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APOLLO 6 (A-2 OR AS-502/CSM-020)
SPACECRAFT OPERATIONAL TRAJECTORY
VOLUME I - MISSION PROFILE
By William J. Bennett, and Ronny H. Moore, OMAB

and Jon C. Harpold, IMAB
1.0 INTROUDCTION AND SUMMARY

1.1 Purpose

This spacecraft operational trajectory defined in this document is
designed for the unmanned Apollo 6 Mission (AS-502/CSM-020/LTA-2R). This
document presents the spacecraft portion of a combined launch vehicle and
spacecraft trajectory which is designed to satisfy the spacecraft mission
objectives without violating any of the lavnch vehicle and spacecraft con-
straints or the mission guidelines. This report describes the complete
mission profile and incorporates all trajectory design refinements and
revisions issued since publication of the AS-502 Spacecraft Reference

Trajectory (ref. 1).

1.2 BScope

This report is presented in four volumes. This volume, Volume I,
summarizes the launch vehicle and spacecraft data used in developing a
mission profile which achieves the mission requirements specified in
reference 2. It contains the mission guidelines, input data for mission
simulation, and trajectory analysis where applicable. Also included are
graphical and tabular time histories of the spacecraft attitude, position,
dynamics, entry heating, separation characteristics, and a summary of the
Manned Space Flight Network coverage.

Only brief descriptions of the launch, earth parking orbits, and
translunar injection phases of the mission are included in this document;
more detailed descriptions are contained in the AS-502 Launch Vehicle
Operational Trajectory (ref. 3).



Volume II of this report contains the spacecraft trajectory listing
of the mission simulation and the spacecraft input data specifications.
Also included are definitions of symbols and reference coordinate systems.

Volume III presents detailed tracking time history data of range,
azimuth, elevation, range rate, and the two spacecraft-to-radar look angles
for the ground stations available during this mission.

Volume IV presents an analysis of the consumables useage for the
Apollo 6 Mission.

1.3 Summary of Spacecraft Operational Trajectory

The purpose of the Apollo 6 Mission is to demonstrate the structural
compatibility of the launch vehicle and spacecraft and to verify the
adequacy of the Block II heat shield when subjected to lunar-return entry
conditions. This flight will be the second launch of a Saturn V vehicle
and differs from the Apollo 4 Mission primarily because the second
S-IVB burn is a typical translunar injection burn.

For mission simulation purposes, the launch is assumed to occur at
13:00 Greenwich mean time (G.m.t.) March 20, 1968 from pad A of complex 39
in the Merritt Island Launch Area and on a flight azimuth of 72° from true
North.

The major events of the trajectory profile are illustrated in
figure 1-1. For discussion purposes the profile has been divided into the
following phases.

1. Saturn V ascent to orbit.

2. Earth parking orbit.

3. Second S-IVB burn.

4. S-IVB/CSM separation.

5. First SPS burn.

6. Earth intersecting coast.

T. Second SPS burn.

8. Preentry sequence.

9. Atmospheric entry.




The Saturn V boost to earth parking orbit consists of nominal burns
of the S5-IC and 5-11 stages and a partial burn of the S-IVB stage. Thrust
termination occurs in a near 100-n. mi. circular parking orbit. The vehicle
remains in this orbit for approximately two revolutions while vehicle sub-
system checkout is accomplished. No major propulsion systems are used
during the two revolutions in earth parking orbit but the orbit is contin-
ually perturbed by low-level thrusting due to LH2 venting and the ullage-

engine burns that occur during the initial and final seconds of the park-
ing orbit. Boost from parking orbit occurs during the second revolution
shortly after signal acquisition by the Cape Kennedy tracking station.
The second S-IVB burn is an optimum burn which injects the vehicle onto
a conic typical of the translunar conics used for lunar landing missions.
However, the launch vehicle is not targeted to attain terminal conditions
near the moon.

After second S-IVB cutoff, the S-IVB orients the spacecraft to the
S-IVB/CSM separation attitude. This orientation is completed 180 seconds
after the start of S-IVB time base 7 and is followed immediately by the
CSM/S-IVB separation sequence. The sequence consists of 10 seconds of
C8M RCS +X translation and a coast for 90 seconds to obtain the attitude
and adequate separation distance for the first SPS ignition.

First SPS ignition occurs 280 seconds after the start of S-IVB time
base 7. At completion of the first SPS burn, which is nominally performed
in a retrograde attitude, the spacecraft is in an orbit characterized by
an apogee altitude of 11 989 n. mi. and an inertial flight-path angle at
entry of -6°. This earth intersecting orbit insures CM recovery if the
8PS fails to reignite for the second burn.

Approximately 6 hours after the first SPS burn is completed and follow-
ing a G&N position and velocity update from the Carnarvon ground station,
the SPS is reignited. This burn accelerates the spacecraft so that an
inertial velocity of 36 500 fps and an inertial flight-path angle of -6.5°
are achieved at entry interface (L0OO 000 ft). Coverage of this burn is
provided by the Guam tracking station. At SPS cutoff, approximately
4 minutes of coast remain before the spacecraft reaches entry. During
this time the CSM orients to the desired CM/SM separation attitude, separa-
tion occurs, and the CM orients to the required attitude.

Atmospheric entry occurs at approximately 9 hours 29.5 minutes after
lift-off at 15L4.96° E longitude and 31.87° N latitude. As a result of the
entry conditions, a maximum heating rate of 372 (B.t.u./ft?)/sec and a
total heat load of 37 615 B.t.u./ft2 are achieved. The maximum load factor
encountered during reentry is 5.74 g. The spacecraft flies a nominal under-
shoot entry trajectory over a 2500-n. mi. range to a CM splash point target
of 157.138° W longitude and 27.354° N geodetic latitude.



2.0 SUMMARY OF INPUT DATA

The input data summarized in this section have been compiled from
references 3 through 8 and include the pertinent MSFN station specifications
and a quantitative description of the spacecraft. The detailed data speci-
fications of the spacecraft can be found in Volume II of this report. These
data form the basis for the spacecraft operational trajectory for the
Apollo 6 Mission. '

2.1 BSaturn V Launch Vehicle

The Saturn V launch vehicle, illustrated in figure 2-1, is comprised
of the S-IC, S-II, and S-IVB stages. It will place the CSM/S-IVB into
parking orbit. Data for this vehicle were based on the AS-502 Launch
Vehicle Operational Trajectory (ref. 3). The conditions at translunar
injection, taken from the launch vehicle trajectory listing, were used as
the initial conditions for the spacecraft trajectory profile.

2.2 Spacecraft (CSM-020)

The data necessary to describe the spacecraft were obtained from
references U through 8 and are summarized in Volume II of this report.
Spacecraft reference dimensions are presented in figure 2-2.

2.3 MSFN Tracking Stations

The locations for MSFN tracking stations used for this simulation of
the Apollo 6 Mission were obtained from reference T and are summarized in
table 2-I. Locations of the two Apollo tracking ships available for sup-
port of this mission are also included in these tables. The insertion ship,
the Redstone, has been located east of Bermuda Island to provide extended
coverage following insertion into earth parking orbit. The entry ship,
the Watertown, has been located in the Pacific Ocean, east of Guam to pro-
vide radar coverage during the ballistic skip and final phases of the CM
entry trajectory.

2.4 Spacecraft and Attitude Reference Coordinate Systems

The spacecraft attitude is measured by the pitch, yaw, and roll angles
required to rotate from a reference coordinate system to the current space-~
craft orientation. The reference coordinate systems used in the generating
this profile are illustrated in figures 2-3 through 2-8,
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2.4.1 Spacecraft body coordinate system (XB, Yoo ZB),- This right-

handed, orthogonal coordinate system (fig. 2-3) has its origin at the

current vehicle position. The +XB axis extends through the apex of the

CSM. The +ZB axis is normal to XB and extends in the direction of the

foot end of the astronaut's couches. The +YB axis completes the right-

handed coordinate system.

2.4.2 Launch site inertial attitude reference system (XI’ Yo, ZI).—
This inertial right-handed, orthogonal coordinate system (fig. 2-4) coin-

cides with the launch site at the instant of lift-off. The +XI axis ex-—

tends down range in the direction of the launch azimuth and lies in the

local horizontal plane. The +ZI axis extends upward along the reference

ellipsoid normal passing through the launch site. The +YI axis completes

the right-handed coordinate system.

2.4.3 Earth-reference rotating attitude coordinate system (XR’ Y., Z.).-

R*> "R

This right-handed, orthogonal coordinate system (fig. 2-5) coincides
with the current subvehicle point. The +ZR axls extends downward along

the reference ellipsoid normal passing through the subvehicle point. The

+XR axis extends north along the local meridian and is normal to ZR' The

+YR axis completes the right-handed system.

2.4k.4 Platform coordinate system (XP, Yoo ZP).- This right-handed,
orthogonal coordinate system (fig. 2-6) coincides with the launch site
at the instant of lift-off. The +XP axis extends upward along the refer-

ence ellipsoid normal passing through the launch site. The +ZP axis ex-

tends down range in the direction of the flight azimuth and lies in the

local horizontal plane. The +YP axis completes the right-handed system.

This system does not rotate with the earth but moves with the earth with
respect to inertial space.

2.4.5 Navigation base cpordinate system (XNB’ Yip ZNB).— The origin

of this right-handed, orthogonal coordinate system (fig. 2-7) coincides
with the origin of the spacecraft body coordinate system at all times.

+ . o} . .
The XNB axis makes a 33° angle with the +XB, has a +XNB component lying

along the —ZB axis, and lies in the XB-ZB plane. The +2Z axis makes a

NB
33° angle with the +2Z component lying along the +X

axis, has a +ZNB axis,

B B



and lies in the X plane. The +Y _ axis completes the right-handed

BZB NB
coordinate system and coincides with the +YB axis.

2.4.6 Relative vehicle coordinate system (XRV, Yoy ZRV).— This left-

handed, orthogonal coordinate system (fig. 2-8) is centered at the current
vehicle position. The +XRV axis extends in the direction of and is colinear

with the +XB axis. The YRV axis lies in the local horizontal plane, is

normal to XRV’ and is positive in the direction of yaw right. The +ZR

axis completes the left-handed coordinate system.

v

2.4.7 Spacecraft look angles (¢, 8).- The spacecraft orientation
with respect to the sun or to the radar vector is illustrated in figure 2-9
and is defined by the following two angles.

1. Theta The angle between the spacecraft roll axis (+XB axis)
and the spacecraft-to-sun or spacecraft-to-radar
vector.

2. Phi The angle between the spacecraft negative yaw axis

(—ZB axis) and the spacecraft-to-sun (or radar)
vector projected on the roll plane (YB—ZB plane).

From the rear of the spacecraft, this angle 1is
measured positive clockwise from the negative yaw
axis.

2.5 Orbital Geometry and Trajectory Parameter Definitions

The parameters which describe the geometry of the orbital plane in
inertial space and the vehicle state in the orbit are presented in this
section. The parameters are illustrated in figure 2-10 and 2-11 and are
discussed in the following paragraphs.

2.5.1 Orbital geometry.- The size of the orbit can be described by
either the semimajor axis or the semilatus rectum of the ellipse. The
shape of the ellipse is characterized by the orbital eccentricity. The
semilatus rectum and the orbital eccentricity are used as the targeting
criteria in the guidance equations for the SPS burns. The semilatus rectum
is denoted in figure 2-10 as the distance from the center of the earth
(focus) to the ellipse measured at right angles to the major axis.
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The orientation of the trajectory plane in inertial space can be
described by the following orbital parameters.

1. Longitude of the ascending node - The angle between the vernal
equinox and the ascending node of the ellipse measured in the plane of the

equator.

2. Orbital inclination - The angle between the trajectory plane and
the equitorial plane of the earth.

The position of the spacecraft in orbit can be described by the two
following parameters.

1. Argument of perigee - The angle measured in the trajectory plane
from the ascending node to the perigee point of the ellipse.

2. True anomaly - The angle between the perigee point and the current
position of the spacecraft on the ellipse.

2.5.2 Trajectory parameters.- The vehicle state in orbit is usually
described by specifying a radius vector, latitude, longitude, a velocity
vector, the flight-path angle, and the azimuth which are referenced to a
given coordinate system. These parameters are illustrated in figure 2-11.




3.0 NOMINAL MISSION DESCRIPTION

A description of the Apollo 6 Mission simulation and the results of
pertinent trajectory analysis are presented in this section. The ascent-
to~orbit, the earth parking orbit, and the second S-IVB burn phases of
this mission simulation are based upon the MSFC listing of the AS-502
Launch Vehicle Operational Trajectory (ref. 3). The SPS burn phases utilize
the cross-product steering guidance philosophy of reference 9 for thrust
vector control, and the reentry phase uses the entry guidance logic also
from reference 9.

The earth ground track and the altitude-longitude history for the
nominal mission profile are presented in figures 3-1 and 3-2, respectively.
Earth shadow data (daylight and darkness) are also illustrated in figure 3-1.
A discrete events summary is presented in taeble 3-1. The spacecraft atti-
tude summary is presented in table 3-IT and the SM RCS propellant expendi-
tures are summarized in table 3-IITI.

3.1 Prelasunch

For this mission simulation, launch is planned to occur March 20, 1968.
The lighting requirements at the launch site 1imit the 1ift-off to occur
no earlier than 11:46 G.m.t. (6:46 e.s.t.). Similarly, since 1.5 hours
of daylight should remain after landing in the primary recovery area, the
launch can occur no later than 17:24 G.m.t. (12:24 e.s.t.).

Another factor which restricts the launch window is the solar require-
ment for heat-shield cold scak. The requirement as presently defined
limits lift-off to occur no earlier than 13:20 G.m.t. (8:20 e.s.t.) and
no. later than 18:54 G.m.t. (13:54 e.s.t.) for the assumed launch date.
These constraints and the resulting solar attitude orientation are discussed
in more detail in section 3.7 of this report. The effects of sun lighting
and solar requirements for heat-shield cold soak on the launch time are
illustrated in figure 3-3.

3.2 Saturn V Ascent to Orbit

Launch of Apollo 6 Mission is planned to occur from pad A of launch
complex 39 of the Merritt Island launch area. The geodetic coordinates
of the launch site are 28°36'30.32" N latitude and 80°36'1L4.88" W longi-
tude. For the trajectory simulation, launch was assumed to occur at
13:00 G.m.t. (08:00 e.s.t.) on March 20, 1968. It should be noted the
actual lift-off time will be consistent with solar orientation requirements
given in reference 10.




The launch profile of this mission utilizes a 72° flight azimuth from
true north and includes the thrusting phases of the S-IC, S-II, and S-IVB
stages. A summary of the trajectory events during the phase is included
in table 3-I.

MSFN coverage of the ascent-to-orbit phase is provided by the Cape
Kennedy, Grand Bahams, Bermuda, and insertion ship tracking stations.
The tracking data for this phase and the two revolutions in the earth
parking orbit are consistent with reference 3.

Time histories of the trajectory characteristics during the ascent-
to-orbit phase are presented in figure 3-L.

3.3 Earth Parking Orbit

At first S-IVB engine cutoff, which occurs 10 minutes 52 seconds after
lift-off, the spacecraft is inserted into a 100-n. mi. circular parking
orbit having an inclination of 32.561° and a period of approximately
88 minutes. The state vector at insertion can be described as follows:

ATEItUde, ££ v v o v v e e e e e e e e e e 628 270.000
Geodetic latitude, deg N . . . . . . . . . . . . . 32.639
Longitude, deg W . v v v v « + ¢ 4 4 o e 0 0 0 e 55.088
Inertial velocity, fPS « « v + v v v v 4 o 4 o 4 25 569,913
Inertial flight-path angle, deg. . . . . . . . . . " +0,001
Inertial azimuth, deg. . . « « « « « « ¢« « « o« o« . 87.%07

The wvehicle remains in earth parking orbit for approximately two
revolutions while subsystems checkout is made. The nominal S~IVB/CSM
attitude maneuvers during this period are presented in table 3-IV(a). No
major thrusting occurs during the parking orbit; however, the orbit is
continuously perturbed by low-level thrusting due to LH2 venting. Also,

the ullage engine burns during the initial and final seconds of the parking
orbit perturb the orbit.

At approximately 1 hour 34 minutes after lift-off, the S-IVB orients
the spacecraft to an attitude such that the -Z axis of the spacecraft will
be along the local vertical. The S-IVB holds this attitude until approxi-
mately 3 hours 8 minutes into the mission when the S-IVB begins orientation
for the second S~IVB ignition. During this period, the camera mounted in
the hatch window will photograph the earth.

The S-IVB preignition sequence is initiated after the spacecraft
passes over the western coast of the United States on the second parking
orbit revolution. During this sequence, the launch vehicle maneuvers at
an assumed l-deg/sec rate to align to the predetermined attitude for the
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second S-IVB burn. This event occurs approximately 3 hours 6 minutes after
lift-off or about 4,1 minutes prior to second S-IVB ignition.

The trajectory characteristics during earth parking orbit phase are
presented in figure 3-5.

3.4 Second S-IVB Burn

Second S-IVB engine ignition occurs on the second parking orbit revolu-
tion, 3 hours 10 minutes after lift-off as the spacecraft approaches Cape
Kennedy. The boost to translunar injection lasts for 327.34 seconds, and
the injection occurs at an altitude of 186.7T n. mi., an inertial velocity
of 35 539 fps, and an inertial flight-path angle of T7.383°.

Figure 3-6 presents the trajectory characteristics during the second
S-IVB burn. Injection occurs at 3 hours 15 minutes L7 seconds after 1lift-
off, which is 10 seconds after tB7'

3.5 S-IVB/CSM Separation

At 20 seconds after launch vehicle tB7’ the S-IVB orients the space-

craft to the S-IVB/CSM separation attitude. The IMU gimbal angles for
separation are

Inner, deg « v « v o o o e 4 e e e e e e e e e e e e 61.04
Middle, deg. « ¢ ¢« ¢ v ¢ 4 v e e e e e e e e e e e -1.%0
Outer, deg . e e e e e e e -0.60

One hundred and sixty seconds have been allowed for the S-IVB to orient
the CSM to the separation attitude. At tBY + 180 seconds, the CM mission.

control programer (MCP) sends the discrete separation start sequence. Upon
receipt of this signal, the SM RCS jets are turned on for +X translation.
After 1.7 seconds of thrusting, physical separation occurs. The RCS jets
continue thrusting for another 8.3 seconds, then the CSM coasts for 90 sec-
onds to attain separation distance prior to first SPS ignition. During

this coast period the CSM performs a prethrust alignment to place the space-

craft in the proper attitude for the first SPS burn. This attitude is de-
fined by the IMU gimbal angles as follows:

Inner, 488 « « « ¢« « & ot 4 h e e e e e e e e e e e e 64.59
Middle, deg. « + « v v vt e e e e e e e e e e e e e -1.4%0
Outer, deg « « v ¢ v 4 e e e e e e e e e e e e e e e -.60

The spacecraft characteristics from CSM/S-IVB separation to first SPS
ignition are illustrated in figures 3-T7 and 3-8,
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3.6 First SPS Burn

The first SPS ignition occurs 280 seconds after launch vehicle tBY’

which corresponds to 3 hours 20 minutes 16.94 seconds after lift-off. The
spacecraft pitch attitude at ignition is approximately 173.1° from the
inertial velocity vector or 25.8° below the local horizontal. The burn
lasts for 254 seconds during which the attitude changes with respect to
the velocity vector by only 6.L°.

This burn is targeted using the cross-product steering logic of
reference 9 to a coplanar ellipse having a semilatus rectum of 3k 340 227 ft
and an eccentricity of 0.63429326. This ellipse has an apogee altitude of
11 989 n. mi. and a perigee altitude of 18 n. mi. If the second SPS igni-
tion does not occur, the inertial wvelocity and flight-path angle at reentry
will be 32 813.L4 fps and -6°, respectively.

Figures 3-11(a) through 3-11(e) present the spacecraft trajectory
characteristics during the first SPS burn. Figure 3-11(f) presents the
time of free fall (tff) to the entry interface as a function of burn time.

Also presented on this figure are the instantaneous predicted values of
the inertial velocity and flight-path angle at entry. Figure 3-11(g) pre-
sents a time history of the instantaneous apogee and perigee altitudes
during the first SPS burn.

3.7 Earth Intersecting Coast

At first SPS engine cutoff, 3 hours 24 minutes 32 seconds after 1ift-
off, the SPS injected the spacecraft into an orbit characterized by a
semimajor axis of 34 339 859 ft, an eccentricity of 0.63L2907, and an
imelination of 32.49°., It should be noted that the spacecraft does not
achieve the exact target ellipse of the first SPS burn. However, this is
within the tolerances of the guidance cutoff logic. The state vector at
injection into the coast ellipse can be described as follows:

Altitude, Ft v & v v v v 0 b e e e e e e e e e e e e 6 229 926
Geodetic latitude, deg N . . . . . « . . « ¢ o o o .. 9.253
Longitude, deg W . « + ¢« « ¢ ¢ « v v v ¢ v v 4 e 0 e o4 .21k
Inertial velocity, fps e e e e e e e e e e e e e 28 139
Inertial flight-path angle, deg. . . . . . . . . . . . 2,504
Inertial azimuth, deg. . . . « « ¢« « « v ¢« v « v « o+ & 121.299

Immediately following SPS engine cutoff, the CSM initiates an atti-
tude reorientation maneuver to place the spacecraft into the desired atti-
tude for cold soak. The proposed attitude for cold soaking CSM-020 is
defined in figure 3-9. To achieve this attitude the spacecraft -X axis is
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oriented toward the sun placing the CM in shadow. Although the aforemen-
tioned attitude is optimum, the acceptable operational limits have been
defined so that the sun-to-spacecraft vector may vary from the -X axis
within a 30° half-angle cone about that axis.

These constraints are defined in terms of sun look angles, phi and
theta., Theta is measured from the +X axis of the spacecraft to the sun-
to-spacecraft vector. Phi is the angle between the spacecraft -Z axis and
the projection of the sun-to-spacecraft vector onto the Y-Z plane, meas-
ured positive clockwise. Therefore, considering only the solar require-
ment, an acceptable attitude for CSM-020 would be one for which the theta
angle varies between 150° to 180° and the phi angle varies from 0° to 360°.
The phi angle is varied in order to obtain satisfactory communications
throughout the cold soak. However, this must be performed with due consid-
eration of the gimbal lock limit of the IMU which is 60° for the middle
gimbgl angle.

The primary sttitude defined within the above constraints is given
in terms of IMU gimbal angles (ref. 11 and 12) as follows:

Inner, deg « v v o v ¢ v 4 e e e e e e e e e e e e 111.83
MiGA1E, Qe « « « « o v e e e e e e e e e -28.16
Outer, A€Z « « « + « ¢« + 4 4 e e e e e e e e e e 119.1k

Figure 3-10(a) shows that the primary attitude is within the defined
tolerances for the assumed launch between 8:20 and 11:45 e.s.t. on
March 20, 1968. A secondary attitude which can be loaded into the computer
when a launch time beyond 10:00 becomes imminent is within the defined
tolerances from 10:00 to 02:00 e.s.t. as shown in figure 3-10(b) is shown
in terms of IMU gimbal angles as follows:

Inner, d8g « + v « v v 4 o 4 e 4 e e e e e e e e e e e 139.79
Middle, dE8. « « + + ¢ « o+ e e b e e e e e e e e e e -L1.46
Outer, deg . . + « ¢« v ¢« « v « « « & e e e 173.75

A recent change to the solar requirements has required a reevaluation
of the primary cold soak attitude. These changes and their effect on the
primary cold sosk gimbal angles will be finalized shortly. The secondary
attitude will remain unchanged. Following SPS engine cutoff, the AGC
begins calculating the tff to entry interface.

The coast phase is then set to end 25 minutes before the free-flight tra-
Jectory intersects 400 000 ft.

Approximately 6 hours 22 minutes after first SPS cutoff, the space-
craft reaches apogee altitude and starts its descent. At the end of the
coast phase, the spacecraft position and velocity and tff to entry will be

updated in the AGC by the Carnarvon ground station in preparation for the
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second SPS burn. Approximately 2 minutes after the update has been re-
ceived, the AGC initiates a reorientation maneuver from the cold soak
attitude to the ignition attitude for the second ZPS burn. The spacecraft
holds this attitude until SPS ignition occurs.

When the tff to entry falls below 631 seconds (tff min)’ the AGC

schedules the second SPS ignition to occur within 2 minutes. The space-
craft coasts in an attitude-hold mode until the tff = 540 seconds. The

CSM RCS jets are then turned on for a 30-second ullage maneuver. Immediately
following the ullage, the second SPS ignition occurs.

The spacecraft position and velocity during the earth intersecting
coast phase are presented in figures 3-12(a) through (b). The time his-
tories of the IMU gimbal angles during this phase are presented in figure

3-12(e).

3.8 Second SPS Burn

The nominal mission plan calls for the second S-IVB burn to accelerate
the spacecraft so that at entry the velocity is 36 500 fps and the flight-
path angle is -6.5°. These conditions are accomplished by targeting the
spacecraft to coplanar orbit characterized by a semilatus rectum of
L2 118 L22 £t and an eccentricity of 1.016L4386. The cross-product steering
logic of reference 9 is again used for thrust vector control. The duration

of this burn is approximately 188 seconds.

The spacecraft pitch attitude at SPS ignition is approximately 25°
below the inertial velocity vector or 46° down from the local horizontal.
At nominal SPS engine cutoff, the spacecraft pitch attitude is 17° below

the velocity vector.

Figure 3-13 presents the spacecraft position, attitude, and dynamic
characteristics throughout the SPS burn. Figure 3-13(e) presents the IMU
gimbal angle histories. Figure 3-13(f) presents the time of free fall to
entry interface.

3.9 Preentry Sequence

At SPS second cutoff approximately U4 minutes remain before reentry.
During this time, the CM/SM separation and preentry attitude reorientation
maneuvers are performed.

When t__, = 200 seconds, the CSM initiates the reorientation maneuver

It
to the desired attitude for CM/SM separation (+X axis up in the trajectory

plane of motion 60° above the inertial velocity vector). This attitude is
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held constant until tff = 85 seconds, at which time physical CM/SM separa-

tion oceurs. The separation maneuver is performed by firing four SM-RCS

thrusters to provide -X translation. Translation continues until RCS pro-
pellant is depleted.

Approximately 5 seconds after CM/SM separation the guidance and navi-
gation system will begin reorienting the CM to the predetermined attitude
for atmospheric entry. This attitude is .such that the angle of attack is
157° with the 1lift vector up. The preentry sequence is illustrated in
figure 3-15.

3.10 Atmospheric Entry

Approximately 9 hours 29 minutes 23.59 seconds after lift-off, the
CM enters the atmosphere at 31.867° N latitude and 154.963° E longitude.
Reentry occurs at %00 000 ft; the inertial velocity is 36 500 fps and the
inertial flight-path angle is 6.5° below the local horizontal (ref. 1L).

Figure 3-16 shows a plot of the CM maneuver footprint and the nominal
ground track on a map of the reentry area. The nominal touchdown target
location is 2500 n. mi. down range from the reentry interface position,
and the ground coordinates of the target are 157.179° W longitude and
27.326° N geodetic latitude. This target location was selected in order
to maximize the total heat load under the constraints imposed by the re-
entry guidance system parameters and operation. The increased heat load
resulting from this target will provide a more stringent test for the heat
shield than that obtained from Mission A-1, Apollo L.

The nominal flight time from lift-off to drogue deployment at 23 500-ft
altitude is 9 hours 43 minutes 34 seconds. Figure 3-17, which shows alti-
tude as a function of range from reentry interface, denotes the phase of
the guidance system exercised. The load factor at the center of gravity,
which reaches a maximum of 5.7k g at 9 hours 30 minutes 46 seconds after
lift-off, is shown as a function of time in figure 3-18(a). The time
histories of total heat load and total heating rate are also shown. The
radiant heating rates were calculated from updated radiant heating tables
(ref. 13) which give about one half the values that the tables used for
A-1/CSM 017 Mission would have given (ref. 1). The maximum total heating
rate is 372 (B.t.u./ft?)/sec at 9 hours 30 minutes 30 seconds after lift-
off, and the total heat load is 27 615 B.t.u./ft?. Figure 3-18(b) shows
time histories of altitude, load factor, and bank angle commanded by the
guidance system. While performing the guidance commands during the re-
entry, the RCS system used 49.2 1b of fuel. This fuel consumption does
not include any data before 400 000 ft, which is approximated at 10 1b.
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The time histories of position, inertial and relative velocities and
flight-path angles are presented in figures 3-18(c) through (e). Fig-
ure 3-18(f) shows the altitude, dynamic pressure, and Mach number as a
function of time, and figure 3-18(g) gives the time histories of bank angle
and trim angle of attack. Table 3-VI gives the Apollo 6 aerodynamic co-
efficients at trim angle of attack as a function of Mach number. Fig-
ure 3-18(h) presents a time history of the IMU gimbal angles during reentry.

In figure 3-19, altitude is plotted in relation to relative wvelocity,
and the boundaries for S-band and C-band communication blackout are shown.
Altitudes below the boundaries are areas of communications blackout.

The drogue parachute deployment sequence starts at 9 hours 43 minutes
35 seconds after lift-off at an altitude of 23 500 ft. The two drogue
parachutes are deployed 2 seconds later, At an altitude of 10 200 ft,
9 hours U4 minutes 24 seconds after lift-off, the low altitude baroswitch
closes, and the drogue parachutes are disconnected. The three main para-
chutes are deployed 1 second after the baroswitch closes. Table 3-VII
Presents the Apollo command module parachute descent events and aerodynamics.
The CM, suspended on the main parachutes, reaches splashdown 9 hours
49 minutes L45 seconds after lift-off.
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4.0 MISSION PROFILES RESULTING FROM SPS ENGINE FAILURE

The second S-IVB burn of the Apollo 6 Mission is an optimum burn
which injects the vehicle onto a conic typical of the translunar conics
used for lunar landing missions. For the launch date assumed in this
report, the vehicle will not attain terminal conditions near the moon.
However, if the SPS fails to ignite for the first burn the spacecraft is
committed to the trajectory of the S-IVB. Assuming an 8:00 e.s.t. launch
on March 20, 1968, this trajectory is characterized by an apogee altitude
of approximately 275 920 n. mi. and a perigee altitude of 1616 n. mi.
However, if the SPS fails during the second SPS burn, the trajectory is
designed to insure (M recovery. A summary of the events for a second SPS
ignition failure is presented in the following paragraphs and will be dis-
cussed in detail in the alternate mission plan.

4.1 First SPS Burn; No Second SPS Burn

The first SPS burn is targeted to a 11 989-n. mi. apogee coast ellipse
which insures CM recovery if second SPS ignition does not occur. In this
case the CM enters the atmosphere approximately 9 hours 31 minutes from
lift-off with an inertial velocity of 32 813.4 fps and an inertial flight-
path angle of -6.°. Reentry occurs at 32.28° N geodetic latitude and
159.07° E longitude.

For this case, the spacecraft will fly as far down range as possible
in an attempt to achieve the nominal splash point. The maximum entry heat-
ing rate achieved from this profile is 202 (B.t.u./ft?)/sec and the maximum
loed factor encountered during reentry is 5.18 g.

The CM splash for the no-second-SPS-burn trajectory occurs at approxi-
mately 9 hours 51 minutes after lift-off at 28.1L4L° N geodetic latitude and
159.75° W longitude. The landing footprint is illustrated in figure L1,

4.2 Summary of Splash Points

The splash points for the spent SM stage and the CM are summarized
in table 4-I and illustrated in figure 4-2. A comparison of the nominal

mission and no-seconda-SPS-burn entry and splash characteristics is presented
in table 4-I1.
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5.0 TRACKING AND COMMUNICATIONS DATA

The spacecraft visibility periods for the ground stations listed in
table 2-I are presented in table 5-I. The ground tracking coverage during
the ascent to orbit, the second S-IVB burn, the SPS burns, and the preentry
sequence is shown in figure 5-1. Spacecraft visibility is defined for

tracking elevation angles greater than 5.°.

Volume III presents detailed tracking time histories of range, azimuth,
elevation, range rate, and two spacecraft-to-radar look angles for each of
the ground stations and tracking ships available for operation on this
mission. These data include the ascent-to-orbit and the earth parking
orbit phases, as well as the earth-intersecting coast and reentry phases.
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TABLE 3-l1].- SERVICE MODULE RCS PROPELLANT EXPENDITURES

Maneuver RCS propellant
expenditure,
Ib
CSM/S-1VB separation (10 sec of +X translation) 14.4
Attitude orientation to first SPS burn attitude 3.8
SPS cutoff damping 1.0
Attitude orientation to solar soak attitude 8.9
Attitude hold mode (0.2-degree deadband) 128.3
Attitude orientation to second SPS burn attitude 8.9
30-second RCS ullage prior to second SPS ignition 43.2
SPS cutoff damping 1.0
Attitude orientation for CM/SM separation 8.9
CM/SM separation 4561.6
Total 780.0

NOTE: Propellant expenditure data was used in this simulation for weight bookkeeping.
Volume IV of the report should be consulted for the official breakdown of RCS
propellant consumption.

a CM/ SM separation burn ends with RCS propellant depletion.
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TABLE 3-1V.-, SUMMARY OF S-IVB ATTITUDE MANEUVERS

(a) Earth parking orbits

Time from lift-off,

Maneuver .
hr:min:sec
(a)
Maintain commanded cutoff inertial attitude 0:10:45.9
(tB5 + 0 sec)
Initiate maneuver to align S-IVB/CSM 0:11:00.9

+X axis with local horizontal (CSM forward,

+ZB up) and maintain orbital rate

Roll 180° down and maintain orbital rate

Initiate 20° pitch down maneuver and
maintain orbital rate

Initiate 20° pitch up maneuver to the
local horizontal and maintain orbital rate

Initiate 180° roil maneuver to place +Z
down. Maintain +X axis along local
horizontal until the beginning of the
restart sequence

(tBS + 15 sec)

0:12:15.9
<tB5 + 90 sec)

0:51:45.9
(t85 + 2460 sec)

1.28:45.9
(tBS + 4680 sec)

1:.34:45.9

(tB5 + 5040 sec)

atBS is orbital insertion cutoff command




TABLE 3-1V.- SUMMARY OF S-IVB ATTITUDE MANEUVERS - Concluded
(b) Post injection

Initiation time of
maneuver from

Termina! time of
maneuver from

lift-off, lift-off,
Maneuver Maneuver mode hr:min:sec hr:min:sec
(a)
Maintain second S-IVB Programmed 3:15:36.94 3:15:56.94
commanded cutoff (t'37 + 0 sec)
inertial attitude
Orient to CSM/S-IVB Programmed 3:15:56.94 3:18:01.06
separation attitude at (tB7 + 20 sec)
1.44 deg/sec in each axis
Separation attitude:
Inertial yaw =  0.849°
Inertial pitch= 241.967°
Inertial roll = 178.732°
Maintain CSM/S-IVB Programmed 3:18:01.06 3:18:36.94
separation attitude
1U sends separation Programmed 3:15:36.94
start sequence discrete (tB7 + 180 sec)
to the CSM
CSM/S-IVB separation Programmed 3:18:38.64
(tB7 + 181.7 sec)
First SPS ignition Programmed 3:20:16.94
(tB7 + 280 sec)
Orient to post-separation Programmed 3:25:36.94 3:35:36.94
inertial attitude (tB7 + 600 sec)
Post-separation attitude:
Inertial yaw = 0°
Inertial pitch = -164°
Inertial roll = 2°
Hold post-sepccation attitude Programmed 3:35:36.94 5:15:36.94
Orient to align S-IVB/IU/SLA Ground command 5:15:36.94

+X axis with local horizontal
SLA forward

with programmed
backup

(t,, + 7200 sec)

B7

ay _ - Launch vehicle time sequence

B7
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TABLE 3-VIIl.- APOLLO COMMAND MODULE PARACHUTE DESCENT EVENTS AND
AERODYNAMICS

Event A|tfittude, T;rgg, CDS ;:Echute,

High altitude baroswitch closed 23500 0.0 0.0
(actuate ELS)

Deploy drogue chutes a 2.0 0.0
Drogue line stretch 2.7 0.0
Drogue chute reefed inflation 2.8 40,0
Drogue chute disreef 10.8 40,0
Drogue chutes full open 11.0 68.0
Low altitude baroswitch closed 10 200 0.0 0.0
Deploy main chutesb 1.0 0.0
Main line stretch 2.0 0.0
Main chute reefed inflation 3.5 300.0
Begin main chute disreef 10.0 300.0
Mains full open 13,0 4000.,0

a
There are two drogue parachutes.

bThere are three main parachutes.
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TABLE 4-1.- SPLASH POINTS

Time of impact Impact Impact
from lift-off, latitude, longitude,
Vehicle hr:min:sec deg deg
Service module
Nominal 9:34:19.0 32.6 166.2
Command module
No second SPS burn 9:51:23.9 28.14 -159.75
Nominal 9:49:45,2 27.35 -157.14

TABLE 4-l1,- COMPARISON OF NOMINAL AND NO-SECOND-SPS-BURN ENTRY

No second

Parameter Nominal SPS burn
G.e.t. at entry, hr:min:sec 9:29:23.6 9:30:48.7
Geodetic latitude at entry, deg 31.867 32.28
Longitude at entry, deg 154.963 159,07
Inertial velocity at entry, fps 36 499.9 32813 .4
Inertial flight-path angle at entry, deg -6.501 -6.01
Inertial azimuth at entry, deg 82.52 84.89
Maximum load factor, g, nd 5.74 5.18
Maximum heat rate, Btu/ftz/sec 372.0 202.0
Total heat load, Btu/ft2 37 615.0 26 537.0
Geodetic latitude at splash, deg 27 .35 28.14
Longitude at splash, deg -157.14 -159.75
Time from entry to splash, hr:min:sec 00:20:25.6 00:20:35.2
Ground range from entry, n. mi. 2500 2295
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\

Typical translunar ellipse ——\\\\

100-n.mi.
Apollo 6 Sequence of Events parking orbit

Insertion to a 100-nautical mile circular
parking orbit for two revolutions,

P
.

2. Injection onto a 72-hour lunar transfer ellipse.
3, S-IVB/CSM separation and first SPS burn,
4. First SPS cutoff and earth intersecting coast.,
5. 12 000-nautical mile apogee.
6. Second SPS ignition.
7. SPS engine cutoff,
8. SM/CM separation,
9. Atmosphere entry,
10. No second SPS burn splash,
11. Nominal splash,

Figure 1-1.- Mission summary.
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¢, Ml STA 4240.792
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Figure 2~1,~ Saturn V reference dimensions,
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4.00 RAD NOSE 37.062
v i4Ba.24
15t
|~ 26.0
7 ! 28.0
30
LAUNCH ESCAPE
SUBSYSTEM 203.5 342.988
19.250
}141.25 (THEORETICAL CONE APEX)
62.23 :
t
o 1133.5 (CM NOSE)
COMMAND 1083.48
MODULE
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SERVICE — -
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j
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v A& 8380
=3
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LEM ADAPTER
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A
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Notes: e Separation Plane
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All linear dimensions are in inches.

Figure 2-2.- Command and service modules reference dimensions,
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PERIGEE

EQUATORIAL PLANE

ASCENDING NODE

APOGEE

INERTIAL VELOCITY
SEMILATUS RECTUM
VERNAL EQUINOX
ARGUMENT OF PERIGEE

INERTIAL LONGITUDE OF
ASCENDING NODE

TRUE ANOMALY
INCLINATION

SEMIMAJOR AXIS
RADIUS VECTOR

CENTER OF ELLIPSE

~® pend o<

N o !

Figure 2-10,- Orbital geometry,
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LOCAL HORIZONTAL PLANE

GREENWICH MERIDIAN

EQUATOR
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Figure 3-3.- Effect of sun lighting on launch time,
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Figure 3-11,- Continued,
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Figure 3-13,- Second SPS burn,
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Figure 3-13,- Continued,
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Figure 3-16.- Spacecraft landing footprint,
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Figure 3-18.- Atmospheric entry,
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Figure 3-18.- Continued,
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Figure 4-1.- Spacecraft landing footprint - no second SFS burn.
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Figure 4-2.- Summary of splash points.
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