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FOREWORD

This document is Data Requirements List (DRL) Item 444-V4a. 1t is
Volume I of the two volume documentation required for the ASTP (5A-210)
Launch Vehicle Operational Flight Trajectory Dispersion Analysis under
Contract NAS 8-4016, Schedule II, Modification MSFC-1, Amendment 199. The
associated Guidance Hardware Error Analysis is documented separately, as

Volume II, because it contains classified material,

Acknowledgements are made to the personnel of Marshall Space Flight

Center SA&I-EL24 for their assistance and cooperation,
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DEFINITIONS AND SYMBOLS

Aerodynamic Heating Indicator

Aerodynamic Load Indicator

Altitude

Angle of Attack, Pitch

Apogee Altitude

Attitude Command

Attitude Error

Axial Force

Descending Node Argument

Dynamic Pressure

J/‘ qVr dt q - dynamic pressure

“Q-latl Ve = relative velocity

ay = total angle of attack

Product of aynamic press.re and zngle
of attack.

Vehicle altitude above the reference
ellipsoid measured aiong the geocentric
position vector.

Angle between the pitch piane componrent of
the relative velocity vector and the :ongi-
tudinal axis of the vehicle, measured
positive nose up.

Apogee height of the osculating conic above
the reference ellipscid, referenced to the
equatorial radius, 6378165 meters.

Eulerian angle command, derived by the
guidance system and transmitted to the
control system.

Difference between the vehicle attitude
(pitch, yaw and rcll Eulerian angles) and
the vehicle attitude command.

Component of the resultant aerodynamic
force along the vehicle longitudinal axis
(X axds of PASCS 8a), measured positive
toward the nose of the vehicle.

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

Component of the resultant aerodynamic
force along the relative velocity vector.
measured positive opposite to the velocit
vector.

b x (Density) x (Relative Velocity)<
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DEFINITIONS AND SYMBOLS (CONT'D)

Earth Fixed Cross Range

Farth Fixed Flight Path Angle

Earth Fixed Position

Earth Fixed Velocity
Earth Fixed Velocity Magnitude
Eccentricity

Flight Azimuth

Geocentric Declination

Geodetic Latitude

Ground Range

Inclination

Inertial Range Angle

Ye component of PA3CS 10 position vector.

Angle between the earth fixed velocity vector
and the earth fixed geocentric position vector
(PASCS 11), measured positive downrange from
the position vector.

Position vector/components in an earth-fixed
pad-centered plumbline coor. inate 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 com-
pletes a right handed system. (FASCS 10)

Velocity vector/components in PASCS 10.
. :2 .44:2 ;2
Xe + Ye + e

Eccentricity of the osculating conic.

3

Angle defining orientation of the space fixed
coordinate system downrange axis, Zs, at
Guidance Reference Release, measured positive
east of north in plane normal to the space
fixed Xs axis.

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 positive north of
the equator.

Surface distance from launch site to the sub-
vehicle point, positive east (0° - 180°).

Angle between the instantaneous flight plane
and the equatorial plane.

Angle between the instantaneous space fixed

position vector and the space fixed position
vector at Guidance Reference Release.

-



DEFINITIONS AND SYMBOLS (CONT'D)

Longitude

Longitudinal Acceleration

Mach Number

Mass

Navigation Coordinate System

Normal Force

Perigee Altitude

Period

Pitch, Yaw, Roll (Inertial)

Radius

Range

Relative Vehicle Attitude

Angle between the Greenwich meridian plane
and the projection of the geocentric posi-
tion vector in the equatorial plane, measuved
positive east of Greenwich.

That part of the total measurable acceleration
directed along the longitudinal axis of the
vehicle.

(Relative Velocity) : (Local Speed of Sound)
Mass of the vehicle.

This system is identical to PASCS 13 with
ideal navigation,

Magnitude of the resultant aerodynamic force
normal to the vehicle longitudinal axis, and
in the plane defined by that axis and the
relative velocity vector.

Perigee height of the osculating conic above
the reference ellipsoid, referenced to the
equatorial radius, 6378165 wmeters.

Period of the osculating conic.

Eulerian angles of vehicle attitude measured
with respect to the space fixed coordinate
system. Vehicle attitude is defined by the
ordered rotation of pitch, yaw, and roll.
(See illustration)

Space fixed position vector magnitude,

Vxs? + ys2 + 252,

vi

2

Surface distance from launch site to the
sub-~vehicle point, positive east (0o - 180°).

Pitch, yaw and roll angles of the vehicle in
an earth relative system, The roll axis is
the projection of the velocity vector in the
local horizontal plane; the yaw axis is in the
local vertical plane, positive toward the
center of the earth; the pitch axis completes
a right handed system. Vehicle attitude 1is
defined by ordered rotation-pitch, yaw and
roll,



DEFINITIONS AND' SYMBOLS (CONT'D)

Launch Meridian

Pitch Yaw Roll

vii



DEFINITIONS AND SYMBOLS (CONT'D)

Relative Velocity

Semi-Major Axis

Space Fixed Cross Range

Space Fixed Flight Path Angle

Space Fixed Position

Space Fixed Velocity
Space Fixed Velocity Magnitude

Time

Three Sigma (30)

Thrust

True Anomaly

Velocity Vector Azimuth

Velocity relative to the atmosphere (in-
cludes wind velocity).

Length of the chord in the orbit plane
connecting the apogee and the perigee of
the osculating conic.

Ys component of PASCS 13 position vector.

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

Position vector/components in a space
fixed earth centeved, plumbline coordinate
system defined at Guidance Reference Release.
The Xs axis 1is parallel to the reference
ellipsoid normal which passes through the
launch site. The Zs axis is parallel to,
and positive in the same direction as, the
earth-fixed firing azimuth. The Ys axis
completes the right handed system., This
is Project Apollo Standard Coordinate
System 13. (PASCS 13).

Velocity vector/components in PASCS 13.

J;(sz + s o« isz-

Instantaneous flight time referenced to
first motiom,

Three standard deviations.

Total effective thrust magnitude,

Ve + rFey’  +  er22,

Angular displacement of the vehicle C.G.
from the perigee, measured in the direction
of the motion.

The angle between the velocity vector pro-
jection on the earth's surface and true

north,
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DEPINITIONS AND SYMBOLS (CONT'D)

Vehicle Weight Instantaneocus total vehicle weight.

X4 Position Vector Vehicle c.g. displacement components in
a space fixed, right handed, target
coordinate system with its origin at the
center of the earth. The X4 axis passes
through the descending node of the orbit
plane. The Z4 axis lies in the desired
orbit plane 90° downrange from the X
axis, The Y, axis completes a right
handed system and 18 perpendicular to
the orbit plane.
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AFETR
AFB
AHl
APS
APSO
AS
ASTP

B-7

c/o

cs

CCSD

C.G.

oM

csM

DELTA (A)
(AP)

DIA

DRL
ECF

EMR

FPR

FI

DEFINITION AND SYMBOLS (CONT'D)

Air Force Eastern Test Range
Air Force Base

Aerodynamic Heating Indicutor
Auxiliary Propulsion Systen
Apollo Soyuz Program Office
Apollo Saturn

Apollo Soyuz Test Project
Trajectory Data Tape

C-Band Radar Statioms

Cutoff

Command System

Chrysler Corporation Space Division
Center of Gravity

Command Moduie

Command and Service Modules
Increment

Parameter Increment

Vehicle Diameter

Docking Module

Data Requirements List

End Conditions of Flight
Engine Mixture Ratio

Average Longitudinal Sea Level Thrust’
Flight Performance Reserve

Flight Technology

———— e -

Acceleration of Gravity at Sea Leve. (9.80665

m/secz)
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GCS
GET
GFD

GHj

GRR

GSFC

IBM
1IECO
IGM
™U
ISP
v
J-2
KSC
LAC
LC
LES
LH,

LMSC/HREC

LOX
LSA

LVDC

DEFINITIONS AND SYMROLS (CONT'D)

Guidance Cutoff Signal
Ground Elapsed Time
Government Furnished Documentation
Gaseous Hydrogen

Greenwich Mean Time

Guidance Reference Release
Goddard Space Flight Center
S-IB Stage Engine
Inclination

International Business Machines Corp.
Inboard Engine Cutoff Signal
Iterative Guidance Mode
Inertia. Measurement Unit
Specific Impulse

Instrument Unit

S-IVB Stage Engine

Kennedy Spaceflight Center
Loss of Attitude Control
Launch Complex

Launch Escape System

Liquid Hydrogen

Lockheed Missiles and Space Company/Huntsville
Research and Engineering Center

Liquid Oxygen
Level Sensor Actuation

Launch Vehicle Digital Computer

xi
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L/V
LWC
LWO
MDAC
MSFC
NASA
N2
N/A
N/D
NPV
OECO

01

PASCS
POT

PSFs psf
q

RP-1
RSS
S-1B
S-1U
S-1VB
SA

SC
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DEFINITIONS AND SYMBOLS (CONT'D)

Launch Vehicle

Launch Window Closing

Launch Window Opening

McDonnell Douglas Aircraft Corporation
Marshall Space Flight Center

National Aeronautics and Space Administration
Liquid Nitrogen

Not Applicable

Non-Dimensional

Non-Propulsive Vent

Ovtboard Engine Cutoff Signal

Orbit Insertion

Operational Trajectory

Project Apollo Standard Coordinate System
Preliminary Operational Flicht Trajectory
Pounds Per Square Foot

Dynamic Pressure

S-IB Propellant

Root-Sum-Square

First Stage of the Saturn IB Launch Vehicle
Saturn Launch Vehicle Instrument Vehicle
Second Stage of the Saturn IB Launch Vehicle
Saturn

Spacecraft

xii
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DEFINITIONS AND SYMBOLS (CONT'D)

SIGMA (o) Standard Deviation
(2) Summation of
SLA Spacecraft Launch Adapter
SM Service Module
STA Vehicle Station Location
T Telemetry Stations;
Time Base One Time
TO Time Base Zero
Tl Time Base One
T2 Time Base Two
T3 Time Base Three
T4 ii1me Base Four
TN Technical Note
UHF Ultra High Frequency
UsA United States of America
USSR Union of Soviet Socialist Republics
VHF Very High Frequency
ﬁ : Flowrate

xiii
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SUMMARY

This report presents the ASTP (SA-210) Launch Vehicle Operational
Flight Trajectory (OT) three sigma (30) flight parameter envelopes, the
S-IVB Stage Flight Performance Reserve (FPR), the S-IB stage design parameter
envelopes, and pertinent trade-off factors. The ASTP (SA-210) Launch Vehicle
500 Pound Launch Window Opening Operational Flight Trajectory was utilized

as the nominal for this analysis.

The flight envelopes presented are the results of statistical com-
binations of perturbation effects, employing the Root-Sum-Square (RSS)
technique. Concise summaries of pertinent trajectory parameter dispersions
at S-IB/S-1VB Separation and Orbit Insertion (0OI) follow.

S§-1B/S-1IVB Sep. Orbit Insertion

#5 RS WS RS
Flight Time (sec) 2.82 2.65 10.99 10.46
Radius (m) 2050. 2303. 505. 502,
Space Fixed Velozcity (m/sec) 46,10 41,82 2,47 2,46
Space Fixed Path Angle (deg) 1.872 1.776 0.018 0.018
Ground Range (m) 4646, 3607. 40192. 38336,
Earth Fixed Cross Range (m) 4002, 2377. 4928, 5125,
Inclination (deg) @ cemee eeee- 0.019 0.01¢
Descending Node Argument (deg) =  ----- = ==--- 0.019 0.019




Three sigma (37 ) variations in the establishments of the Launch
Vehicle Digital Computer (LVDC) time bases T2, T3, anc¢ T4 are displayed in
the following table. Also included are the 30 variations in the time that
dynamic pressure (q) decreases to one pound per square foot (psf). The
time bases initiate independent event sequences and q < 1 psf is a

primary Launch Escape System (LES) jettisoning criterion.

T3 Time of

T2 I3 T4 q =1 psf
(sec) (sec) {sec) sec
RSS (+) 2.70 2.82 10.99 5.37
RSS (-) 2.53 2.65 10.46 4.83

The 30 deviations in J-2 engine ignition and Engine Mixture Ratio (EMR)
shift times are the same as those shown for T3, since they are programmed

T3 events.

The S-IVB stage three sigma Flight Performance Reserve (FPR) require-
ments for this launch are 1172 pounds of LOX and 683 pounds of LH2. This
FPR is considered to be valid at any point in the prescribed 500 pound launch
window, since a previous analysis has established that FPR variation within a
larger 700 pound launch window is less than 50 pounds. Utilizing these FPR
data, the table on the following page provides an assessment of the S-IVB
residual propellants predicted for the nominal mission. The nominal launch
time is 2.84 minutes prior to the planar flight opportunity, consequently,

96 pounds of the 500 pound launch window propellant allocation are required

for yaw steering to the prescribed target conditions.



LoX Lﬂz Total
(Pounds) (Pounds) (Pounds)

» Tot.1 on board at GCS 2208 1792 4000
; (1)<Cnusecable _440 948 1388
i (2)Total Available 1768 844 2612
: 3 si ma FPR allocation 1172 683 1855
Remé .ning launch window allocation 334 70 404
(4.6.1 EMR) - - -
Total allocation 1506 753 2259
Excess avajlable over allocation 262 91 353
Excess useable at 4.8:1 EMR _262 _55 317
Ezcess bias 0 36 36

(1) Unuseable determined by MSFC/MDAC to assure the required 6.7 m/sec
depletion cutoff thrust decay velocity increment.

(2) Total z.ailable LHy includes a 460 pound bias.

The preceding table is a modification of the residual propellant assessment
provided in the ASTP (SA-210) OT documentation, using the actual FPR generated

in this analysie.




SECTION 1

INTRODUCTION

Launch vehicle performance is predictable only within certain tolerances.
Therefore, deviations from a predicted launch vehicle trajectory are expected.
In order to establish realistic deviation limits for the ASTP (SA-210) Launch
Vehicle Operational Flight Trajectory, a dispersion analysis has been conducted

and is documented in this report.

The nominal trajectory prescribed for this analysis is the ASTP (SA-210)
Launch Vehicle 500 Pound Launch Window Opening OT. This trajectory is docu-

mented in Reference 1.

The error sources considered are those associated with predictions of
vehicle characteristics, vehicle systems performances, and flight enviromment.
The nominal vehicle, the boost trajectory simulations, the error sources, the
analytic procedures utilized, and the results are discussed in the following

sections.

Launch vehicle guidance system inaccuracies were determined from the
guidance error analysis, which is documented in Volume II of this publication
(Reference 2), These data are composed of individual error source trajectory
effects, which are statistically combined to provide trajectory parameter
dispersion envelopes, Fixed time state variable cards are provided with

Volume 11 to facilitate orbital trajectory dispersion analyses.

S
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SECTION 2

DISCUSSION

2.1 Mission Description

The Apollo Soyuz Test Project (ASTP) is a joint USA and USSR venture
consisting of separate Apollo and Soyuz spacecraft launches for an earth
orbit rendezvous and docking. The Soyuz will be launched first on July 15,
1975 and inserted into a 188/228 km. (101.5/123.1 n.mi.) earth orbit inclined
at 51.78 degrees, Subsequently, the Soyuz orbit will be circularized at

225 km. (121.5 n.mi.). Approximately 7% hours after the Soyuz launch, the

Apollo spacecraft will be launched and inserted into a 150/167 km. (81/90 n.mi.)

earth orbit coplanar with the Soyuz orbit. The Apollo will then rendezvous
and dock with the Soyuz. The two spacecraft will remain docked for approxi-
mately two days, during which time the crews will exchange visits and opera-
tional procedures. After additional docking tests, the spacecraft will
separate and conduct independent activities. The Soyuz will deorbit approxi-
mately 46 hours after the initial undocking, and the Apollo will remain in

orbit, conducting experiments, for five additional days.

2,2 Launch Vehicle and Trajectory Description

The launch vehicle and typical trajectories are described in Reference
1. Features pertinent to this analysis are discussed in the following sub-
sections., Associated dispersion data are discussed in subsections 2.3 and

2.4,

2,2,1 Launch Vehicle

The Apollo launch vehicle is Saturn IB 210. It is composed of the



S-IB-10 first stage, an interstage, the S-I1VB-210 second stage, and the S-IU-210
Instrument Unit. Major spacecraft elements are the CM-111 Comn.and Module, the
SM-111 Service Module, the SLA-18 Spacecraft Launch Adapter and the D}M-2
VDocking Moaule. . Launch Escape Systew (LES) completes the space vehicle. &

vehicle weight hreakdown is presented in Table 1,

2.2.2 Tlight Environment

The 1963 Patrick Air Force Base atmosphere model, defined in Reference
3, is the nominal atmosphere used in this analysis. The nominal wind is the
July mean profile from Reference 4 supplemented by compatible data from

Reference 5 for altitudes greater than 27 kilometers,

2.2,3 Flight Sequence of Events

The nominal flight sequence of events, for this analysis, is presented
in Table 2. Off nominal propulsion systems performances produce significant
sequence changes. Of primary interest are the events which establish Launch
Vehicle Digital Computer (LVDC) time bases and’thus the subsequent events

dependert on these time bases. A discussion of pertinent time bases and

associated events follows.

1) Time Base 2 (T2) - Established by S-IB stage propellant level
sensor actuation if a downrange velocity = 500 m/sec exists.
Significant dependent events are Inboard Engine Cut-Off Signal
(1IECO), interconnection of thrust O,K, switches and fuel depletion

probe arming.

2) Time Base 3 (T3) - Established when an Outboard Engine Cut-Off

Signal (OECO) is received by the LVDC due to either LOX or fuel

[ ———



SRR, AT e

depletion; or, by a backup LVDC signal initiated 13.00 seconds
after establishment of Time Base 2. Pertinent dependent events
are ullage rocket firing, S-IB retro-rocket firing, S-IB/S-IVB
separation signal, J-2 engine start signal, IGM guidance initiation,

and Engine Mixture Ratio (EMR) changes.

3) Time Base 4 (T4) - Initiated approximately 0.2 seconds after
Guidance Cutoff Signal (GCS). In this analysis, GCS is re-
ceived when the S-IVB stage obtains the target velocity less the
predicted velocity increment from J-2 thrust decay. The signifi-
cant events subsequent to T4 are the preplanned orbital maneuvers

and S-1VB stage ventings.

It should be noted that T2 and T3 establishments are nominally de-
pendent upon propellant level sensor actuations and propellant depletion
detection. Therefore, establishments of these time bases are very sensitive
to propulsion system perturbations, which affect propellant flowrate, and

thus, tank level histories,

2.3 Dispersion Error Sources

Vehicle manufacturing tolerances, predicted system performance in-
accuracies, flight environment anomalies, and guidance hardware inaccuracies
are sources of errors which significantly affect trajectory predictions. To
facilitate statistical analyses of such error effects, three sigma tolerances
have been established. The three sigma tolerances considered in this analysis,

with corresponding references, are displayed in Table 3.



The LOX and RP-1 dengity cases presented herein were penerated from
July propulsion predictions utilizing the tapes delineated in Reference 11.

The three sigma wind data utilized are the Reference 5 annuel wind profiles.

2.4 Trajectory Dispersions and Analytical Procedures

The trajectory parameter perturbations resulting frow this analysis
are assuned to be random, independent, and normally distributed. These
assumptions allow application of the Root-Sum-Square (RSS) statistical com-

bination method to produce a reasonable tra ectory dispersion envelope,

Dispersed trajectories were generated with each of the three sigma
tolerances delineated in Table 3. Effects on pertinent trajectory parameters
at S-IB/S-1IVB stage separation and orbit insertion were determined and combined

as follows:

+ RSS = J =+ AP)2 ;
- RS§ = JZ(- AP)2 ; where

AP =  perturbed parameter - nominal parameter.

These RSS values define & reasonable three sigma flight envelope for
the ASTP (SA-210) Launch Vehicle Operational Flight Trajectory. In a similar
manner, utilizing trajectory dispersion data, the S-IVB Flight Performance
Reserve (FPR), required to offset the combined three sigma deviations, was
determined. This FPR and other trajectory dispersion results are presented

in Section 3,
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SECTION 3

RESULTS

3.1 Trajectory Dispersions

Trajectory dispersion data are presented for two events, S-IB/S-IVB
stage separat on and orbit insertion. Table 4 presents three sigma tra-
jectory parameter deviations produced at S-IB/S-IVB separation by the S-IB
stage propulsion, non-propulsion, and flight environment perturbations.

Table 5 provides similar data derived from S-IVB stage perturbations. Tables
7 and 8 display corresponding data at orbit insertion. 1In the cvent that
both + three sigma perturbations of the same error source produce effects

with like algebraic sign, only the larger effect is included in the RSS,.

Tables 6 and 9 display predicted three sigma flight envelopes at
S-IB/S-IVB separation and at orbit insertion, respectively. These envelopes
are the root-sum-square of the previously mentioned error source group effects
with the RSS of the Inertial Measurement Unit (IMU) error effects included in

Table 9. Individual IMU error effects are provided in Reference 2,

Results of the analysis show that the expected extreme deviations for
T2 are +2.70 and -2.53 seconds. Analysis also reveals that the maximum
deviations expected for T3 are +2.82 seconds and -2,65 seconds. Since S-1B/
S-1VB stage separation, J-2 ignition, and IGM initiation times are dependent
on T3, the maximum expected deviations for these events are the same as those

of T3. This fact is reflected in Table 6 for S-IB/S-IVB stage separation,



A basic criterion for Launch Escape System (LES) jettisoning is that
dynamic pressure (q) has Jecreased to one pound per square foot (psf).
Therefore, the three sigma dispersion on the time this occurs was determined
to facilitate selection of a satisfactory LES jettison time. It was found
that q = 1 psf may occur as early as T3 +20.81 seconds or as late as T3
+31.01 seconds. These extremes reflect deviations of -4.,83 seconds, and
+5.37 seconds, respectively, from the nominal T3 + 25.64 seconds. Thus,
current OT simulation LES jettison time of T3 + 32 seconds provides 3¢

probability that q < 1 psf,

The S-1VB stage EMR step down is a T3 event, therefore the expected
deviation extremes are those presented previously for T3. It is found that
the maximum expected variations in T4 are +10.99 seconds and -10.46 seconds
as shown in Table 9. These variations are primarily due to S-IVB propulsion

perturbations.

The error sources prescribed for this analysis, Table 3, do not include
conditions and tolerances which contribute to a realistic vehicle attitude
rate envelope determination at S-IB/S-IVE physical separation or orbit insertion,
Consequently, the total attitude rate envelopes have been omitted from Tables

6 and 9,

Durin, S-IVB stage flight, roll control is maintained by the Auxiliary
Propulsion System (APS). This system also assumes pitch and yaw control at
T4 + 3.5 seconds, Essentially, the APS corrects attitude errors when the

attitude error signals exceed one degree. These criteria allow attitude errors

10
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to approach + one degree at orbit insertion, thus a two degree APS deadband
exists, Consequently, attitude differences (dispersed - nominal) could be
increased by nearly two degrees due to the APS deadband if the dispersion and
the nominal attitude errors approached opposite deadband limits. Such an
increase would be compounded by the RSS process, ti.erefore, this met -~ 8

not applicable for attitude dispersion envelope derivations at orhi: srtica,
Accordingly, attitude envelopes have been excluded from Table 9. These
attitude envelopes as well as the attitude rate envelopes discussed in the

previous paragraph are currently derived at MSFC by an alternate method.

Three sigma dispersion envelopes of pertinent design parameters during
S-IB stage flight are displayed in Table 10, Tables 11 and 12 provide perti-
nent performance trade-off factors at S-IB/S-IVB separation and orbit insertion,
respectively. Table 13 exhibits the effects at orbit insertion of large
guidance platform azimuth misalignments. Such misalignments may result from
ground control equipment inaccuracies in the event that a backup alignment
scheme is employed. These effects are not included in the three sigma enve-

lopes presented herein.

3.2 S-1VB Stage Flight Performance Reserve

The S-IVB stage 30 Flight Performance Reserve (FPR) requirements for
this mission are derived in Table 14. The requirements are 1172 pounds of
LOX and 683 pounds of LHp. A previous analysis, documented in Reference 19,
has established that FPR variation within a 700 pound launch window is less

than 50 pounds. Therefore, this FPR is considered valid at any point in the

11



(1)
(2)

specified 500 pound launch window. Utilizing this FPR, the residual
S-IVB propellant assessment presented in Reference 1 is modified in the
following table,

LOX LH2 Total

(Pounds) gPoundsz (Pounds!

Total on board at GCS 2208 1792 4000
Unuseable 440 948 1238
Total Available 1768 844 2612
3 sigma FPR allocation 1172 683 1855
Remaining launch window allocation 334 70 404
(4.8:1 EMR) T - -
Total allocation 1506 753 2259
Excess available over allocatio.. 262 91 353
Excess useable at 4.8:1 EMR _262 35 317
Excess bias 0 36 36

(1) Unuseable determined by MSFC/MDAC to assure the required 6.7 m/sec
depletion cutoff thrust decay velocity increment.

(2) Total available LHy include. a 460 pound bias.

Table 14 also concains significant individual perturbation effects
on the S5-IVB stage propellant components consumed and the readily applicable
trade-off factors., Utilizing the proper algebraic sign, these trade-off
factors provide quick estimates of perturbat on effects on S-IVB propellants

consumed.,

12
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CCSD TN-FT-74-35, ASTP (SA-210) Launch Vehicle Operational Flight Tra-
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by CCSD Letter, R, M, Blackstock to J, L, Crafts, dated I« ruary 7, 1975.

CCSD TN-FT-75-43, ASTP (SA-210) Launch Vehicle Jperational
Flight Trajectory Dispersion Analvsis, Volu .e 11, Guidance Harcdware
Erro. Analysis (), dated April 4, 19/5.

NASA/MSFC TMX-53139, A Reference Atmosphere for Patrick A, Florida,
Annual (1903 Revision), dated Septeuber 23, 1964

NASA/MSFC S&E-AERO-YT-77-71, Subject: Monthly Vector Mean Winds Versus
Altitude for Cape Kennedy, Florida, for Skylabt (INT-21) Wind Bias
I'rajectorv Analysis, dJdated January 29, 197},

NASA/MSFC TM -53956, Cape Kennedy Wind Component Statistics Monthly and,
Annual Reference Periods for All Flight Azimuths from 0 to 70 KM
Altitude, dated October 9, 1969,

NASA/MSFC R-AERO-F-27-67, Subject: S-1IB, S-IVB Three Sigma Tolerance
Envelope for Use in the Stage Incentive Plan for Vehicles AS-207

through AS-212, Jated February 10, 1967 (U).

CCSD TN-AP-68-312, SA-206/IM and SA-207/CSM .‘erodvramic Axial Force
Characteristics - Mission 276, dated March 1, 196¢

NASA/MSFC R-P&VE-VAW-66-119, Subject: Saturn IB Three-Sigma Radial
Center of Gravity Deviation During First Stage Flight, dated November

30, 1966.

NASA/MSFC S&E-AERU-YT-91-71, Subject: Computer Subroutines for the
Cape Kennedy Hot and Cold Atmospheres, 1971, dated July 23, 1971.

NASA/MSFC S&E-ASTN-SAB (71-9), Subject: S-IB Stage Propulsion System
Dispersions for Skylab Missions, dated May 6, 1971.

CCSD TR-P&VE-75-222, Final Launch Vehicle Propulsion Systems Flight
Performance Prediction for SA-210, dated January 31, 1975,

NASA /MSFC Computer Card Decks 513A (Rev. 2), 513B (Rev. 1), 515A (Rev. 1)
through 515G (Rev. 1), and 515H through 515S.

NASA/MSFC R-P&VE-PPE-60-M-99, Subject: S-IB Stage 200K and 205K H-1
Engine Thrust Decay Profiles, dated June 3, 1966.
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TABLE 1

ASTP (SA-210) L/V OPERATIONAL FLIGHT TRAJECTORY DISPERSION ANALYSIS
VEHICLE WEIGHT BREAKDOWN
500 POUND LAUNCH WINDOW OPENING TRAJECTORY

(POUNDS)
DM 4,492
SM 15,446
™M 12,955
SLA Parels 2,343
SLA (Fixed) 2,164
Instrument Unit 4,099
*S-IVB Stage 25,108
*tUseable S-IVB Propellant 1,733
Orbit Insertion Weight 68,340
10X Vented 11
. -2 Thrust Decay and Drain Propellant 121
S-IVB Cutoff Weight 68,472
S-IVB Propellant Consumed 229,476
S-1VB APS Propellant Consumed 6
LES 9,151
Ullage Casges 214
S-IVB "90% Thrust" Weight 307,319
S-IVB GH2? Start Tank 4
S-1IVB Buildup Propellant Consumed 383
Ullage Propellant Consumed 176
S-1IVB Weight at Separation 307,882
S-1IVB Aft Frame Hardware 31
S-IB/S-.1IVB Interstage 6,718
S-12 Dry Weight 84,410
S-IB Residuals and Reserves 10,200
S-IVB Detonation Package 5
S-IVB Frost Dissipated 200
S-1IB Frost Dissipated 1 000
S-IB Seal Purge Consumed (N2) 6
S-IB Fuel Additive Consumed (Oronite) 27
S-1IB Gearbox Cousumption (RP-1) 699
Inboard Engine Thrust Decay Prpt. Consumed 2,181
Outboard Engine Thrust Decay Prpt, Consumed
to Separation 1,529
S-IB Mainstage Propellant Consumed 881,519
Vehicle Weight at First Motion 1,296,407

* 1Includes sufficient useable propellant to assure the required 6.7 m/s
depletion thrust decay velocity increment and a 460 pound LH2 bias.

*% Composed of 1,434 pounds of LOX and 299 pounds of LH2.
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TABLE 2

ASTP (SA-210) LAUNCH VEHICLE OPERATIONAL FLIGHT TRAJECTORY
FLIGHT SEQUENCE OF EVENIS
500 POUND LAUNCH WINDOW OPENING TRAJECTORY

FLIGHT TIME

(HR: MIN: SEC)

-0:00:17.

-0:00:03.

-0:00-00
0:3:00

" e

QOO OO OOOLOOOCOO00O000O
RPN

N

v

ra

:02:51

9:44

QOO0 O0OO0OOCOOOOO0O0O0O00OO0

0:09:44,
0:09:54.
0:09:54.
0:10:04.

0:10:44,
0:11:40.

20

30
29

.00
c:00:00,

20

.00
.74
.20
.20
.20
.07

.00
.07

.07
.47

.57
.77
.85
.17
.57
.17
.57
.77
2:45,
.47
2:54,
3:01.
5:43,
7:47,
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47
47
17
57

.07
9:44 .

27

87
07
67
27

87
00

(SEC!

- 17.20

.30
.20
.00
.20

'
CoOOoO W

10.00
57.74
73.20
100.20
120.20
128.07

129.00
133.07

136.07
139.47

140.57
140.77
140.85
142.17
145.57
148.17
148.57
152.77
165.11
171.47
174 .47
181.47
343.17
467 .57
584 .07
584.27

584 .87
594.07
594.67
604 .27

644 .87
700.00

LVDC
FLIGHT
PROGRAM

TIME(SEC

{0.00)

(0.00);

(9.80)1

(100.00),
(120.00),
(127.87),

(128.80),
(0.00),

(3.00),
(0.00)5

(1.10)4
(1.30)3

(2.70)3

(8.70)3
(13.30);

(35.00)3
£42.00)4
(203.70)3
(328.10)3

(0.00)4

(0.60),,

(10 40),
(20.00),

(60.60),
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EVENT

Guidance Reference Release (GRR);
Initiation of Time Base 0.

Time for S-78 Mainetage Ignitirn,
Hold Down Arm Release Signal.
First Motion.

Lift-0ff Signal; In‘tiate Time
Base 1.

Initiate Pitch and Ro.l Maneuvers.
Mach One.

Maximum Dynamic Pressure.
Control Gain Switch Point.
Control Gain Switch Point.
Enable S-IB Propellant Level
Sensors,

Arrest Attitude Ccrmands.

Level Sensor Actuation;
Initiate Time Base 2.

Inboard Engine Cutoff (IECO).
Outboard Engine Cutoif (OECO);
Initiate Time Base 3.

Ullage Rockets Ignition.
Separation Signal.

S-1B/S-1IVB Physical S paration.
J-2 Engine Start Command.

90% J-2 Thrust Level.

Command 5.>:1 EMR.

Ullage Burn Qut.

Jettison Ullage Rocket Motors.
Dynamic Pressure = 1 PSF.

LES Jettison.

Command Active Guidance Initiation.

Control Gain Switch Point.
Control Gain Switch Point.
Command EMR Shift to 4.8:1.
Guidance Cutoff Signal (GCS).
Initiate Time Base 4;

Inertial Attitude Freeze,
Initiate LOY NPV.

Orbit Insertion.

Initiate LHp NPV,

Initiate a maneuver to align and
maintain the S-IVB/CSM along the
local horizontal, nose leading,
position 1 down.

End LOX NPV,

End of trajectory simulation.




TABLE 3

ASTP (SA-210) L/V OPERATIONAL FLIGHT TRAJECTURY DISPERSION ANALYSIS
THREE SIGMA TOLERANCES

GROUP ITEM

S-1IB Stage
Non-Propulsion

Non-Propellant Mass

Thrust Misalignment (Pitch)
Thrust Misalignment (Yaw)
Thrust Misalignment (Roll)
Axial Force Coefficient
Axial Force Coefficient
*Center of Gravity Offset (y)
*Center of Gravity Offset (2)

Headwind
Tailwind

Right Cross Wind
Left Cross Wind
Atmosphere
Atmosphere

Environment

S-1B Stage
Propulsion

High LOX Density

Low LOX Density
High Fuel Density
Low Fuel Density
Fuel Mass

Fuel Mass

LOX Mass

LCX Mass

Thrust and Flowrate
ISP and Flowrate
Engine Mixture Ratio
Engine Mixture Ratio

H-1 Engine Thrust Decay

S-IVB Stage
Non-Propulsion

Non-Propellant Mass

*Center of Gravity Offset (y)
*Center of Gravity Offset (z)
Thrust Misalignment (Pitch)
Thrust Misalignment (Yaw)

Instrument Unit Inertial Measurement Units

TOLERANCE

+ 310 Pounds
+ 0.62 Degrees
+ 0.62 Degrees
+ 0.62 Degrees
Maximum
Minimum

+ 0.05 Meters
E 0.05 Meters

Annual 3 o where
Annual available,
Annual maximum

Annual otherwise

Hot Atmosphere Profile
Cold Atmosphere Profile

- 30 July Surface Winds
+ 30 July Surface Winds
- 30 July Surface Temp.
+ 30 July Surface Temp.
+ 0.60%

- 0.60%

+ 0.457

- 0.60%

+1.5%

+ 1.95 Seconds

+ 2800 Pound Max. Residual

1550 Pound Min. Residual

RSS of 22.5% of Nominal
Thrust Decay Impulse
For Each H-1 Engine

1+

200 Pounds
0.05 Meters
0.05 Meters
1.24 Degrees
1.24 Degrees

141+ 41+

* Referenced to Project Apollo Standard Coordinate System 9.
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REF CRENCE
6
6
6
6
7
7
8
8
5
5
5
5
9
9
10, 11 & 12
10, 11 & 12
10, 11 & 12
10, 11 & 12
10
10, 11 & 12
10, 11 & 12
10
10
10
10
10, 11 & 12
13
6
6
6
6
6
14 & 15
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TABLE 3 (CONTINUED)

ASTP (SA-210) L/V OPERATIONAL FLIGHT TRAJECTORY DISPERSION ANALYSIS

THREE SIGMA TOLERANCES

GROUP ITEM TOLERANCE REFERENCE
S-IVB Stage J-2 Thrust Decay Dispersion Limits 16 & 18
Propulsion Cases 1 through 12 Identified below
S-IVB Stage Engine Performance Dispersions
Deviations from Nominal
MSFC LH2 LOX Total Engine Specific
Tape Case Flowrate Flowrate Flowrate Mixture Impulse Thrust
No. (lbs/sec) (lbs/sec) (1bs/sec) Ratio (secs) (1lbs)
00029 1 +0.830 +7.526 +8.356 +0.035 +0.233 +3678.
00169 2 -0.830 -7.526 -8.356 -0.035 -0.233 -3678
00254 3 +0.396 +0.639 +1.055 -0.018 +1.935 +1504.
00562 4 -0.396 -0.659 -1.055 +0.018 -1.935 -1504,
00701 5 +1.083 -0.167 +0.917 -0.072 -0.074 + 349,
00758 6 -1.083 +0.167 -0.917 +0.072 +0.074 - 349,
00916 7 +0.253 +3.053 +3.306 +0.020 -0.097 +1350.
21059 8 -0.253 -3.053 -3.306 -0.020 +0.097 -1350.
*28311 9 +0.645% LOX Load
*28311 10 -0.645% LOX Load
%23311 11 +0.902% Fuel Lecad
*28311 12 -0.9027 TFuel Load

* Nominal ASTP (SA-210) Launch Vehicle Operational Flight
Trajectory Propulsion Data.
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