is
defined as a tracking elevation angle greater than 5. 0 degrees.
Figure 6-1 also illustrates the time periods when the spacecraft is in the

earths' shadow.

It is expected that at least one injection tracking ship and one entry
tracking ship will be available for this mission. Visibility data is not
presented for these stations because their placement for this mission

has not been established.
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