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AS-205/CSM~101 LAURCH VEHICLE OPERATIONAL TRAJECTORY, REVISION 1

By

Gordon W. Solmon

Caorge C. Marshall Space Flight Center

migville, Alsbama

ABSTRACT

This report presents the launch vehicle operational trajectory
for the AS-205/CSM~101 missiow, Included is a discussion of the
predicted trajectory, mission objectives and constraints. and a
tracking summary.

The S-IVB/CSM will be placed into a 120 x 150 nautical mile elliptical
orbit and will aid in further verification of the launch vehicle and space~
craft subsystems,

NASA - GEORGE C, MARSHALL SPACE FLIGHT CENTER



TABLE OF CONIENTS

ABSTRACT
TABLE OF CONTIENTS
LIST OF TABLES
LIST OF ILLUSTRATTIONS
DEFINITIONS AND SYMBOLS
SUMMARY
SECTION I. Introduction
SECTION II, Mission Deséription

A, ﬁission Objectives

B. DMission Groundrules and Constraints
SECTION IXT, Vehicle Characteristics and Environment

4, Configuration '

. Mass

'« Propulsion

o Aerodynamics

. Environmgnt Description
SECTION IV, Guidance and Gontrol

A. Guidance

B. Control
SECTION V, Trajectory Description

A, Powered Flight

B. OQOrbital Phase

é. Spent Stage
SECTION VI, Launch Vehicle Performance Summary
SECTION VII, Tracking Summary
SECTION VITI., Dispersion Summary
SECTION IX, Reference

ii

Page

ii

iv

“

<
e

COV I S S e N R Y R T Y T = T = ¥ B UL O B TS - I - O - -



APPENDIX A,
APPENDIX B,
APPENDIX C,
APPROVAL
DISTRIBUTION

TABLE OF CONTENTS (Cont'd)

"Orbital Timeline and Venting Sequence"
"Guidance Presettings"

"Trajectorﬁ Listing, English Units"

e
b
I

Page

87
100
* 96
134
135



Table

AU TR o'+ TN N Y o L W, B & B UL B G

=
=)

1

PN

13
14

APPENDIX A:
1A
24
APPENDIX B:
1B
2B
3B
_ APPENDIX C:
1C
2C
3C
4G
5C

LIST OF TABLES
Description

Flight Sequence of Events
Launch Vehicle Trajectory Summary
S-IB End Conditions of Flight
S-IVB End Conditions of Flight
S-1IB Stage Trajectory Listing
Ullage Stage Trajectory Listing
8-IVB Stage Trajectory Lisfing
Orbital Flight Listing
S-IB Spent Stage Re-entry Data
Tracking and Telemetry Sta. Coordinates
Launch Vehicle P?rformaﬁce Characteristics
Launch Vehicle Weight Breakdown
bispersion Envelope at §-IB/S~IVB Separatioa

Dispersion Envelope at J-2 Engine Cutoff Signal

"Oorbital Timeline and Venting Sequence”
Orbital Vent Sequence and Impulse History
Orbital Attitdde Maneuvers

"Guidance Presettings"

§-IB Stage Steexing Polynomial

S-IB Pitch Attitude Commands

iGM Presettings-

"Trajectory Listing, English Units"
8-IB Stage Trajectory Listing
Uliage Stage Trajectory Listing
S-IVB Stage Trajectory Listing
Orbital Flight Listing i

S-IB Spent Stage Ré-entry Data

iv

87
88
89
90
91
92
93
96
97

104

111

118

128



Figure

W o~y n BN

O TR R
e T

15
16
17
18

19

20

5-1IB
S5~TB
5-1B
5-1I3B
S5-1IB
5-1B
5-1B
5-1VB
S~1IVB
5~1VB
S5~IVB
S-IVB
5-IVB

S-TVB
Path

LIST OF ILLUSTRATTIOWS

Description

étage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage
Stage

Stage
Angle

Altitude vs Ground Range
Space~Fixed Velocity vs Time
Space-fixed Path Angle vs Time
Longitudinal Acceleration vs Ti
Dynamic Pressure vs Time‘
Pitch Attitude Commands vs Time
Picch Angle of Attack vs Time
Altitude vs Ground Range-
Space~Fixed Veloclity vs Time
Space-Fixed Path Angle vs Time
Longitudinal Acceleration vs Time
Pitch Attitude Commands vs TFime~
Yaw Attitude Commands vs Time

Space-Fixed Velocity vs Flight

S~IVB Stage Thrust vs Time
Wind Profile
SA~205 Orbital Ground Projection

Launch Phase Ground Projection With Communication

Coverage Above 5 Degree Elevation Angle

Launch and Orbital Phase Mission Timeline With

Tracking and Telemetry Coverage

Vehicle Profile

Page

64
65
66
67
68
69
70
71
72
73
74
75
76

77
78
79
80

81

82
86



DEFINITIONS AND SYMBOLS

Aerodynamic Heating
Indicator (AHI)

Altitude (ALT)

Angle of Attack,
Pitch (ALP)

Central Range Angle

(RANGLE)

Descending Node Argument

brag

Dynamic Pressure (QQQ)

Earth Fixed Position
(X, YE, ZE)

sarth Fixed Flight Path
Angle (VTHE)

Earth Fixed Crossrange

qVy q = d namié ressure
de y P
/2 - o Vy= relative velocity

Or= total angle of attack

Vehicle altitude above the referenced
ellipsoid measured along the geocentric
position vector.

Angle between the pitch plane relative
velocity componeni and the longitudinal
axis of the vehicle measured positive
nose up.

Angle between the inmstantaneous space
fixed position vector and the space fixed
position vector at Guidance Release,

Angle measured in the equatorial plane
between the orbit plane descending node
and the space fixzed meridian plane
defined at Guidance Reference Release.

Component of the resultant aerodynamic
force along the relative velocity
vector, measurved positive opposite to
the velocity vector.

% x (Density) x (Relative Velocity)2

Position vector .components in an earth-
fixed pad-centered plumbline coordinate
system. The XE axis is coincident with
the reference ellipsoid normal, positive
upward., The ZE axis is parallel to the

‘earth~fixed aiming azimuth and is positive

downrange. The YE axis completes a right-
handed system., {PASCS 10)

Angle between the earth fixed velocity
vector and the earth fixed geocentric
position vector (PASCS 1l1), measured posi-
tive downrange from the position vector.

YE bomponent of the earth fived position.
(PACS 10)
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DEFINITIONS AND SYMBOLS (Cont'd)

Earth Fixed Velocity
Components (DXE,
DYE, DZE)

Barth Fixed Velocity
Magnitude (VVVE)

Space Fixed Flight
Azimuth (AZ*)

Earth Fixed Flight
Azimuth (AZI)

Geocentric Declination
(DECL)

Geodetic Latitude (LATT)

Ground Range (RANCE)
nciinacion

Longitude (LONG)

Longitudinal Acceleration

(DDYM)

Hach Number (MACH)

Velocity vector components in PASCS 10,

V DXE2 + DYEZ -+ DZE2

Angle between the instantaneous space
‘fived velocity vector direction and true
north, measured poesitive east of north.

Angle between the instantansous earth
fixed velocity vector direction and true
north, measured positive east of north,

Angle between the geocentric radius vector
and the true equatorial plane measured
positive north of the equator.

Angle between the reference ellipsoid
normal through the point of interest and
the true equatorial plane, measured posi-
tive north of the equator. )

Surface range measured from the launch
site to the sub vehicle point.

Angle between the instantaneous flight
plane and the equatorial plane.

fngle between the Greenwich meridian

plane and the projection of the geocentric
position vector in the equatorial plane,
measured positive east of Greenwich.-

That part of the total measurable accelera-
tion directed along the longitudinal axis
of the vehicle.

{(Relative VElccity)-%-(Lccal speed of sound)

vii



DEFINITIONS AND SYMBOLS (cont'd)

Thrust

Mass

Pitch, Yaw, Roll
(PHIP, PHIY, PHIR)

Pitch, Yaw, Roll Rates’
(DPHIP, DPHIY, DPHIR)

Radius (RRR)
Relative Velocity (VR

Space Fixed Position
&, ¥, 2)

Space Fixed Flight Path
Angle (VIH*)

Space Tixed Velocity
Components (DX, DY, DZ)

Space Fixed Velocify
Magnitude (VVV*)

Tim

Command Attitudes
(CHIP, CHIY, CHIR)

Vehicle thrust .

Mauss of the vehicle.

Euierian angle of vehicle attitude meas-
ured with respect to the space fixed
coordinate system. Vehicle attitude is
defined by the ordered rotation of pitch,
vaw, and roll respectively, PHIP = nega-
tive nose downrange; PHIY = positive nose
right; PHIR = positive clockwise

looking aft,

Vehicle attitude rates.

Vx2 + v2 + 22

Velocity relative to the atmosphe:
(includes wind velocity).

Position vector components in a space
fixed, earth centered, plumbline coordi-
nate system defined at Guidance Reference
Release., The X axis is parallel to the
reference ellipsoid normal which passes
through the launch site. The Z axis is
parallel to and positive in the same
direction as the earth fixed firing
azimuth, The Y axis completes the right
handed system. This is Project Apollo
Standard Coordinate System 13, (PASCS 13)

Angle between the space-fixed velocity
vector and the vadius vector (PASCS 13),
measured positive downrange from the
radius vector.

Velocity vector in PASCS 13.

Yox2 + py? + pz2?

Instantaneous flight time referenced to
first motion,

Programmed vehicle attitude commands,
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DEFINITIONS AND SYMBOLS (Cont'd)

Iu ~ Imstrument Unit

SLA - Spacecraft Lunar Module Adapter
SM - Service Module

CM - {ommand Module

CSM =~ Command Service Module

LES -~ Launch Escape System

PU ~ Propellant Utilization System
APS -~ Auxiliary Propulsion System
IGM - TIterative Guidance Mode

GRR = Guidance Reference Release
IECO - - Inboard Engine Cuboff

OECO ~ OQutboard Engine Cutoff

PMR  ~ Programmed Mixture Ratio

6CS - Guidance Cutoff Signal

ix



SUMMARY

This report documents the AS-205/CSM-101 Launch Vehicle Operational
Trajectory, Revision 1, data. These data are presented from Guidance
Reference Release (GRR) through S~IVB/IU lifetime. All detailed trajectory
data are generated using an unbiased S-IB stage tilt program. The revision

is necessary because of the decision to have an open loop propellant utiliza-
tion system. in the S~IVB stage.

The predicted S-IB and $~IVB stage end conditions are .summarized below:

S-IB/S-TVB Guidance

Separation Cutoff Signal
Flight Time (sec) 144 .49 614.63
Altitude (k) ' 62.00- 227.94
Space Fixed Velocity (m/sec’ 2325.8 7780.7
Space Fixed Path Angle (deg) 63.420 90,007
Range . (km) 61,95 1819.57

The nominal weight at Guidance Cutoff Signal is predicted to be 67757

pounds, This is 1452 pounds in excess of the nominal propellant depletion
weight,

The supporting tracking analysis will be published by R-AERO-FT. Summaries
of the tracking coverage are presented in Figures 17 = 19,

Summaries of the = 3 ¢ trajectory flight envelopes at S-IB/S-IVB separation
and 8~IVB cutoff are presented in Tables 13 and 14. Detailed dispersion data

will be presented in the "AS-205/CSM-101 Launch Vehicle Dispersion Analysis,
Revision 1.% |



SECTION I, INTRODUCTION

The AS~205/CSM~-101 Launch Vehicle Operational Trajectory, Revision 1,
is presented in this document. Detailed trajectory data are presented from
Guidance Reference Release (GRR) through S~IVB/IU lifetime.

Other pertinent data such as tracking and dispersion summaries are
also included.

Acknowledgments are made to personnel of R~AERO~FT for providing the
tracking data and to Mr, William R, Bailey for the dispersion summaries.

SECTION II. MISSION DESCRIPTION

-A. Mission Objectives:

The basic purpose of the AS-205/CSM-101 mission is to launch and
insert the manmed Block II Apollo spacecraft into a near earth orbit

to verify the spacecraft/crew operations and subsystems performance for
an orbital mission,

The planned mission profile and support plans reflect the require-
ments for the following primary objectives: (1) Demonstrate CSM/crew
performance in an earth orbital environment; (2) Demonstrate crew/space
vehicle/mission support facilities performance during an earth orbital
mission; (3) Demonstrate the adequacy of the launch vehicle attitude
control system for orbital operation; (4) Demonstrate CSM active ren-
dezvous with the S~IVB/IU/SLA; (5) Demonstrate S~IVB orbital safing
capability; (6) Evaluate S-IVB J-2 engine AST line modification.

The secondary test objectives are: (1) Evaluate the S-IVB/IU orbital
coast lifetime capability; (2) Demonstrate CSM manual launch vehicle orbital
attitude control.

B, Mission Groundrules and Constraints:

The following mission criteria and vehicle constraints have been
included in shaping the S-IB stage profile and in establishing the S~IVB
terminal conditions: (1) Launch from AFETR Pad 34; (2) Pad oriented
launch azimuth of 100 degrees east of north; (3) Flight azimuth of 72
degrees east of north; (4) S$-IB stage tilt program shaped for load relief
during high dynamic pressure region; (5) Guidance command angle rate limitat
of 1 deg/sec in pitch and yaw; (6) S-IVB cutoff conditions for a 120/150
nautical mile elliptical orbit imsertion.



SECTION III, VEHICLE CHéRACTERISTICS AND ENVIRONMENT

A, VULLL LY UL B L LU

The AS~205/CSM~101 Saturn IB Launch Vehicle consists of a S-TB
stage, a S-IVB stage, an .instrument unit, and a payload, The payload
consists of the Launch Escape System (LES), Command Module (C¥), Service
Module (8M}, and a Spacecraft Lunar Module Adapter (SLA)., An outboard
profile of the complete configuration is shown in Figure 20.

R. Mass:

The AS-205 vehicle mass characteristics used to generate the opera-
tional trajectory are defined in Reference 1. Table 12 presents a vehicle
weight breakdown of the launch vehicle and payload.

C; Propulsion:

The S-IB stage is powered by eight H-1 engines which have a
nominally rated sea level thrust of 200,000 pounds each. The predicted
thrust history for each H-1 engine including thrust decay and the associ-
ated turbine engine thrust were obtained from Reference 2.

The S-IVB stage is powered by a single J-2 engine which has a rated

vacuum thrust of 200,000 pounds at a nominal mixture ratio of 5:1. The

S-IVB stage has an open loop propellant utilization system which is set
" for a mixture ratio of 5.5 to 1 and a corresponding thrust for approximately
300 seconds. The mixture ratio then shifts to 4,5 to 1 for the remainder of
the S-IVB stage. The predicted J-2 engine thrust history from 90% thrust to
Guidance Cutoff Signal (GCS) was obtained from Reference 2. The thrust buildup
and decay histories were obtained from References &4 and 5,

The S5-IB stage is decelerated at separationm by four solid propellant
retro-motors (TE~M-29) mounted on the 5-IB/S-IVB interstage. These motors
nominally provide 36,720 pounds of thrust each (Reference 6).

There are three solid prbpellant ullage motors mounted on the S-IVE aft
portion to provide the necessary positive acceleration to settle the $-IVB
stage propellants for J-2 engine start, These motors are rated at 3460 pounds
of thrust each (Reference 7).

The S§-IVB Stage Auxiliary Propulsion System (APS) provides roll control
during J-2 burn and pitch, yaw, and roll control during the orbital portion,
The APS consists of two modules, each containing three 150 pound thrust
(vacuum) hypergolic rocket engines.



D. Aerodynamics:

Aerodynamic data for the S~IB and S~IVB stages of powered flight
were obtained from Reference 8. Reference 9 presents the orbital drag
data.

E. Environment Description:

The 1963 Patrick Reference Atmosphere Model defines the atmospheric
properties incorporated in the trajectory simulation, The earth model
and potential function are those of the Fischer Earth Model, Since the planned
launch date is for a "low wind period,' the S~IB stage tilt program is not
wind biased. However, the median wind for the month of October was included
in the trajectory. The wind profile was derived from Reference 10 and pre-
sented graphically in Figure 16,

SEGTION IV. GUIDANCE AND CONTROL

- The Saturn IB inertial guidance system performs navigation evaluations,
issues discrete commands, initiates certain guidance and control functions,

and issues steering commands to guide the launch vehicle to the pre-specified
terminal conditions.

A. Guidance:

The AS-205/CSM-101 Launch Vehicle guidance is divided into three phases:
(1) Pre-IGM; (2) IGM; (3) Orbital,

The Pre-IGM phase provides guidance commands in pitch, yaw, and roll
from 1ift-off to the time of IGM initiation, The S-IB piteh program poly-
nomials and the yaw and roll command histories are presented in Appendix RB.

The S-IVB stage is steered to the desired terminal conditions by the
Iterative Guidance Mode (IGM). The IGM equations and logic which provide
guidance in pitch and yaw are initiated at TB3 + 25 seconds. The IGM constants
are presented in Table 3B.

The orbital guidance mode provides pitch, yaw, and roll attitude commands
during the orbital phase. The orbital maneuvers are presented in Table 2A.



B. Control:

The S~IB stage is contrclled im pitch, vaw, and roll by four swivelable
H~1 engines. The 5~IB stage conirol law, gains, and network characteristics
are given in Reference 1l.

The J-2 engine provides pitch and yaw attitude contrel throughout S-IVB
powered flight, The Auxiliary Propulsion System provides the roll control.
The $~TVB control data are presented in Reference 11,

SECTION V, TRAJECTORY DESCRIFTICN

A, Powered Flight:

A1l of the detailed trajectory information is based on an unbiased
8-T8 tilt program. Table 1 presentg the nominal sequence of events Ffor .
the AS-205/CSM-10l Launch Vehicle Operational Trajectory. Table 2 presents
a summary of trajectory parameters at pertinent events -from GRR to loss of
S-IVB/IU attitude control., Tables 3 and 4 present convenient summaries of
the-5-IB and S-IVBE stage end conditions. Detailed tsbular listings are
contained in Tables 5 ~ 9 and Appendix C. Graphical displays of various
trajectory parameters are presented in Figures 1 - 15,

The. S-TB launch phase begins at Guidance Reference Release, which is
assumed to be 5 seconds prior to first motion, and ends at S-IB/S-IVB
physical separation. Separation occurs at 144.49 seconds after first motionm,

During the 3-IB powered flight phase, a constant thrust bias of .4
per cent of the vehicle sea level longitudinal thrust is included, This is
an attempt to minimize the effects of an apparent systematic shift in the
ground to flight test performance level,

The $5~IVB stage J-2 engine start command is issued 2.7 seconds after
the S-IB stage outbeard engines cut off., Approximately 25 seconds after
outboard engine cutoff, the Iterative Guidance Mode is initiated and steers
the 5~IVB stage to the desired terminal conditions. These terminal conditions
are nominally reached approximately 614.0 seconds after first wmotion.

B. Orbital Phase;

The orbital pliase beging ten seconds after Guidance Cutoff Signal (GCS)
and continues through the guaranteed S-IVB/IU lifetime. During the orbital



phase the S-IVB stage is required to perform certain attitude maneuvers.
This is accomplished by the APS, Detailed information concerning the

oxrbital maneuvers is presented in Appendix A. The orbital trajectory
is listed in Table 8.

C. Spent Stage:

This portion of Fflight is initiated when the four retro-rockets are
ignited at S~TIB/S-IVB separation. The S-IB spent stage re-entry trajectory
is presented in Table 9.

SECTION VI, LAUNCH VEHICLE PERFORMANCE SUMMARY

The predicted S-IB and S-IVB stage performance characteristics
presented in Table 11, These data are time averages of the detailed
vehicle performance data presented in Reference 2, These data are to be
used in post-flight trajectory amnalysis.

SECTION VII, TRACKING SUMMARY'

The tracking and telemetry station coordinates are presented in Table 10.
A summary of the launch and orbital timeline is presented in Figure 19. The
associated orbital ground projection is given in Figure 17.

SECTION VIII, DISPERSION SUMMARY

Tables 13 and 14 present the * 3 ¢ dispersions for certain trajectory
parameters at S-IB/S-IVE separation and S-IVB cutoff respectively. These
data are extracts from the data to be presented in the "AS-205/CSM-101
Launch Vehicle Digpersion Analysis, Revision 1."
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TABIE 1

AS-205/CSM~101 LAUNCH VEHICLE OPERATTIONAL TRAJECTORY
FLIGHT SEQUENGCE OF EVENTS

Nominal Fiight Time Program
(HR:MIN:SEC) (SEC)  Time (SEC)
« 0:0;05.0 = 5,00  we—vm-

- 0:0:03,1 = 3,10 sewun
0:0:00,0 0+ S—
0:0:00,2 0.20 {0,001
0:0:10.2 10.2¢ (10.0)
0:1:15.0 75,0 —mme-
0:1:40,2 106,20  {i00,0)1
0:2:00.2 120,20  (120.0)1
6:2:13.9  133.91  (133.71)
0:2:14,5 134,50 (134.3)1
0:2:16.¢ 136,81  (0.0),
0:2:20,1 140,11 (3.2}
0:2:23.1 143,11 (0.0)y .
0:2:24,4 134,41  (1.3)y
0:2:24.5 144,49  cmmen
0:2:25.8  145.81  (2.7)3
0:2:28,2 148,16  wrwwn
0:2:29.4 149,81 e
0:2:31.8  151.81 (8.7)3
0:2:36.4 156,41 (13.3)
0:12:43.1 163,11 weewn

Guidance Reference Release (GRR)

Initiate S-IB mainstage ignition sequence,
First motion.

[iftwoff gignali initiate Time Base I,
Initiate pitch and roll maneuvers.
Maximom dynamic pressure.

Control gain switeh point,

Control gain switch point,

Enable 8-IB propellant level sensors.

Tilt arre§t‘

Level sensor getivabion; Initizite Time Base
Inboard engine cutoff (IECO),

Qutboard engine cutoff (OHCO); Initcd
Time Base 3,

Separation signal,

$-IB/8~IVB physical separation.
J-2 engine stavt command.
Pllage burn out,

90% J-2 thrust level.

Command P, U, system activation,
Jettison ullage rocket motors.

Jettigon launch escape tower.

2



TARLE 1 (Cont'd)

AS-205/C5M~-101 LAUNCH VEHICLE OPERATIONAL TRAJECTORY

FLIGHT SEQUENCE OF EVENTS

Nominal Flight Time Program

(HR:MIN:SEC)  (SEC) Time (SEC) Event
0:2:48,1 168.11 "(25.0)5 Command IGM initiation.
6:5:43.1 -343.11  (200.0)3 ‘Control gain ewitch point.
0:7:34.4 454,41 (311.3)5 Command mixture ratio shift.
0:10:14.6 614,63 «---- Cuidance cutoff signal (GCS).
0:10:14.8 . 614.83 (0.0), Initiate Time Base 4 (Reflects an approximate

- 0.2 second systems delay).
0:10:24.6 624,63 ~-v~- Orbital insertion,
1:34:26.8 $666.83 (5052.0), Tnitiate LOX dump.
1:42:26.8 6146.83 (5332.0), Initiate cold helium dump..
1:46:27.8 6387.83 (5773.0)4 Completion of LOX dump.
2:30:14.8 -9014.83 (8400.0)4 Termination of cold helium dump.
2:29:55.0 8995.00 m=mm- Begin manual control of §-IVB attitude from
gpacecraft.
2:32:55.0 9175.00 ==---- End manual control of S-IVB attitude from
spacecraft; return control to I, U.

2:54155,0 10495,00 =rww- Nominal CSM physical separation.
3:17:31.8 11851.83 (11237.0)4 Start stage control sphere helium dump.
4:30:14.8 16214,83 (15,600.6)4 Restart cold helium dump.
4:41:22,1 16582.13 (16,267.3)4 Completion of stage control sphere helium dump.
4:50:14.8 17414.83 (16,800,0);  Completion of cold helium dump.
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TABLE 2
A5~205/CSM-101 LAUNCH VEHICLE OPERATIONAL TRAJECTORY SUMMARY

Geodstic Lat Longi tud

Flight f Altitude é.F. velocity S.F. Flight Path S;F. Azimucn Pos . North {Pos East
Event Yme (sec) (k) A{m/sec) . __Angle (deg) . {deg} {deg) (deg)
uidance Ref, Release - 5.0 d.O3 ' 408,97 90.000 90,00 28.52 © - 80.56
irst Motion 0.0 . 0.03 408.97 - 90.000 90.00 28,52 - 80:56
lax. Dyn. Pressure 75,0 12.32 ‘ 742,13 58.219 83.41 28,53 - 80,52
41t Arrest 134.5 51.77 2066.79 61.964 76.10 28,65 - 80.11
Inboard Engine Cutoff 140.1 57.41 5267.77 6 .722 75.77 28.67 - 80.02
Qutboard Engine Cutof: 143.1 60.35 2325,01 63,168 75.70 28,69 - 79.98
$-TB/S~-IVB Physical St 144 .5 62,00 2325.84 63,420 75.70 28,69 - 79.96
J-2 Eng. Start Command 145.8 63.36 2320.54 63.675 75,71, 28.70 - 79.94
Dllage Case Jertisom 156.4 73.91 2334, 08 65.569 75,73 28,75 - 79,96
Tnitiate IGM 168,25 85.02 2377.35 67.534 75,72 28. 80 -~ 79.56
EMR Sensed by IGM 454.8 219,16 973,77 88.104 80,73 30.52 -~ 71.30
$-TB Stage Impact 556,2 0. 413.0¢ 102.590 90.08 29,79 - .75.64
Guidance G/0 Signal 614.6 227.94 7780.67 90. 007 85.90 31.53 ~ 61,99
orbit Imsertion 624,56 227.95 7787 .41 90.002 86,31 .31.58 - 61,24

164,41

CSM Separation 10495.0 240,22 7779.8¢ 90,282 60.87 12.9%



TABLE 3

éS 205/0SM~101 LAUNCH VEHICLE OPERATIONAL TRAJECTCRY
8-~TB STAGE END CONDITIONS OF FLIGHT

#light Time: OECO + 1.379 Seconds 144.49 (sec)
Radius: 6435263, {m)
Altitude: 61995. (m}
Space Fixed Veloeity:- 2325.84 (mfsec)
Space Fixed Path Angle: $63.420 {deg)
Space Fimed Flight Azimuth: 75.70 {deg}
Rarth Fixed Flight Azimuth: 72.23 (deg)
Geocentric Declination: (Pos. North) 28.53 (deg)
Geodetic Latitudesr {(Pos. North) 28.69 {deg)
Longitude: (Pos. East) - - 79.96 {deg)

Space Fixed Position and Velocity Components

X = 6434124, (m)
Y = 35609, (m)
z = 115707, (m)

- DX = 1002.54 {mfsec)
DY = 118.63 {m/sec)’
DZ = 2095.32 (m/sec)

Vehicle Attitude and Attitude Rate

Pitch Attitude Angle = = 59,31 (deg)
Yaw Attitude Angle = ~ 0,07 (deg)
Roll Attitude Angle = 0.00 (deg)
Pitch Rate = 0.00 (deg/sec)
Yaw Rate = 0.00 (deg/zec)
Roll Rate = 7,00 (dégfsec)

i1



TABLE 4

AS~205/CSM~101 LAUNCH VENICLE bPERATIONAL TRAJECTORY
§~-IVE STAGE END CONDITIONS OF FLIGHT

Flight Time; GCS 614.63 ©  (sec)
Radius: 6600292, (=)
Altitude: 227941, {m)
Space Fixed Velocity: 7780.67 {nfsec)
Space Fixed Path Angle: 90,007 {deg)
Space Fixed Flight Azimuth: 85.90 {deg)
Earth Fixed Flight Azimuth: 85.67 (deg)
Geocentric Declinatiom: (¥os. North) 31,37 {deg)
Geodetic Latitude: {(Pos. North) 31.53 (deg)
Longitude; (Pos. East) 61.99  (deg)
Tnclination: ) 31.605 (deg)
Descending Node Argument 119.0 (deg)

Space Fixed Position and Veloeity Components

X = 6258278, (m)
Y = 144608, {m)
Zz = 2092098. (m)
¥ = - 2472.80 (m/sec)
DY = 412.438 (m/sec)
DZ = 7365.73 {(m/sec)

vehicle Attitude Angles
Pitech Attitude Angle - 105.87 (deg)
Yaw Attitudé Angle 3.37 {deg)
- .36 (deg)

]

Roll Attitude fngle

It

Dsculating Conic Parameters

*Perigee Altitude = 222,11 (km}

*Apogee Altitude = 254,42 (km)
Eccentricity Co= L0024 ‘
Semi-major Axis = 6616,43 (km)
True Anomaly = 357,26 (degy
Period = 89.27 {min}

*Referenced to Bquatorial Radius (6378,165 km)
12



TABLE & (Comt'd)

AS-205/C5M-101 LAUNCH VEHICLE OPERATIONAL TRAJECTORY
$~IVB STAGE END CONDITIONS OF FLIGHT

Flight Time: Orbit TInsertion 624,63 {sec)
Radius: 6600287, {m)
Altitude: 227851, {m)
Space Pixed Veloeity: 7787.41 (mfsan)
Space Fixed Path Angle: 20,002 {deg}
Space Fizxed Flight Azimuih: 86.31 (deg)
Barth Fixed Flight Azimuth: 86.11 (deg)
Geocentric Declinatiom: (Pos. North) 31.41. (deg)
Geodetic Latitude: (Pos. North) 3L.58 {deg}
Longitude: (Pos, East) 6L, 24 {deg)
Inclination: ' 31,605  (deg)
Descending Node Argument 119.0 {deg)

Space Fixed Position and Vﬁlaéity Components

X = 6233099, (m)
Y = 148816, (m)
7 = 21865667. (m)
DK = -.2561.23 (m/sec)
DY = 410,93 (nfsec)
Dz = 734268 (n/sec)

Vehicle Attitude Angles
Pitch Attitude Angle - 105.86 {deg)
Yaw Attitude Angle 3.36  (deg)
Roll Attitude Angle - 69 {deg)

[

i

Osculating Conic Parameters.

*Perigee Altitude = 222,12 {km)

*Apogee Altitude = 277,47 {km

Eccentricity = L0042
Semi-major Axis = 6627,96 {km}
True Anomaly = 359,61 (deg)
Period = 89,50 {min)

*Referenced to Bquatorial Radius (6378.165 km)

13
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TABLE 5
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2) Outboard Cutoff
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2920, 0%
223, 30

2430040 )

2530,00

2830200

393 T
323000
B343ua 0D
3630.00%
3BBUL DT
4930, 00
423000
443900
46370
4830.U0
B33 0400
3230,9C

3430l

BA30. 850
5656480
S830.00
a3, 00
639,430
L387.80
5430,.Q30
H6371.00
4833.00
7332.00
T230.08
Ta3)aun
T390
T838.00

AT
(#)

227351
228645,
23T212s
232&61«
2565321,
243291,
2454134
251231,
237475,
243768,
2465554,
274047
278298
2873251:
283297.
27840&.
274735
205808
263461,
Z56818.
25218¢%.
244323,
2286664
234335,
231115,
228043,
228714,

228068,

228843,
231334,
234453,
228455,
241i24.
247841,
255842,
264276
273382«

L 2€259%.

29LGRR.

MARSHALL SPACE FLIGHT CENTER

RER

M)

GEUDZET
ﬁéQIJEQO
62338674
L6VbEE4 .
&61la61.,
S6LTLE%.
623203,
5629153,
56352175,
5540829,
6645403,
E649L 1T,
£651u68.
E652T 350,
£652578.
651106
£84835G,
5649545,
6639754,
66344524

T wb28I54%,

§6221 24+
66156178.
E610757.
&6 6185
8852751,
56U2246.
£600552.
06Ul aT.
8633534
S6ITuGY .
E60BTIG.
5615590,
ob23680.
c632717.
EH642183.
£651544,

CEEBIBT .
AARTORE .

TABIE 8

ORBITAL FLIGHY LISTING

ITH=
{LE6)

Gl
85 .54
86,9
85,85
Ag. 61
EH.78
8g.77
89.77.
85479
89 .81
BQ.8%
B8, 89
85.63
R%.98
Q0.3
GCL LR
Gla12
Gle 16
GC. 19
9C. 21
GCe23
50422,
Giell
P 10
GG 15
Shal
5.9
0.3
BGe55
8587
89. 04
BE, 79
85,73
86,68
8%. 80
89. s
8%, 66
BG.59

<1+ 2

\AAAL

(n/5}

P78 41
778% .89
T785.¢3
Fr8z.013
T777.23
T77 41
T784,.82
TI5T77
T752.83
TT42480
TI37.6%
T732.71
7725.20
TT27.41
T727.48
7725442
T733.10
1738.28
TT44 .60
7751.¢6
775%.00
Tl6&:1%
TITZe53
TITE .59
T182,2

TT6&.51
7188456
T754.14
TT94.90
T762.29%
TreE.TH
187,54
TT8C 45
171474
TTel.84
TT51.24
T143.47
TT32469

hede B OB - ¥

AL
{CEG)

Béu31

Sha B4y
12,68
108444
114,728
118.52
12C. 83
121. 64

121.06

11%.2¢
118.5%
110,62
1N4.24
CLP
BE.57
Café
T2e27
748
63.C2
&C.07
ﬁgqﬁ?
Sg.EL
5%.84
62.8%

- BEaSS

72488
T4a05
gCeL?
sa.1¢8
Béndit
182.59
164,12
110461 -
118,82
118,49
12%.C8
121.&4
124.6C

LIE T TR



1

1)

1)
2)

TivS
(5EC)

8130.00
8430.00
8439 ,00
840,00
9330100
9230.00
9430,00
9633.,00
9832.09.
10030.00
1n235.00
13495.00
13495.900
10630.00
10830.99
11330.99,
11232.00
11430.07%
11637.30
11945,
12332,09
12249, 03
12432.59
F264. .00
12832.0N
13240,5%
13232.370
13440,3%
13032.090
13844,30
14332.00
1424000
14432,00
146450, 30
14832400
15263450
15232,00
15440, 00

5632.20
158a0. 00
16532.03
1624 1,00
16432.00
16814.42

S$~IVB/CSM Separation

AT
(M)

298559,
57993,
3:9132,
3.7618.
3.,351%5.
297101,
2828551,
275363,
205342,
259453,
259323,
247224,
240224,
23618,
231705,
229186,
228289,
229225,
231784%.
236101,
241398,
2438452,
255999,
265315,

*273761.

283194,
291343,
2989449,
334313,
317832,
3138662,
3%689¢.
3U2632.
295765,
237719,
2TT807.
208203,

258)19..

249394,
241395,
235559,
231999,
228745,
226928,

End of Nominal IU Lifetime

MARSHALL SPACE FLIGHT CENTE!

RRR

L]

6674163,
{4581113.

E6B155%..

8679927,
bETOLL2.
€6TIGl2,.
£603956,.
&655835.
£646855.
6637553,
6628390,
6617317,
6617517,
6512467,
6606628,
LEU2TOT.
560095358,
65013900
6624311,
65609523,
6616022,
652451,
©633167.
66432034,
6051911,
66603469,
056B8UT70,.
66743538,
5678422,
66806 .
6681uw3b.
6679147,
6675525,
6669759,
6662987,
65654439,
6645815,
6636157.
6627415,
66186860,
6611691,
05635802,
6652229,
66G1l20L,.

TABLE 8

ORBITAL FLIGHT LISTING

VTh*

(CEG)

85.89
85465
§C.n2
9Cain
50417
50423
5C.28
93,22
90, 34
., 34
90.33

99.238

90.238
Hia 25
90.13
90.11
90.32
59,94
89,86
R9,.TH
89,72
£9..8
25,64
"B9.55
£9. 87
89.71

B9.75"

89. 51
89.28
B9.55
Q0. 13
90.11
0. 17
9. 24
90,28
90.32
90, 34
90,34
90,33
90.29
90. 24
93.17
QO.IG
§9.94

Vvy#

(v/5)

7112.79,

T7502.39
T7CZ.51
T704.32
77C8.78
T715.¢60
7724437
T7134.57
T745.8

TT756.75
T767.44%
7779.86
77179.86
T785%5.10
T7791.19
7795.06
T796.58
7795.71
T792.53
7780.89
T779.92
TT7us76
776l.21
7750.18
T729.88
7729.18
7729.29
T712.29
7705.86
TTU3.48
7702.89
T705.06
T709.56
TT16+84
7725.39
713607
774554
7753,19
TT68.34
T778.16
7785.09
7791.80
7795.31
779583

(CEC?

114,87
1c3,1¢
CEL.EE
87445
1557
T2.57
GELEE
EZa€1
B5G.E4
58459
58457
40.87
60.87
63.C4
67-54
73.57
80.91
86.37
97,32
135,24
1l11.28
116426
115,44
121.2¢6
t2l.61
L2G .54
L18.20%
114,18
[R11- 413 ]
02621
G461
86417
78.68
T1.57
66.28
62.07
59, &0
58442
58467
60,44
63.49
68,40
74,328
89.25



LE

D

2)

1
2)

TINE

(sEt)

ulbh. 62

83%.ul
1039.902
1233.00
143 .90
1633.90
183G,910
2230,00
223,90
24531.U7)
253534.00
2830.00
335734
323 14390
3430.200
3630, 00
3830.00
430420
4233.,30
4431. 030
463,30
4383400
533030
523. .40
5430.00
5630,90
5660,80
5331, 29
H5430.060
©232.0D
6387.80
6435.00
&630.09
H83deuD
T030.00
T230.39
T430 .00
To. 020
7830.00

Begin LOX dump
End LOX dump

MASS

(KG})

30875474
35458408
30377.70
30319.77
30276.07
33242,.5
33213447
33254056
30233.17
3025139
3vl69.¢2
201%7.81
30166442
3)16%.,23
35133.28
30157444
30104.72
20121.59
33099427
30.554455
30163.83
5036111
305€88.38
30 85.686
30762.94
20193.22
33uT9.72
29223.82
29216,36
29155.¢&8
29123.92
29123.38
29.20.82
29118.26
29115,79
29113.14
2911v.5¢
2910B.02
29105446

"MARSHALL SPACE FLIGHT CENTER

THRUST

(N}

Da

TABLE 8
ORBIWAL FLIGHT LISTING
VIKE

{REG)

SCa0)
85464
£5.89
BS.84
8BS, 87
9,77
86,76
BS.76
8s.77
89,87
25,84
2%.38
55.63
89.58
SCe(3
SCau8
SCol3
9017
$C. 29
S5aZ3
£.24
90.24
022
Sl.2

S3a16
9C.11
GCa1d
5L« 3
539.54
8%.86
£5.79
85.738
as. 1
8%.66
85,64
8%.63
86,54
£89.68
85.73

Azl

{CEG)

8ia11
95.11

102,490

110.588
116.23
125427
12z.72
122441
122.5%
120 .84
117.13
11i.64
1CE.56
ST.08
BE .48
8: -"’2
72441
Géal2
GL.28
5822
SE.e2
56.53
5758
&14C0
65.84
T1.87
72.18
TG6.51
ge.l8
Sé.82
162.30
134.93
111.81
117.15%
122.58
123.01
122,62
122.73
12C.33

VVVE
{(v/5)

1277.54
7276461
7376413
7272.1€
1265414
7262,57
7387.732
725C.¢¢C
1342,85
1235,08
7327.174
7221.48
721&.88
1214.41
731422
7216466
721,28
7327466
73325,2¢
12432462,
7251.82
1256,4¢
7265.5¢
7271,2¢
7275.C6
1277451
7377.86
7284,55
7284054
7:82,2¢
7376482
7277, 8¢
7371.27
7262,12
7353,62
1243416
7321.56
722C. 17
721C.17



2t

1)

1)
2)

TINME

{5EC)

8UZ0.I0
843{ .00
B8632.20
8830400
GIBCL,00D
923" U3
943 5.U7
QUBL IOO
gA30,30Q
19232,00
13237.30
19495, 50
153495,00
12632.00
Li1333.40
11230.32
11230.90
11430.00
11639, 00
11647,00
127132.09
12240.90

< 12432.90

12540,00
12822.37
13047.99
13232.0%
13443.97
13e32.90
13840.20
14 :32.00
1424500
144632,00
144L40,00
14832.20
1524 ,.4n
15232.20
1544 3,30
15632.00
15840.00
16332.090
16240, 0%
16432490
16814.87

8-IVB/CSHY Separation

Mass

(KG)

29182.50
29567.78
293%5,22
29%3G2.c0
290%0.11
2967456
29LE5.01
29382446
29.79.51
29977436
29174.8)
29971443
14212, 64
1416601
14162.98
14159.35
14155%.73
14152.10
14146447
14144.066
14141.17
1413740
14133.92
1413 1. 14

Laldp. 68,

14122.89
14119.49
14115.43
14112.14
14198437
1417489
14191411
14397463
1493, 86
14390.37
l‘# ‘80.6:'
14783411
14179.34
14075486
147172408
14368.00
14 164,83
14361434
14 V64,40

ind of Nomimal IU Lifetime

MARSHALL SPACE FLIGHT CENTL

THRUST

(N}

r s Ca D
L . %

ve

Ca

te

Ja

Vs
Qs
e
D
fia

Ve

11,

De

e
e
Ue
{ra
e
Te
Ja
Je
Je
Na
Ve
e
‘l-
0.
Qe
De

Os

ie
D.
Tw
Do
Tte
e

~

Vs

TAMLE B
ORBITAL FLIGHT LISTING
VTHE

(CEG)

£6.79
BG.54
95-'.2
ACL L0
SC.183
Lald
GCa
5Ca 34
SL.30
9. 36
954 35
90. 3%
93430
90.25
92,19
T 90,11
Q.32
29.93
89.35
59.77
Squl‘
8%.66
89464
F9.03
B9. 65"
39-(’3
89.73
89.57
£9.87
89.95
G023
90.11
9G. 18
.25
9530
0. 3%
Q0. 36
93-36
Q0. 34
90.31
90.25
90. 1R
90.10
89.94

Azl
{CEG)

11&.27
102.92
95.87
87.21
T8.67
T1l.55
cSed?
6G.%4
57.6¢
26453
56061
59.19
59.09
sle4l
65423
T2.63
80.49
89.132

97473

10&.10
112.52
117.84
121.21
123.21
123,60
122.45
115.94
115.561
119.12
lu2.71
94 .37
85.95
78.03
T8 49
64 .85
63,36

57,71

55.44
56.72
58462
61.90

67414,

T3+49
89.31

VVYE

{¥/3)

720C.51
7285413
T287.66
7285.5C
7254454
7302, 5¢
T2lce72
7224446
723€.65
734904
7360.25
7272.59
7272459
7377.50
T382.50
7386.02
7286492
7385.72
T382.56
7377.28
7370483
T3462.25
7253.C6
7342.05
7331.34
7319.73
7309.67
7300.23
7293.54
7285.12
7288.C4
7290.20
T295.46
T303.87
7313.93
722620
7338.C5
7350.59
7361.17
T73T7C 94
T2784C3
7383440
7386420
7285086


http:73a77.50
http:14361.34
http:14)68.oO
http:16332.30
http:14172.03
http:1584o.fl
http:14.,75.86
http:15t32.00
http:14)79.34
http:1C232.30
http:14)90.37
http:14832.30
http:14'93.86
http:14640.00
http:14597.63
http:141)1.11
http:1411't.69
http:14,32.00
http:141.)3.37
http:13840.50
http:14112.14
http:13o32.30
http:14115.63
http:14119.40
http:13232.03
http:14122.89
http:1412o.66
http:14133.92
http:12432.00
http:14137.40
http:12240.00
http:14141.17
http:12)32.00
http:1414J.66
http:14148.47
http:14152.10
http:11430.00
http:14155.73
http:14159.35
http:14162.98
http:14166.oi
http:13495.00
http:29171.43
http:29)74.81
http:29,077.36
http:29>79.91
http:29)82.46
http:29.E7.56
http:29090.11
http:29592.c6
http:29155.22
http:29597.78
http:291"2.90

6%

TIME
{SECE

624463

335"{)0
1430.00
1230.00
143,00
1930400
1830.00
213000
223 3.00
2430.00
2630,00
243000
2313%0,00
323G,00
3430,00
363%, .0
3830430
4330,00
4230.00
L4430,00
4063 0.0
4830.39
85a30.490

5230.03

543.3.00
5630.30
5684, BO
5830,40
£33 7,90
£230.00
6387.8%
643G, 00
230U
HE25.00
7339, 20
T230.00
FEENTEV
o3, ug
7830, 00

M)

623339%.
2530759,
4534995,
2292971
1867468,
339152,
1207922
REESAZ5.
123468,
3r13g9as,
5975584,
LAEESH2G.
6651328,
6454517,
SJHCERAT.
5346462,
3913976,
256384%.
ANTIT8 2.
4b8892,
i9¥&2§a.
3347107,
5622205,
5593193,
625689,
6873431,
H3GLTHZ.
GE3IL42L.
0126905,
5354233,
45BEI98.
4344584,
3066313,
L61909E.

B3477.
1456858,
2918288«
42221320,
5258804,

MARSHALL SPACE FLIGHT CENTER

{43

[45316.
228527,
293523,
342993,
3739381 .
384739
374627,
3441 4%«
295554,
22953,
151450,
0hYQ6.
-25514.
‘114939@
~158T 26
-27222%.
~331488.
~373057.
3951745

~355903.

“575:58.
~3341%92.
"27{?7 83-
~203J1424
114035,
~21096s
~&335,
72032
163,58,
2453472
301335.
31‘?04}:
366958,
23995146,
430529
399568,
. 366733
314189,
244553,

T4BLE 8

OEBITAL FLIGHT LISTING

{r}

2165EET.
3595128
4788803,
5717461,
63313238,
6597844
68,1338
654??5&:
52468137,
419%855,
2903772
1452557,
-u822.
1607761
~304T7%2 8.
~53234C2.
5364139,
e11860%.
5535768,
HHIBY30.
5312520
~56T45845,
G T26028,.
»3510273,
21ivigz.
~599633,
-214232..
351322
2451388,
3815758,
4741204,
4940382,
857721
640308,
6615473,
b4t8125,
94591,
5141432
4040380

EX

{¥78)

~2551.2%
“4265,8%
~BE4LL.E5
~6735.47
~7483,12
~775G.60
~ T840, 14
~7162.429
~618C.59
~4924,325
~3454.29
~1703.447
B&.28
1865463
3551.48
5042.57
£263.21
7147.28
T64L .05
773,33
7353,23
§&85C.73
554).52
412%,8
24TE,E]
£F3.53
357.88
1131.02
-28G4,28
4496.78
5588.73
5245,29
68T77.11
‘7525,29
7T8G.50
'?572-77
£575.60
EB04.53
4714453

cY
(¥/8)

4IC+52
255,58
FBGL.3E
20.0,
145
leéa
“l0Z.2¢8
-g0l.11
~2B% .18
-361.£3

>~§15015

~44¢a

A,.?Q
”4‘& G4
~3GELEE
~234.5¢
~d54.96
~16C.77
“ETed

fLa3f

. 1EE,.%5

c..,«?é
238010
434a9§
48L.26
4TleC4
472410
46658
43 élﬂ,o
381.E2
223,89
2EaLal
Z1%+07
N5 .54
~Ca27
-11Cal g
~Z1%.94
“IOYEE
~3E4,41

4ZEL22
186,12
2ikiszl
GEETLEL
BGEEa42
563fa18
1625452
1118.3%
J4EELCE
CERLLZ4
EEAbe4a
G265

iSE1WEC
1230427
EFzehE
124G C4
WCZis13
AL (S
I5RZ. 28
Pi€4a1E
PT4ls 28
FTEdo4l
el
'EEh o4

282029
‘015«39
13Z2.02
E22e4%E
§2¢.E0
144,68
EELaCE
ihialS
FLELEL
1L1.5%



oy

1)

2)

1)
2)

BH3%.00
8430,30
%OEG»QO
8820.00
933 0D
Q23 1.0
9435.30
9u330,u0
QG340
10530.,00
10230, 07
17495.90
10695.00
17630.00
14083%.00
11030.90
1123 .00
11430.00
llUBhbdﬂ
LL840 .00
12.32.00
12249.00
12432.00
1204%0,00
12822,30
13240,00
13232.50
13440 ,..:0
13632.30
13840,30
14132.00
14241430
14432.00
14643.00
14832.00
1504 1,00
15252.00
154490.00
15632, 0
153404090
16032.99
16242.00
16432.970
16314.390

S-IVB/CSM Separation

(M)

~o09138C.
~6675592.,
~6437332.
~383639C.
4963455,
-3875022.
-2444104,

-951291,

592d64. |

2174969,
35 1261 4.
5048419,
b04B410,
5657366,
0294740y
6535365.
6512717,
008620
5313016
41923610,
2944245,
1425605,

~53315.
~1651287.
«3049093.

~43T41LT3.

=3P iT90a
6169962,
-0382653.
560427 1.
-6398739.
~5757405,.
-4 86930V,
~3639377.
~2314744%.
=752492.

Ta0T26.
2294103,
3619437,
4847516,
ST27563.
5352334,
6593532,
078055,

End of Nominal IU Lifetime

MARSHALL SPACE FLIGHT CENTE

(M

161785.
25456
120924,
229913
258187,
351531La
39676,
420478,
422 :76.
0989,

358159

271712,
271712,
214908,
L25916.
~2Tu37.
72588.
Lo9274.
257110,
33453 4.
388u98,.
624222,
435813,
423784
393068,
352192
262154,
L7379%.
T725%.
-285G3.
125398.
223061,
303493,
3734T6a
19549,
44539218,
G4 T3%4 .
424570
3837 T4
311920,
231674,
131343,
-312940
169912,

TABLE &

ORBITAL FLIGHT LISTING

(#)

2722T4S.
~2703G€.
~1785843,
-32.6235.
~445580 1.
~546755 3.
~E186876G,
46574725,
-660U53G4.
~6282154,
~5615957.,
~42069487.
4260487,
-3416414.
=20ul96u.
~4TT435) .
1073261
25646514,
3914417,
50984135,
59120686,
v4b3356.
66180657,
6427784,
5903345,
5012282,
3929575,
2539527,
1124293,
-4673852,
~1917456.
~3370357,
~4555828,
—5575839.
-56233899.
—65947T02.
-6590338.
-6212534.
-5538711.
~-4495551.
-3294642.
-1897543.
~-337322.
2569930.

cx
(v/5)

-3176.48
3Cs.56
2G6E.22
3717.41
5172.48
6354.¢1
7195.95
7661.20
771C.47
T341.46
657TU.70
5G00.48
530J3.48
410l.72
2342.07
55%.28
-1273.57
~3327434
~4612.92
=6300.55
~6950.29
-7579.20
~TT6Ll.19
~7518.80
=5904.44%4
-5853.54
-4587.36
=2964 484
~1316.92
535.48
2219.07
3918.190
5290.15
0484414
725746
7691.23
TG4 .47
7263.70
6483.23
5266483
3860.78
213i5.06
385.38
~3D33,92

gy

783

44C 6L
481447
464.CC
421,62
287,28
273426
174.C¢
28474
45.CC
161.10
265,45
331,55
281,65
428432
477449
507482
496,82
465,58
408,72
324,86
236.77
115,80
3.38
~118448

-22%.04

“327.81
=406,13
~468+26
-502:21
"510'97
=493,.39
~466.97
~-381.15
~Z288.43
-187.32
-66.564
49.30
173.0G4
27G.38
379.55
452.92
EnTeC7
538,72
498.13

Cz
(V7%)

~1C14.4€
-TeEz.28
~T4CE.E5
~£734,88
~STC4.£8
~42ET.4¢
-2i5%s18
~1CE0.E2
T3E.07
249E.83
4132.82
547,14
5947.74
tEE4.12
1415448
1755.,47
T6¢78.79
T1EETS
6267.17
4552.132
3488.1¢
171C.€7
-1&.C1
~l875.86
=349C.52
'5034343
6166420
-T104.22
-7576.50
~1€6T.E4
-7125%.82
“6E15.42
“586GE6420
“4174.C1
264119
"82‘?.02
89622
2715.57
42T7C.44
5711.C¢
£745083
7482.09
176762
716295



1%

TIME
(s E‘.C’?

624,63

B33, 00
195%.00
125, .03
1430,00
Lo2s 400
1430, ¥
2030 ,0G0
233G 00
2431 .90
202 o 30
ZAFDLED
300,00
323 .00
343,00
3039130
A8%5,.00
4230 0G
423 .23

437 a1

oS0 00
523030
Suile

523,290

543Qa;@
563,40
88556.8G
383%.50
- DN L o)
623 o0
6387.30
5455.90
863 .0
£8372.00
TABI e
T253.0%
T&3 1, 00
163094
7838490

AE
(1

~5011%,
‘&&3121‘
~1837392.
2553117,
-3048518,
~5342875.
~0828377.
-527114%,
~G530325,
~ieBL1882.
~11736337.
~1E499382,
~12918442,
~13uL5606.
~1276503.
~12265554,
~114351423.
~113%1953.
~9127932,
“IT8R737.
~5294577.
~4E4h3310.
mdanl 59,
~2233502.
~L12.3591.
428076
~317101.
£3394,
218555,
58523,
-20236).
-4} B40E,
~1188101.
«2212034.
~3425231.
~4809157.
~5284794,
~T736226.
~8353277.

MARSHALL SPACE FLIGHT CENTER

TABLE B
ORBITAL FLIGHT LISTING

¥z LE LKz

(M} (¥} {r/5})
8370 152758¢. ~215%418
218561 IBOTESTe ~26%4,57
347309 ALEETER. -5305%.15
AUOUES. 54457486 &S T4eT1
&TLET. 6124048, 6838443
7i908 % 4503533, ~7283<54
845653, £341883, ~7T330 .68
8577409. £295846G, ~7038.47
36T 18, 57238682 ~6402.54
§29243, LETILES, -5486.L0
139534, 37844645, ~&252.54
599557 2514885, -2842,45
413735, 1128340, 130,63
183217, ~31001 s, 302.71
-51733. -1726131. 1895.30
~3637%3,. =3040132. 328L.99%
6508 T, ~4238511. 4721.72
~927233. ~5dLT131. 5830.47
~1176232, ~ZGLEG42, 5656.19
~1331432. ~633%25 1, T166.47
-1528.11¢. ~544771 5. 7323.78
16,3378, ~G23GL T8 7127.28
~1585253, ~5723558% E578.73

~150Tu?3, ~&920283." 5TQS. 5
~31337925. ~38915 7. 454%,78
~10727 7L ~264T14%. 3168.12
~1TLTRED. ~242584%&, E8G4 .56
~T42589. -1314351. 143178
~354438, Gha'le. liedd
72845, 1ISL1122. ~16%6.36
4EBET2, 2852824, -282%.82
517788, 2821281, -3143.28
9246732, 39948572, ~4521.54
1365525, 4GTT20. ~5674.77
17200864 5694701, ~b544,52
1999553, £137875. ~TRGELET
2133428, E2ET3E ~TE01.%3
2264L 62 6118403, ~71682,.88
2227324, 5664?9?, ~GEh2a25

LYE
(¥/51)

Sh4L.ES
E21.321
EECa45
§57.28
£0E.1Y
LEQG13
252.695
16C.54
“57 .27
~217+E58
«-E76.11
2702
183,487
1240 .3¢
1371 .82
“1435.71
*l4dzegd
~122%.2¢
‘1148&&3
EG91a1E
~2é4a1C
~181a82
£70.1C
109274
1480481
1845.5¢
1809425
Cihetd
219857
EZ3R.87
222%.32
2138677
182738
1622418
1176438
ETC.58
165,324
4TS E3

2E
(r/81

FEE.E?
€35£.32
B3T2.%4
412¢.3€
RETE4ET
11¢2.21
~EZ1.58
~23113.1¢
~3852.80
~4EEE.GE
~RBS3AT L 4E
“~EEGE.EC
~T122.E2
=7242.1)
~E821.38
~£32%4.£32
5411428
~4238 48
~ZE 8T 44
~1332.7¢
FRELTE
1824.92
AECL4L T4
GEEERES
S7CCL5E
£4%E8,18
GLCTe53
6s714CE
T0s5228
EEE1.87
E4ZEEE
£853442
$41&a.18
4277586
Z543akE
147455
~&% W24
“1EEL,.5 8
<2870.22



%

1)

2)

1)
2)

TIM:

(S£C)

8330.00
543G.00

B6H3.d.d0"

EEBRC.UD
9I35.07
9230.,00
9&3ia iy
QL3709
Q850D
1003 1,72
13837.u0
13495,3)
12495,00
190 30,00
1,824,020
1103500
112390.29
11437.07%
11630.00
184 00
12,032,000
122470,.00
12432.00
1204°.00
1283Z%.20
13.040,00
13232.720
13640,02
13032.30
13840, 00
14:32..0
14240.00
14432.00
labasn, )0
14832.30
15048,.090
15232.00
lﬁQﬁﬁ:UO
15632.09
15840.00
16032.50
loZé ta(1]
lo&32.37
L&6814. 8¢

XE

(M)

-11349787.
~i2242282,.
~12760824.
-13333532.
~14958986.
=12570662.
-1.885927.

=113936431.

9766706,
-8432304.,
-5997339.
~5069%19,
-5363419.
-4116545,
=2792527.
~1656464.,

-T753987.
=124327.
193547,
178340,
~147321.
-817739.
=-1695934.
~2839505.
-4152667.
-36311535.
-T031832.
~6516400.
-3785053.

-1 1992215,

~11395352.

~12527T748.

~12951330,

-13 245617,
-12779757.
-1219E353.
~1.376669.
10242062,

=9011669,

~7544014.

~513n093.
4629435,
~3319244.
'=115303534.

S;IVBICSM separation
End of Nominal IU Lifetime

MARSHALL SPACE FLIGHT CENTER

-
m

{M]

372423,
429250.
966431L.
435477,

+ ~138441.

-726%27.
~12995665.
-1825933,
=22763€9a
~Zolibtib.
—-2545678.
~2923433.
~2920583.
—285649%.
~2634483.
—226T4H45,
~17700lb.
~1166u42.

~435461.

27591 4.
9T768%.

LTI0T460.

2320026,

2840282,

3208948,

34441 84,

3495736,

3365909,

337733,

2594437

Z2uld9l7.

1259557,

437197,

-391791.
~12324237.
-24033016,.
-2717853.
~3327289.
=3736558,.
~59B6536.
—-4322917.
~58452 34,
~343547T4,
—2273 65,

TABLE 8

ORBITAL FLIGHT LISTING

Zg

(M)

194174 1.
2845607,
(533873,
2514358
L0836
23527C1.
1512142,
1485521,

3244437,
1 T4L 146,

5956421,
5794055,
5794055,
5519322,
1691572
28500,
2975616,
.735595.
-515307,

62776C.
011801,
517870,
11ul641.
1886969,
5382311,
5647891,
36348848
5345769,
(847761,
1004955,
3172152,
2064362,

957444,
-274731

[390008. -

1517200,
3435209,
+257460.
PBIS49 2.
5159201,
5249090,
3085590,
47Uu3IT4a
3361865,

CxE

(¥/35)

~5855.C4
-3402.78
~1991.49
-424.18
L165.23
2702.39
4117.57
534C.11
631%.¢4
6979, 10
T3Lie69
7201.17
T2ulal7
6933.67
6178494
5147433
3859.80
238J.86
T84.97
-928.62
—2459.17
-3966.65
=5177.10
=5219.41
-6883.81
~T7263.85
-7273.25
~6920.50
-6277.15
-52T0+63
~4799.39
-2627.89
-1144.97
523.88
2741.98
3592.41
4363.50
5995.75
£T769.82
T260.40
T37J0.20
7109439
6527.73
4513,.95

YE

(M/75}

~10&6e 12
~Z10T.0¢8
~2503.7¢8
-2784.71
~253C.72
-2628.71
~2772.€5
~Z2464.18
=20 14,45

~1440436

~768.43

215.69

215.¢€9

132.29
1481.57
2175.£68
277347
3239.79
3545437
36T71.16

360095

3325.31
2896477
2265469
1557.C7
£91.49
-158.61
-lGRT7.56
=1599.50
=2715.02
~3341.67
-3856.53
-4153.29
~4260.03
-415G.25
~3875.57
-328%G.40
-2339.54%
-1703,22
~£88.07
310.91
1363.15
2341.98
3898.77

Lig

(r/5}

 ~422€,CE

~¢CEEl12
~EE4E.CE
-£7%i.z€
-€577.52
~€118.91
-63£%.€2
426,21
S31EZ.E8
=1792.73
-351.11
1562.81
18&654.E1
24G€.12
3156.22
4825457
5654477
6§1G5.5
6427.78
6221.24
5G46.34
523%2.53
4244.41
3176469
1666.75
£76.28
~T11.20
-2G53.61
'3185044
~424C,23
=5£14,.43
-SECC.ES
~5E8T.53
-561C.C5
~5665.63
-5127.20
~4401,29
~3405413
~2232,¢6¢
~1071.47
136.53
1426.39
2541.62
435€.00



£y

TIM:

(SEC)-

624,63
B3%.00
133w,00

237,00
A4di.00

1632.00
1830.00
2230 .00
2230.90
24335.00
2630.00
283 .07
3u30. 03
3230.90
3430.90
356314 J0
3830.00
&Gu3d. g0
4233,00
4437%.00
463000
4833.07
5030, 0
5237, 00
543, sy
5622.70
566L.80
3334400
5037.00
6Z23¢,010
6387.87
543,499
6630.00
6820.07
Tr34.99
T230.00
1430400
7630,00
T835.u0

PHIP
{DEG)

~125.806
-123.12
=136.t4%
~13%.14%
=1é3.¢l
~177.%6
169.52
156411
142.73
129,35
115.69
102.63
89.29
75.90
£2.63
45431
35,99
2lec?
923
“‘Po':Z
=17.47
-3 181
“'44-26
"57074
=11.25
~84.78
—E7.27
-‘53.33
~1ll.09
~125.43
-i36.1%
~138.55
-152,45%
-~1€5.87
"179-28
167.26
154.02
140.72
127043

MARSHALL SPACE FLIGHT CENTER

PHLY
(CEG)

3«36
2,584
2.13
le49
aeld
=Jed2

-i-SG
~-2.15
-2068

~3.08

=3.531
=3.37
~3.24
-2.54
=249
-1.90
=-1L.20

ROEL
Lal4
l1.86
2.48
2.98
5.531
J.47
3,48
5.43
3.21
2.80
2437
Ze24
1.56
Je T8

~J."2
~Ua. 84
-le61l
—2.30
—~2.86

TABLE 8

ORBITAL FLIGHT LISTING

PRIR

(CEG)

LENG
{CEG)

-&l.24
~45,83
-31.19
=17.42
-4.&8
7.€9
le.14
28.81
35.42
5C.22
“r6l.84
T4a22
€7.59
1C1.84
116.37
121.22
145.18
158.22
17¢.29
~178.43
~167.¢6
~157.05
-l4&.28
~134.67
-1l22.86
=18G6.73
=107.23%
=GZ.59
-8'.'.‘..'?2
-65.73
-54.22
~51.23
“37.86
~25.16
-12.58
~2.01
1450
1g.48
25.39

CECL
{CEG)

31l.41
21.27
26.zC
Sedd
2C.34
14.28
«£5
Tedl
—6-38
~12.1C
~19.25
"24.51
~28,212
~2C.5¢
=31.5€
-3{:-31
~27.248
~2Z479
~17.17
=1C477
~“2.51%
2,12
1C.C4
1ca.22

22.31"

28.5¢8
27468
IC.1¢
2l.5¢
21.C1
25,23
ZE.EE
24,52
15.21
13.02
&.28
"‘Ceég
—T+62
=14.22

LATTY
(LEG)

21.58
21,44
3G,3¢&
2E.CE
ZC.4¢
14.3¢

IELE]

Ll.b2

v omtehE

~l2.1¢
~1%,37
—Zéa.kS
—25068
~2).12
-21.74
-3(.47
“27.412
~Zia%2
=17.27
~1lC.E4
‘E"nqq
.14
1(.1¢C
1é.45
EZa40%
27+13
27.E4
3C.32
2l.12
21.17%
2€.29
2Ea12
244E€
16.32

12.1¢€
éIEZ
~LoéS
~Telé
”IﬁoEC



TINE

{SECY

31340, 08

437,00

1b36.20

1830.00

A ITH A

323,00

3420.00Q

630,00

83 ..20
L300
1223 5.9
17495,30
11495,20
1363,00
13837%.20
11032.39
112374, 20
114320.900
1lo32,. 30
11840.,00
12:32,0%
12247,470
124232.00
12040.00
12832. 30
1304 %90
15232.00
13440.00
13632,00
1384%.89
14332.00
145247, 00
16632,00
L4647, +0
144832.90
152443,00
15232.00
1544 3.,00
153632.90
15844,00
1632, 00
16249,00
16432.09
16814.80

PR1P
(LEG)

114,16
BT467
7‘!0‘!3
&l.24
49,89
24.73
21,48

HBe20
=17.%4

'35;‘?3

"5}..84

=54,53

© ~54,53

~54.53
~54,53
=54.53
-54,53
~34.53
—~54,33
~4T+3
1457
L2443
~e4b
-14.36
~27«15
4. 99
-53. 74
-67.54
~82a26
~Ghe Ik
~1Jo.75
-12J0 52
~133.22
=146.99
~159.72
=173.53
173»70
159.81
140495
132.97
123.02
175.98
92.95
66499

MARSHALL SPACE FLIGHT CENTE

PHIY
(EG)

~3.28
~3.58
~3.45
=3.14
~2.68
—24l4
=1.31
- .50
.56
2+28
2.88
£.99
2499

2.99°

299
2.99
2.99
2.99
299
—2.38
~1.68
—~2e83
=400
W90
1.69
2445
3a72
EXEAY
.74
3.8Q
3.47
3,33
2.84
Z.16
l.4l
ve52
~.te34
~1l.26
2«04
—2.78
~333
=3T3
=3.90
~3466

Manual control bpegina at 8995 and ends at 9175

$~IVB/CSM Separation

End of Neminal IU Lifetime

TABLE 8
ORBITAL FLIGHT LISTING
PHIR

{CEC)

~1l+329
2.22

1. 4
1.e7%
2446
3.2
3.41
3.62
3.31
2485
2.25
2.11
2.11
2e11
2.11
2,11
2.11
2.11
2.11
=~10435%
~1016,39
=176.33
~175.23
=1T70.3%
—l?b;é?
~177.13
~L77.76
=176.53
~179.24
179.75
178.92
178. 8
177439
176,79
17639
176416
176414
176435
176470
LT77.3n
177.99
178436
179.73
-=1l78.53

LeAG

(CEG)

48465

&c.87
8l.C4
S5.t8
112.14
123.53
13¢6.77
148.67
156.84
175.56
-178.85
~lé64.41
~1lé4.4]
-156.66
w144 b
~131.19
~116.94
=102.04
=-87.07
"‘71o96
~59.48
~&4ba21
=33.21
~23.92
-13.79
-2.76
7.78
19.62
31.99
46538
59.83
73407
88.89

133.12

115.30
127.56
138.22
149,31
. 159,49
17J.60
"176019
~1635,34%
=-152.48
=124.48

CECL
(CEC)

~2Ce21
-ZQ-CC
-21.16
~21.5
-3C.¢C1
-2&.EC
_22.18
~lte.4¢
~1C.02
~3.16
387
12.51
12.91
17.29
22.87
27.39
30.40
31.59
30.83
28.94
23.56
18.29
12.25
5+19
=-1.51
—8.69
14496
=21.C7
-25.7n
~29+46
-31.30
_310"’!3
"26}-71
-26.158
~21.55
~15.50
~G.23
-2.04
4470
li.21
17.52
23.67
27.84%
3la60

Laty
{TEQ)

~2C.22
"ZC..Jé
-21.22
~21.¢E
-3C.17
~Z2€a68
-Z2z.21
“1€.56
=10.1C
~3.18
2.89
12.5%
12.5¢9
17.20
22.C0
27.55
3C.586
31.7¢6
21.CC
28,18
24.1¢
18.40
12.32
£.23

-1.52

-E.74
=12.05
~21.1%
~28.50
-2%.€2

—=31.47

-31-56
"29057
~2¢.30
-21.68
~15.59%
—5.29
“2.56
4273
11.€9
18,03
23.81
2759
31.74



<y

. TINE

{SeC)

144.49
160,00
183.00
223,00
220,00
243,00
269,00
280,00
304,00
328,00
340,00
36G.07°
380.00
200,00
420,00
460,20
483.00
500.00
520.00
540.00
556.17

ALY

(M}

£1995.
6872,
$2831.
195229.
114083,
11%4Q1.
121189.
119449,
114179,
193375,
53026,
77iz2.
57703,
38679,
20304,
11534,
8478.
5854.
3557.
1511.

TABLE 9

118 SFENT STAGE REENTRY DATA

RRR
(M}

&435763.
6450118,
&4EEC4H9,
E4T8420.
E4ETE4T.
442238,
EAGATEA,
4462535,
EHETZ40.
4478410,
E4E61036.
£453158.
£4306465.,
64CBE18,
£353232.
6384456,
£381400.
6378776,
376479,
E3T4432.
6372421,

VTHe
{DEG)

63.42.

66.62
TO.90
ThHebd
80.17
85,05
90430
4,36
99* 84‘
104,57
169,19
1i3.3%
i17.38
129440
114568
110.53
108.46
106.49
0%, 84
1U3.49
102.59

VVve

(M5}

2325.84
2232.74
2162425
2106494
20646.75
204243}
2034.07
2042.21
20866.55
2106.64
2161.72
2229496
2295.09
2132.45
902,465
472.12
445.5]
430489
422.07
4lba 14
4134060

hie

{DEGY

75.70
75.90
T6a10
T6+30
76.50
76.70
76,90
77.10
77,30
T7.51
T7.71
T7.92
T8.15
78,68
82.85
8874
8%.33
89.68
B9.88
90,02
30.08



9y

TINE
{SEC)

144.49
162.00
180,00
200.00
220.00
240.00
260,00
289,09
300.00
320.00
349.00
360,03
380.00
409.00
420.00
462,00
4890.00
503.00
529.00
540,00
556.17

MASS

{K(

46136.26
45591 .38
45591,38
45591.38
45591.38
45591.38
45591.38
45691.38
45591 .38
45591.38
45591.38
45391,38
45591.38
45591.38
45591.38
45591.38
45591.38
45591.38
45591.38
£%591,38
45591 .38

$-TB SPENT STAGE REENTRY DATA

THRUST

(N}

197848.

-

J.
0.
0.

2.°

-
Q.
3.
0.
J.
0.
Qs
0.
0.
0.
0.
0.
Ja
0.
.

TABLE ¢

VTHE

(DEG}

58.28
61.79
bbaT3
72.09
77.83
83.84
99.90
96,16
192.18
167.92
113.29
118.24
122.75
127.03
134.67
166,89
172.46
175.74
177.94
179.65
17931

AZI
(DEG)

T2.23
T2+41
T2.64
72.87
73.11
73.35
T3.60
73.86
T4a.12
749439
Tha66
T4-94
T5.22
T5.59
75.76
75.40
T4.77
75.11
T7.42
103.75
236.99

RANGE

(M)

ELvab.

87395.
119921,
152261.
184466,
216581L.
248649,

280713..

312818.
345006,
3771322,
479804.
4462402,
473817
452460,
497648,
458194,
458662,
498587,
498629,
458621,

VVYVE

(M/35)

1979.29
1874.59
1790.43
1723.36
16T4.03
1643.76
1633.46
1643.47
1673.46
1722.51
1789.21
1871.41
195u.86
1802.6%
5T4. 1%
169.98

142429

122.64

' l0B8.16

97.99
F0.03


http:49591.38
http:45591.38
http:43591.38
http:45591.38
http:45591.38
http:45591.38
http:45591.38
http:45591.38
http:45591.38
http:45591.38
http:45591.38
http:45591.38
http:45591.38
http:45591.38
http:41591.38
http:46136.26

4]

TINE
1SEC)

144,49
160.00
183.00
256.00
220.90
240.0¢
260.00
280.0G0
300,00

320.09

340,00
3Hy.00
383.00
400 .00
420400
460,00
480.00
300.00
520.00
540,00
886.17

X

¥

64241324,
6448315,
64631614
6474191
64814224
6484865,
5484529,
5480416,
6472525,
6460853,
6445391,
6426128,
6403114,
63773514
$359397.
6348459,
6344508,
6341007,
6337835,
63349124
T$332689.

iy o oy

M 11 T h
A BFACE FL

TARLE §

n ot wn
R
PEE S

ta

LE ¥

IGHT €

S~IB 'SPENT STAGE REENTRY DATA

M

35649,
37445,
35757,
42131,
A44484,
46737,
49007,
51253,
33474,
SBEEY,
E7E3T.
59¢78.
BATBT.
£4159,
tG214%.
TRz
72281,
THZE3.
16284,
T8Z83.
155CLy

Z
(M}

LLET07.
147838,
189395,
2APLB3.
271233,
312974,
352731.
353182,
4334010
473346,
513052
582427,
561375,
628616,
6553514,
£73358,
£81361.

EE9LRT,.

E56789.
TC4373.
710484

ox

LT

1002.54
B3g.32
646,70
458,49
266478

TTeé3
~311l.28

-300.07

~489.01

~&T 829

~B68.0T

~1058.57
~L 239,17
~L261.20
~484a29
~2L1.13

-L85.20

~L56.03

~151.83

“141.0L

~134.22

oy
B/}

118463
118.0%
117.18
116.19
143416

T Alaa )7

112.92
111,70
110.42
169,04
197,64
106,15
104.59
1ud.13
102,59
100445
100.08
106,37
160 .06
59,99
99.88

DZ
{M/SY

2095.32
2066..1
2359.83
Z053.65
204023
2IAT 0%
2U27T.89
20146.95
Z00%.82
19981 .47
1976.83
1960.0%
isz28.98
1716.41
T54.73
“lde )l
352.63
38%4.82
38, G0
3T8.53
377460



8%

TINE
{SEC)

144.4%
160.0¢
183.0¢C
200,00
220,040
240.00
260,00
£80.09
30G.00
320.00
340,03
360.00

380.90

400,00
420.00
460.00
480.00
300.00
524,00
540.90
556.17

XE
(M}

63692,
76267,
31689,
163285,
111371,
115459,
116256.
113163,
106379.

$5899. "
BlT713.:

638l1.
42236,
17998,

1253,
-7898 .
~10987.

~13624%s

=15%24.

~17968.
=19473. -

>

TABLE 9

§~IB SPENT STAGE REENTRY

YE
(53]

~34.

=T
‘ Bo.
184,
i52.
470
£93.
62,
128%.
1420,
2074,
2554,
3L,
3éé4.
4034,
4138,
4134,
4127.
4123.
4121
4121

a4
tM2

2496,
88380.
L2158%.
54669,
L8T7643.
120492,
53207,
‘85778.
L18194.
3504456,
382521,
- 414404,
445990,
475988,
493505,
4%58017.
468326,
4%83%0.
4GB338.
450221 .
455097 .

DATA

DXE
(M/5)

1025.76
864.83
677.73
493.93
306.79
122.08
"62-41

~246,88

43153

~516.56

~802.16
~986.0%
“1163.43
“1188.44
~433.63
~168.03

“142,09

~122.564

~108.06
~96.83
-89.68

DYE
(M5

1.0%9
2.31
G2
5.38
T.87
10.30
12.27
14.466
17.18
19.83
22.6J
25.47
28.22
2731
8.61
0.13
"0035
-} a9
~B.15
~0eid3
003

DLE
[M/5)

1692.75
1663,27
165720
1651.65
Lea5.66
14639419
1632,22
1624.7¢6
16lé.78
1608.27
1599.,16
1584.65
1584.24
1355..3
376.21
254067
T.73%
-&!3?
-y 49 )
-6,099
"?n ?9



&%

TAMLE @
S-I1B SPENT ST4GE REENTRY DATA

TI®E CHIP CHIY CHIR LENG OECL "LATT
{5ELY, {DEC (CEGI {DEG) {CEGY {DEG) {DEG)
144.4% ~59,32 C.00 3.00 -73.96 28.53 28. 0%
160.00 -59.32 £.00 .00 “T9.71 28460 28.76
180.00 ~59.32 £.00 Jul TR, 3% 28.69 24.85
209.00 ~59.32 £.a¢ .30 ~TG.GE ZB.78 28.94
220.00 ~59.32 C.00 .00 ~T78.74 28.856 23,02
240.00 —-59.32 C.00 $.00 ~78.44 28¢3% 29.11
26000 ~59,32 £.30 V.00 ~78.13 29.03 2919
284,00 -59.3¢2 _C.06 d.00 -7T7.81 29.11 2%9.27
300.00 -59,32 .08 0.0 ~TT4S 2939 29.35
324.-00, ~5%.32 £.00 Je 21 ~77.18, 2. 27 29.43
342,00 ~59.32 €c.0Q Q.00 ~7b5.85 29.34 29.51
360.00 ~5%.32 .06 0. 00 ~75,.53 29442 2%3.58
380.00 -59.32 .00 U 00 ~Tb.21 EFe52 FARN -1
#30.00 -5%2.32 .00 0.00 ~-75.89 29.57 29.73
523400 -5%,32 €.00 2,00 ~75.70 29-561 29.77
460.00 -56,32 .00 0.00 ~T75.65 2962 29.79
480.00 ~5%.32 C.00 2.00 -75.65 29.562 29.79
-503,00 ~58.32 C.00 Q.00 =T5.464 23,62 29.79
520.00 -59.32 Ce 00 0.008 ~75.44 29.562 29.79
540.00 -59.32 00 . Je 30 ~T5.64 29.562 29.79

“556417 ~HQ.32 .00 (.00 ~T5.44 2962 29 79



0¢

« TIFE

{SECY

144.49
160.00
180.00
260.00
220.00
240.00
260.00
280.00
300.00
320.00
340.00
3460.00
380.00
400.00
420.00
460.00
480.00
5Q00.00
520.00
740,00

156417

ACH
Ul

6.36
6.65
6.49
5.58
4.81
44335
4.15
4.35
4480
5.57
6.48
6,65
.11
5.75
1.98
0.56
0.45
0.38
G.32
.28
Q.26

TABLE 9
§-T8 SPENT STAGE REENIRY DATA

RAG: ALP
() {DEG)
€8E09. Q.00
TiC0. G0
416. 0.00
44 0.0
11. Q.00
S Q.00
4a 0.00
Se 0.0
11.-' 0000
43, .30
4C1. 0.00
. T279. 0.00
. 114C16. ¢.00
1736€29. 9400
23821255, 0.00
512619. 3.00
~465€18. -0.00
GEZELYG, ~0.20
4T4276. -J.00
468575, -0.,J0
464032, ~0.00

QcQ
{N/M2])

e o
;71

3,

0.

ul

0.

0.

0.

0.

o.

3,

54,
532,
12537,
14654,
©G24,

. 4996,
. 4940,

4887,
4843,
4796

VR-

{M/S)

1678.27
1673.53
1789.33
1722.22
1672.86
1642.57
1632.26
1642.28
1672.29
1721.37
1788.11
1669.95
1649 .85
18Ul.68
575.74
167 .04
141434
122.37
108411

97.99

90,03

TACEL

{M7523

274,
V.17
V.0l
va20
el
U.00
UL0d
Q.00
Je0
U
Ueul
V.16
2453
38.08
52.25
11.25
1\) +88
10.5%
10.40
10.28
iv.18



TABLE 10

COMPLETE AS-205 MISSION STATION LIST

GECBETIC HEIGHT ABOVE - . ABPLICABLE
STATION LATITUDE LONGITUDE ELLIPSOID FLIGHT PHASE
{Deg. North) {beg. Bast) {(Meters) BOOST ORBIT
oDoP

Transmitter l.3.7 28.444373 -80.579973 5.1 X

GLOTRAC
Cape Kennedy 28.413386 -80.592263 11.0 X
Cherry Point, N.C. 84.881507 -76.353404 3.0 X
Elenthera 25.268375 -76.313049 31.8 X
Grand Turk 21.434025 ~71.145182 18.6 X
Bermuda 32.254488 -04.838675 87.1 X

C~BAND RADAR

Mila 28.424862 -80.664404 12.0 X X
Cape Kennedy 28.481767 -80,.576514 14.0 X
Patrick 28.226553 -~80.599292 15.0 X X
Grand Bahama 26.636350 ~-78.267708. 12.0 X X
Grand Turk 21.462889 -71.132114 28.0 X X
Bermuda 32.347964 -64.,653742 19.0 X X
Antigua 17.144031 -61.792858 58.0 X
Vanguard Ship 32.700000 -48.000000 0.0 X
Canary island 27.744881 -15.602000 "36.0 X
Ascension -7.972761 =14.,401694 "143.0 X
Pretoria 25.943733 28.35848% 1626.0 X
Tananarive [9.018056 47.304444 1375.0 X
Carnarvon 24.897403 113.716080 62.0 X
Mercury Ship 25.000000 125.000000 0.0 X
[foomera 30.816728 136.836990 -151.0 X
Hawaii 22,1220092 ~159.665380 1140.0 X
Point Arguello 34.582903 -120.561150 646.0 X
Resdtone Ship 25.000000 =118.000000 0.0 X
White Sands 32.358222 -106.369560 232.0 X

TELEMETRY
New Smyrna Beach 29.066667 -80.916667 0.0 X
Cape Tel & 28.463713 -80.653029 0.0 X X
Mila - CIF 28.542366 -80.643533 0.0 X X
Vero Beach 27.666667 ~80.350000 0.0 X
Grand Bahama 26.628514 ~-78.299444 0.0 X X
Grand Turk 21.446016 -71.147500 0.0 X b
Bermuda 32.348102 ~-64.653800 18.0 X X
Antigua 17.137333 ~61.774955 4.2 X
Vanguard Ship 32.700000 ~48,000000 0.0 X
Canary Ship 27.742797 ~15.5%98103 35.0 X
Ascension ~79.743140 -14.392221 30.0 X
Tarnanarive -19.018056 47.30444¢4° 1375.0 X
Carnarvon . ~24.897356 113.716070 64.0 X
Mercury Ship 25.000000 125.000000 0.0 X
Guam ) 13.309244 114.734410 127.0 X
Hawaif 22.125267 ~159.667620 1142.0 X
Redstone Ship -25.000000 ~118.000000 0.0 X
Guaymas 27.958406 -110.720790 18.0 X
Corpus Chrisgi 27.65540 -97.380256 10,0 X

51



TABLE 11

AS-205/CSM-101 LAUNCH VEHICLE OPERATIONAL TRAJECTORY, REVISION
PERFORMANCE CHARACTERISTICS

-5-IB STAGE

Average Longitudinal Sea Level Thrust (lbs)

H-1 Engine Turbine Total
Engine #1 204233, 618, 204851,
Engine #2 199748, 633. 200381,
Engine #3 201948, 594, 202542,
Engine #4 198849, 596, 189455,
Engine #5 200981, 584. 201665.
Engine #6 202797, 622, 203419.
Engine #7 200659, 613, 201272.
Engine #8 202030. 618. 202648.
Total Average Sea Level Thrust (F): 1,616,123,

Flight Time Tnterval: 0.0 - 140.11 (IECO)

W= Wt (t=0)-Wt (£=140.11) - % Waux / 140,11,

W = 6210,.77 1b/sec *Waux: Frost = 1100 1bs

. Seal Purge = 6 1bs
Igp = F/W Fuel Additive = __ 27 lbs
- Total = 1133 1bs
Igp = 260.21 (sec)’

S~1VB STAGE

High Thrust Level Flight Time Interval: 149.4 — 454.8 seconds
Low Thrust Level Flight Time Interval: 454 .8 « 614,8 seconds

AVERAGE VALUES

High Level Low Level

Thrust Thrust

Vacuum Thrust (lbs) 226019. 176087.
Flowrate (1b/sec) 533,97 407.92
Specific Impulse 423.28 431.67

NOTE: The 0.4% S~IB stage bias is not included in these data.
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TABLE 12

AS=205 L/V TRAJECTORY DISFERSION ANALYSIS, REVISION 1
VEHINLE WEIGHT BREAXDOWN
{POURDS )

Spacecraftﬁ

Instrument Unit

S«iVE Stage Inert .

Useable Reserve Propelliamt
Injection Weight

J-2 Thrust Decay Propellant
§-IVB Cutoff Welght

8~IVB Propellant Consumed

§~IVB APS Propellant Consumed

Ullage Cases (214) and LES (8986)
§=TVR "90% Thrust" Weight

8~IVE GHZ Start Tank
S§«IVB Buildup Propellant Consimed
Ullage Propellant Consumed

S«IV3 Stage Weight at Separatior

Ullage Propellant Consuwmed
5«IVB Separation Components
SwIVE AFL Frame Hardwars
S~IB/8~IVB Intexrstage

5=TB Dry Weight

5~TH Residuals and Reserves
S-I¥B Trost Consumed

S«Th Frost Consumed

S-T8 Seal Purge Consumed
Q«TR Fuel Additive (onsumed
S«I8 Cearhox Lubricant Consumed

Inboard Engine Thrust Decay Prpt Consumeu
Outboard Engine Thrust Decay Prpt Consumed

To Separation
§«IB Mainstage Propellant Consumed
vehicle Lifroff Weight

CSM ( 9,655 SPS Tanked) 32,758
SLA 3,842
36 600

33

36,600
4,280
25,285

1,452

40

228,164
6

9,200

04
67

31
84,401
10,949
100
1,000

27
717
2,152

1,643
878,450

67,617

867,757

305,127

305,803

1,291,78
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TABLE 13

AS-205 1/Vv TRAJECTORY DISPERSION ANALYSIS

TRAJECTORY DISPERSION ENVELOPE AT S~IB/S-~IVBE SEPARATION
COMBINED S-IB AND S-IVB STAGE 'THREE SIGMA DEVIATIONS

1,903

FLIGHE SPACE—FIXED SPACE~FIXED FLIGUT GROUND SPACE-FIXED VEHICLE

DISPERSION GROUP TIME  ALTITUDE VELOCITY " PATH ANGLE RANGE  FLIGHT AZIMUTH  MASS

(SEC) ' (D) (M/8) (DEG) " (xaf) (DEG) )
8«18 Propulsion 4RSS 3,33 1574, 18.53 1,333 3,19 0.034 1095,
§-IB Propulsion | -RSS 2,68  1406. 19.53 1.212 2.38 0,021 929,
$~IB Non Propulsion 4RSS 0.00  1386. 34,48 1.476 3.70 1.800 141,
8-IB Non Propulsion -R8S 0.00 1384, 25.54 1.464 2.51 1.798 141,
§-IVB Propulsion 4RSS 0.00  426. . 10,34 0.093 0.25 0.012 1046,
$-IVB Propulsion ~RSS 0.00 423, 10,27 0.093 0.25 0.012 1046,
§-IVB Non Propulsion 4RSS 0.00  37. 0.89 0,008 0.02 0.001 91.
S~IVE Non Propulsior ~R8S .00 37. 0.89 0,008 46,02 ¢.001 91.
.Combined Positive RSS 3,33 2140. 40.50 1.991 4.89 1.800 152,
Combined Negative RSS 2.68  2018,. 33.76. 3.47 1.798 1409.




gs

TABLE 13 {cont'd)

AS~205 L/V TRAJECTORY DISPERSION ANALYSIS
TRAJECTORY DISPERSION ENVELCPE AT S~IB/S-IVB SEPARATION
COMBINED G-IR AND S-IVB STAGE THREE SIGMA DEVIATIONS

ELIGHi " VEHICLE ATTITULE ‘ (1) VEHICLE ATTITUDE RATE
DISPERSION GROUF TIME PIICH YAR ROLL PITGH YAW ROLL
. (SEC) {(DEG) (DEG)Y (DEG) (DEG/S) _ {DEG/S) (DEG/S)

S~IB Propulsion +RSS 3.33 0.063 0,006 0,007 ~—— —— ———
5-18 Propulsion -RSS 2.68 0,042 0.006 * 0,005 --- —— .-
S~TB Non Propulsion +RSS ‘Q.GG 1.020 1.014 1.829 e —— ——
S8 Non Propulsion  -RSS 0,00 1,013 1,014 1,829 — _— -
8«IVB Propulsion ° +RS8S 0,00 0.003 0.000 0. 000 - ——— ———
$~IVE Fropulsion -R8¢ 80.00 0,002 0.000 0.000 - —— -
S-IVB Nom Propulsior 4RSS 0.00 0,000 0,000 0.000 - —— —
§-IVB Non Propuision ~R&8 .00 0.000 0.000 3,000 —— —— w—
Combined Positive RSS  © 3.33 1.022 1.014 1.8?9 e —— S
Combined Negative RSS 2.68 1.014 1,014 1.829 ——— — m—

(1) The $-IB stage attitude rates have been omitted in order that more realistic values, reflecting conditions at

physical separation, can be determined.
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AS~205 L/V TRAJECTORY DISPERSION ANALYSIS

TABLE 13 (cont'd)

TRAJECTORY DISPERSION ENVELOPE AT S-IB/S-IVB SEPARATION
COMBINED S5-IB AND S~1IVB STAGE THREE SIGMA DEVIATIONS

FLIGHT SPACE FIXED POSITION VECTOR SPACE FIXED VELOCITY VECTOR

DISPERSION GROUP TIME X Y g . XDOT YDOT ZD0T
(SEC) () (M) () (M/S) (4/8) (M/8)

8-TB Propulsion RS 3.33 1613, 410. 4494 47.03 0.54 28.75
$~TB Propulsion -RSS  2.68 1468, 318, 1421, 51.47 0.18 27.13
S-IB Nom Propulsion 4RSS - '0.00 1418, 3003. 721, 46.27 66.17 51.85
$-IB Non Propulsior ~RSS  0.00 1419, 3086. 1519, 47 .46 65.97 46.30
* $-IVB Propulsion +RSS  0.00 421. 1. 260. 7.79 0.02 7.76
S-IVB Propulsion -RS§ 0,00 418, - 1. 259, 7.72 0.02 7.72
S-IVB Non Propulsion +RSS 0.00 36. 0. 23, 0,67 0.00 0.67
$-IVB Nom Propulsion ~RSS 0.00 36", 0. 23, 0,67 0,00 0.67
Combined Positive RSS  3.33 2189, 3031. 840. 66 .44 66.17 59.79
Combined Negative RSS 2.68 2084, 3102, 249, 70.44 65.97 54,22
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TABLE 13 (cont'd)

AS-205 1/V_TRAJECTORY DISPERSION ANALYSIS
TRAJECTORY DISPERSTON ENVELOPE AT S~IB/S~IVB SEPARATION
COMBINED S~IBR AND S~IVB STAGE THREE SIGMA DEVIATIONS

EARTH FIXED VELOCITY

FLIGHT EARTH FIXED POSTITION
DISPERSION GROUP TIME X Y Z XDOT Yot ZBOT
(SEC) (1) an (M) M/8) (1/8) (11/5)
S~IB Propulsion +RSS 3.33 1586. 24, 3209. 4é.41 0.71 28.93
§-IB Propulsion ~RSS 2.68 - 1427, 8. 2394, 50,70 0.24 27.28
S~IE Non Propulsion 4RSS .0.00 1402, 3003. 3727 45,77 66.17 52,23
S-1B Non Propulsion  ~RSS 0.00 1402, 3086. 2528 46,98 65.97 46,74
S+IVB Propulsion +R385 0,00 423, Q. 257 7.87 0.00 7.67
S-IVB Propulsion ~RSS -0.00 420, 0. 256 S 7.81 0.00 7.62
S-IVB Non Propulsion -RSS 0.00 37. 0. 22, 0.68 0.00 0.66
S=IVB Non Propulsion ~RSS 0.00 37. 0. 22, 0.68‘ 0.00 0.66
Combined Positive RSS 3.33 2159. 3C03. 4925. 65.66 . 66.17 60,20
Combined Negative RSS 2,68 2044, 3086, 3491, 69.56 65.97 54.66
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TRAJECTORY DISPERSION ENVELOPE AT S-IB/S-IVE SEPARATION

TABLE 13 (cont'd)
AS~205 L/V TRAJECTORY DISPERSION ANALYSIS

COMBINED S~IB AND S-IVB STAGE THREE SIGMA DEVIATIONS

FLIGHT ' GEQDETIC LONGITUDE EARTH FIXED EARTH FIKﬁD EARTH FIXED
DISPERSION GROUP TIME LATITUDE POS, WEST VELCCITY PATH ANGLE FLIGHT AZIMUTH

(SEC) (DEG) (DEG) (M/S) {DEG) {DEG)
S§~IB Propulsion +RSS 3.33 0.009 0,023 19,20 1.562 0.042
S~IB Propulsion -RS5 2.68 0.006 0.031 20,25 1.414 0,022
S~IB Non Propulsior +RS8 0.00 0.028 0.026 31,15 1.786 2.225
S:IB Non Propulsi0£ -RS§ 0.00 1.027 0.037 21.41 1.763 22217
5-IVB Propulsion +RSS 0.00 J.001 0.002 10,63 0,082 0.001
S=TVB Propulsi9n ~RS8 0.00 0.001 0,002 10,55 .082 0,001
§-IVB- Non Propulsion +RSS 0,00 0.000 IO.OOO 0.92 0,007 (?.000
S-IVE Non’PropulSion -RSS 0.00 0.000 ¢.0006 0.92 0,007 6.000
Combined ‘Negative RSS 3.33 0.029 0.035 38,12 2.37¢ 2,225
Combined Negative RSS 2,68 0.028 0.048 31.31 2.261 2,217
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TABLE 14

A8~205 ‘L/V TRAJECTORY DISPERSION ANALYSIS
TRAJEQTORY DISPERSION ENVELOPE AT J-2 ENGINE CUTOFYF SIGNAL
COMBIMNED 8-IB AND S5-1VB STAGE THREE SIGMA DEVIATIONS

FLIGB’I; SPACE-FIXED  SPACE~FIXED FLIGHT GROUND  SPACE-FIKED VERICLE
DISPERSION GROUE TIME ATLTITUDE YELOCITY PATH ANGLE RANGE FLIGHT AZIMUTH MASS

(5EC) () © (M/8) (DEG) €559, {DEGY __{xe)
§~IR Fropulsion +RS5 4,43 14, 0.00 0.0G2 7.656 8,050 276.
818 Propulsion - ~RS3 "3.63 C 0. 0,00 0,001 6.68 | 0.042 314,
§~I% Non Fropulsion 4RSS 1.07 16, 0.0¢ ¢.002 12,18 0.065 300,
S«TB Non Propulsion ~-RS5 1.56 6. 6.00 0,002 16.28 0.035 207.
§-IVB Propulsion sss L5216 0.00 0,002 76. 91 0,488 %08,
8«IVB Propulsion -R33 19,33 L L4 0.00 0.00€ 70.60 0,424 436,
5~TVB Non Propulsion +R88 0.47 &, 0,00 o 0.002 2.59 3,015 &.
§-IVB Noun Propulsiom ~R33 .45 - B, 0.00 0.002 "2.63 9.015 22,
IMU Dispersions 4RSS 4.03 501, 1.80¢ 0,028 86.32 . s
IMU Dispersions ~-RES 0.43 601, 1.60 0.028 0,32 - ——
Combined Positive RSS 22,00 602, 1.60 0.025 78,29 0,475 577..
Combined Negative RSS  19.73 601, 1.60 0.026 7L11 0.430 576,




TRAJECTORY DISPERSION ENVELQPE AT J-2 ENGINE CUTOFF SIGNAL

TABLE 14 (cont'd)
AS-205 L/V TRAJECTORY DISPERSION ANALYSIS

COMBINED S5-IB AND S-IVE STAGE THREE SIGMA DEVIATIONS'

FLIGHT VEHICLE ATTITU;DE VEHICL;"S ATTITUDE RATE

DISPERSICH TIME PITCH TAW *ROLL PITCH YAW *ROLL

(SEC) - (DEG) (DEG) (DEG) (DEG/8) (DEG/S) (DEG/S)
5-IB Propulsion +RSS5 4,43 1}. 187 0.035 —— 0.002 0.000 wa
5~IB Propulsion -RS:S 3.63 1.608 0:041 o 0,000 0.000 i
§-IB Non Propulsion +RSS 1.07 1.173 "1.601 - 0.003 0.002 -——
5-IB Non Propulsion -RS8 .1.56 1.46% l.f552 - 0.002 0.002 <
S-IVe Propglsion_ +RSS 21.52 ¢.123 0.022 - 0.000 0.000 -
EgSwIVB Propulsion MRSE‘i 19.33 0,466 0.027 ke 58.001 G,001 -
8-IVE Non ?rcpulsisﬁ‘ +RSS 0.47 0.548 0.540 - 0.002 0.002 -
§~IVE Non Propulsion ~RSS 0.45 0.598 0.540 - 0.002 0.002 -
IMU Dispersions +RSS 0.03 o - o —— - -
IMU Dispersions «~R8S 0.03 — - - o - .-
Combined Positive 'RSS 22,00 1,761 1.690 - 0.004 0.003 -
Combined Negative RSS 19,73 2.306 1.739 - 0.003 0.003 ——

* Not: Applicable



AS-205 L/V TRAJECTORY DISPERSTON ANALYSIS

TABLE 14 (cont'd)

TRAJECTORY DISPERSTION ENVELOPE AT J-2 ENGINE CUTOFF SIGNAI

COMBINED S-IB AND S~IVB STAGE THREE SIGMA DEVIATIONS

SPACE FIXED POSITION VECTOR

STACE FIXED VELOCITL VECTOR

¥FLIGHT

DISPERSION TIME X Y A XDOT YDOT . ZDOT

‘ (SEC) ) ) ) (M/8) (¥s) (1/s)
S-IB Propulsion +RSS 4,43 26,29 540. 8993. 8.93 0.20 2.82
S-TB Propulsion -RSS 3.63 2840, 394, 7658, 10.78 0.26 3.40
S-IB Non Propuls._.. 4RSS 1,07 3148, 656. 1696. 11.70 0.35 3.68
$-IB Non Propulsion -RSS 1.56 3698, 558, 9955. 13.84 0.38 4.37
S-IVB Propulsion +RSS 21.52 25019, 4683 3622. 90.08 2.02 29.43
$-IVB Propulsion -RSS 19.33 28490, 4279 6313. 98,86 2.2 33,55
S—IQB Non Propulsion +RSS 0.47 852, 151, 2676. 3.17 0.25 1.00
S-IVB Nom Propulsion  ~RSS 0.45 842, 151, 2696, 3,16 0.2 1,00 -
IMU Dispersions +RSS 0.03 654. 725, 207, 4,10 3.05 0.65
IMU Dispersions “RSS 0.03 654. 725. 207. 4.10 3.05 0.65
Combined Positive RSS 22,00  25356. 4817 84956. 9142 3.68 29,82
Combined Negative RSS 19.73 28889, .+ 4396, 77387, 100,54 3.85 34,02
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TABLE 14 (cont'd)

AS~205 L/V TRAJECTORY DISPERSION ANALYS1S
TRAJECTORY DISPERSICN ENVELOPE AT J-2 ENGINE CUTOFF SIGNAL
COMBINED S-IB AND S~IVB STAGE THREE SIGMA DE¥IATIONS

FLIGHT EARTH FIXED POSITION EARTH FIXED VELOCITY

DISPERSION GROUP TIME X Y z XDOT YDOT ZDOT

: (SEC) ¢:9)] €29 (M) (M/8) M/s) - M/s)

5-IB Proﬁulsion +RSS 4.43 1846, 498, 7635, 7.36 1.43 2.10

S~IB P;opulsion ~RSS 3.63 2102, 452, 6655, '8.70 1,17 " 2.50

§-IB Non Propulsion +RSS 1.07 2827. 998. 12133. 11.41 0.41 3.15

S-1B Non Propulsion ~RSS 1.56 3350. 834, 10235, . 13,62 0.41 3,77

S~-IVB Propulsion +RSS 21,52 119943, 5567. 76163, 85..38 7.86 22,88

S-IVB Propulsion ) ~RSS 19.33 122703, 4983, 69552, 77..80 7.1 26.08

S-IVB Non Propulsion +RSS 0.47 723. 194. 2578, 2,92 0.30 ’ 0582-

$-IVB Non Propulsion  ~RSS" 0.45 708, 201. 2621, 2,89 0.28 0.81
IMU Dispersions * 4RSS 0.03 - , — - o e o—
IMU Dispersions -RSS 0.03 -—— -—= - —- o de

% Combined Positive RSS 22AOO‘ 20z40. 5681, ‘77543, 86,50 8,01 23,21

* Combined Negative RSS 19..73 '23056. 5076. 70664, 79.51 7425 '26.,48

* Does not include effects of IMU dispersions.
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TABLE 14 (cont'd)

AS-205 L/V TRAJECTORY DISPERSION ANALYSIS
TRAJECTORY DISPERSION ENVELOPE AT J-2 ENGINE CUTOFF SICGNAL
COMBINED S-TB AND S~IVBE STAGE THREE SIGMA DEVIATIONS

FLIGHT GEODETIC LONGITUDE EARTH FIXED  EARTH FIXED EARTH FIXED
DISTERSION GROUP TIME LATITUDE POS, WEST VELOCITY PATH ANGLE FLIGHT AZIMUTH
(SEC) {DEG) ‘ {DEG) (M/S) (DEG) (DEG)
S-IB Propulsion 4RSS 4.43 .0.007 0.070 0.00 0.002 0.052
S~IB Pgopulsion —RSS- 3.63 0.006 1,080 0.00 0,001 0.045
$~IB Non Propulsion 4RSS 1.07 0.009 ', 108 0.00 0,002 0.068
S~IB Non Propulsion -RS8S§ 1.56 0,008 .128 0,00 0.002 0.058
S-IVB Propulsion +RSS 21.52 0,053 . 734 0,02 0.002 0.493
s'-ma Propulsion -RSS 19,33  0.054 .B08 0.01 0.000 0.468
$~-IVB Non Propulsior +RSS 0.47 0.002 .028 0.00 0.002 0.016
S-IVB Non Propulsior ~RSS 0.45 0.002 .027 0.00 0.002 g.016
MU Dispersioﬁs 4RSS 0.03 - ——— m— - -
IMU Dispersions -RSS 0.03 —— : - - - —-———
% Combined Positive RSS . 22,00 0,054 0.746 "0.02 0.004 0.501
* Combined Negative RSS 19,73 © 0.055 0.822 0,01 0.003 0.454

% Tnes not inclnde effects nf TMII dispersions.
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FIGURE 5
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S-TB STAGE DYNAMIC PRESSURE VS TIME
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FIGURE 6
S~I% STAGE PITCE ATTITUIE COMMANDS VS TIME
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FIGURE 8
S-IVB STAGE ALTITUDE VS GROUND RANGE
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S-IVB STAGE SPACE FIXED VELOCITY VS TIME
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FIGURE 10
5-IVB STAGE SPACE FIXED PATH ANGLE VS TIME
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FIGURE 11
S~IVE STAGE LONGITUDINAL ACCELERATION VS TIME
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FIGURE 12 _
S~IVB STAGE PITCH ATTITUDE COMMAND VS TIME
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FIGURE 13
S-IVB STAGE YAW ATTITUDE COMMANDS VS TIME
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FEGURE 15
S~IVB STAGE THRUST VS TIME
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TABLE 1A
AS-205/CSM~101 LAUNCH VEHICLE OPERATIONAL TRAJECTORY ORBITAL VENT SEQUENCE & IMPULSE HISTORY

FLIGHT TIME TIME FROM TB4 FLIGHT TIME TIME FRCOM TB4 EFFECTIVE TANK OR SPHERE
. (HR:MIN:SEC) (8EC) (HR:MIN:SEC) (SEC) - IMPULSE AFFECTED AND DESCRIPTION
START : END (L8~SEC) ) OF EVENT
0;10:15.2 0.4 " 0:31:15.2 1260.4 0. LH2 Tank (LHp Blowdown)
~O:i0:15.4 . 0.6 Open Permanently . 0. 1LH7 Tank' (Secondary NPV Open)
0:10:45.0 30,2 0:11:15.0° - 60.2 3237. LOX Tank (LOX Blowdown)
0:54:04.8 2630,0 , 0:59:04.8 2930.0 . LHp Tank (LHo Blowdown)
1:34:26.8 5052.0 1:46:27.8 5773.0 +700. LOX Tank (LOX Dump)
1:34:36.8 5062.0 Open Permanently 0. ~ LOX Tank (NPV Valves Open)
1:34:40.8 5066.0 1:44:43.8 5669.0 0. | LHy Tank (LHp Blowdown)
. 1:42:26,8 5532.0 2:30:14.8 8400.0 0. Helium Sphere (Partial Hellum
Dump Through LOX Tank NPV)
3:17:31.8 11237.0 4:41:22,1 16267.3 - 0. stage Control Sphexre (Relium
Dump ) '
£4:30:14.8 15600.0 4:50:18.4 16800.0 - . 0, Helium Sphere (Complete Helium
Dump Through LOX Tank NPV)

Based on nominal residuals., .The + 3 ¢ impulse values are 24,500 and 80,000 lbﬂéeconds, respectively, BRased
these impulse values and the associated mass data, the approximate AV's impaxrted to the configuration ar " 7
8,1, and 11.8 meters/second.



TARLE 24

AS-205/CSM~101 LAUNCH VEHICLE OPERATIONAL TRAJECTORY

NRBITAL ATTITUDE TIMELINE

MANEUVER

TIMEX

. SECONDS

HR:MIN:SEC

Maintain cutoff inertial attitude for 20 seconds
after initiation of time base four (tb4),

Initiate maneuver to align the S~-IVB/CSM along the
local horizontal (CSM forward, position I dowm) and
maintain with respect to local reference.

Begin orbital safing sequence by enabling J-2 engine
dump. Maintain vehicle attitude as defined in
paragraph above. )

Begin manual control of S-IVB attitude from the
spacecraft, Maneuvers in roll, pitch and yaw will
be based on maximum commandable rates of 0.3°/second
in pitch and yaw, and 0.5°/second in roll.

End manual control of S-TVB attitude from the space~
craft. The I, U. will return to its prograrmmed
timeline whenever the spacecraft relinquishes atti-
tude comntrol.

Initiate maneuver to pitch nose down 20° from the
local horizontal (position ¥ down) and maintain

‘orbital rate,

Initiate inertial attitude hold using gimbal angles
at the specified initiation time., MNaintain inertial
attitude.

Nominal CSM physical separation,
Initiate maneuver to align the S-~IVB/IU along the

lccal horizontal, tail leading and roll to position I
up., Maintain orbital rate,

ths + 0.0

Fbé + ZULU

tb4 4+ 4860

9000

8180

9780

10275

10500

11820

0:10+14.8

0:10:34.8

1:31:14.8

2:30:00

2:33:00

2:43:0

2:51:15

2;55:00

3:17:00°

%

Times other than those noted at time base four (tb4) are ground ellapsed time

from launch vehicle GRR.
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TABLE 1B~

- AS-205/CSM-101 LAUNCH VEHICLE FLIGHT TRAJECTORY
5~IB STAGE UNBIASED PITCH PROGRAM

For the time segment T = 10:

Xy = 0.
y
¥z = 0.
Xy = ~.488692 rad (-28.0 degrees)

For the time segment 10< T = §3.8:

Xy = 80 * ALT + A2T2 + A3T°

A0 = -.139871 x 107} rad

A1 = +.320258 x 1072 rad/sec

Ay = =.222830 x 103 rad/sec?

A3 = +.114730 x 10~5 rad/see-
%z = %z = O..

For the time segment 63.8 < T = 10%.8

%y = Bo + BiT + B,I2 + Bq13

Bo = +.337135 x 100 rad

By = -.108052 x 10~1 rad/sec,

By = -.384334 x 10-4 rad/secf

B3 = +.350965 x 1070 rad/sec:
x = %z = 0.

A

For the time segment 109.8 < T = 134.3:

Xy = Cp + C3T + CoT2 + G513

Cop = +.210868 x 100 rad

C1 = -.978481 x 107% rad/sec

Co = -.101180 x 10-%4 rad/secs

€3 = +.103404 x 1076 rad/sec”
XX = Xy = 0‘

For the time segment > 134,3:

Xy = =1.0352499 rad
Xx = %z = 0.

T = Time from time base-one

.91



TARLE 2B

45-205/CSM-10¥ LAUNCH VEHICLE FLIGHT TRAJECTOR
. S-IB STAGE UNBIASED PITICH ATTITUDE COMMAND

TIME PITCH ATTITUDE TIME PITCH ATTITUDE

T) (5EC OMMAND, %o {DEGY T SEC COMMARD, ¥. {DEG}

0. 0.00 81.8 ~35.05
10, T 0,00 83.8 -36.19
11.8 - .31 85.8 -37.31
13.8 .= .53 87.8 -38,40
15.8 - .83 89.8 -39,47
17.8 -1.21 91.8 =40.52
12.8 ~1.66 §3.8 ~41,33
21.8 ~2.19 95.8 ~52.52
23.8 -2.78 97.8 ~43 .48
25.8 ~3.44 99.8 ~4h 41
27.8 ~4.15 (01,8 ~45,31
20.8 4,93 103.8 ~46,18
31.8 ~5.76 105.8 47 .02
33.8 ~6.65 L07.8 -47,82
35.8 ~7.58 L09.8 ~48.59
37.8 -8.56 111.8 -49 .56
39.8 =9.58 113.8 ~50.49
41.8 - -10.64 115.8 ~51.41
43,8 -11.73 117.8 -52.32
45.8 ~12.86 119.8 ~53.21
47.8 -14.02 121.8 -54,10
49.8 -15.21 123.8 ~54,97
51.8 ~16.42 125.8 -55.82
53.8 -17.65 127.8 -56.67
55.8 -18.8% 125.8 =57.50
57.8 ~20,16 131.8 -58.31
59.8 -21,43 133.8 ~59.12
61.8 -22.71 134.3 ~59.31
63.8 -23.99

65.8 -25.23

67.8 ~26.,51

69.8 - -27.79

71.8 -29.04

73.8 -30.28

75.8 -31.51

77.8 -32.71 ] v
79.8 -33.89 IGH Stace ~52,31
I = Time from time base one

52



Vexl
Vex3
‘VT

XvT
YVT
ZVT
&VT
YT
T
VG

YVG

NG

INITTAL
VALUE

25,

286.3
159.8

325.5
4151.0
4233,2
7780.67

6600405

7780.67
- 9. 4n
0

0

TABLE 3B

*¢-205/CSM~101 LAUNCH VEHICLE OPERATIONAL FLIGHT TRAJECTORY.
IGM PRESETTINGS

UNITS

sec

s5€cC
s5ec

sec

m/sec

m/sec

m/sec

m
m _
m

m/sec
m/sec |-

m/sec

-1

n/secl

m/scc2 -

n/sect

93

DESCRTPTION

Time from time base 3 to initiat
IGM guidance,

Time to go for first IGM stage.
Time to go for second IGM stage.

Average value of m/m at initiation
of second IGM stage.

Average exhaust velocity (go x Isp)
for lst IGM stage phase of flight.

Average exhaust velocity (go x Isp)
for 2nd IGM stage phase of flight,

Guidance Cutoff Signal (GCS) criteria.
Terminal velocity for IGM equationms.

besired rterminal position vector
components in IGM coordinate system,

Desired cutoff velocity components
in IGM coordinate system.

Terminal gravitation vector components
in IGM coordinate system,



LvbC
YMBOL

-----

TR3

Ao ek o sl

F2
ATNOM
TLD

APL
AP2
AP3
AP4
APS
AP6
AP7
APR
APG

st .

FLAG

INITTAL
VALUE

25.

3.

1.8

« 42597028 E100
.50108032 BE-01
.90334849 EB4O0

«,39490759 E~02
.99835259 400

«,57239996 E-01

- G0472851 F400

-. 27849930 E-01

- 42507067 400

1000,

B/ A

TARLE 3B {Cont'd}

§S~235f§5ﬁ-1ﬂi LAUNCH VEEICLE OPERATIONAL FLIGHT TRAJECTORY
ICM PRESETTINGS -

UNITS

ged

sec

N/B

"D

N/D

sec

sB80
sec
N/D
%/D)
H/D
N/D
N/D
/Db
N/D
N/D
¥/D
®/n

sgc

o))

84

DESCRIPTION

Yalue of T34 to initiate TOMAY
guidance,

Value of T3i to freeze ICM (6').

Mission dependent constant multiplier
for terminal range angle equatiom.

Mission dependent comstants for N°
and N4 equations.,

Time from time I;a_se 3 to initist:

“thrust miszlignment correction.

N2 and N4 multipliers Ffor ){g, and ¥_.

3

' Nominal computation cycle length.

IGM staging flag (burn switch).

Transformation matrix from navigation
coordinate system to the (X4, Y&, Z4)
coordinate system ‘

Az = 2.

¢L =  2B,521983.
8N = 1i2.0

i = 31,503

Time from time base 3 to sample F/M
for IGM staginm.

Number of F/M decreases reguired for
IGM staping criteria.



TADG
SYMBOL
ACC
T10
40

700

710

03

Ml

Fi
2
3

ﬁg

IHITTAL
YALUE

Wa

286.3
N A
R4
Q.
336.0
354

12976L.6

C239,7877

183,1797
134374,

585943,
7600000,

995355.2
77544126

2820.8

TABLE 38 {Cont'd)

AB~Z057C8M~-101 LAUNCH VEHICLE OPERATIONAL FLIGHT TRAYRCTORY
ICHM PRESETTINGS

UNIIS

wmfsec?

gec
sec
"D
sec
sec

sal

kgfsec

kp/sec
—+
kg

kg

ke mfseel
ke misae?
kg misec?

kgfzec

Biased values for acceleromeier failure

a5

DESCRIPTION
/M comparisen tolersnce for

I stagling.

Constants for updating second stage
time=tow-go for perturbed EMR shift
time,

Backup time for IGM staging.

Constants for artificlal 73 wod

Mass ab J=2? shart command minus
mass te be jettisoged.

Mass at Fivst molion.

$-T8 thrusts

S-IVR average flrst burn thrust, from
a0% thrust to ¥GM staging.

5«IVE average second burn thrust from

IeM staging te cutoff.

éverage 8wT8 flow vate from first
motion to IECO.

cages from R-ASTR-WE-115-68,


http:775441.26

APPENDIX C

"IRAJECTORY LISTING, ENGLISH UNITS"
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TABLE 1¢

_ 5-IB POWERED FLIGHT TABLES
TiME ALT . RER VTHe Yyye AZe AHL
- ewanf b Bem
(SEC}) tFT) (FT} {DEG) {FT/s) . {0LG) FT/7FT2=RAD)
S0 3 SO0y St b e b SO Q6 v
0.00 113, 20909961, %0400 1341.76 . 90400 Qe
——5¥0G 2 13w 20910061 B8+22 1342625 89499 s 7 o
10.00 540 ] 20910388, 84415 134426 89.98 . 125%.
—ite 00 11260 —20710974, H3.82 1349528 : BY.97 TH2] o
Z0.00 2004, 20911852, " Bis23 1360010 ] 89.93 27244
X 3Pt ""ﬂ"&%u--—a——ww*?-uw+————--—-t-w%zm £33 7o 57 B
30.00 ‘f??]u ZOT1442%, 75451 f 14907+ 4% B9445 180520
— 35,00 6749, 20916597 4 T2eb5 195341 B934 37517 bo—
40400 9152 20918999, 69465 1513034 8B.92 TO2167
—U45 D0 12023 20921-470 56 e53 . 1590.56 88.38 12Y37 14—
50.00 - 15398 20925244, s4.48 1687463 87,68 2050507,
5500 3 2BHEHEoby b 37 803+ bd—m B0 32022460
60400 23757 20933611, 6047 1934040 86407 4781528
s e 28 TPy 209 35614 59940 2081437 85421 4790105 e—
° 70.00 342313, 20944353, 58.80 Z246+45 84432 9225805,
—G +5+03 HU4Z G 20750244 EBy22 243482 83,42 12087703 +—mnu
80.00 47158+ 20954991, 57.82 2464734 82,53 553346924
Sy (G TS iy 209 e3P S5 28§57 & b4 18851 PR bw
90.00 652617, 20972460, 57456 314773 Gle88 | 22365033,
25400 —7-1-4 54 2098 12707 57472 343870 80| 25613234 ¢
10000 81026 20990834, .. SB. 01 375480 J9e4y 28508397
165+ 0 b——s 91360 2100118« S8 ¢ ff {yr et} | 0 2 ¢ 23 7877 31006688 e
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SN | S SN, S—— 3T ¥, L 1 244545 G-y 95004 25 52 a3 8550 béadb
G} 524453 T478 11 21654485, 20,00 2554923 Baeld) 1700

1) 80% Thrust

T Iy HETuTe Rafle SRITT

3} Guidanse LCuteff

4; Urplt lasertion



TABLE 3¢

§~IVE PCWERED FLIGHT TABLES

TivE 7 MASS THRUST VTHE Azl RANGE yVVE
{5eC) iLn} {LB) (DEG} {DEG) {FT) (FT/5}
- L ' '
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170.00C 274437463 2246916, a&e98 72+¢9% 467742 5882435 '
- {}-BL A B e P T4 Lty 7305 F-3-ouif-] 594265 Afd G- 2
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230 00 ~220872 )2 27625 74 ah8 7539 1196493 v—m———— e 883540
3l0.00 210170411 2271867, 81419 75+%0 1371038 ?370+70 o
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IS0.00 188774449 226843, 83«96 7693 V784973 10892+¢57
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3%G.00 16749d,04 224170, 85,98 78.01 2191303, 12040421}
440 00 1567 B0 +5b 22 &35y B4 ad 34 1E 852 ZH3 1 24 e 2862 0 DT
- 430,00 149608971 2260149, - 8736 79+15 2088814, 13755477
= 1450 L0 13542 2 2 b 274555 BT . 1Y b K= I Y 226385 1 4232.0.00
N
2} 454475 132%09.98 2264627, 8793 7789 3031997 1497754
——rerereeeee ) 2 Sy O 25 HB L2 S LE5224 Bls 26 80.36 326874346 1‘-628.-,35___-_7_—_._.
49000 118352,99 175194 56485 81+00 3b67718 16516+16& .
54000 110225404 }-75 15 8- B e 2-2 &ls b0 3395767 VIR S ¢ R,
530.00 1020%&,88 175109, 89452 82434 4243091 188519432
51‘\;\" gn Q"Q'}u'_(')l. 11551{9_ q4Y I u_g_.._nh uA.!ll.l?:1 1@}.!:‘!' u__"‘?___
S7G.00 85854,08 1749410 59.94 83.82 5002720« 20904.03
Q90,06 F-I138.029. |- FH D05y Q0.0 A4 cohd S4}1.9265, i 3 iy N
610+00 69632061 174503, 9004 8hey? 5863750, 2380427
3) 61 Ges3 42252450 1243 =TI | B5asd 5271037 2438288
4} b24v863 67617440 0o 90,00 Béell | 4204635, 24204552
1} 907 Thrust
2} ¥ixture Ratio shift -,

3)

Gujdance Cutoff

4)

Orbit Imnsertion




TABLE- 3¢

§~IVR POWERED FLIGHT TABLES

TIME XE YE ZE DXE PYE DzZE
1SEC) {(FT} (FT) (FT} {FT/5) (F1/5) {FT/5)
1) TRE R 2:=a36. ey L ¥, T/ X - -8 H-0 8 B 5-F-Bro-l-
150.00 220506, ~Gh. 23478, 3z217.72 Selt2 5585045
15 gt} 2HOTHS £ Jor R BBY yrrreimie e 30 G 86 G 4 5.90 5706487
163411 2611064 -8 310542, 297916 &e98 8840074
w0400 281202 44, 381279, 28460019 7+82 59844.56.
190+00 335320 473, 475026, 25549« 44 37426 637063
~2Ho-+50 2834 b e 554y QT2 My 2 2482 - RIC ) &8
230.00 - 425827, 3378, 747595, 127459 11450 7257497
25000 —H 62480 4 U 4y 877523, | 6FR 45 1597} — 7729-28-
270.00 493455, - 94632, 1057050, T 4p7e2d 203.82 8228497
%0 «00 518750 P 422 Do 1-2 268 9Ty j 12150 255022 8786081
310.00 535305, 19308, 1407725, 833417 3llaébt 9328429
=33-Fe { Qe 55, 2.0 Py oSt B b O6 276 537 enf P Afedrf & £.0-3 3 e}t
350.00 559773 a47g| ., JHOSI4G. 23518 436409 10580078
370~ 00 5 & 1351~ 48 9 2023821 7957 505 ¢4 o} | 2750 § O-
390.090 55asau. BSuU3b. 2258674, ~407.98 580e}6 1201934
~55-1-0+00 Bt Floifo 5743 e 250499 2 753489 860,90 12822594~
~ ., “30+00 526189, 81518, 2770002, ~1122+90 748,20 13689243
T=——————————*sevee——————~——-—49ﬁaza. PPt OG5 2 1S} Bee-7-1 e B Do} Gt A R B A
RS 2) 454,756 492375 101475, 3123098, “1617¢37° Bbbeat 1486467
= 47000 44506y 11 52 07 354520, alFTUe 1S 933050 1-6475+52-
LHP0.00 420765, 134750, 3sr2172. ~2464457 182505 1629904
510+ 00 365305 156236 AOUEE 7] 298972 1-1 20 44 17181587
53000 300797, 179455, 4359874, ~3570+89 1222¢94 1613059
£ 5000 22375 T AR L= Xi L R RGNSV o I W 9 L I I X R A R-T- VR
57000 131904, 233117 5126629, =471 6e92 J457 416 20245.22
590+ 00 —269 06 2 L3570 5434824, 5697035 1570 9.7 2§ A.7.8 803~
610.00 -969)8, 296811 59864467, ~558%+11 1735233 22808423
—— 3 bl o 3 122325 3 0493y 560925 03 ~ 497 0.80 172 e-3-3 231390 &
4)° 624143 197242, 322734, 4324103, ~7060.94 1787449 23082.57
1) 90% Thrust
2 Mixture Ratic Shift
3) Guldance Cutoff

4)

Orbit Ingertion


http:23082.59
http:18130.59
http:16299.0f
http:13689.43
http:12019.31
http:11275.10
http:az5&-.00
http:13974.59
http:584qo.71

TABLE 3¢

S~IVE POWERED FLIGHT TABLES

)

Orbit Ingertlon

TIME . X H z DX DY oz
{SEC) (FT) kM tFT1 (FT/5) (FT/5) (FT/S)
B R S S N B ki b Db g s e s 3L D —586-048 — 3RS
150+00 21127008, 118971, 417538, 313704 388,35 6907+08
16 6-it} 2o B O -1 LS — 62 ) RE— 3012 1 386045 —1029285
163411 211664463, 124033, 509747 2885+48 383084 716502
e e S 11 LR O S ~12b 6 6Py e B84 )2 —27h¥eb2— —381+04 —3 L0 07
190400 21237785, 134453, 709904, 243233 399425 7719447
R L e T LE V-, AR Ly ——B 56505 2l B —42-bi 8 — 1441
23000 21322461 151327, 1035813, 1803494 497,04 8590074
250D 2.13BSHE Fem 360b5f-u 12123090 —] 492 A —475.80 w-R052061
170.00° 2§382185. 170374, 1398500, 1179469 L0664 $561s86”
2RO v B2 1A U 25 B 180838 — 5P H 92— B 600 8 O —639..92 —}00%Ze 26—
310,00 21416599, 1ILTG5 . 1802423, S30e67 575440 10657923
I e et £ Sl 2 G3trir S e GRSy — (oG —t | 2% P SR % R PR
35000 21924757, 216493, 22530364 “«137099 b51483 11901+21
30w} P DL H LB Y By 22994 5y — 249746 2um 4 Qg2 (e 6?3078 — 2589 T—
70400 Z14GHTE. 244241, 2756919, ~B73e92 738435 13325458
- 4o B0 — 2363332 - REF G Gy — 303127 e 272N B— —785+98 —l41 L9802
& 430,00 21353647, 275721, 3322114, ~1696-65 836487 14975925,
U G-G-+5-0 2425l SRy 353 AE e b3 —RRefee & 598 —
2} 454,73 21304886, 297287, 3706035, “2271+79 905,27 16133¢87
LR ¥ 0 ALREGRTR om 311346 —39575} b em —m267 218 —940.93 —1673)082
4%90.00 21208002, 330638, 4300105, “3232436 988.21 17536401
£ 1.0-+00 24-37483 360878 —Hb5R32H . ~=3828018— 1036405 —lB39A a2
530400 210544560, 372099, 5036376, ~4488049 108644 19319+56
——— e 28954 33— B Sl 25T L 2 oS RRE R &) 203350
570.00 206458646, 417802, 5847459, 5002492 1201-93 2138959
520,00 2671695 Fuom HY2HE b 62880802 yu 488038 1267234 22542453
$10.00 20569450 468501, 6752624, ~7878405 1335,92 23045476
31 )M 200 324D by HIALS g —b686383%— ~mBi12487 1353..28 —24)6%a 2T
4) 52405 20449802, HB8243, 7105207, “aH02¢99 1348419 24090115
1) 907% Thrust
2) Mixture Ratie Shift
3) Guidance Cutoff



TABLE 30

3-1IVB P(WERED FLIGHT TABLES

1} 907 Thrust

2y Mixture Ratlo 3hift

3} fufdance Cutoff

I3 twbit Insertion
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TABLE 3C

$~-IVBE PCWERED FLIGHT TABLES

TINE CAlF CHIY CHIR LONw DECL LATT
{SEC) {DEG) {DEG) {DEG; {DEG) (DEG) {DEG)

R s S-S S R a1 ~ Gt Bee R G ty-eeree R G
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1) 907 Thrust

2 )-HixtuzeRatio-Shift—m—or
3) Guidance Cutoff

BT T« - E T e
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TABLE 3¢
S-IVE POWERED FLIGHT TABLES

TIHME MACH DRAG . ALP ARG VR TACEL
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— )y e Thrust
2) Mixture Ratfo Shift
——3 3
4} Orbit Insextion
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MARSHALL SPACE FLIGHT CENTER

TABLE 40
GRBITAL FLIGHT LISTING
TIME ALT RRR YTh# ATATAE I

{SIC. {FT} {FT} {CEC} {F1/5) {DEGY
33 74787, 21654485, GE.02 75546,2% BE&L21
830.00 TS0149. T21656914. 85.54% 25553,8% S4.54
HIhWIh 755282, 21664262, £9.589 26543 ,4( 102468
1233.89 T£3324. 2167665, 89,85 25531.5¢ 106444
1430.09 TT9347 21691572, 89.t1 25515,8% 114478
1630.00 784557, 21709810, 26.78 25466474 11€.53
1830, 40 85161 2172%068. BG,77 Z5475.12 12C.81
293100 824248, 21749975, 8%.17 25452,1) 121.44
2235.00 844734, 217690903, %479 35628,57 121.C¢
26420,00 865381, 21787465, 3%e&% 254566416 116,04
263,40 824891, 21802757, 85,85 E53BELLE 115.5¢%
2830.99 9C1 474, 21814688, BG, 0% 29366.8¢ 110462
$33250.00 913352, 218227314 25,53 25358,2¢ 104454
3230,00 919459, 21826584, , 85,58 Z52352.4¢ &
3433400 91S61C. 21826044 PSCan3 2B5352.,¢84 BELEY
353.3.00 913406, 21821215, 5.8 25356,0¢ BC.5E
3839.00 901361, 21812292, SC.L2 28371,.31 7237
4320.00 884529, 217995659, $L4 16 I5388.0¢ &7kt

23000 B&4BT3, 21783971, $0.19 Z5408.8¢ 62,0
4432.00 B425T8. 21765455, SC.21 25431.9% ECLCT
4530.,00 820329, 2LT4A24 5, aC.23 2845£.04 58,87
4830, 00 OGHH » 21726130, GL.22 Z54TS .88 BEELE0
TH30,00 7a3326. 21706623, GCa21 28501441 5564
3230.02 Tu8B8l4. 21688037, G019 2852C.30 YN
34350.00 758252, 215673836, 9Ga 15 28538.4¢ 58455
5630,00 751321, 21662568, 50,10 25546.25 712488
5666.50 Th03T. 21660912, 58,09 28847.78 74408
583000 T4B8245. 21656238, 95,23 25571.2: BL.C7
6030407 750797, 2165712592, 96455 25573.8¢ 8f.18
8230.,00 758370 21666125, 8%.87 25568424 SEadb
4£387.80 765205 21678146, 85.%1 28553,77 102455,
£6430,00 TT249Co 21682118, 85.7% 25545447 126412
£630.00 791385, 21704692, 85.73 25526.4¢ 11C.61
&837. 00 813128, 21731234, EG,58 35497 .65 115.42
7330.00 38727 217608324 8586 25445 ,.3% 115.¢%
7230.00 P BTN 21791941, 89,65 2543C.5¢% 12108
430,00 896921 21822050, £9.c8 25398.72¢ 121444
75630,00 Y2L834. 21851335, 85.:9 £%361.1%8 125.8¢C

7830.00 955302, 21876450, 894 £5330.37 11e.5¢



611

)]

1y
22

TIME
{SeC)

8\330093
8439.00
8630.00
LT
B333.00
GZ 3. 00
243040l
F630.00
9830.9L
1203uv.0C
19230.,08
12695.00
184695.00
~13636,00
1582 0.00
11536.90
11230, 935
11430.,49
L1lo3menQ
1154593
12u3Z. 09
122640, 00
12432.0%
12645.00
12832.30
134 3.90
13232.,u2
13440.00
134632,30
C133470,040
14:32.00
l%zﬁﬂ.QG
14432,00
L4640,00Q
1483100
15040, 30
15232.00
1544120
134632.80
15840G,00
16332.03
156243,00
16432.00
16814.80

S-WB/OSM Separavien

ﬁ%T

{ET)

979523,
Q1476
ALAR12e
D924 7T.
G$5785.
GTaT42
S4T573.
G14363,
132649,
H1223,
21268,
B8l 3o,
‘88135,
143468,
‘63183,
51594,
48981,
BE2V49.
0446,
T4609,
1988,
15133
839592,
869472,
~B951 64,
929114,
935848,
980402,
298401 .
igzqqﬁén
12671
PDUH5BZ.
992588,
QTDE5T .
943960,
§11440.

879931.

846352+
818223,
791978.
772631
758197,
750476,
751076,

End of Fominal IU Lifetir

MARSHALL SPACE FLIGHT CENTER

RRR
{FT)

21896861,
21919662,
21921u96.
2L915750.
21953914,
Z18H61EL.
218832373,
218356532,
21837268,

2YTT5T 49

2LT40687
21710357,
21710357,
2146954445,
215675288,
2LHH2425,
2L0656686.
24658406,
21667689
21684784,
SLT 611G
21733929,
21762458,
217946344
21623854,
218533243,
2L876890.
21097436,
21910535,
2L9185654,
219194 34,
21913213,
21901328
21882412
21860193
2183214%.
218034585,
21772169,
21743489,
21714754,
21691901
216TZ2531.
21660858,
21657466,

TAELE 40

IRBITAL FLIGHY LISTING

VTR

{DES}

89440
85465
GL.T2
GG, 13}
9C. 17
GU«d3
Sl 28
.22
S 9L.3
9} 34
90,33
90,28
.90, 28
@23
SG. 18
0. 11
Ge
89,94
BF 80
89,78
89.72
89.G8
B9 e b5
taglas
A9, 67
/g. 72
89.75
RG. 81
89.58
49.. 95
90533
i T 3
Q0. 1T
. 245
90,28
90,32
SN 34
93.3%
90,33
9. 29
Q0. 24
$0.17
9013
89.9%

Vvya
{FT/81

25204 .47
23273 .60
I5276.7¢8
29276.61
25291.2¢
eB23E. 61
E534% . 4:
25375 .88

L E5412.C1

25443466
25483, 72
25524449
25524.49
25541.87
25561464
25574435
25579.32
25575446
25566,03
25547434
25524486
25494.61
25663.28
25427.09
25393.29
25353.21
25329.04
25302.79
25284.98
25273490
25271496
25279498
25293482
25317.71
25345,77
25380.80
25415.50
25453,38
254848.47
25318.9¢
25542,61
23563.66
25575418
25576487

AZW

{CEC:

114,80
102,124

5B, &

.-

87448
TN
FZa5%
GéLEE
EZak]
5G. 84
58,57
38457
60:57
60,87
&£3.54
&7+ 54
7357
GCe91
8%.07
97232
i08.24
Lit.z8
116.26
119442
121428
i21.41
120.54
118.20
Li4.15
L09.60
L3Z+21
The£L
BLal7
78.68
Tle57
65a2B
62.87
59.60
58,42
58.87
60.4%
63055
6840
T4,38
89,35



0eY

L

2}

L
2)

TINME

{SEC!

624.63
830,97
193,00
123790
1430.00
163,00
1839.00
203 <00
223,00
2437.,20
2630.00
2836.20
3030.00
3239.50
34350 .00
3530.20
3830.00
4330.00
4230499
4430402
4630.00
4830.,00
5230400
5230.900
5430.00
5630.00
5666.80
5830.00
5030.00
6236.00
6387.80
6430400
6630.00
6834.00
730,99
7230.00
T430.90
T630.50
783C.09

Begia LOX Dump
End.LOX Dump

6T7617.40
57149,.87
66671426
66843.64
66747421
beT2.29
G6629.30
b0599.53
56585,59
96582065
66578.71
5637476
E6IT0.E2
06566488
66443.52
eb375.53
06369453
66363453
0b5357.52
66335).52
66345.52
06339.52
063235.52
66327.52
66321a.52
66315452
46314.41
L4647 .65
&4411.04
4277426
64237.25
642C6.06
84233441
64164477
841839413
64183,48
94177.84
8417220
8416Ha55

MARSHALL SPACE FLIGHT CENTER

THRUST
{Ly?

TABLE 4C

CORBITAL FLIGHI LISTING

VTIRE

(LEG)

SCLCD
85.54
9%+ &9
89.04
85,80
BG.97
5S.76
85.76
8%.77

8%. 80

89. &4
£$.£8
85463
85.686
$G.43
SC+15
SC.13
SCe17
$Ca2)
90.23
8,24
50424
S22
§C.20
6C. 16
9C.11
6C.1)
SC.L3
85.54
86,86
85.79
85.78
85.71
85446
89,64
85463
85,64
85448
89473

ALl
{CEG)

Be.ll
S5.11
103 .40
115.8
116.23
125.27
122.72
122,61
122.99
123.64
117.13
111.84
102.06
97.08
£.48
8C.02
7z.41
L BE.L2
&1.2
BELZ2
S5¢.62
56.53
57.58
61.00
65464
71.87
73,18
7.5
£E.GB
9E.E2
16339
104,93
111.8}
117.15
122.84
122,31
123,62
122.73

T12G.433

VVVE
{FT/5}

24204452
2420606
24165.E6
2416C.22
2417€.5¢
2416C.CC
24126,52
74116412
Z405C.E5
24C6B423
Z4C41.14
24C2C6C
24CPE,82
23667.4C
23657.14
24004487
Z4015.55
24C4C 455
240614
2409222
2412014
24145402
24166.5C
24182473
24156446
34204462
24205067
24327,332
24228481
24228418
242¢5,.38
2420556
24182458
24157.21
24126.C8
7409185
Z4CES.CC
24C1E.Z6
23583,5



121

TIVE
(SECY

8I3C.UD
8430.00
863L,00
883CG.00
SU3L.O0
9230.00
Q430,00
9630.00
985G, 0
12:3%,00
13235.90
1)  12495.00
12495,00
11630.900
17832.00
1133%.00,
112392.00
11437,97
116372.02
11840.50,
12032,00
12240,0)
12432.09
12642.00
12832.00
133404390
13232.02
13442,00
13032.00
13843992
Q432,30
14249.00
14432.00
14640.,90
14832.00
15042,30
15232.22
15443, 00
15632.00
15840.50
16332,50
1624700
16432.070
2) 16814,89

1) S-IVB/CSM Separation

MASS
fLed

54160.91
64149, 62
64142.58
64138.24
64122.70
64127.C6
64121446
€4115.83
“4llge2l
04114409
04798.97
o419L, 52
3133352
31232,03
3122453
31214403
31208.03
31205.93
21192.73
31183, 63
31175.95
31167.63
31159.95
31151.63
31143495

"31135.63

51127,95
51119.63
51111.95
31103463

51795.95,

51987462
31"7_§n a5
31371.63
31363.95
31753.63
31747.95
31439463
3131.95
31023.63
31018.95
31007.63
3095%.95
30984464

2) End of Nominal IU Lifetime

MARSHALL SPACE FLIGHT CENTER

THRUST

LB}

':‘I
G.
(u.

TABLE 4C

ORBITAL FLIGHT LISTING
VTHE

(CEG)

EG.79
8G. G4
9¢..2
Gl.1)
aC.18
Glalh
SCa232
973
GCZ0
9. 25
97435
90. 30
3.2
93.26
9o0.19
90411
9. 2
29,93
29,35
89,97
39,71
9. 05
B9. 6%
39.53
89,05
39.48
- 59,73
89,32
89.57
39.95%
Q). .2
90.11
97,8
.25
V451
90, 34
CH T
950
G90.54
90.31
93.25
QJals
Ga. 10
39.94

AZ1
{CEG}

116L37
103,62
SEL.ET
£7.21
78.57
71.%55
&3.47
63+94
57.96
56.53
56,61
59,09
59,49
61.41
66423
72,63
3 e di
89,02
97.73
106419
112.52
117.8%
121.21
123.21
12:.69
122.45
119.94
Lis.nl
Ll:.12
ow2.71
94 .87
85.95
T8«13
TJ.49
64485
6336
57.71
S5bedh
54.72
5552
61.93
6T.14
73.49
39.31

VWVE

(FY/8)

23652.12
22614448

T 23505464

Z3C1E.EE

23¢32Z2.28

2366E.24
23551.6¢
2402025
24C71.C4
24111.€1
24147,79
24188429
241R8,29
24204.41
24222.13
24232,36
24235.3%
24231.35
24220.99
24202,68
24182452
24154437
24124,21
24C88.09
24052454
24014428
23961.86
23550450
23528455
23514,45
2351C.90
23518.22
23$35.24
23563.14
23695.8%
24136.08
24074.58
264116411
2415C.81
24182.87
24206412
24223.76
24232.94
24231.81



[A!

FibE
{5ECY

udd. b3
B3C.00
123000
123,00
M3 L gl
1637 .10
1330 .40
233%.00
2239 .40
24324070
2ERCLTD

,283C .60

343 a0
323000
343, .00
2630.00
3832024
433¢,. o0
G230 .30
4420,30
46 500,20
AF30,30
SG3L .90
SE3G.00
5435470
553,20
5665.,80
543C0.00
EIE0LL0
Bl37.ud
&387,.80
DQBC Nl
6037 .30
F3- KL )
TH3G.00
T30 .00
TABC . M
Tald. o0
T83G.00

{FT!}

21445832,
1145536,
14885165
1387271C,

126865,

1112702
~3GE2998.,
~B822261.
~132%7349,
~108EC1ET.
~196743432,
-Z12¥BLE4,
~Z182255%.
~Z1178237.
-13389591.
“1e5572%.
'12&31295n
-, 411375,
—ngé)ZZQ

1521796

¢5lé43..
111452664
15164372,
1432C0272.
G 52700 .
Z1572%3¢.
21636187,
Z14%655.,
Z.1 1394.
1T664E5T

15546253,

14284214,
1. 2550986%.

5231195C.,

27387za
=47T%7 1o,
~e8T4437,
*13642134,
17384535,

MARSHALL SPACE FLIGHT CENTER

{87}

488243
T491C4.
GL3d51 .
1i23.53%.
1228971,
l2622¢8.
1229262,
13239580,
GaTbils
Fi295%.

496889,

212346,
~E371h.
~3AT728).
~-451987.
-893.13.
"l.8T7353.
~l2243%5.
~12%6450.
$125849%3.
1231 L¢l.
15642%.
~GLA524,
“&h6H33.
~3747E8a
-Tii4C.
-14225.
2279¢5.
525825
STB2%4.
QEBE33.
1732262,
1d9353%.
1219734,
1346881,
13iu36L.
1di3.5%54.
li3des3.
BO2466

t

TABLE &4C

CRBITAL FLIGHT LISTING

{F1}

Fledaw o
11768322
157Th1z5 1.
LET580 Twa
L7721t
21644EC2 .
212268446 .
1GE4EZET .
1728281cw
13779054

GEILECz.

475517 .

-2651¢6z.
~52T480 3.
~GYSTT4 3.

~141b534z,
~17605444.,
~20074177.
21488632,
-21675568%.
“2CTL03¢EE.
~1E61T2E7
~15568242.
~L1547E61.
~6%48124,
~1G987E5¢c
~10E7637.
31Z22ELL,

ECuZE1 2.
12518851,
15574617,
16318367,
1916%27%.
2lC3115¢8.
217174323,
ZI227EES.
1857321,
léBoglié.
13235742,

X

{FI/84

~842Z2.59
-13526.66
-lgfat.re
~i 085 .64
~24452,81
~28438.C1
—e5l&¢aCE
~233L4.72
—ZCETT.E3
~l6155.5%
-111&€.53
~E5EE.E)
282,41
€l23.53
11651.88
186542487
ZLE48.59
23545.2
zZBE.LLE
c9361.57
t4i2€.C1
Z2182C.73
1818084
I2E3Z.77
g13z2.59
227526
. 1172.48
=3711%.70
-QQQE‘QE
~1475z2.22
—18335.73
~16180.¢
~zZ258% .40
-25462.95
—24E45.04
~:2EES.E3
“~194G9 .90
‘15&6?-62

cy
{F1/%83%

1248,1%

1175.732

$4SeZ1

L£ELTE

48,71
L.

23888
*(S‘E,EE
wC4ELTE
~1187.12

~1382.15

14848

“14EE4EC
~1L23 .82
~12C1.3%
~ 1G854

“&32¢& 448

. =E2T.4%

~187.E%
Téa.2¢
f18.28
£2l.c28
11C5.2¢
123€.72
147%.02
124%.41
I64E.C8
1E20.59%
1421.2%
1282478
10éz.64
I(oe.28
FlieZ4
zeC.I0
“C.E5
=2£2.7¢
~F7E.18
-1¢1C.C4
~1781.19

€2

{F1483

Z4CSCLIE
Z12E9477
1756018
1238€.07
561,032
160867
-4828,53
~1C21C .67
-1581¢.5C
-15671.¢¢C
ST E:
~F&TCILIE,
—ZEE1Z.65
~Z4EET.3E
~2i4T8.E1
~1618743%
~14g5T.5¢
~ST11E.E3
—403E,31

16780132

TiCE.64
121E0.34
ITE4T.58
2189842
FERE QPR
2EI83.7490
LN RN
BELBALEC .
TE3iCEs1E
£CEalL1T

177¢6%e02
T16E25.3%
11¢1%.%%
£i%¢,51
~241Z .62
“108E4 S
F1564CL.CC
ECLIS.67T



€21

Ly

TIME

(SEC)

82332.20
§430,00
B630,00
843000
Q3314303
923, 30
94340, 00
GuBdri, 40
983, 10

o3 .47
L0230,0%
13495.00
13495,90
17037.00
1783.5,00
11232002
11230.00

22 d3 0,00

Lé30. 10
L1840.030
12332,94
122400002
12432,
12045, 00
12837,00
13447, 0%
13232.03
134470, 260
12032.90
1384 ,00
14,032,500
1424).00
14432,00
1484 +,040
14532 .00
1aner, 30
1223..00
15440, 00
15632,30
1586%.3%
1B332,29
124", 04
lo432.00
16514.80

(FT)

-19934845.
-21901549,
~2111985¢.
~19213d7%.
—lu2B4213,
=-12445634,
-30138713.
~3121133.
“345090,
69 16037,
11491516,
lo563054,
1o 553054,
le5823912,
21652056,
21615431,

L 21347184,
V29409541,
L7431163.
137s6l0z2.
4639598,
“677181.
“174919.

-5414327.

-9976526.
~L435796).
~1T7633326.
-23242657.
~21596632,
-21804411.
~2,993233,
-18859125,
-13977535.
-11947214,

-7594%05,

-2408895.

2397394,
7526584,

11374795,

12974254,

15791545,

21849991,

216323265,

19941127,

S-IVB/CSM Separation
End of Nominal TU Lifetime

MARSHALL SPACE FLIGHT CENTER

{FT)

530790,
~-85.58.
~396732.
-6884L9L.
=94 54595,
il533le.
L3007 75.
L279.22.
~138476%.
-1315587,
~1175 50,
591444,
¢ =B9labg,
~Tilu34.
=-413) 3%,
-93u,7TL.
2381469
555361.
843530.
1097538,
1273234,
1392134,
1429532,
139067,
1281725,
16922567,
800135,
Sol3 4.
253480,
-4933 309,
—&£11412.
733795,
=-993719,
~1225514.
~1375217.

tml402952,.

—i46B4385,
-13923209,
~1249259.
=1023501.
=TH0r84.
=430916,
=1)2uTJ.

554222

TABLE 4C

ORBITAL, FLIGHT LISTING

z 1
1F1)

3932904,
~86md31.
-5859272.
-laslalsy,
-14618773.
~17932304,
“29295101 .
SZ2L5683T%.
-2L6T76160,
=2nub L1742,
~18425756.
14037504,
-14007504.
“1120E723.
-6563111.
1504375,
3321197,
P41 4062,
12842376,
167272371,
1939084y,
2117599:.,
21714732,
l 16555;'
193793
1644449%,
12392307,
3331732,
3688625,
~L53%229,
—629Y347.
=11083330,
=14945943,
-13295717.
=2.0452425,
~21642724,
-2lo21845,
~24382330,
=18171e025.
147491 8.
=-118)Q195,
~5930276.
~11234720.
8431529,

B X

{F1/5)

~10421.54
lau2a4a8
6776.27
12180423
16970.09
23848.45
23621.89
£5135.13
3529681
i4086.17
21557.42
164 N3.TT
lo4di. 77
13129,."1
To83.94
18Co .40
-4173.38
-9932.21
~13134.26
—1968u.84
22802.81
~24865.13
-254563.,22
~245667.98
=22652.36
~1921L.98
~-15351.3%
~9727.16
~4323.60
1756481
72841
12854.65
17356.14
21273443
23813.58
25233479
25244,32
23831,
21270.45
17279.64
~26066.62
£939.16
L267.46
-9953,80

oy

{FT/S)

1445.54
1875463
1522.32
1284.27
1172419
—896.52
~571.25
~&l2.43
160,75
528453
870.89
1253.11
1253411
1415.26
1566.58
lé43,12
1630,01
1327.5%
1242.65
1C55.81
75713
37%.92
11,29
-3A8.73
~138.33
1C75.48
1232.11
1536.29
1647.01
167640
1&18.44
l466.44
125C.49
=G46.32
~614457
~218.¢64
161,76
567.73
Glb.062
245,23
485,97
663,63
41,22
£34.29

Lz

(F1/%)

-23C12.3%
~25204.26
~2429¢.75
-22C6¢.21
~1B871£.05
~1432€.54
_gléCOég
~348C.27
2411.64
Bl6f.2¢6
L35¢2.42
155813.5
15512.56
21E63.52
24325.0C
254857,87
Z5182.C4
2351%.¢64
2C561,87
16247,13
11444,85
5€132.09
-5Z2.583
~&1%4,40Q
~11451.84
—1£6517.17
-20226.C¢8
-23207.80
~24E5L.6C
—2515&.57
=2414&.4C
~21717.24
~18356.66
~136%94.25
-8565033
=-2716.6Q
264L.36
8622.80
14C1C.€4
1873%.C¢
221321.5%
24547.5
25484.32
235C2.17



w1

TIME -

{Sec)

624.63
830.97
1330e02
1235.00

L4302.00

L530,00
183030
233330
2230,09
2420,.09
2639090
2830.00
ENENPIN
3230.,00
343%,00
3630.00
3822.00
4u30.00
4230,00
4430, 490
46506490
48305ud
Hadh, L0
523104 30
2430,.00
5630.,00
5660 .80
383,00
20,00
&230.0%
£387,40
6430,00
6639000
o830,00
T30 .00
T230.u0
T430.00
Tu30.00
7830,.0

XE

(FT)

~197242.
~217559%5.
~ouh2952,
-8694504,
-1294Bu81.
~17594735.
~2d46 12647,
-27136292.
~31544289,

T -35472055,

~JobTia54.
~4108473.
~4237349§.
—42TN2122,
~41979680.
41241519,
=37572287.
=34094335,
=29956J291.
29425648,
"20651503-
~15890143.
~lL374799.
=7327T64.
«“39491185,.
~L416418,
=134 .357,
175177.
117336,
172327
~959190,
~1372724.
~3897968.
=-T257326.
-~11233558.
~107781706.
—~2.523978.
~2,2822490.
~29832931.

MARSHALL SPACE FLIGHT CENTER

322736

Ti7393.
1140125,
1575 117
1992115.
2358989,
26‘!’3'-}56-
IZSi‘rIJ:G-
2846188,
2720785.
2heTelya
196563294,
1347554,

592.448,
26851352,

~1149325u.

=-2135421. .

=-3042167.

~5838929."°

~4%532257,
=-4ni3187,.
=5260427.
=-3243T44,
~4Q4627].
~4366561,
=35192390.
~3336321.
~2435983.
~1162558.
238993,
1389672,
1698715.
3133036,
4479426,
5643328,
6360050,
T173039.
7428355,
T2uT492.

TABLE 4C

ORBITAL FLIGHT LISTING
ie

(FT}

6324103.
lavs5834,
14727349,
17850217,
20091890,
213370352,
21527827.
20659281,
18779297,
15984530,
12416930,
825423 1.
>701902.
=1517114.
~5673001.
=1%50395232.
~13905876.
~17083765.
~194)91233.
-23793207.
-21133933.
=22489415,

~18779392,.°

-16165843,
~127,8932.
-8757484,
~7959L41.
-4312175,
327889,
4923679,
8374423,
9256107,
13113420,
163U584%,
13663404,
20137495,
20606090,
20076762,
18585291,

DX&

(FT/5}

=T16C.94
—~L21l1%. 64
~16434.22
=-.9933.17
-22435.78
-2333J.51
=24)50.069
=23392.09
-21358.98
-1791J.12
~13951.90
=9329,57
~4267.17
993.14
&6201.76
111l2.18
15491.20
L9iz2a.82
21347.75
23512.04
24334.73
23383.48
21583.77
18718.93
La927.09
«JU3G4,99
9496.58
5353,60
40.52
~5274.,22
=9284.17
~10312.91
~14635.764
~iBolB.%0
21473407
~23282.89
~-23953.52
~2346T.47
-21857.78

DYE
{ET/3)

1787.69
2338443
2167447
2156.35
1587.42
1653.67
1161.24
.526.£9
=-220.79
-1G41.93
~1€90.14
-2713.32
=3437.41
—4069.43
—4500477
-471%.33
=4667.41
~4254,33
=3768.49

T=2923.71

=-16838.73
-‘“596-52
T77.50
2198.48
350&.09
4537439
5G72..,5
5$35,.,87
6741.C1
7721445
7325.£9
7231407
TL1E697
63223.43
5256.490
3E60,83
2201.22
35872
~1874.26

LZE
LFi/85)

23CBZ.59
20E54.10
176314C3
13£39.05
878€.58
361é.16
=1712.53
-€G22.55
~1178%7.4]
-l6C3%.8¢
—194E7.13
~21567.E5
~2326E.E4
~Z2362E.5E
—~2274C.80
-2C7150.09
=17752.76
~138GE.54
~832¢62.324
~42724+58
826.35
5SEE.EC
1C€42.33
15152.19
187C2.62 .
21312.74
Z1£75.8
22ETC. 69
22272.14
22512.C5
21124.22
20641415
17162.C8
14034.C7
Qﬁ5£a41
48237T.7¢
~1&1.58
~31Cl.5¢8
~ST42.15


http:21857.78
http:23467.47
http:23953.52
http:23282.89
http:14C34.C7
http:17763.C5
http:14835.76
http:20641.15
http:10312.91
http:21124.22
http:22512.C5
http:23272.14
http:2287C.6s
http:21312.74
http:563fl.0O
http:187C2.62
http:14927.09
http:15152.19
http:18718.98
http:21583.77
http:23383.48
http:24334.73
http:21847.75
http:13e95.S4
http:19128.62
http:17753.76
http:15491.20
http:2075C.09
http:11112.13
http:2274C.80
http:23625.98
http:23368.84
http:21967.E5
http:19487.13
http:13951.90
http:16C35.86
http:17913.12
http:11787.41
http:213,8.98
http:23392.09
http:24350.69
http:2383i.51
http:22435.78
http:13531.c5
http:19933.17
http:17631.C3
http:16434.22
http:20854.10
http:23C82.59

21

1)

L)
2)

TIRE

{5¢C)

BJR0.00
Balfe 00
8639000
84839.00
903000
9237, O
GG, 00
9633.730
9g830.00
03 Il
1'23'0Uﬁ
12495,00
1498, 00
1:637,00
1263 .02
1103U500
1123 .04
1143G.32
11435.,20
L1840.230
L2132,
L2240
12432.00
12640.,00
12832,.0
L3545, 5
153232.00
13440,032
303210
1358409, 0%
14932.22
14243.00
14432,00
1a4s N, G0
14332.90
1334“:09
15232,
1544 .07
13632.20
15840.00
10432530
I1n240.00
16432.73

16814.80

XE

(FT)

—30955994.,
-44168249.
41904561
42701285,
~42516354,
4324233 .,
=3J995324%4
—3.28d8307%.
~32343u01.
-2T65534].,
~2495715u.
—-lodn2420.
=166 242%5.
~153472917.
“31lu2820.
=-54313135,.
—-2443857.
~4°*T395.
634937,
585103,
-453337.
~2032869,.
c=u573930.
=9479938,
=-15824237.
=15474592,
—-2337J315,
~27934403,
=321 6474,
-30053703,
=30257635.
4133119,
~4Z2524757.
~42738246.
~41928339.
=39997925.
=37325332 ).
33012565,

~29565844,°

_24757263¢
-2:131541,
~15168751.
-1.857399.

-3815727.

§-IVB/CSM Separation
End of Nominal IU Lifetime

MARSHALL SPACE FLIGHT CENTER

YE -

{FT)

6799279,
T 4589151.

3172705,

1428732,
~454273.
~23841932.
4263993,
—59904%6.
“Ta6T+20.
~3607J35.
~033621L4.
—95315637.
~9501637.
=9371711.

Tmp643.18.

~T439118.
~b&9Lus,
~2828223.
-1592717.
G03229.
3205039,
5379921.
7547980,
9318512.
13328 144,
11299217,
11409116,
lioa3009,
Luu9s.iss.
45114932,
559793,
4133756,
1593415,
~12854)3.
- 9444405,
~GoT2025.
-5916c42a
=lu916333,
-l2259u83.
15079188,
»13198543.
-12615595.
~Li435282.

~T7457560.

TABLE 4C
ORBITAL FLIGHT LISTING

ig

(FT)

16213562,
9349104,
5196442,

824432,
~35556396.

-773:522.

=L1522%77.
-1472940.),
172261504
-1883578,
~19542)6%,
L R IVIVL T YN
=19239%60,
~18luill4.
-L6045823,
~132168835.

-975252 ..

~585/255.

=1699494.,
2715753,
6597115,

104233343,

13456829,

166033365,

17658532,

13529324,

18437166,

17538511,

15851762,

13356475,
10412604,
6772841,
3lalzze.
=991347.
=45623387,
-825%531.
=1127%374.
~139457175.
~15759489,
-16926513.
=17221445.,
~156685009.
~15437333.
~11029742.

DX&

(FT/5)

~19209.45
=-11362.81
-6532.15
-1391.65
3322.92
B369,. 48
13509.19
17523.06
2UTJa e 70
22895428
23983,18
23623.88
235625.88
22649.585
23272.11
L688T.56
L2663,.39
781l.21
2575.36
~3145.65
=~3233.61
-13313.94
~16935.22
-23494,88
-226JL.79
-:3331L.85
~23362.37
~22735.04
—=sU594.51
-17292.1)
~13449,14
~8021.7J
=375%.46
1768.92
0099, 41
11784.82
15956.57

L9083.92,

22213.63
23823.22
24LBJ.45
23323.79
21415444
14839.53

OYE

(FT/5)

~3497.3%
-6G12.52
~8214.52
_9136019
-9&15.22
—9&08.82
‘ch7»27
-8C86.45
~5£609.22
“4725.59
=2521.11
107,45
TI7.€5
2472.51
4862.09
7i38.06
909930
10628.94
11631.79
12 44,47
11814413
10679.81
9303.53
7433435
5178451
2258229
—-52C.38
~356R.12
~6254.78
~8607.56
~10662,.590
~12652.¢6
—13£26426
-13676.48
=-13616.30
—124°5.48
=10792.064
«~83233.15
~5588.31
—-2247.61
i€2%.:5
457C.79
TE83.65
12791 .24

DZE
LFT/S)

=13874.%5
~-15875.74
~21482.12
—22057.65
~2137¢%.18
~20{75.16
~1761€.87
~14221.69
~10347.42
~5ER4.54
=1151.65
Sk37.1€
5L27.18
8166.327
12232.41
1584E.05
les52.29
20226.57
2108k 51
Z07171.78
1650%.C1
17176.63
14252.21
10422420
£452.73
1500.6
-2332,¢7
~6737.658
~1045¢.52
-13611.84
~1E4BL1L55
~18375.¢6C
~1G21é,L4
~1928%.54
~lB58E8.03
~lEE21.53
“14436.493
~11171.48
~T€€2463
~3515.33
445.24
467577
8338.64
14291.35



921

Tiwe

" {SEC)

L2463
BINLGO
3000
123,43
1630.00
1430.,00
1834, 008
213a,u0
233740
2630y
223 .00
243, 07
3534.00
3230, 0%
LI
330,00
3837,00
Ga3n 00
ATAN 00
443,00
kf}?‘:ﬁ;}{}
rE3L, 00
PR L 20
1230,
43,03
B3, 00
H66,. 8%
;"JB te .J':‘
W30, 00
1230 00
+387 .30
LB, G
1w 35%.00
PB.E':’a“.‘n
"IELL00
'23{!1.’0
'G30,50
'$30.00
83030

FHle

fOEG)

~1 5. 88
“123»12
~-134. 6
=15,
~L177.01&
Tag. 82
154,11
142473
K129v35
1l5.99
102403
894329
T8+ %%
G243
49, %1
35.%99
22+07

9 53
402
-17.40
"3)- 81
"é’r?o 25
57, Th
‘71: 25
"'5‘?- 78
~87.07
-35.33
«111.89
~L&5 .43
“136.13
~138,95
~152.43
165,87
~179.28
167.38
154402
l4d.%2
127443

MARSHALL SPACE FLIGHT CENTER

PHIY
{BEG}

Je3b
2.04
2213
A
i
-l g )
wiia 1T
-] B0

“'2- 15

“2068 ¢

<. 38
—5.31
=3.37
"3~ 2%‘
-9
- b

N ""‘»’OQG

-Le20
- e fh
e38
l.14
1.85
Zo"la
2.98
3431
3247
3a48
3443
2.21
el
2' 3?
2.24
i.06
Le79
et
- 1e B4
L3
~2:30
“ZaB6

TABLE 40

ORBITAL FLIGHT LISTING

PHIR

{DEG)

=3e &
=1.95
—E BR
2.9
“3ei
-3.3
_3.2
~Zet
-2 5
~1.%
"’l-j
~0a Y
.2
oy O
1.7
245!
20&3{
3.2
Sab,
EEH
Sa 2!
2act
Zs 31
.74

Oy 3¢
Tig 1t

T ¥
-Jeo!
g TR
~2a il
-2l
-2, 77
TR
SENY:
3,58
“3 4
3. it
“2e7l
~Z2+1]

Lang

{CEGY

~81.2%
_450 83
-21+19
—1%.42
4,68
T.09
18.14
2881
Irah2
5J).32
Llads
Fha22
87.5%9
13154
116.57
131429
145418
158.22
174.29
«~178.43
~147.+46
~157,75
~i4uedb
~i34,97
~122. 86
=19, T3
=~lGT.20
~Q5,49
‘8)9?2
=&3.73
~54.22
~51.23
w3Te 68
-25.16
~13.58
~2.67
790
18.48
29439

DECL
{DEGH

31.41
3L.27
29420
25.44
205434
14.28
7.59
.l
~H. %8
-13.14%
~18.25
~24.5L
—28.53
=396
~31.38

—34,31

-27.28
~22.76
—~17.17

-18.77 |

-3.91
3.12
Gelih

1£.55

22.31

2£.%8

27.648

30e16

31.54

31.213

29.23

28.58

24.52

19.21

134122
6a28

~0a&9

-Tst2

~r4.22

-éé -
-+ 30



L2t

2)

1)
2)

" MARSHALL SPACE FLIGHT CENTER

TIME PHIP
(5883 (DEG)
BG33,00 lih.Lls
" B3, Ul 87.07
8630.90 The 43
8830.00 581420
9031, J0 49, 81)
G230, )0 34,73
3430, 50 2148
9430, 30 8.2
9&3{’0\1{} -}.7094‘
134375,8% ~38.43
192 3%,40 -51.84
17495, 40 ~54,53
14495, 30 -34¢53
L0o3a, 40 -56,93
13335,00 54553
1130030 -54,53
11233 00 -34¢53
1143%,00 ° ~54,55
1103G:GQ '54153
11840, 00 =47, 43
12232,09 11457
12247.90 12 40
12432,30 iy hb
12040,00 -14,34
12832.00 ~27¢16
13340.50 —434,99
13232.00 53, T4
13448, 30 ~670%
13532v}3 ”81925
138423.0) =94, 14
14u32,0% ~126,75
La24n .00 ~124452
14432,07 ~133,22
16649,00 145,99
14332.00 -139,72
15143, 50 ~175,53
15232.30 173.70
15447.90 159, 31
15532ea§ léQGQ§
15847.,00 132,497
15132, 50 124,12
16248, 00 115,95
16432,30 92,45
1&d14, 80 85,99

Monmusl control begins at 8923 and ends at 9175

5~IVB/CSM Separation
End of Netudnal TIU Lifetime

HIY
(DEG}

~3.28
“5+58
3. ‘rS
wd, 14
-2 -68
24 0%
«1.3)
“oha B0
1.56
2428
Z.88
2409
24199
La99
~e99
.99
2499
2.99
L0
*Z.38
'1068
1. 83
‘0a00
w90
labn®
Zehh
Je 2
3049
3.7%
e
3667
3433
Zadh
i.ld
Latl
HaB2
e 34
1.28
2e04
2.78
“5e33
mha T3
~5u90
ﬁB‘éé

TABLE &4C

ORBITAL ¥LIGHT LISTINC

PHIR

(DEGY

1e39

0.22
leO4
J.a0
2etb
3.2
3.41
3431
Rath
2. 2%
2.11
2411
2.11
2.11
2.1
2211
2.11
2eli
-1, 30
~115.59
“LTé&e33
~176.23

~1T6.34

=176, 63
~LRTT.13
~177.74%
~3178.53
=17%.34
179.75
178.92
178,723
LTTv39
176,79
LTHa 59
1764186
1764 1%
176432
3?6'?3
L77.30
117299
173.86
L79.73
1 7B.83

LBNG

{LEG)

3295
66480
8l.04
95.03
11314
123.93
136.77
148,867
159.84
173.54
~178.85
~lo4d.4]
~l64.41
_136-66
=144 .44
~131:19
“116.94
~L02.34%
-87.07
~71.9%
-59.08
=46.21
~23.92
v wl3.79
"2.?6
7.78
1v.92
31.99
45,08
59.83
73.07
33.89
143,10
Ll8.30
127.56
138.20
149,31
i59.49
172.80
~178.19
~165,34
~152.48
-124.48

DECL

{CEC!

~20.2%
=29.0¢
-~31.1¢
"3105]
=340.721
~26&.8(
—22.1¢
~16.4¢
—18. 03
~3.1¢
387
12.91
12.51
17.20
22.87
27.39
30440
31.59
343.83
28.04
23.95
18.29
12.25
S.19
~1.51
—8.£0
~14.98
=21%7
"25-?6
"29-46
~3%.32
=31l449
~2G.71
“26.15
~2l.55
~15.53
~G.23
2.4

4,70
11.81
17.92
23.87
2T84
31,60

LATT
({CEG)

*E'Salé
-31,33
“3l.68
~3C.17
"26:95
—22031
—~1£.58
-iCa1l0
~3.18
2,89
12.49¢
12.9%9
17.3¢
22.0C
27.58
2C.26

TT31.76

31.50
2E.16
24.10
18440
12.33
£e2%
~-1.52
8,74
~1%.05
-21.19
~2E.50
-2%,82
-31-47
=31.54
-2%.87
“26-30
~2l.c8
=1%,5%
~8.29
-22G5
473
11.8¢
l8.C3
22,81
2759
3ia76



8Z1

TIFE

{SEC)

l44.49
162.50
182.90
203.00
223.00
243.00
2690.00
289.00
300.00
320.00
345.00
363.00
389.00
400.900
420,00
460.00
400.00
509.00
529.00
540.00
55617

ALT
(FT)

203396,
262205.
304564 .
345241,
374287.
391734,
357609,
351892.
374634,
345717

'305702.

253025,
189314,
117056.
£6614.
27841.
27815,
19207.
11671
4956,
Je

(LY -
+ b
-

“IT

G AN
PP R

TABLE 5C

§~IB STAGE REENERY DATA

RRR

(FT)

21113C€7.
211€1€04.
21214{73.
21254¢40.
21283¢18.
21322479,
213CET60.
21380¢c4a8.
212B2E9&,
21254¢27.
21214C21.
21161773,
21)976E3.
21025453,
2C9751¢4.
232946279,
20934351,
20927743.
20923206,
2C913491.
20908235,

YTH#

{DEG)

63.42
b6.62
70.90
T5.44
80.17
85.05
50.230
94.9%
99,84
134.57
1409.10
113.39
117.38
129.60
116.56
13i0.53
108.46
1G4. 49
1J4.84
103.49
102.59

LG

ale

]
&1
i
e

.l
wF

oy
» ot

Vyva
[FT/35)

7633.72
7325.25
7094.01
6912.59
6783469
670449
6673447
6703.15
6783.02
6911.55
7392.24
7316.15
7525.83
6996.22
2961.45
1548.96
1261.63
1413.67
1384.76
1265.28
1355.09

AZ#

(DEG)

75.70
75.90
76.10
76.30
76450
76.70
76.90
77.10
17.30
77.51
T7.71
77.92
78415
18:68
52.85
BB.T4
89.33
89.68
89.88
9C,. )2
30.08



621

TIME,

(SEC)

144,49
160,02
186,00
200,02
229,00
240400
269.00
280.00
300.00
322.00
340.00
369.00
380.00
499,90
420.00
460.00
480,00
500.00
520,00
540.00
556417

MASS

{La}

101713.03
194511.76
100511.76
100511.76
10351176
100511.75
100511.76
100511.76
100511476
19G512.76
100511.76
10G511.76
100511476
106511.76
1J0511.76
108511.76
100511.7¢
100511.76
100511.76
100511.76
104511.76

THRUST

(rs)

44478,
Ja
Q.
0.
Je
D
3.
G.
.
0.
Q.
J.
Ca
Q.
0.
J.

n
e

0.
a.
0.
O‘

TABLE 3G
5-IB STAGE REENTRY DATA

VTHE °

(DEG)

58.28
61.79
66.73
72.09
77.83
83.84
90.32
96.16
192.18
1097.92
1i3.29
1ig.24
122.75
L27.03
134.67
166.89
172.46
175.74
177.94
179.65
179,31

Azr
{DEG)

T2.23
72.41
T2.64%
72.87
T3.11
T3.35
73.60
73.86
T4el2
T4.39
" T4.66
T4.94
75.22
T5.50
75.76
75.42
T4.77
75.11
77.42
103.75
236.99

RANGE
{(FT)

243242,
2867340.
353443,
499545,
675205,
Tru568.
BLSTITT.
Q2u9Th.
1026396,
113191%4.
1237932,
L344502.
1451451,
1554519,
L&15684,
L&32705.
1634495,
1635373,
1635785,
L635922.
1635897,

YVVE

(FT/S)

6493.74
6150.22
3874412
5654.u8
5492.24
5392.91
5359.13
53%91.96
549J.36
5651.30
587Tu.13
6138.48
640, 4b
5%14.17
1883.67
557.69
4b66.88 .
402437
354,85
318.52
295.38



0EY

TINE
{SEC}

144.49
162.00
189.09
200.00
22G.00
244.9090
263.00
280.00
309.00

320.00

340,00
360,00
380.00
400,02
420.00
460.90
480,00
500,00
520.00
540.00
556.17

X

(FT)

21309331,
21155889,

21204598.,

21240784,
21264507,
21275805,
21274702,
21261207,
21235320,
21157026.
21146296,
210£3099.
21807594,
22923198,
20864162,
20928278,

208153217,

20503829,
20753424,
20183834,
20776541,

Y
(FTY

li6£29
122¢52
125569
138225,
145615
153236
160764,
168154,
175441,
182642,
185752,
156747,

. 203¢e81,

21464,
217239,
220%¢€8.
237143,
243779,
250215,
2E6E39,
2E2142.

TABLE 5C
S~IB STAGE REENTRY DATA

Z

(FT)

2 {YOLU.
485032,
620399.
725357,
8E98T3.

1023865,
1157255,

1289966.

1421929,

1583539,
1683240,

1812424,

15402G58.

2062389,

2144073,

22(91860.

2235437,

22690914,

2286025,

2310935,

2330986,

DX

(FT/S)

SLBY 4 LY
2752.4)
2121.72
1497.37

av5.27

254,71
~364.99
-984.47
~1604,.38
-2225.37
-2848.91
~3471.35
~4J365.52
~43137.79
~1589.21
—692.61
~607.61
=5%44.71
-498q12
~462.64
—~440.36

.t DY
{(FT/S)

389.20
387.29
384.35
381.19
377.83
374.25
370 .47
366.47
362.26
357.82
353.15

348,25 -

343.15
338.34
336.58
329.55
32B.36
328.32
328.28
328.04
327063

D2

[FT/8)

687442
6778.24

" 6758.37

6737469
6713.24
6685.18"
£653.17
6617.29
6577.49
6€533.732
6485.68
6430.75
£328.68
5631.28
2476416
1345,72
iz28s8.i6
1262.52
1249.66
1241.491
i238.846



161

TINE

{SEC)

l44.49
160.00
1890.0290
200.00
220.00
243.00
260.00
280400
300.00
320.00
340.00
363,00
380.00
40uv.00
420,00
%60.00
480.00
500.00
520.00
54G.00

‘556,17

XE

{(FT)

292402,
250221,
350818,
339188.
365390,
379459,
381416,
371269,
369013,
314639,
268089,

*239353.

128569,
£9047.,
4100.
~25911.
~36047.,
~44497,
~52243.
~58949.

—tAs6en

e

YE

(FT)

-113.

-24.
183.
£07.
Si7a
1543,

22724

3155.
4165,
5413.
634,
8380,
15145,
12C2).
13235,
13875,
262,
L3540,
L3226,
13520,
13229,

T i L R

TABLE 3G
$-1B STAGE REENTRY DATA

ZE

{(FT.

205039,
289962,
3498885,
5{7445,
615627.
T23401.
830733,
G237592,
1543%44.,
1149756,
1254990.
1259593,
1463223
1561639.
1619121
1623913,
1634927.
1635138,
1634966.
1624584,
1634176,

g Lo T Y CEN TR
gL B T CENTER

DXE
(FT/8)

3365.34
2837.38
2223.53
1613.96
1006.53

403.51
~204.77
-839.93
~1415.78
-2322,83
~2631.74
~3241 .61
-3823.58
~3899.07
~1422.66
~551.29
~466.19
-402,37
~354,54
~317.69
-294.22

oye

{FT/5)

3.57
Ts57
13.19
19.28
25.83
32.82
%0w24
48,10
56437
65.405
T4.13
83,56
92,58
89.61
28.24
Qaal
~Llal4
=0 .96
~0.51
~Ja.11
0.09

DIE
(FT/$)

.5553.66

5456.60
5437.,00
5418.80
5399.16
5377.92
5355406
5333.56
5304.38
527646
5246.6)
5212..9
5132.31
4445.97
1234.29
84,22
25.36
~1.22
=14.73
-22.94%
~-26,22



28T

TIME

{SEC}

144049
160.00
180.00
200.00
220,00
240,00
260.00
280.00
300,00
329,00
340.00
360,00
380.09
430,00
423.00
463.09
480,00
500.00
520.00
540,00
556017

CHIP
(DEG)

59.52
~59.32
"59‘32
59,32
~59.32
‘Sg 032
-59.32
59,32
+59,32
-59.32
-59.32
159,352
*59,32
*59.32
*59.32
'59c32
-5%.32
'59032
59432
‘59;32
'59032

RS A T - e B~ I
: . Saat e " v 4 had

CHIY
[CEG)

{.0¢
{.00
£.00
€20
(.00
.00
.00
.00
£.0¢
.00
£.30
€30
.00
{00
.20
1 114
ciﬂﬂ
¢.00
£.00
.00
¢.00

H
~ - .

TABLE 5C
S=IB STAGE REENIRY DATA

CHIR
(DEG)

.00
0.90
.00
2.90
0.00
2.00
2.00
2905
.90
200
£.09
.90
0.00
0,00
0.0
8,00

Q.00
.00
0.90
.90
0.00

LONG
{DEG)

~79.96
-795?}-
~79.39
~T8.76
=T8.44
-78.13
=77.81
77418
-76.858
-T6.53
-75 « 89
"‘750?0
"'?5‘ 65
~T5.6%
=75.8%
=T5.64
=T 8. Ah

CECL
{DEG)

Z8.53
Z28.60

28.69 .

28.78
28,686
28.94
29.03
29.11
29.1%
29.27
29.34
29.42
29.50
29.57
29.61
29 .62
29.62
29462
29.62
29,62
29462

LATT
{DEG)

2E8.69
28,76
'28.85
28.9%
£%9.92
29.11
29.19
29,27
29.35
29.43
29,51
29.58
29.66
29.73
2%. 77
29.79
29.7%9
25.79
29.79
29.79
2%. 79



E€l

TINE
(SEC)

'144.49

160.00
18C.00
200.00
220.00
240400
260.00
28C.00
300.00
320.900
340.00
3560.00
380.00
403.00
420,00
460.00
483,00
500.00
520.00
540.00
556,17

ACH
(u}

6.36

6.43.

6.49
5.58
4.81
4 .35
4.15
4.35
4.80
5.57
6.48
6465
Sell
5.75
1.98
Q.56
J.45
0,38
0.32
0.28
Ja2b

MARGHALL SPALE FLIGHT Chiel
TABLE 5C
8-IB STAGE REENTRY DATA

ORAG ALP QaQ VR TACEL
(L8) {DEG) (LB/FT2) (FT/S) (FT/52)
15469, 0.90 1l. 6490.39 9.00
1731, 0.0¢ 1. 6146,75 0,55
S4, 9409 a. 5870.50 ¢.03
10. 9.60 U. 5£50.34 J. U0
2. 0.00 0. 5488.39 Yeud
1. 0.00 c. 538%.33 V.00
1. 0,03 0. 5355.19 3400
1. 0,00 . 5388.05 9.0J
2. .00 0. 5486452 5,00
10. _0.00 2. 5647.55 J.00
92, 0.00 Q. 5866451 v-03
1¢59, 0.9 1. 6.35.01 3.53
15632, 0.00 17: 6397,15 8.20
50275, 0.60 162. 5511.03 124.93
535575, 2.09 196 1888.92 171,44
115229. 0.00 03, 548,04 36.91
111464, ~0.00 04, 463,72 35,68
1¢8548, ~0.00 03, 401,48 34475
106€44. ~0.00 02. 354,70 34,14
165240, -0.00 01, 318.55 33.72
164218, -C. 090 00, 295.36 32439



APPROVAL: CONCURRENCE:

@ 7777@%’.4¢ijug}u_({\ ﬁz—%/

0. M. Hardage, Jr. b/)' P, Lindberg
Chief, Flight Mechanics Branch Chief, Flight Test Analy31s Division

AL 9, o

Robert J. Ja kéﬁ
Systems Enginedr 1ng/Pr03ects Office

égéglxa»udiz

E. D. Geissler
Director, Aero-Astrodynamics Laboratory

134



Addressees:

DEP~T, Dr. Rees

I-I/IB-E, Mr, Mann
1-I/IB-E, Mr. Germany
I-1/IB~-SIVB, Mr., McCulloch
I-I-IB-Q, Mr., Luce
I-MO-MGR, Dr. Speer
I-MO-Q, Mr. Kurtz

I-10~-0, Mr. Haumcheff
I-¥0~0, Mr. Ladner
I-1/IB-E, Mr. Sisson
I-MO~R, Mrs, McNair (2)
R-AERO-DIR, Dr. Geissler
R~AERO-A, Mr., Dahm
R~AERC-AD, Mr, Dunn
R~AERQ-FF, Mr. Deaton
R-AERQO~DD, Mr. Ryan
R-AERO-DA, Mr, Télfer
R-AERC~DA, Mr. Cremin
R=AERO-F, Mr. Lindberg (2)
R-ABRO-F, Mr. Graham
R~-AERQ-FF, Mr. Hagood
R-AERO~-FF, Mr. Haussler
R-AERO-FF, Mr, Sheats
R-AERO-F, Mr, Stone
R-AERQ-FM, Mr. Hardage (30
R~-AERO-TMT, Mr. Wittenstei
R=-AERO-FF, Mr. Mciiel
R-AERO-FMR, Mr., Solmom
R-AERO-FT, Mr., Benson (2)
R~AERO-P, Mr, Jackson (2)
R-AFRO-P, Mr. Thionnet
R-SE~DIR, Mr. Ledford
'R-AERO-AU, Mr. Reed
R-AERQ-Y, Mr. Vaughan
R-AERO~-P, Northrop
R-AFRO-X, Mr. Thomae
R-AERQO-AT, Mr. Wilson
R-AERO~FP, (CCSD), Mr. Fletcher
R~TO~DIR, Mr. May

R~-TO-D, Mr, Wegrich
R~P&VE-XJ, Mr. Griner
R~P&VE-VQ0, Mr. Cowart
R-P&VE~VS, Mr. Prasthofer
R~P&VE-SL, Mr. Showers (2)
R~P&VE~SJ, Mr. Furman
R-P&VE-VAW, Mr. Scott
R-P&VE-XB, Mr. Rothe
R~-P&VE-PPE, Mr. Heusinger
R~P&VE~PP, Mr. .Cobb
R-COMP-RR, Mr. Cochran
R-COMP-RRT, Mr. Crafts
R-P&VE-PP, Mr. Swalley

R-QUAL-R, Mr. Chandler

"R-QUAL-RE, Mr. Ailor

PA, Mr. Jones

R-ASTR~-TE, Mr, Mills
R-ASTR-B, Mr. Jones
R-ASTR~BV, Mr, Smitherman
R-ASTR~F, Mr, Blackstone
R~ASTR~F, Mr. Hosenthien
R-ASTR-FD, Mr. Clarke
R-ASTR-NGI, Mr. Blanton
R~ASTR-NGI, Mr, Nicaise
R-ASTR~NG, Mr. Brooks

" R=ASTR-WG, Mr. McMahen (3)

R~ASTR-G, Mr. Thomason
R-ASTR-IRD, Mr. Kerr
R~ASTR-FA, Mr. Shields
R-ASTR-IR, Mr, Eden
R~ASTR~S, Mr, Ritter

MS-TP

MS-TL (2)

MS~-H

T-M0~0L, Valerie Norman (2)
R-P&VE~-¥, Mr. McCool

DAC, Mr, Thelander (2)

- MSC

MSC/UB/G. Cooper
MSC/CF/W. 3. Nortl
MSC/CF22/C. C. Thomas
MSC/CF24/D. K. Warren
MSC/CF32/J. B, Jones
MSC/CF33/T. L. Wilson
MSC/EG25/J. F, Hanaway
MSC/ES12/L. G. Davis
MSC/ES2/D. C. Wade,
MSC/ET25/M. A. Silveira
MSC/EX34/B. G. Jackson
MSC/PF/R., W, Lanzkron
MSC/PK12/R. E. McKann
MSC/PM2/R. J. Ward
MSC/EM2/C. H, Perrine
MSC/PM3/D. Kohrs
MSC/FCS5/J. C. Bostick (5)
MSC/FC6/H. G. Miller
MSC/FS6/M. G. Springfield
MSC/EM/W, B. Evans
MSC/FC561/C. Parker
MSC/FL6/H. Granger
MSC/ET4/E. 1. 0lling
MSC/FC/C. 5. Harlan

Sp154877



Addressees:; (Cont'd)
MSC/FC5/G. E. Paules
MSC/I-MO~F/S. Hamner (8)
MSC/FS/H. E. Clements
MSC/FM/J. P. Mayer
MSC/FM/C., R. Huss
MSC/FM3/C. R. Hicks
MSC/FMS/M. P. Frank
MSC/FM6/R. W. Becker
MSC/FM7/R. D. Nelson
MSC/FM13/J, P. Bryant (3)
MSC/FM13/J. Mchnulty
MSC/FM/Mr. Incerto
MSC/LRD/Mr. C. Filley
MSC/FMS/r. Skopinski
MSC/FM3/Mr. C. T. Hyle
MSC/FS/S. A. Hunt
MSC/I-MO-F/W. Hooper (2)

Ksg

EX~SCI, Dr. Knothe

AP-5YS-1, Mr. Moore (2)

IN~-DAT, Mr., Brung

IN-DAT-1, Mx. Jelen

T8-TSM-B2, Mr. D. T. Penland

LV-GDC~32, Mr. J. Perkimson (2)
VAB-Room 3~D-4

HEADQUARTERS

OMSF/MAS, Mr. Sperry

OMSF/MAS, Mr. Kaskey

OMSF/MAOQ, Mr. Aller

OMSF/MAR-3, M. M. Ragsdale

OMSF/MAT, Mr. Smith

MLT/DIR, Mr, Savage

OMSF/MAS, Mr. R. Mummert

OMSF/ifA, W, C. Schneider

Chrysler Corporation Space Divisio

Michoud Assembly Facility

P, 0. Box 29200

New Orleans, Louisiana 70129
Attn: Mr. John Swider

A. C., Electronics

Division of General Motors
Milwaukee, Wisconsin 35212
Attn: Mr. Friedrick Weber (3)

NASA Langley Research Center
Langley Station Mail Stop 117
Hampton, Virginia 23365

Attn: Mr. A, Mattaem

Douglas Aircraft Company
Huntington Beach, California 92646
Attn: Mr. R. Saye

Dept. A3-850

Goddard Space Flight Center
Code 552 -
Greenbelt, Maryland 20771
Attn: Mr. Al Tucker (5)

ENT Air Force Base

Space Defense Center

NCOC-SSCD

Colorado Springs, Colorado 80912
Attn: Lt. Boddecker

IBM Corporation
Technical Library

P, 0, Box 1250
Huntsville, Alabama 35807

Morth American Aviation, Inc.

Space and Information Systems Division
Systems Engineering Department

12214 Lakewood Boulevard

Downey, California 90241

Attn: Mr. W. L. Steinwachs (4)

IBM

Building 5-3

Dept., 256

Huntsville, Alabama 35807
Attn:; My, Jim Christoffel

North American Aviation, Inc.

Space and Information Systems Division
Dept. 692-403, Mail Station HB25

12214 Lakewood Boulevaxd

Downey, California 90241

Attn: Mr. G. Earl Lucas

NASA Resident Apollo Spacecraft
Project Office

MIT Instrumentation Laboratory

75 Cambridge Parlkway

Cambridge, Massachusetts 02138

Attn: Mr. W. Stameris (3)



iBM

Building 5-3

Dept. X~11 -

Huntsville, Alabama 35807
Attn: Mr. H, H. Weaver

Chrysler Corporation Space Division
Michoud Assembly Facility

Dept., 2712, Bldg. 350

P. 0. Box 29200

New Orleans, Louisiana 70129

Attn: Mr. Leroy Smith (7)

137





