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ABSTRACT

McDonnell Douglas Astronautics Company - Western Division
(MDAC-WD) Report No. SM-46978A, S-IVB-205 Stage Flight Test

Plan documents the MDAC-WD requirements and responsibilities

relative to the S-IVB-205 stage of the Saturn IB vehicle
AS-205/C8M-101 flight test that will be conducted by
National Aeronautics and Space Administration (NASA) at
the Kennedy Space Center. The test plan defines the
MDAC-WD support activities and reports required under

NASA Contract NAS7-101.

DESCRIPTORS
AS-205/CSM-101 mission sequence of events
S-IVB-205 stage mission mass characteristics
configuration predicted flight performance

J-2 engine
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PREFACE

The purpose of this report is to provide a flight test plan
for the Saturn S-IVB-205 stage. 1In general, it provides
information and direction to McDonnell Douglas Astronautics
Company — Western Division personnel at Huntington Beach,

Florida Test Center, and Marshall Space Flight Center.

Included in this report are detailed descriptions of the
following: AS-205/CSM-101 mission and objectives, S-IVB-205
stage objectives and configuration, launch mission rules,
flight sequence of events, mass characteristics, and pro-

pulsion system performance predictions.

This report was prepared under National Aeronautics and
Space Administration Contract NAS7-101, and issued in
accordance with the contractual requirements of NAS7-101
Contract Data Requirements, Saturn S-IVB Stage and GSE,
MSFC-DRL-021, dated 1 February 1968,

PREFACE TO FIRST REVISION

Dated September 1968

This report contains the second issue of MDAC-WD Report

No. SM-46978, S-IVB-205 Stage Flight Test Plan and completely

supercedes the original report, dated 18 November 1966.
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INTRODUCTION

This document delineates the regquirements and responsibilities of the
McDonnell Douglas Astronautics Coypany ~ Western Division (MDAC-WD)
in support of the S-IVB~205 stage flight test. The flight tesé,-as
defined in this test-plan, will be limited to the S-IVB contribution
toward the accomplishment of the AS-205 flight mission and the §~IVB

performaﬁce verification as the second stage of the AS-~205 space vehicle.

1.1 General

This document provides information and direction to MDAC-WD personnel
comprising the Saturn S5-IVB Test Planning and Evaluation Committees at
MDAC-WD Huntington Beach, California, Florida Test Center (FTC), and the

liaison team at Marshall Space Flight Center (MSFC),!Hﬁntsville, Alabama.
betailed descriptions of the following are included:

a. Launch Vehicle objectives

b. ©5-IVB stage objectives

c. 5-IVB stage configuration

d. S-IVB stage launch mission rules and redlines

e. 8-IVB stage flight test management

1.2 Background

The S-IVB-205 stage was assembled at MDAC~-WD Huntington Beach, California,
where production tests of components and systems were accomplished. The
stage was then transported to MDAC-WD/Sacramento Test Center (STC), where
the acceptance firing test program was conducted. This program consisted

of manual and automatic subsystem checkouts, intégrated systems tests, a
simulated acceptance firing countdown, and an automatic propellant loading
test. A full duration acceptance firing test followed these preliminary
tests. The firing demonstrated the adequacy of the S-IVE~205 stage systems
te perform at sea level conditions. Postfire checkout included manual leak
checks, functional tests, and an all systems test (AST) using stage internal

power (battery simulator) and a sinmulated instrument unit (IU}. A number
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of modifications were made prior to and after thé stage entered an
extended storage at STC. The stage was then shipped to MDAC-WD/FTC.

Upon afrival, the S-IVB-205 stage was subjected to post transport
receiving inspections and was later mated to the assigned aft interstage.
At the time of launch, the 8-IVB-205 stage will alsc have undergone
prelaunch stage systems checkouts and integrated launch and space wvehicle

systems tests. {See figure 1-1 for test history of S§-IVB-205.)
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MISSTON

The AS-205 is the fifth Saturn IB flight and the first to be manmed.

The basic purpose of the mission is to launch and insert a2 manmed

block II Apollo spacecraft into a near éarth orbit to ve}ify the
spacecraft/crew operations and systems performance. Tigure 2~1 presents

the launch configuration and figure 2-2 presents the ground trace.

2.1 Mission Objectives

McDonnell Douglas Astronautics Company - Western Division (MDAG-WD)
considers MSFC Flight Mission Directive for Apollo Saturn IB Missions
(reference 1)*as the official document for providing necessary launch
vehicle mission requirements. The Apollo Fligh£ Mission Assignuments
document (reference 2) and the Program Support Requirements document
{reference 3) also define mission objectives and can be referred to for

supplemental information.

The mission directive states that a Primary Objective is a statement of
the primary purpose of the flight (Note: The primary objectives are
defined and controlled by OMSF FMAD). The mission directive gives the

primary objectives as:
a. Demonstrate CSM/crew performance

b. Demonstrate crew/space vehicle/mission support facilities

. performance during a manned C3SM mission
c. Demonstrate CSM rendezvous capability.

A Mandatory Detailed Test Objective, as defined in the mission directive,
is a prineiple detailed test objective which must be satisfactorily com-—
pleted on the assigned mission. Failure to do so would unduly compromise
subsequent flight schedules and/or require subsequent space vehicle
reconfiguration. There are no launch vehicle mandatory detailed ob-

jectives according to the mission directive.

Principle Datailed Objective, as defined im: the mission directive, is a
detailed test objective which must be accomplished pricr to the lunar
landing mission. Any principle detailed test objective not satisfactorily
completed on the assigned mission can be attempted on & subsequent

mission without major impact. The launch vehicle principle detailed

September 19638
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objectives, which are listed in the mission directive, are as follows:

a. Demonstrate the adequacy of the launch vehicle attitude control

system for orbital operation
b. Demonstrate S-IVB orbital safing capability
e. Evaluate S-IVB J-2 engine ASI line modification.

The mission directive defines a Secondary Detailed Test Objective as a
detailed test objective which would provide significant data or experience
but which is not & prerequisite to the lunar landing mission. The launch

vehicle secondary detailed test cbjectives, which are listed in the

mission directive, are as follows:

a. Evaluate the S-IVB/IU orbital coast lifetime capability

b. Demonstrate CSM manual launch vehicle orbital attitude control.

2.2 Mission Description

2.2.1 Launch Phase

2.2.1.1 S-IB Flight

The $-IB flight of the launch vehicle trajectory is initiated at first
motion, which nominally occurs 5.0 sec after Guidance Reference Release
(GRR). The time of umbilical disconnect establishes time base one (TBl)

which nominally occurs 0.2 sec after first motion,

The AS-205/CSM-101 vehicle will be launched from Kennedy Spacecraft

- 2o
Center launch complex 34 on a£9® deg launch azimuth. A pitch and roll

maneuver will then be initiated at 10.2 sec from first motion to achieve

the proper wvehicle orientation for a 72 deg flight azimuth.

Table 2-1 is a summary of the flight mass summary presented in appendix 2.
Maximum dynamic pressure (Max Q) is predicted to occur at 75.0 sec from
first motion; the predicted flight conditions at that time are presented
in table 2-2. At 134.5 sec from first motion a tilt arrest mode is
initiated to freeze wvehicle attitude. The S-IB propellant depletion
level sensors are actuated at 136.9 sec from first motion, initiating
time base two (IB2). When the depletion sensors indicate a dry tank,

the inboard engines are cutoff. This nominally occcurs at 140.1 sec
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in height or flatness of the chip, or the use of devices
from different manufacturers in the same hybrid circuit.
‘The face of the bonding transducer'’s tip must be paral~
lel to the chip face. Othexwise the bond will be made
by one edge of the tip, rather than the entire face.
This makes the hond avea smaller and the concentration
of bonding pressure can thin the wire excessively and
may damage or Ffracture the chip surface. It has been
found that the ultrasonic vibration auring'bonding de~
graded some devices. A type 2N243% transistor appli-
cation wheve low leakage current requirementslexisted
(2 nano~amperes) had 3 out of 4 Fallures after bonding
[Ref. 207.

Soldering
Several soldering methods are being used for joining
in microelecktronics.

1. SLT (Solid Logic Technology). Empicyed by IBK,
this method uses glass-sealed chips and solder-~
coated copper balls or golder alone. The Jjoint
is "made" by reflowing the solder with the device
face down on the substrate in position. IBM
tests suggest that the method is ag reliablie as
the conventional wire bonding.

2. Microsoldering can bend relatively laxge leads,
010" to .030" when employing cased miniature
parts in a microcircuit. Many of the limitations
of manual soldering can be overcome by dynamically-
" controlled resistance scldering and reflow methods.

But soldering cannoit be used to bond thin gold leads
002" to 010" in diameter because molten solder dissolves

42,



from first.motion, and outboard engines .are .programmed to cutoff 3 sec

later. Outboard engine cutpff initiates time base three (?BB).

S~-IVB/S-IB physical separation occurs at approximately 144.49 sec after
first wotion. Table 2-3 presents predicted trajectory‘cdhdifions at
separation. Figures 2-3 through 2-8 show the predicted time histories

of certain trajectory parameters dﬁring S-IE powered flight.

2.2.1.2 $-IVB Stage Flight

After S—IB/SfIVB separétion rétrorocketé force the S-IB sﬁage away from
the S-IVB/spaéecraft, énd ullage rockets are fired to ensure that $S-1VB
propellants are settled. Engine Start Command (ESC) will nominally
occur at 145.8 sec from first motion, initiating a one sec fuel lead and
subsequent thrust buildup. Ninety percent thrust will be attalned at

149.4 sec from first motion.

Vehicle attitude remains frozen from S-IB tilt érrest until the
Iterative Guidance Mode (IGM) is initiated at 25 sec after TB3, or
nominally at 168.11 sec from first motion. At this time guidance
commands in pitch.and yaw are issued to obtain a close approximation to
an optimal path (that which requires the least propellant consumption)
to zchieve the desired en@ conditions of attitude and velocity magnitude
and direction. S$-IVB-205 will be flown with an open-loop propellant
utilization system, with the engine mixzture ratio (EMR) shift from 5.5
té 4.5 programmed to occur at 308.6 sec from Engine Start Command.
Guidance will be staged (i.e., guidance constants changed) nominally
0.2 sec later and will go-into an artificial tau mode for 35 sec. At
" approximately 589.5 sec from first motion, the chi tilde mode is
initiated, at which time the IGM switches from a guildance compute
interval of 1.5 sec to 1.25'sec, and the equations are changed such
that only the final velocity magnitude and direction comstraints are
considered. At 5.0 sec before S-IVB cutoff the guidance commands are
frozen {(chi freeze) and are held constant through the cutoff transient.

Predicted J-2 Engine Cutoff Command is 614.5 sec after liftoff.

Appehdix 3 shows a tabulation of the predicted S-IVB flight trajectory.
Tables 2-4 and 2-5 present predicted trajectory conditions at Guidance

Cutoff Command (GCC) and orbit insertion, respectively. Figures 2-9
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2-4

through 2-17 show predicted time histories o? selected trajectory and

guidance parameters during S-IVB -powered flight,

2.2.2 0Orbital Phase

2.2.2.1 S-1VB DOrbital Safing Operation

Approximately one day after orbital ingertion, the command service
module (CSM) will rendezvous with the spent S-IVB/IU/SLA to demonstrate
the C8M active rendezvous capébility for subsequent Apollo missions in
which .a CSM rescue capability may be required. Prior to rendeévous, the
S-IVB. stage will demonstrate orbital safing capability, with all

operations to be completed prior to 4-1/2'hr after imsertion.

At 0.4 sec -after time base 4 (TB4) a non—ﬁropulsive vent (NPV) of the

LH2 tank will be initiated and continued for 1,260 sec., At TB4 +30.2 sec
a 30 sec propulsive LOX vent will be initiated. A dump of LOX through
the J-2 engine is initiated at TB4 +5,052 sec and terminated at

TB4 +5,773 sec.

Table 2~6 presents orbital trajectory parameters before and after the

LOX dump. The most noticeable effect of the dump impulse upon the

trajectory is a 19 nmi increase in apogee altitude.

2.2.2,.2 S-IVB Attitude Maneuvers

Vehicle attitude is frozen from approximately 5.0 seﬁ prior to‘S~IVB
cutoff until TB4 +20 sec, .at which time a pitch maneuver is in;tigted

to align the vehicle centerline along the local hqgizontal. Thi;
attitude is maintained throughout S~IVB orbital safiﬁg operations until
approximately 9,000 sec from liftoff. At this time (over Carnarvon) the
crew will take over the launch vehicle attitude control syséem for 3 min
and‘perform a sequence of manual manepve?s in the pitch; yaw, and roll
planes. Following manual maneuvers, vehicle contrél is resumed by the
instrument unit (IU), and -alignment with the local horizontal is again

maintained.

Figure 2-17 presents plctorlally the S-IVB orbltal attitude maneuvers.
S- IVB/CSM separation occurs at approx1mately 10, 495 sec from 11ftoff in

an attitude nearly parallel to the 1ocal horlzontal. Predicted
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trajectory conditions at this time are presented in table 2-6. Following
separation the S-IVB/IU/SLA is maneuverad as shown in figure 2-17 into
a retrograde attitude, parallel to the local horizontal, with-fin

5-IVB stage active 1ifetdime.

]

position T up. This attitude is maintained for the duration of

2.2.3 Alternate Missjon
— e ¥

The alternate inflight mission capability, in the event of z one 5-1B
engine shutdowm; is that the desired orbit may be attained by using the
remaining seven 5-IB engines, 5-IVB burn, and Service Module Propulsidh
System (SP8) burn to orbit. Due te the low nominal level of available
usable propellants at S-IVB cutoff, there is a relatively low probability
of achieving prescribed orbital conditions following an S-IB engine
shutdewn, In the event of an 8-JVB engine failures, an abort mission

provides for a 5P§ burn to accomplish certain spacecraft objectives.

September 1568
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TABLE 2-1
PREDICTED S-IVEB~205 FLIGHT MASS SUMMARY

. TTEM 5-IB SI—IB/S—IVB S-IVB 90 PERCENT EMR S-TVE 5~1v3 sigir Eg?( _CSM
. LIFIOFF SEPARATTOH ESQG THRUST CUTBACK ECC ETD DM . DOMP SEBARATION
Frost 100, |- 0 0 Y 0 0 o 0 0 0
Separation Package ‘34"*‘5;; 0 0 3] 0 0 o] 0 a o
Uliage Rockets 3g§;§ . 394 334 222 0 0 a 0 0 0
Launch Escape 8,986 8,986 8,986 8,986 o 0 1] 1] 0 o
Command Module : 13,050 13,050 13,050 13,050 13,050 13,050 13,050 13,050 13,050 o
Service Module 10,918 10,918 10,918 10,918 10,918 | 10,918 10,918 10,918 10,918 0
8M Propellant 85887 " 8,887 8,887 8,887 8,887 8,887 8,887 8,887 8,887 0
SLA& Ring 90 ' 50 90 90 - o 80 90 90 20 . G
Adapter {SLA) 3,655 3,655 3,655 - 3,655 3,655 3,655 3,655 3,655 3,655 . 3,635
Instrument Unit 4,280 : 4,280 4,280 4,280 4,280 4,280 4,280 4,280 4,280 4,280
5-IVB-205 bry Stage 21,834 . 21,834 21,834 21,834 21,834 21,834 21,834 71,834 21,834 21,834
10X in Tenk 192,906 192,906 192,906 192,504 54,868 | 1,326 1,237 1,237 0 0
LOX Ullage Gas 5 I 6 37 258 367 365 262 168 128
10X below Tank ¢ 367 - 367 367 397 97 397 367 367 0 0
IHZ in Tank 32,599 " 39,599 | 39,599 39,481 14,271 2,026 1,999 "0 . a a
LH2 Uliage Gas 169 . 162 169 in 364 507 502 436 427 300
IA2 below Tank 48 : 48 48 58 58 58 48 i o 0
Cold Helium 330 T 330 330 329 225 179 179 179 o ¢
APS Propellant 131 . 131 131 131 127 125 125 105 ) 102 85
GH2 Start Tank 5 ! 5 5 1 1 1 1 1 1 1
Service Items 56 ! 56 56 56 56 56 56 56 56 56
Total HMass (1bm) 305,879 5305,740‘ 305, 681 305,087 133,339 67,751 67,593 65,357 63,468 30,339
Time Erom Liftoff 0.000 §1ﬁ4.490 145.810. 149,310 454,500 614. 540 615,940 5,666.100 6,386,100 10,455.000
{sec) i
\ o
p %?&1@, ‘ \S‘*?
\S‘:\. September 1968 QO\S)O



PREDICTED AS-205 FLIGHT CONDITIONS
'MAXIMUM DYNAMIC PRESSURE

TABLE 2-2

AT

PARAMETER UNITS MSE@ ?BED;CTED
Flight Time (t) sec 75.0
Dynamic Pressure (q) lbf[ft2 659.7
Altitude (h) ft 40,427.5
Free Stream Velocity (VRM) ft/sec 1,458.6
Mach Number (M) -— 1.51
Ambient Pressure (PA) 1bf/ft2 415.3
Pitch Angle of Attack (a) deg T-0.74
Yaw Angle of Attack (B deg 0.04

September 1968
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TABLE 2-3

PREDICTED AS-205 TRAJECTORY CONDITIONS AT

S-IB/S-IVB PHYSICAL SEPARATION

PARAMETER UNITS MSFC PREDICTED

Flight Time (t) sec 144,49
Downrange Distance (ZE) ft .205,037.9
Vertical Distance (XE) ft 202,402.0
Crossrange Distance (YE) ft -109.9
Downrange Velocity (iE) fi/sec 5,553.7
Vertical Velocity (ﬁE ft/sec 3,365.4
Crossrange Velocity (%E) ft/sec 3.57
Relative Velocity (VE) ft/sec 6,493.78
Inertial Velocity (VI) ft/sec 7,630.76
Inertial Flight Path (Yl D] deg 26.580
Elevation Angle I

Inertial Flight Path (v, ") deg 75.699
Azimuth Angle I

Altitude (h) £t 203,1396.4
Range (s) ft 203,341.9
Dynamic Pressure () lbf/ft2 10.52
Pitch Angle of Attack (o) deg -0.02
Yaw Angle of Attack {R) deg 0.07
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TABLE 2-4

PREDICTED AS-205/CSM-101-TRAJECTORY CONDITIONS
AT S-IVBE GUIDANCE CUTOFF

PARAMETER UNITS MDAC-WD M5FC

Flight Tinme {t) sec 614.54 614.63
Vertical Distance (X_) ft ~126,339 ~127,925
Crossrange Distance (Ye) ft 304,503 304,934
Downrange Distance (Ze) ft 6,087,587 6,092,903
Vertical Velocity (%) ft/sec -6,791.8 -6,797.8
Crossrange Veloeity (?e) ft/sec 1,770.7 1,771.3
Downrange Vélocity (ie) ft/sec 23,141.5 23,139.7
Relative Velocity (Ve) ft/sec 24,182.5 24,182.5
Inercial Velocity (VI) fr/sec 25,527.1 25,527.1
Inertial Flight Path (yl ") deg ~0.0067 -0.0067
Elevation Angle I

Inertial Flight Path (v, D) deg 85.891 85.901
Azimuth Angle I

Altitude (h) ft 747,859 747,837
Range ts) ft 5,976,419 5,971,037

September 1968
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TABLE 2-5
PREDICTED AS-205/CSM-101 TRAJECTORY CONDITIONS
AT ORBIT INSERTION

PARAMETER UNITS MDAC-WD MSFC

Flight Time (t) sec 624.54 624.63
Vertical Distance (Xe) ft -195,598 —197,925
Crossrange Distance (Ye) ft 322,300 322,724
Downrange Distance (Ze) ft 6,318,817 6,324,169
Vertical Velocity (ﬁe) ft/sec -7,054.5 -7,061.0
Crossrange Velocity (ie) ft/sec 1,787.0 1,787.7
Downrange Velocity  (Z_) fr/sec 23,082.7 23,082.8
Relative Velocity (Ve) ft/sec 24,202.7 24,2042
Inertial Velocity (VI) ft/sec 25,547.4 25,549,2
Inertial Flight Path (Yl D] deg -0.002 -0.002
Elevation Angle I

Inertial Flight Path (Yz ") deg 86.303 86.313
Azinmuth Angle I

Altitude (h) £t 747,893 747,869
Raﬁge {s) ft 6,199,275 6,204,634
Inclination (i) deg 31.61 31.61
Eccentricity (e) deg 0.004 0.004
Period (P) min 89.5 89.5
*Apogee Altitude (hAP) nmi 148.8 149.8
#Perigee Altitude (hP) nmi 120.0 119.9

#Measured with respect to a mean earth radius of 3,443.94 nmi.

2-10
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http:3,443.94

TABLE 2-6
PREDICTED AS-205/CSM-101 ORBIT CONDITIONS

" 96T Toqueadag

' START OF ‘ Lox DUNP S-IVB-CSM

| | PARMIIER - UNIIS FIRST ORBIT EFORE - . \rTER | SEPARATION
Flight Time sec 624.5 5,666 | 6,387 10, 495
Inelination deg 31.61 31.61 . 31.61 . 31.64
Eccentricity — ‘ 020040 : 0.0046 0.0072 | 0.0074 "
Apogee Altitude nmi | 148.8 153.2 o 172.2 }74.9

* Perigee Altitude nmi. 120.0 T 120.1 : 120.4 £21.8
Apogee Velocity ft/sec 25,342 |, . 253319 25,220 25,208 .
Perigee Velocity fg/sec 25,547 . 25,554 25,586 25,584
Period ' | siin N 89.48 . 89.57 89.92 | 90,00
Orbit Energy o m2sec? ~60,157,329 '-<60,115,694.7’ =5,996,454 -59,927,391
Loggitude of the Desceﬁding deg 118.912 | 118.517 118.404 . 118.097
Node

Ti~¢
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Figure 2-1.

2-12 .

SA-205 Vehicle Configuration
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AS-205 Trajectory Ground Trace
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STAGE OBJECTIVES

This section defines the S-IVB stage flight objectives for the AS-205

mission.

The purpose of the S-IVB stage objectives is to verify the performance
of the S5-IVB stage airframe and stage systems, to confirm the compati-
bility of the S-IB/S-IVB vehicle interfaces, and to determine and .
evaluate the internal and external stage environments. It should be
noted that the stage cobjectives describe the evaluation efforts to be
accomplished exclusively by McDonnell Douglas Astronautics Company -
Western Division (MDAC-WD) and do not completely satisfy the mission
objectives. Mission objectives; described in section 2 of this document,
are satisfied by the cumulative evaluation efforts of MSFC, MDAC-WD, and
the other Saturn program contractors and the results reported in the

MSFC vehicle report.

3.1 Adirframe Structural Integrity

Verify the structural integrity of the S-IVB stage during launch, boost,
and powered flight. This objective will be achieved by the evaluation

of the structural integrity of the following airframe components:
a. LH2 tank assembly
b. LOX tank assembly

c. Common bulkhead.

3.2 Main Propulsion System

Verify the propulsion system operations during prelaunch, boost and

powered flight.

This obhjective will be achieved by evaluation of the performance of the
following systems: the J-2 engine, LHZ, LOX, and stage pneumatic

control and purge system.
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‘Predicted propulsion system performance curves are presented in

figures AP 5-1 through AP 5-25. Average predicted propuision system

performance parameters are presented in table AP 5-1.

3.2.1 J-2 Engine Performance and Conditioning

Satisfactory operation of the J-2 engine will be verified by the
following:

a. Engine performance during start transient, steady state

and cutoff operation.

b. J-2 engine thrust chamber chilldown time, thermal gradients

and response of the structure to chilldown.

¢. J-2 engine start bottle chilldown, loading, conditions at
liftoff, usage during start and environmental effects

during flight.

d. J-2 engine contrcl helium sphere prepressurization and
loading, conditions at liftoff, usage during burn and

environmental effects during flight.
e. J=2 engine sequencing.
f. Propellant consumption using flow integration and thrust
profile for flight performance reconstruction.
3.2.2 LHZ System.
Satisfactory operation of the LH2 system will be verified by the

following.

3.2.2.1 LH2 Pressurization and Feed Systems

Demonstrate the capability of the LH2 system to provide gufficient fuel

and net positive suction pressure (NPSP) to the J-2 engine for satis-
factory operation. Evaluation of ‘the following will verify these

objectives:
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Loading rates and tank ullage p}essure to satisfy prelaunch

loading operation requirements.
Prepressurization of the LH2 tank prior te launch.

Transition from ground prepressurization to onboard flight
pressurization system to provide tank ullage pressure during

engine operation.

Conditions of propellant NPSP supplied to the J-2 engine LH2

interface during prestart and steady-state operation.

LH2 recirculationr chilldown.

3.2.2.2 LH2 Vent System

Demonstrate the capability of the vent system to provide the required

tank pressure during loading, boost, stage powered flight and orbital

venting.

e,

Evaluation of the following will verify this objective:
Nonpropulsive vent system flowrate

Nonpropulsive vent system thrust and thrust imbalance
Tank depressurization rate
Tank self-pressurization rate

L]

Heat input rates.

3.2.3 LOX System

Satisfactory operation of the LOX system will be verified by the

following:

3.2.3.1 LOX Pressurization and Propellant Feed Systems

Demonstrate the capability of the LOX system to provide sufficient

oxidizer and WPSP to the J-2 engine for satisfactory operation. Evalua-

tion of the following will verify these objectives:

a.

Loading rates and tank ullage pressure to satisfy prelaunch

loading operation requirements
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3.2,3.2

Prepressurization of the LOX tank prior to launch

Transition from ground prepressurization to omboard flight~

pressurization and operation of the onboard LOX tank pressuri-

" zation to provide tank ullage pressure during engine operationm.

Pressurization control medule operation

Cold helium supply

J-2 heat exchanger performance

LOX pump chilldown and recirculation

Conditions of propellant NPSP supplied to the .J-2 engine LOX

interface during prestart and steady-state operatiomn.

LOX Vent System

Demonstrate the capability of the vent system to provide the required

tank pressure during loading, boost, stage powered flight and orbital

venting,

Evaluation of the following will verify these objectives:

a.

b,

C.

d.

Propulsive and Nonpropulsive vent system flowrates

Propulsive and nonpropulsive vent system thrust and-NPV system

thrust imbalance
Tank depressurization rate

LOX tank thermodynamics.

3.2.4 Pneumatic Control and Purge System

Demonstrate the capability of the pneumatic control and purge system to

provide pneumatic power and purge gas throughout the mission.

Performance evaluation will include:

Ambient helium supply
Regulation of control pressure
Actuation of flight critical pneumatic valves

Helium purge pressure and flow for the LH2 and LOX turbopump

purges

LOX recirculation chilldown pump motor container purge pressure.
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3.3 Orbital Safing

Satisfactory operation of the orbital safing system will be verified by

the following:
a. 1H2 tank venting
b. LH2 tank passivation valve permanently open
¢. LOX tank venting
d. LOX dump
e, LOX tank NPV valve permaneﬁtly open
f. Cold helium dump

2. Stage control helium dump,

3.4 Auxiliary Propulsion System

Demonstrate the capability of the auxiliary propulsion system (AFPS) to
provide propulsion on demand for roll control during S-IVB boost, and to

provide pitch, yaw, and roll control for the remainder of the mission.
Performance evaluation will include the following:

a. Propellant loading rates and the ullage and propellant tank

pressures during loading operations
b. Response of the engines to stage commands during flight
c. Value of the minimum impulse bit

d. APS performance in space environment.

3.5 TUllage Rockets

Demonstrate the capability of the ullage rockets to operate during

separation and the J-2 engine start transient.

Performance evaluation will include response of ullage rockets to

Agnition signal.
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3.6 Retrorockets

Demonstrate the capability of the retrorockets to respond to the jignition

signal at S-IVB/booster separation.

3.7 Hydraulic

Verification of the hydraulic system performance during powered flight.

This objective will be achieved by:

a. Determining that adequate pressurized fluid flow was available
to the servo-actuator and that hydraulic system pressures were

maintained within expected limits (figure AP 8-1).

b. Verifying that the fluid temperature was maintained within

acceptable limits during system operation (figure AP 8-1).

c. Verifying the adequacy of actuator artificial damping mechanism

performance.

d. Determining the magnitude of IU command errors just prior to

switching guidance to S—IVB burn mode.

e. Evaluating the adequacy of present compensation for thrust
vector deflection errors caused by the manufacturers tolerance

in the gimbal and thrust structural compression effects.
f. Verifying proper pitch and yaw actﬁator responses Lo commands.
During coast the following will also be evaluated:
a. The magnitude of IU command errors in the 5-~IVBE non-burn mode

b. Actuator deflections.

3.8 TFlight Control System

Verify the proper operation of the flight contrel systems during powered
flight and orbital coast. This cobjective will be achieved by: Verifi-
cation of the proper operation of the thrust vector control system and

the auxiliary attitude control system; comparison of propellant sloshing

frequencies with those predicted (figure AP 7-5).
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3.8.1 Thrust Vector Contrcl System

Demonstrate proper performance of the main engine control system during
S-IVB powered flight. This objective will be achieved by evaluation of
the following: C

a. Response of the thrust wvector control loop to 'commands

from the guidance control computer.

b. Demonstrate overall control stability during S-IVB flight,

including controlability immediately after separation.

¢. Simulation of transient regions of flight (e.g., separation,

guidance initiation).

3.8.2 Auxiliary Attitude Control System (AACS)

Verification of control system stability and evaluation of performance
during S-IVB powered flight and orbital coast. This objective will be

achieved by consideration of the following:
a. Simulation of actual APS firings and roll attitude error.

b. Comparison between theoretical and actual control system

phase planes.

c. Determine actual impulse usage for vehicle maneuvers and

disturbances.

d. Verify orbital coast system (AACS/APS) lifetime.

3.9 .Stage Separation

Verify clearance distance between stages during separation. Predicted

stage clearance is presented in figures AP 7~-6 and AP 7-7.
This objective will be achieved by determining the following:
a. Lateral clearance between stages.

b. Separation distance between stages at J-2 Engine

Start Command.

c. Simulation of stage attitude error and rate.
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3.10 Data Acquisition System

Verify that the data acquisition system is within design tolerances.
The achievement of this objective will be wverified by evaluation of data

and of the performance of the following:
.a. Radic frequency (RF) system
b. Telemetry system
¢, Instrumentation system

d. Data validity.

3.10.1 RF System

Verify the proper operation of the RF system by evaluation of the

following:

a. RF power output of the pulse code modulation (PCM) trans-
mitter assembly measured by means of directionzl couplers

and RF power detectors.

b. Voltage standing wave ratio (VSWR) computed from forward and
reflected power data obtained from the bi~-directional coupler

and RF power detectors.

3,10.2 ‘Telemetry System

Verify the telemetry system performance. The achievement of this objec-

tive will be verified by consideration of the following:

a. Verification of the compatibility of the PCM system data format,

signal synchronization, and system calibrations..

b. Evaluation of the multiplexed FM measurements transmitted through
the IU FM/FM data link, for proper channel synchronization and

calibration.

3.10.3 Instrumentation System

Verify the performance of the instrumentation system. The achievement

of this objective will be verified by evaluating the following:
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a. The PCM data provided "information compatible with the assigned

measurements .

b. The FM/FM data provided information compatible with the assigned

measurements
c. The system responded to calibration commands
d. All instrumentation system elements (transducers, signal

conditioning, etc.) are compatible with each other.

3.10.4 Data Validity

Verify the validity of data from the data acquisitioh system. The
achievement of this objective will be established by evaluating the

followiﬁg:

a. The PCM data shall be examined on a channel-by-channel basis to

establish validity of measurement responses.

b. The FM/FM data shall be examined on a channel-by-channel basis

to ascertain measurement responses.

3.11 Electrical Control System

Verify proper performance of the electrical control system.' The achieve-
ment of this objective will be verified by evaluation of the operatiom of

the following:
a. Switch selector
b. Sequencer
¢. Power distributors
d. Pressure switches
e. EBW and range safety equipment
£. Intgrconnecting cables.

3.12 Propellant Utilization

The objective will be verified by evaluating the performance of the PU
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system as utilized in a propellant loading mode and for inflight propel-

lant measurement. (5-IVB-203 propellant loading data is given in

appendix 6.)

de.

Ce.

Demons trate that the PU system indicated propellant load is
within 1.12 percent of the actual propellant load in each tank
as determined by the statistical weighted average propellant

mass history.

Demonstrate the ability of the PU system to provide inflight

propellant mass history.

Demonstrate the open-lcop PU operation in the commanded mixture
ratio (CMR) mode with high engine mixture ratioc (EMR) from

ESC +7.5 sec ta ESC +308.6 sec, followed by a cutback to a

~nominal EMR of 4.5:1 for the duration of powered flight.

3.13 Range Safety System

The achievement of this objective will be verified by proper operations

of the range safety system (during powered flight) for normal flight, orx

for the termination of an erratic flight.

a.

b.

Normal Flight

(1) An RF carrier should be received by the stage at all times

(2) Indication of signal strengths from each range safety

receiver should be 2 nominal 1.3 wv.

Abnormal Flight

The operation of the range safety system during an abmormal
flight should include those operations described for normal

flight (paragraph 3.13a) plus the following:

(1) Indication of receipt of the propellant dispersion (PD)
EBW Firing Unit Arm and Engine Cutoff Command, from the
range safety decoder. Tri-level signals should show a

step increase from 1.27 (+0.3) v to 2.43 (+0.15) v
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(2} The EBW firing units should show a charge of 2,300 (+100) v
within one sec after the receipt of the EBW arm and engine

cutoff signal”

(3) After a predetermined time from the arm and engine cutoff
gignal, a propellant dispersion command will be given to
the wehicle. At this time the range safety decoder tri-
level signal should show a step increase to
4,16 (+0.45) volts.

3.14 Stage Aerodynamics and Thermodynamics

Verify the aerodynamic/thermodynamic performance ‘of the S5-IVE stage, as

feasible, during launch, boost, powered flight and orbit.

3.15 Vibration Environment

This objective will be achieved by evaluation of the vibration
environment of the stage engine during the 5-IVB powered portion of

flight.
The evaluation will include:
a. Measurements on the combustion chamﬁer done
b. Measurements on each turbopump
¢. Measurements on the main fuel valve
d. Measurements on the ASI LOX valve

e. Measurements on the ASI fuel block.

3.16 Ordnance System

Verify proper operation of the ordnance system during powered flight.
The objective will be achieved by verification of the operation of

the sfage separation systems.

- September 1968
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3.17 Environmental Control System

Verify proper environmental control system performance during launch,

boost, powered flight, and orbital coast. Performance evalution will

include:

Powered Flight

3-12

a. Verification that the proper 5-IVB thermoconditioning fluid
flowrate supply pressure and temperature were maintained by the
IU thermoconditioning system

b. Verification that the S-IVB thermoconditioning system fluid
return pressure and temperature were within normal operating
ranges.

Orbital Coast

a. Verification that the proper S-IVB thermoconditioning fluid
flowrate, supply pressure and temperature were maintained by the
IU thermoconditioning system

b. Verification that the S-IVB thermoconditioning system fluid

return pressure and temperature were within normal operating

ranges.

3.18 Stage Sequence of Events

Determination of the proper S-IVB acknowledgement of sequence commands

issued from the IU will be verified by comparing IU command times to

stage monitored command times.
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STAGE CONFIGURATION

This section prasents the general configuration of the $-1VB-205 stage
and significant S-IVB-205 stage configuration differences from the
5-1VB-204 stage.

4,1 8-1VyB-205 Stage

The S-IVB-205 stage (figure 4-1) consists of the following assemblies:
a. Forward skirt
b. Propellant tanks
c. Aft Skirt
d. Engine thrust structure
e. Aft interstage
f. Supporting subsystens.

Complete S-IVB system descriptions.are presented in Douglas Drawing
No. 1B62934, S-IVB-205 End Item Test Plan, (reference 4). Figure 4-2
presents a schematic arrangement of the propulsion system and its

aggsoeciated instrumentation.

4.2 Stage Configuration Differences

The following paragraphs delineate significant configuration differences
between the S$-IVB-204 and S-IVB-205.

4,2.1 Augmented Spark Igniter (ASI)

The ASI propellant feed system has been modified (removing all flexible

hose sections) and additiomal flight instrumentation has been added.

4,2.2 LH2 Tank

The LH2 tank pressure switch has been changed in order to lower the
operating range to 28 psia to 31 psia as a result of the fracture

mechanics study.

4.2,3 L1HZ Vent and Relief System

The LH2 vent and relief valve switch has been lowered to 31 psia to
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34 psia. The backup relief wvalve setting has been lowered to 35 psia
to 38 psia. Both of the above are a result of the fracture mechanics

study.

4,2.4 1H2 Tank Safing System

An LH2 tank passivation valve with actuation control module has been

added to the LH2 wvent system.

The passivation valve latches open and permits safing of the tank by

venting it continuously and nonpropulsively after stage orbital insertion.

4.2.5 LOX Nompropulsive Vent (NPV) System

A nonpropulsive LOX vent system has been added.

A pneumatically controlled latch-open valve provides for LOX tank non-

propulsive venting which permits LOX tank safing after stage orbital

insertion.

4.2.6 Stage Pneumatic Control System

The stage pneumatic control system has undergone several changes and is
essentially a new configuration. A complete redesign has taken place in
the following parts; actuation control module, J-2 engine pump purge:

control module and LOX chilldown pump pufge‘system.

The ambient helium £ill module and the pneumatic power control module

have also been improved.

4.2.7 J-2 Engine Instrumentation

Additional engine instrumentation were added primarily to moniter the AST.

4,2.8 J-2 Engine

a. Start Tank Refill Orifice Blamk

The J-2 engine start tank refill orifice has been replaced with

a blank orifice. No restart required on a IB.

b. Start Tank Emergency Dump Valve

A J-2 engine start tank emergency dump valve has been added with
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ground (only) capability to dump the -engine start bottle in

case of an aborted dlaunch.

4.2.9 Propellant Utilization (PU) System

The PU system will operate in the open~loop mode. The Pp valve
normallyrremaiﬁs in the 5.0:1 or null position during-thé open

loop mode, however, the, capability to command the.PU wvalve to the
nominal 5.5:1 or 4.5:1 mixture ratio position..has been inccrporated

in the IU switch selector.

.

4.2.10 Data Acguisition System

The data acquisition system was reduced to one PCM/FM sysfem on the
operational $-TVR sﬁages. Subsequent requirements to obtain high
fréduency data has necessitated the utilization of an FM/FM data link;
therefore, the data acquisition -system has been moaified to multiplex
and transmit the required high frequency measurements ‘through the IU
FM/FM data system (DFl). As a result, the following telemetry $ub-

systems have been removed:
.a: PAM/FM/FM subsystem
b. FM/FM, subsystem
c. S5S/FM subsystem
d. Airborne tape recgrderw
The following compénents have been added to the PCM/FM ;ubsystem:
a: -Remote dnalog submultiplexer
b. Remote digital subﬁultiplexer.

Figure 4-3 shows a block diagram of the data aéquisition system.
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SECTION 5

LAUNCH MISSION RULES AND REDLINES.



LAUNCH MISSION RULES AND REDLINES

This section defines the launch mission rules pertaining to the S-IVB
stage, redlines (which are a part of the launch mission rules), backup

redlines, and bluelines.

5.1 ZLaunch Mission Rules

Launch mission rules are launch vehicle, space vehicle, and spacecraft

daunch constraining requirements.

Launch mission rules are developed to aid the launch director in decision

making when an anomaly occurs. The launch mission rules are only a

.guideline and can be changed by the launch director. Before on-the-spot

changes are made, the contractors are usually contacted for recommenda-

tions.

The launch mission rules are included in a document released by NASA/KSC
director of launch operations. McDeonnell ‘Douglas Astronautics Company -
Western Division (MDAC-WD) has received a preliminary issue of this

document, Apollo/Saturn IB Launch Mission Rules (SA-205 CSM-101),

(reference 5).

The launch mission rules document is divided into the four following

sections and each will be discussed in the following paragraphs:

Section 1 — Space Vehicle Operations
Section IT - Launch Vehicle Operations
Section III - Spacecraft Operations
Section IV - Technical Support Operations

5.1.1 Space Vehicle Operations -

This section includes am introduction to the document, general launch
mission rules (LMR) appliad to the space vehicle, and detailed launch
mission rules applie& to the space vehicle. The following is a

discussion on each sub-section and how it affects the S-1VB stage:

#Definition: Space Vehicle includes S-IC stage, S-II stage, S-IVB stage,
IU, and the Spacecraft.
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5.1.1.1 Introduction

The introduction defines the purpose of the IMR te "Provide guidance to
the launch director and launch team organization by specifying preplanned
decisions which are required to minimize real time ratiomalization
required when non-nomingl situations occur during the launch countdown

and applicable prelaunch tests'.

5.1.,1.2 WMission Rules Guidelines

The mission rules guidelines defines terms, outlines procedures to be
taken in the event an anomaly occurs and defines duties and authority
during the countdown. These guidelines are established by NASA Head-

quarters in NASA Management Instruction (MMI) 8020.9 and insures

compatibility between LMR and flight mission rules. Identical guide-
lines are included in each IMR document. The most significant guide~

lines have been included in table 5-1.

5.1,1.3 General Launch Rules

The general launch rules are detailed guidelines and procedures for the
development and utilization of launch mission rules. These guidelines

are established in the NASA/KSC Apollo/Saturn Launch Mission Rules

Handbook. The more significant of these rules have been reiterated in

table 5-2 for convenience and emphasis.

5.1.1.4 Launch Window Restrictions

The launch window times were not defined. The only MDAC-WD launch
window restriction occurs in the event of a scrub. The rescheduled
window must take into account the stage turnaround time for propellant
removal and prelaunch preparations. The launch window restrictions are
established by NASA/KSC with MDAC-WD/A41l as advisors. MDAC-WD/A3 is
not involved, The restrictions were not included in the preliminary

launch mission riiles.
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5.1.1.5 Weathexr Restrictions

The weather restrictions are established by WASA and are not complete in
the preliminary launch mission rules, In the past, the wind vélocity,
direction and elevation weather restrictions have not exceeded the stage
CEL design spegiﬁication limits. The limits are not expected to be

exceeded for this launch.

5.1.1.6 Flight Crew Safety Rules

Flight crew safety rules are established by the flight crew safety panel
at KSC. MDAC-WD is represented on this panel at KSC. Flight crew
safety rules will also be reviewed by MDAC-WD/A3 engineering.

5,1.1.7 Hold/Cutoff Guidelines

This subsection defines the rules for requesting holds and cutoffs.
MDAC-WD does not make a direct input to these rules. However, they do
affect the MDAC-WD/FTC launch operations. The more significant points

of the rules are as follows:

a. A hold is stopping the clock before the start of automatic

sequence.

b. A cutoff is stopping the clock after the start of automatic

sequence.

c. After T ~5 sec requests for cutoff will be given only if the

vehicle fails to liftoff.

5.1.1.8 Functional Sequence

The functional sequence details actions to be followed in the event

problems are encountered in the countdown and recommended hold points.

The requirements were not included in the preliminary launch mission
rules. The only MDAC-WD requirement for this subsection is the maximum
5 min accumulated hold time after the initiation of the engine thrust

chamber chilldown,
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5.1.2 Eﬁgnch Vehicle

This section of the launch mission rules document (LMRD) includes

constraints imposed upon stage systems and components.

Included are such items as critical systems, redlines, critical flight

control measurements and critical postflight evaluation measurements.

5.1.2.1 (Critical Systems

Except for the telemetry system, the 5-IVB critical systems are covered
by the redlines. Since the S-1IVB-205 stage is essentially an Aperational
stage, the only telemetry systems or links available for S-IVB data
acquisition are CP-1 (via S-IVB) and DP-1, DF-1 (via ;U) Iinks. To be
consistent with the postflight requirements and priﬁary flight objec-
tives, MDAC-WD requires that CP-] and DP-1 links be maﬁdatory. The data
transmitted by CP-1 and DP-1 is affected by multiplexers and sub-
multiplexers. Each multiplexer and sub-multiplexer provides a sufficient
percentage of data and critical measurements to warrant a classification

of mandatory. The critical systems are as follows:
a., Link CP-1
b, Link DP-1
c. BO Multiplexer (via CP-1)
d. BO Multiplexer (via DP-1)

e. Remote Digital Sub-multiplexer (via CP-1)
f. Remote Analog Sub-multiplexer (via DP-1).

The critical systems listed in the preliminary LMR document are con-
sistent with the above list.
5.1.2.2 Redlines

Redlines are parameters with minimum and/or maximum values that specify
acceptable systems operation. The prelaunch operations period is not

to be completed if the conditions specified are not met., The LMR defines
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all ‘redlines as mandatory. The latest MDAC-WD measurements monitoring
the parameters with redline limits are listed in table 5-3 with their

limits, expected values, and applicable time period.

The NASA/MSFC redlines submi;ted to.NASAlKSCrfor inclusiow inte the
final .edition .of the launch mission rules were received by MDAC-WD in

letter JI-V-S-IVB-1-68-269, dated July 30, 1968.

There are no significant di‘fferences between the MDAC-WD and NASA/MSTC

recommnended redlines.

Additional redlines in table 5-4 are being requested by MDAC-WD in
letter A3-860-KKBO-L-2731, dated July 26, 1968. MDAC-WD does not yet

have NASA position or concurrence on these redlines.

5.1.2.3 Critical Flight Control Measurements

The categorization of critical flight control measurements- and .the
inclusion of these in the IMR document is to assure that these measure-
ments are operative at or near liftoff. These measurements are

included in table 5-5.

5.1.2.4 Critical Postflight Evaluation Measurements

Critical postflight evaluation measurements are those singular measure-
ments that are mandatory or highly desirable to accomplish postflight
evaluation of a primary mission ob;ectlve. MDAC—WD does not recommend
any singular measurements as crltlcal becalise evaluatlons are based
upon several measurements within the system being evaluated., A failure

of one measurement would not prevent the evaluaticn of a system.

5.1.2.5 GSE/ESE

MDAC-WD has no GSE/ESE launch -constraints. The S-IVB stage, however, is
affected by NASA/MSFC generated rules for pad safety. This involvement
is in the area of hazardous gas detection, If a dangerous gas mixture
is deteeted in elther forward or aft interstage areas a hold ox cutoff

is to be imitiated.
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5.1.3 BSection III - Spacecraft Operations

MDAC-WD has no responsibility for inputs to this section.’

5.1.4 Section IV - Technical Support

This IMRD section contains launch mission rules that pertain to all
operational support equipment not under the direct supervision of
launch vehicle or spacecraft elements. MDAC-WD is not responsible for

submitting inputs to this section.

5.2 Bluelines and Backup Redlines

5.2.1 Bluelines

Bluelines are maximum and/or minimum values of parameters which, if
exceeded, shall result in an engineering judgment as to whether the
countdown will be completed without corrective action. Bluelines are
not included in .the ILMR documents, and are not recognized by-ﬁASA as
launch constraints. The SA-205/CSM~101 bluelines are listed in

table 5-6.

The bBlueline philosophy and limits are implemented by instructions from
the design technologies to the instrumentation observer. Under no
conditions does exceeding a blueline limit result in a hold or scrub

of the launch without the consent of the. launch director.

5.2.2 Backup Redlines

Backup redlines are substitutions for redline measurements in the event
the redline measurement becomes faulty. These measurements are to be
used only after a careful investigation and assessment of data has
established the priﬁary measurement to be unacceptable. The backup
measurements are not considered as alternates nor considered with the
same confidence as primary redlines. The backup redlines are listed in
table 5-~7.
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The MDAC-WD backup redlines have been submitted to NASA by letters
A3-860-KKBO-L-1252, dated June 11, 1968 and A3-250-KKBO-L-2914,
dated July 8, 1968,

The NASA Countdown Observer Backup Redlines Information document has not

been released for the SA-205/CSM-101. However, by preliminary discussion

with NASA personnel, discrepancies are nat expected.
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TABLE 5-1 (Sheet 1 of 2)
MISSION RULES GUIDELINES

ITEM

DESCRIPTION

8961 Iaquazdeg

1-104

1-105

1-106

1-107

1-108

1-109

Within their respective areas of responsibility, the command pilot, launch director, flight,
director, Department of Defense (DOD) manager for MSF support operations, and mission director
may take or recommend any action required for optimum conduct of the mission.

The command pilot, spacecraft test conductor, launch vehicle test conductor, space vehicle
test supervisor, launch operations manager, launch director, flight director, DOD manager

for MST support operations, or mission director may request a hold for conditicns within their
respective areas of responsibility.

During the countdown, the launch vehicle and spacecraft program managers and respective center
operations managers shall provide technical advice and support directly to the launch operations
manager and launch director. The latter two will keep the mission director fully informed of
problems and proposed solutions. During the flight phase of operations, similar support as
required will be provided to the flight director and MSC director of flight operations. The
mission director will be kept fully informed by these individuals of problems and proposed
solutions during the applicable phases of the mission.

When time permits, the failure of a mandatory or highly desirable item will be reported to the
mission director by the launch director or flight director. The initial report will include
the position or facility that detected the malfunction. Subsequently, the mission director
will be informed of estimated time to repair and recommended proceed, hold, recycle, or scrub
action as it develops.

If a mandatory item fails during the countdown, it will be correected prior to launch, helding
or recycling the countdown as necessary. If a mandatory item cannot be corrected to permit
1iftoff within the launch window, the mission director may proceed with the launch after
appropriate coordination with the appropriate operations and program managers. Generally, the
loss of a mandatory item will result in a scrub.

As the designated representative of the program director, only the mission director may scrub
the misslon. TFurther, the mission director retains the authority to downgrade a mandatory item,
This authority shall be exercised as the circumstances dictate after appropriate recommendatlons
from the program managers, launch director, and flight director.
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TABLE 5-1 (Sheet 2 of 2)
MISSION RULES. GUIDELINES

ITEM

DESCRIPTION

1-110

1-111
1-113

1-117

1-120

1-122

1-123

Consideration will be given to the repalr of any highly desirable item, but in no case will the
launch be scrubbed for any single highly desirable item. If two or more highly desirable items
fail and/or other aggravating circumstances occur, the mission director may scrub the mission
after coordination with the appropriate operations and program managers.

The countdown will not be held nor the launch scrubbed for fallure of desirable items.
The countdown will continue where possible concurrvently with correction of an existing problem.

Where possible, all manual abort requests from the ground during flight will be based on two
independent indications of the failure. Crew abort action will normally be based upon two "cues,

Complete ground control of the space vehicle passes from the launch director to the flight
director when the space vehicle reaches sufficient altitude to clear the top of the umbilical
tower,

The command pilot may initiate such inflight action as he deems essential for crew safety.

Flight crew safety shall take precedence over the accomplishment of mission objectives.
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TABLE 5-2
GENERAL LAUNCH RULES

ITEM

DESCRIPTION

1-200

1-201

1-202

1-203

1-204

APPLICABLE TIME PERIODS: The applicable time period for zll mandatory items will be specified
in the time period/action/notes column for each such item. This time peried will start at
launch vehicle power up unless otherwise specified and will terminate at the specified time
(no later than T -5 seconds for manual cutoff actions). The applicable time pericd for highly
desirable items will start at launch vehicle power up and will terminate at T -2 minutes

43 seconds (automatic sequence start) unless otherwise specified in the time period/action/
notes columm.

INTERLOCKS: Any function that is interlocked on an automatic sequencing device and will effect
an automatic shutdown or will prevent liftoff in the event of a malfunction is defined herein
as mandatory and is not reiterated within this document.

UNVERILFIABLE ITEMS: Items which are received as launch mission rules inputs but which cannot
be monitored or verified during the launch mission rules effectivity period do not appear in
this document. These items will be verified prior to entering the effectivity period, and
appropriate organizations will be notified of malfunctions.

MSC AND MSFC REPRESENTATIVES: MSC and MSFC will designate a single point of contact within the
launch control center (LCC)} to consult with the director, spacecraft operations, and the
director, launch-vehicle operations; and with whom the launch director and launch operations
manager may discuss instrumentation or hardware discrepancies and/or malfunctions that occur
during the launch countdown. The MSC and MSFC representatives will be notified of LMRD
discrepancies when time permits,

LMR/FMR INTERFACE: For certain operational support elements (required to be operational at
liftoff) for which KSC, ETR, or GSFC are operationally résponsible, redundant entries may be
contained in both the launch mission rules and the flight mission rules. The LMRD will contain
rules concerning only those operational support elements for which the launch director or
appropriate elements of the launch team organization would call a hold or would call for cutoff
in the event of malfunctions.
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TABLE 5-3 (Sheet 1 of 6)
A8-205 COUNTDOWN OBSERVER REDLINES

MEAS /TM NO.

DESCRIPTION

TIME PERIOD/ACTION/NOTES

XC0003~403
VXC0006-401
VZC0050-401
XC0168-414
K00169—415;

VXC0199-401

VXDO014~403

Temperature, Fuel Pump
Inlet

Temperature, GH2 Start
Bottle

Temperature, Hydraulic,
Pump Inlet 04l

Temperature, Oxidizer
Tank Qutlet Mod 1 (APS)

Temperature, Oxidizer
Tank Qutlet Mod 2 (APS)

Temperature, Thrust
Chiamber Jacket

Pressure, Control
Helium Regulator
Discharge

PRELAUNCH

MIN VALUE MA¥ VALUE
Fig. 5-1 Fig. 5-1
Fig. 5-3 Fig. 5-3
‘None 625°R
535°R 560°R
535°R 560°R

None 315°R

None 275°R

455 psia 585 psia

Check from T-15 sec to T-5 sec. No
check required prior to automatic
sequence start.

Check from immediately prior to
initiation of automatic sequence
to T-5 sec.

Check from final Auxiliary Hydraulic
Pump Flight Mode ON Command to
initiation of automatic sequence.

Check at T-15 min. If redline values
have not been exceeded at T-15 min,
no further monitoring is required.

Check at T-15 min. If redline values
have not been exceeded at T-15 min,
no further monitoring is required.

Check immediately prior to initiation
of automatic sequence and verify that

4 thrust chamber jacket chill is

continuing,

Check at T-5 sec.

Check from sphere pressurization to
T-5 sec.

NOTE: Violation of the minimum red-
line for a period not greater
than 2 sec is expected and
allowable at times of valve

activation.
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TABLE 5-3 (Sheat 2 of 6)
AS-205 COUNTDOWN OBSERVER REDLINES

MEAS /TM NO,

DESCRIPTION

PRELAUNCH

MIN VALUE

MAX VALUE,

TIME PERIOD/ACTION/NOTES

VXD0016-425

VXD0017-401

ViD0019-~401

XDO576~-408

Pressure, Cold Helium
Sphere

Pressure, GH2 Start
Bottle

Pressure, Engine Control
Helium Sphere

Pressure, Fuel Tank
Ullage

2,800 psia

2,800 psia

None

None

Fig. 5-1

2,800 psia’

3,200 psia

Fig, 5-3

3,300 psia

3,375 psia

17.2 psia
39.0 psia

Fig. 5~1

From sphere pressurization to

T-5 sec. (The spheres must be sub-
merged in the LH2 for at least 30 min
of countdown prior to liftoff.)

NOTE: The 2,800 to 3,200 psia are
design limits. However,
2,500 psia is acceptable from
a mission requirements stand-
point, if it is verified that
no system leakage exists.

Check from immediately prior to
initiation of automatic sequence to
T-5 sec.

From sphere pressurization to initia-
tion of automatic sequencé.

Check from initiation of automatdic
sequénce to T-5 sec.

From approximately T-30 min to initia-
tion of LH2? tank pressurization.

Check from initiation of LH2 tank
pressurization to T-15 sec.

From approximately T-15 sec to

T-5 sec.
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TABLE 5-3 (Sheet 3 of 6)
AS-205 COUNTPOWN OBSERVER REDLINES

PRELAUNCH
MEAS/TM NC, DESCRIPTICN TIME PERIOD/ACTION/NOTES
MIN VALUE MAX VALUE
XD0577-406 Pressure, Oxidizer Tank 37 psia 44 psia ‘From T-15 sec to f—S sec,
Ullage
None 44 psia From initiation of LOX tank pressuri-~
zation to T~15 sec.
VXD0041~-403 | Pressure, Hydraulic System| 3,400 psia | 4,100 psia Check from Auxiliary Hydraulic Pump
Flight Mode ON Cémmand until
initiation of automatic sequence.
VXD0042~403 | Pressure, Reservoir 0Oil 45 psia None Check from Auxiliary Hydraulic Pump
Thermal Coast Mode ON Command to .
final Flight Mode ON Command,
XD0068-415 Pressure, Helium Regulator | 2,800 psia | 3,200 psia | Check from system pressurization
Inlet Mod 2 (APS) until T-5 sec.

VXD00%4~414 | Pressure, Oxidizer Tank 203 psia 216 psia Check from T-15 min until T-5 séc.
Qutlet Mod 1 (APS) until T-5 sec. .

VXP0095-415 | Pressure, Oxidizer 203 psia 216 psia Check from T-15 min until T-5 sec.
Tank Outlet Mod 2 (APS) until T-5 sec.

VXD0160-403 | Pressure, Helium (Ambient) | 2,800 psia | 3,200 psia | From sphere pressurization until
Sphere T-5 sec.

VXD0064—-414 | Pressure, Helium Regulator | 2,800 psia | 3,200 psia | Check from system pressurization
Inlet Mod 1 (APS) ' until T-5 sec.

FO004-424 Flow, LOX Recirculation 30 gpm None Check from start of recirculation to
Pump T-5 sec.
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TABLE 5-3 (Sheet 4 of 6)
AS~205 COUNTDOWN OBSERVER REDLINES

g96T Iogqmeadeg

PRELAUNCH
MEAS /TM NO. DESCRIPTION TIME PERIOD/ACTION/NOTES
MIN VALUE MAX VALUE |
FO005-404 Flow, Fuel Recirculation 120 gpm None Check from initiation of fuel tank
Pump pressurization T-97 sec to T-5 sec.

NOTE: While in the unpressurized
condition, and with the re-
circulation system operating,

. the flowrate of the fuel will

be in a band between 80 and

110 gpm. It should be noted

that when prepress is

initiated, sharp fluctions in
the flowrate may result. These
fluctuations have lasted from

15 to 60 sec on previous

firings., This is a normal

condition and monitoring of
this parameter should not be
started until the flowrate has
attained a steady state value.

GO001~403 Position, Pitch Actuator -1,5° +1.5° Check from final Auxiliary Hydraulic
}- Pump Flight Mode ON Command to
G0002~403 Position, Yaw Actuator -1.5° +1.5° T-5 sec.
VXGO010-401 | Position, PU System Null -2°, Null +2° Check from T-5 min to T-5 sec.
Ratio Valve
K0013-401 Event, Cutoff (Lock-in) OFF OFF Observe drop from ON indication at
. | Signal engine ignition power ON and monitor

that indication remains OFF to
T-5 sec.
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TABLE 5-3 (Sheet 5 of 6)
AS~205 COUNTDOWN OBSERVER REDLINES

: PRELAUNCH
MEAS /TM NO. DESCRIPTION TIME PERIOD/ACTION/NOTES
MIN VALUE MAX VALUE
VXLO007-403 | Level, Reservoir Oil Fig. 5-2 None Pump ON: Check from Auxiliary
Hydraulic Pump Thermal
Coast Mode ON Command to
T-5 sec,
VXC0051~403 | Temperature, Reservoir Pump OFF: Check from Auxiliary
(Temperature) |0il Hydraulic Pump Thermal
. Coast Mode ON Command to
Flight Mode ON Command.
VXL0007-403 Level, Reservoir 0il 6 percent None From Auxiliary Hydraulic Pump Thermal
Coast Mode ON (T~5 hr) to T-5 sec
(Aux Pump ON).
VXM036-307 AD11l Voltape (Bus) 26 wvdce *31 vde While busses are energized either by

Aft No. 1

ground or internal electrical power to
T-7 sec. Transients that occur during
power transfer and load switching are
not considered as deviations from
limits.

ANOTE: During the initial application
of voltage to the engine buses
the maximum allowable voltage

may be 32 vdc max for a period

not to exceed 60 sec.
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TABLE 5-3 (Sheet 6 of 6)
AS-205 COUNTDOWN OBSERVER REDLINES

MEAS /TM NO.

DESCRIPTICN

PRELAUNCH

MIN VALUE

MAX VALUE

TIME PERIOD/ACTION/NOTES

VEM0040-307

VXMG50-307

VXM083-307

NO063-411

4D21 Voltage (Bus)
Fud No. 2

4D31 Voltage (Bus) Fud
No. 1

4D41 Voltage (Bus) Aft
No. 2 .

Misc, PU Oven Stability
Monitor

24.? vde

26 vde

51 vde

-0.30 vde
Below stab.
strip chart
level

#%32.0 vde

32 vde

61 vde

+0,30 vde
Above stab.
strip chart
level

While busses are energized, either by
ground or internal electrical power

to T-5 sec. Transients that occur
during power transfer and load
switching are not considered as devia-
tions from limits.

#%30 vdc when on external power and
RACS is being used.

While busses are energized, either by
ground or internal electrical power,
to T-7 sec. Transients that occur
during power transfer and load
switching are not considered as
deviations from limits.

While busses are energized either by
ground or internal electrical power
to T-7 sec., Transients that occur
during power transfer and load
switching are not considered as
deviations from limits.

From 45 min after PU power ON to
T -20 sec.

NOTE: Redline becomes effective when

measurement has come on scale
and stabilized.”
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TABLE 5-4 -
HELIUM BOTTLE PRESSURE DECAY. REDLINES

PRELAUNCH

MEAS /TM . o
NO. . DESCRIPTION MIN VALUE | MAX VALUE TIME PERIOD{ACTI?N/NOTES )
| VXD0016~425| Pressure, Cold Helium Sphere|Fig. 5-6 Fig. 5-6 Ore hour of bottle replenish hold,
’ and and NOTE: C0005-405 is used, in conjunction
Fig: 5-7 Fig. 5=7 with this redline to determine
mass and must be at a stabillized.
value.
VXp0019-401| Pressure, Engine Control Fig. 5-8 Fig. 5-8 One hour of bottle replenish hold.
Helium Sphere
VXD0064-414| Pressure, Helium Regulator |[Fig., 5-9 Fig. 5-9 One hour of bottle replenish hold.
Inlet Mod 1 (APS) . ' ‘
VXD0068-415) Pressure, Helium Regulator |Fig. 5-9 Fig, 5-9 One hour of bottle‘replenish hold.
Inlet Mod 2 (APS) ' )
VXD0160-403| Pressure, Helium (Ambient) |Fig. 5-10 |Fig. 5-10 '|One hour of bottle replenish.hold.
| Sphere




TABLE 5-5 (Sheet 1 of 3)

S-IVB-205 CRITICAL FLIGHT CONTROL MEASUREMENTS

(Backup Meas)

o TITLE CATEGORY
C0001-401 |Temp - Fuel Turbine Inlet Highly Desirable
C0002-401 |Temp - Oxidizer Turbine Inlet Highly Desirable
C0003-403 |Temp - Fuel Pump Inlet Highly Desirable
C0004~403 | Temp - Oxidizer Pump Inlet Highly Desirable
C0168-414 | Temp — Oxidizer Tank Outlet Mod 1 (APS) Highly Desirable
C0169-415 |Temp — Oxidizer Tank Outlet Mod 2 (APS) Highly Desirable
C0170-414 | Temp - Fuel Tank Cutlet Mod 1 {APS) Highly Desirable
C0171-415 | Temp - Fuel Tank Outlet Mod 2 (APS) Highly Desirable
D0001-401 |Press — Thrust Chamber Mandatory
D0002?403 Press Fuel Pump Inlet Highly Desirable
D0003%403 |Press - Oxidizer Pump Inlet Highly Desirable
D0008-401 | Press — Fuel Pump Discharge Highly Desirable
D0O014-403 |Press -~ Control Helium Regulator Discharge | Highly Desirable
DO016-425 |Press — Cold Helium Spheres Mandatory
D0017-401 |Press - GH2 Start Bottle Highly Desirable
D0018-401 |Press - Engine Regulator Outlet Highly Desirable
D0019-401 |Press — Engine Control Helium Sphere Mandatory
D0041-403 |Press — Hydraulic System Highly Desirable
D0042-403 |Press ~ Reservoir 0il Highly Desirable
DO064-414 | Press — Helium Regulator Inlet Mod 1 (APS) Highly Desirable
D0065-414 |Press — Helium Regulator Outlet Mod 1 (APS) | Highly Desirable
DO068-415 |Press — Helium Regulator Inlet Mod 2 (APS) | Highly Desirable
DO069-415 |Press — Helium Regulator Outlet Mod 2 (APS) | Highly Desirable
D0O105-403 |Press — LOX Tank Press Mod Helium Gas Highly Desirable
D0160~403 |Press - Helium (Ambient) Sphere Mandatory
D0177-410 |Press — Fuel Tank Ullage EDS 1 Mandatory
D0178-410 |Press - Fuel Tank Ullage EDS 2 Mandatory
D0179-424 |Press — Oxidizer Tank Ullage EDS 1 Mandatory
D0180-424 | Press — Oxidizer Tank Ullsge EDS 2 Mandatory
D0183-409 |Press — LH2 Tank Nonpropulsive Vent 1 Highly Desirable
D0184~409 |Press — LH2 Tank Nonpropulsive Vent 2 Highly Desirable
D0241-401 |Press — GH2 Start Bottle (Backup Meas) Highly Desirable
D0242-401 |Press — Engine Control Helium Sphere Mandatory
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TABLE 5-5 (Sheet 2 of 3)

S-IVB-205 CRITICAL FLIGHT CONTROL MEASUREMENTS

September 1968

mgﬁgﬁf” TITLE CATEGORY
D0243-404 | Press - LOX NPV Nozzle No. 1 Highly Desirable
D0244-404 | Press — LOX NPV Nozzle No. 2 Highly Desirable
D0247-403 | Press - Control Helium Regulator Discharge | Highly Desirable
(Backup Meas)
*D0248-425 | Press - Cold Helium Spheres (Backup Meas) Mandatory
*D0255-403 | Press - Helium (Ambient) Sphere Mandatory
(Backup Meas)

¥0005~404 | Flowrate - Fuel Circulation Pump Highly Desirable
G0001-403 | Position - Actuator Piston Pot Pitch Highly Desirable
G0002-403 | Position - Actuator Piston Pot Yaw Highly Dasirablé
G0003-401 | Position - Main Oxidizer Valve Highly Desirable
G0004-401 | Position - Main Fuel Valve Highly Desirable
G0010-401 | Position - PU System Ratio Valve Highly Dasirable
K0001-410 | Event - Fuel Tank Vent Valve Closed Highly Desirable
K0002-424 | Event — Oxidizer Tank Vent Valve Closed Highly Desirvable
K0012-401 | Event - Engine Ready Signal Highly Desirable
K0014-401 | Event - Mainstage OK Pressure Switch 1 *k

K0016-404 | Event - Oxidizer Tank Vent Valve 1 Open Highly Desirable
K0017-410 | Event -~ Fuel Tank Vent Valve 1 Open Highly Desirable
K0110-403 | Event - Oxidizer Prevalve Closed Highly Desirable
K0112-404 | Event - Fuel Prevalve Closed Highly Desirable
K0128-404 |Event - Switch Selector Output Monitor Highly Desirable
K0132-404 | Event - APS Engine 1~1/1-3 Feed Valve Open | Highly Desirable
K0133-404 |Event — APS Engine 1-~2 Feed Valve Open Highly Desirable
K0134~404 | Event — APS Engine 2~1/2-3 Féed: Valve Open | Highly Desirable
KO135-404 [Event - APS Engine 2~2 Feed Valve Open Highly Desirable
K0157-401 | Event -~ Mainstage OK Pressure Switch 2 *k
K0205-403 |Event - LOX Pass Valve Open Talkback Highly Desirable
K0206-403 |Event ~ LOX Pass Valve Closed Talkback Highly Desirable
K0207-411 | Event - LH2 Pass Valve Open Talkback Highly Desirable

*MDAC-WD recommends that this measurement be added to the list of official
flight control measurements.
#%0ne of these two measurements 1s mandatory. The other is highly desirable,.

5-19



TABLE 5~5 (Sheet 3 of 3)

5-1VB-205 CRITICAL FLIGHT CONTROL MEASUREMENTS

mgﬁgﬁ?m TITLE CATEGORY
K0208-411 |Event - LH2 Pass Valve Closed Talkback  Highly Desirable
L0007-403 |Level - Reservoir 0Qil Highly Degirable
MOO14~404 |Volt — Output Aft Battery No. 1 Highly Desirable
MOQ15-404 | Volt - Qutput Aft Battery No, 2 Highly Desirable
M0016-411 | Volt - Output Fwd Battery No. 1 Highly Desirable
M0018-411 | Volt -~ Output Fwd Battery No. 2 Highly Desirable
M0019-411 | Current - Load Fwd Battery No. 1 Highly Desirable
M0020-411 | Current - Load Fwd Battery No. 2 Highly Desirable
M0021-404 | Current - Load Aft Battery No. 1 Highly Desirable
M0022-404 | Current - Load Aft Battery No. 2 Highly Desirable
M0024-411 |Volt - 5 Volt Excitation Module Fwd Highly Desirable
M0025-404 | Volt — 5 Volt Excitation Module Aft Highly Desirable
M0030-411 |Volt - F/U 1 EBW Range Safety Highly Desirable
M0031-411 |Volt — F/U 2 EBW Range Safety Highly Desirable
M0O068-411 | Volt - 5 Volt Excitation Module Fwd 2 Highly Desirable
N0001l-411 {Misc - PU System LH2 Coarse Mass Voltage Highly Desirable
NO003-411 |Misc — PU System LOX Coarse Mass Voltage Highly Desirable
NO018-411 |Misc - PCM/FM Transmitter Output Power Highly Desirable
N0037—4l4l Mise - Qty, Oxidizer Tank Mod 1 (APS) Highly Desirable
N0038-415 | Misc -~ Qty, Oxidizer Tank Mod 2 (APS) Highly Desirable
W0039~-414 | Misc — Qty, Fuel Tank Mod 1 (APS) Highly Desirable
N0040-415 |Misc - Qty, Fuel Tank Mod 2 (APS) Highly Desirable
N0057-411 |Misc - Secure R/S Receiver 1 L/L Signal Highly Desirable
Strength
N0062-411 | Misc - Secure R/S Receiver 2 L/L Signal Highly Desirable
Strength
TC002-401 | Speed - Fuel Pump Highly Desirable

5-20

September 1968




{ "[Z:S
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S-IVB-205 BLUELINE REQUIREMENTS

LIMITS

8961 Ioquandag

MEASUREMENT TITLE UNITS EXPECTED | TIME PERIOD OF BLUELINE
)
NUMBER MINIMUM | MAXTMUM VALUE APPLICABILITY
€0102-411" { Temp - Fwd Battery No. 1. deg F 70 140 90 |
€0103-411 {Temp — Fwd Battery No. 2- deg F 70 140 290
. After battery is
C0104~404 |Temp ~.Aft Battery No. 1 deg F 70 ¥§0 90  ctabilized.
C0105~404 |Temp ~ Aft Battery No. 2 deg F 70 140 90
€0211-411 |Temp - Fwd Battery No. 1 - Unit 2|dég F 70 140 90 |]
D0545-407 |Press — Common Bulkhead psia - 5.5 <5.5 | Anytime prior to liftoff.
Internal
MO001-411 | Volt ~ Static Inverter- vac 110.5 119.5 115 | From turn-on to T-3 sec.’
Converter
M0O012-411 | Freq = Static Inverter~ cps 396 404 400 | During inverter operation.
° Converter
\
MOOLl4~404 | Volt - Output Aft Battery vde 29 36 29.5 |} These open circult voltages
Neo. 1 should be monitored from
MOO15-404 |Volt - Output Aft Battery vde 64 75 72 || battery installation to
No. 2 . ] transfer to lntgrnal power,
MOO16-411 [Volt -~ Qutput Fwd Battery vde 29 36 29.5 |} These open circuit vol:tages
No. 1 }should be monitored from
MOO18-411 |Volt - Output Fwd Battery vde 29 36 29.5 || bactery imstallaclon to
No.- 2 J transfer to internal power.
MO019-411 |Current - Load Fwd Battery No. 1 |amps - 50 40 | From transfer to internal
power until liftoff
(58) (during battery heater
operation).
M0020-411 |Current - Load Fwd Battery No. 2 |amps —— 5 3.5 | From transfer to internal
) power until lifroff.
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TABLE 5-6 (Sheet 2 of 3)
§-IVB-205 BLUELINE REQUIREMENTS

MEASUREMENT TITLE TNTTS LIMITS EXPECTED | TIME PERIOD OF BLUELINE
NUMBER MINIMUM ﬁAKIMUM' VALUE APPLICABILITY

M0021~404 |Current - Load Aft Battery No. 1 |amps - 13 7 | From transfer to internal

power until liftoff

(30) (during battery heater

operation).

M0022-404 |Current - Load Aft Battery No. 2 |amps - 95 90 | From transfer to internal
. ‘ power until liftoﬁ?
M0026-404 |Volt — Phase A-B Fuel C/D Inv vace 54 60 56 | During inverter operation.
M0027-404 |Volt - Phase A-B LOX C/D Inv vac 54 60 .56 During inverter operation.
MO540-404 |Volt - 4D41 Bus vde 54 60 56 | )
MO541~404 |Volt - 4D11 Bus (X035) vde 26 30 28
M0542-411 |[Volt - 4021 Bus (X040) vde 26 30 28
MO543-411 |Volt - 4D31 Bus (X065) vde 26 30 28
M0O038~307 |Volt — 4D110 Bus vde 26 30 28
M0OQ43-307 |Current - 4D110 Bus amps —— 20 10
MO0A4-307 |Current = 40111 Bus ampa -— 13 7
MO047-307 {Volt ~ 40210 Bus vde 26 30 28 | » Anytime power is applied.
MO048-307 |Volt - 4D310 Bus vdc' 26 30 28
M0053-307 |Current - 4D210 Bus amps - 15 10
(Note 1) '

M0054~307 |Current - 4D121 Bus amps - 5 3.5 -
MO057-307 Cﬁrrent - 4D131 Bus amps e 50 40
MQOC85-307 jVolt - 4D410 Bus vde 54 60 56
M0087-307 |Current - 4D141 Bus amps —— 1107 0 to 90 ) _

NOTE 1:

40

amps during Remote Analog Calibration System (RACS)
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TABLE 5-6 (Sheet 3 of 3}
7S-IVB—205 BLUELINE REQUIREMENTS

MEASUREMENT

LIMLTS

: EXPECTED | TIME PERIOD OF BLUELINE
TITLE UNTIS [ z
NUyBER MINTYMUM | MAXIMUM VALUE APPLICABILITY
N0O063-411 |Misc — PU Oven Stability 'vde  [~0.2 +0.2 0 During PU operation after
Monitor below " | abover temperature has stabilized.
stabili-| stabili-~
zed zed
styip strip
chart chart
reading | reading
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TABLE 5-7 (Sheet 1 of 15)
REDLINE BACKUP INFORMATION S-IVB~205 STAGE

REPLINE
MEASUREMENT TITLE

REDLINE
MEAS. NO.

PROBABLE CAUSES OF
EXCEEDING R.L. LIMLTS

ALTERNATIVES /MEAS.
NUMBER/NOMIWALS

OTHER INFORMATION
(SAFETY MARGINS, ETC.)

Temperature, Fuel
Pump Inlet

Temperature, GHZ
Start Bottle

C0003-403

C0006-401

a. Recirculation
system failuré

b. Excessive facility
back pressure

a. Improper chilldown
b. Excessive hold
“time

Temperature, GG
Fuel Bleed Valve
Cc0012-401

See figure 5-4

Temperature,Engine
Control Helium
C0007-401

See figure 5-5

Measures temperature of LH2
flowing through the bleed

valve during chilldown.

Bleed valve is located down-
stream of LH2Z pump.

Lf satisfactory chilldown has
been accomplished, the LH2
bleed valve temperature will be
approximately 1.0°R higher then
the LH2 inlet temperature
(C0003-403) .

Must satisfy reguirements
defined in figure 5-4, at

T -15 sec (in conjunction with
fuel ullage pressure D0576-408).

Start bottle chilldown is
reflected by the temperature of
the control helium sphere which
is Jocated with the GHZ start
bottle.

The two sphere temperatures will
merge and stabilize after start
bottle pressurization.

If the two sphere temperatures
are stabilized by T -2 min

43 sec, the control helium
sphere temperature may be used
as a backup from this point on
(see figure 5-5 for require-
ments) .
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_ TABLE 5-7 (Sheet 2 of 15)
REDLINE BACKUP INFORMATION S-IVB-205 STAGE

REDLINE
MEASUREMENT TITLE

REDLINE
MEAS. NO.

PROBABLE CAUSES OF
EXCEEDING R.L. LIMITS

ALTERNATIVES/MEAS.
NUMBER/NOMINALS

OTHER INFORMATION
(SAFETY MARGINS, ETC.)

Temperature, Hy-

| dravlic Pump In-

let 0il

Temperature, Re—
servoir 01l

Temperature, Oxi-—

dizer Tank Outlet
Mod-1 APS

Temperature,. Oxi-

‘dizer Tank Outlet

Mod 2 APS

1 €0050-401

C0051~-403

C0168-414

€0169-415

a. Auxiliary pump
overheating

b. High pressure
relief valve
failed open

Failure of stage
environmental con-
trol purge systen

Fallure of stage
environmental con-
trol purge system

a. Temperature,
Reservoir 01l
vC0051-403
Nominal: 70°F

. Temperature,

Hydraulic Pump
Ialet 01l CO050-
403

Nominal: 70°F

'Temperature, Fuel

Tank Qutlet Mod 1
5-IVB APS C0170-~
414

, Minimum: 535°R

Maximum: 560°R

Nominal: 550°R.

Temperature, Fuel
Tank Qutlet Mod 2
S5-1IVB APS CO0l71-~
415 -

1. Reservoir oil temperature
udually lags pump inlet oil
tenperature by approximately
20°F.

2. Auxiliary pump overheating may

" be due to excessive heat rejec-—
tion of the electric motor
which may be accompanied by
higher than normal aft bus
No. 2 current.

3. High pressure relief valve
failing open is accompanied by
lower than normal hydraulic

. System pressure.

#This measurement 1s to be used to
determine whether adequate reser-,
voir oil level (L0O007-403) exists
at the indicated oil temperature.

(Reference: Figure 5-2) .

Fuel and oxidizer temperature will
be stable and equal after approxi-
mately 3 hours of ECS cperation,
Consequently, the fuel temperature
may be monitored as a redline back~
up and.must be between 535 and
560°R at T -15 min.

Fuel and oxidizer temperature will
be stable and equal after approxi-
mately 3 hours of ECS .operation.
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TABLE 5-7 (Sheet 3 of 15)
"EDTLINE BACKUP INFORMATION S-IVB-205 STAGE

REDLINE REDLINE PROBABLE CAUSES OF ALTERNATIVES /MEAS. QOTHER INFORMATION
MEASUREMENT TITLE |{MEAS. NO, | EXCEEDING R.L. LIMITS NUMBER/NOMILNALS (SAFETY MARGINS, ETC.)
Minimum: 535°R Consequently, the fuel temperature
Maximum: 560°R may be monitored as a redline
Nominal: 550°R backup and must be between 535
and 560°R at T -15 min.
Temperature, C0199-401 | a. Insufficient Temperature, LH2 1. In the event of C0199 failure,
Thrust Chamber GSE performance Injection C0200 can be used, The ex-
Jacket C0200-401 pected injection temperature
Prior to initia- will be higher than the T/C
tion of automatic jacket temperature, The tem~
sequence. perature (C0200) shall be
Minimum: None below 290°R at liftoff to
Maximum: 330°R prevent excess back-pressure
Nominal: 305°R on the injector at J-2 igni-
At T -5 sec. tion.
Minimum: None
Maximum: 290°R
Nominal: 280°R
Pressure, Control |D0014~403 | a. Regulator failure | Pressure, Oéntrél | 1. The backop requiremémts are .
He Regulator b. Excessive leakage | He Regulator Dis- " the same as for primary red-
Discharge charge Backup line.
PN Measuremant D0247~ | 2. Check from time of sphere
U m— L i 403 preasurization to T -5 sec.
T - Minimum: 455 psia
Maximum: 585 psia
Nominal: 540 psia
Pressure, Cold D0O16-425 | 2. Ground regulatex Pressure, Cold He |1. The backup requirements are
He Sphere . fallure Sphere Backup the same as for primary red-
i b. Improper regu- No. 1 D0263-403 line.
lator setting and Pressure, Cold | 2. Check from sphere presguriza-
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TABLE 5-7 (Sheet 4 of 15)
. REDLINE BACKUP INFORMATION 'S- IVBHZOS STAGE

REDLIKE
MEASUREMENT TITLE

REDLINE
MEAS, KO,

PROBABLE CAUSES OF

EXCEEDING R.L. LIMLTS

ALTERNATIVES/MEAS.
NU;«;BER/NOMINALS

OTHER INFORMATION
(SAFETY MARGINS, ETC.)

Press, GH2 Start
Bottle'

Pressure, Engine
Control He
Sphere

D0017-401

D0019-401

b.
' valve failed to

Ce

d.

e.

a.

Ce

€.

Check valve failed

closed

Vent and/or dump
relief valve
Excessive leakage

Check valve be—,
tween start bottle
and LH2 injector
fails open

Vent and relief

close

Excessive ground
pressure
Excessiveé hold
time

Excessive heat-
ing rate .

Excessive leakage

Improper ground
supply pressure
Relief valve .
failure

Excessive hold
time

Excessive start
bottle tempera-~
ture

Excessive leakage

[ Maximum:

He Sphére Backup
No. 2 D0261-403.
Minimum: 2,800 psia
Maximum; 3,200 psia
Nominal: 3,000 psia

Pressure GH2 Start .

Bottle Backup
Measurement
See figure 5-5
D0241~401

Pregsure, Engine
Control He Sphere
Backup Measurement
D0242~401

Minimum: 2,800 psia
3,300 psia

Nominal: 3,100 psia

2.

1.

2.

tion to T -5 sec.

The backup requirements are the
game as for primary redline,
This backup pressure should be
uséd in conjunction with tem— -
perature GH2 start bottle

. (C0006-401).

The backup requirements ‘are the
same ag for the primary redlinel
Check from time of sphere pres-
surization to initiation of
auto sequence (IAS).

Note: 2,800 to 3,200 psia are
design limits. Howaver,
for AS-205 only, -

2,500 psia is acceptable
from Mission Requirements
standpoint, as long as it
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REDLINE REDLINE PROBABLE CAUSES QF ALTERNATIVES/MEAS. OTHER INFORMATION
MEASUREMENT TITLE [MEAS. NO. | EXCEEDING R.L. LIMITS NUMBER/NOMLNALS (SAFETY MARGINS, ETC.)
is verified that no sys-
' tem leaks exist.
Minimum: 2,800 psia|l. Same comment as above.
. Maximum: 3,375 psia|2. Check from IAS to T -5 sec.
‘ Nominal: 3,150 psia (See note)
Pressure, Hy- D0041~403 | a. Auxiliary Hydrau- |a. GN2 Accumulator |Loss of excessive fluid from
draulic System | lic pump motor or Pressure hydraulic lines or reservoir will
. pressure compen= D0043-403 cause auxiliary hydraulic pump to
sator failure. Nominal: 3,600 cavitate and fluctuate in pres-
b. Leak or break in psia sure level.
hydraulic system b. Pressure, High pressure relief valve is set
c. High pressure Regervoir 0il to relieve at 4,000 psid. If
relief valve D0043-403 pressure setting of valve decays
setting drops to Nominal: 170 below setting of pump pressure
lower pressure psia compensator, the system pressure
will decay proportionately.
Pressure, Reser—- |D0042-403 | a. Accumulator pas a. Pressure, GN2 1. Required to insure -adequate
voir 0il (Aux leakage Accumulator aux pump inlet pressure at
Pump Off) b. External oil DOQ43-403 pump start.
leakage Nominal: 2,350 |2. Reservoir oil pressure is
. psia developed through a piston
powered by GN2 accumulator
pressure.
Pressure, Helium |D0064~414 | a. Ground regulator Pressure, Helium 1. The backup 'requirements are

Regulator Inlet
Mod 1 (APS)

failure
b. Check wvalves
failed closed
c. System leakage

Regulator Inlet
Mod 1 Backup
Measurement
D0252-414

Minimum:
Maximum:
Nominal :

2,80
3,200 psia
3,000 psia

same as for primary redline.
2, Check from T =15 min to T -5
sec.
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TABLE 5-7 (Sheet 6 of 15)
REDLINE BACKUP INFORMATION S~IVB~205 STACE

OTHER INFORMATION

REDLINE REDLINE PROBABLE CAUSES OF ALTERNATIVES /MEAS.
MEASUREMENT TITLE | MEAS, NO. | EXCEEDING R.L., LIMITS NUMBER{NOMINALS (SAFETY MARGINS, ETC.)
Pressure, Helium D0068-415] a. Ground regulator Pressure, Helium 1. The backup requirements are
Regulator Inlet . Failure Regulator Inlet same as for primary redline.
Mod 2 (APS) b. Check valves Mod 2 Backup 2. Check from T <15 min to T -5
failed closed ' Measurement sec.
c. System leakage D0253-415 ‘
Minimun: 2,800 psia
| Maximum: 3,200 psia
Nominal: 3,000 psia
Pressure, Oxi- D0094-414 | a. He control module | Pressure, Oxidizer | 1. Outlet pressure and ullage
dizer Tank Qutlet , failure Tank Hilagé Mod 1 pressure will be equal with ¢
Mod 1 (APS) b. System leakage APS D0090-414 the system pressurized and .
¢. Quad check valves | Minimum: 203 psia . in a static condition. -
sticking Maximum: 216 psia 2. Ullage pressure mist be bet-

Nominal: 211 psia

Pressure,. Fuel Tank'
Ullage Volume Mod 1°
(APS) D0089-414
Minimum: 203 psia
Maximum: 216 psia:
Nominal: 211 psia

Pressure, Fuel Tank
Supply. Manifold

Mod 1 (APS) DOOG3-
414

Minimum: 203 psia
Maximum: 216 psia
Nominal: 211 psia

ween the limits of 203 and
216 psia from system pressur-
ization to T -5 sec.
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TABLE 5-7 (Sheet 7 of 15)

REDLINE BACKUP INFORMATION S-IVB-205 STAGE

REDLINE
MEASUREMENT TITLE

REDLINE
MEAS. NO.

E

PROBABLE CAUSES OF
XCEEDING R.L. LIMITS

ALTERNATIVES/MEAS.
NUMBER/NOMINALS

OTHER INFORMATION
(SAFETY MARGINS, ETC.)

Pressure, Oxi-
dizer Tank Outlet
Mod 2 (APS)

Pressure, Helium
Ambient Sphere

D0095-415

D0160-403

a. He control module

b.
c.

a

failure

System leakage
Quad check wvalves
sticking

. Ground regulator
failure

. Improper regulator
setting

« Check valves fail-
ed closed

Pressure, Oxidizer
Tank Ullage Mod 2
(APS) D0092-415
Minimum: 203 psia
Maximum: 216 psia
Nominal: 211 psia

Pressure, Fuel Tank
Ullage Volume Mod 2
(APS) DO091-415
Minimum: 203 psia
Maximum: 216 psia
Nominal: 211 psia

Pressure, Fuel Tank
Supply Manifold

Mod 2 (APS) DO067-
415

Minimum: 203 psia
Maximum: 216 psia
Nominal: 211 psia

Pressure, Helium
Ambient Sphere
Backup Measurement
D0255-403

Minimum: 2,800 psia
Maximum: 3,200 psia
Nominal: 3,000 psia

1.

2.

Outlet pressure and ullage
pressure will be equal with
the system pressurized and
in a static condition.
Ullage pressure must be
between the limits of 203
and 216 psia from system
pressurization to T -5 sec.

The backup requirements are
the same as for the primary
redline.

Check from sphere pressuri-
zation to T -5 sec.
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TABLE 5-7 {Sheet 8 of 15)

REDLINE BACKUR INFORMATION S-IVB-205 STAGE

REDLINE
MEASUREMENT TITLE

REDLINE -
MEAS. NO,

PROBABLE CAUSES OF
EXCEEDING R.L. LIMITS

ALTEBRNATIVES /MEAS
NUMBER /NOMINALS

OTHER INFORMATION
(SAFETY MARGINS, ETC.)

Pressure, Fuel
Tank Ullage

Pressure, Oxi-
dizer Tank
Ullage

D0576-408

DOS577-406

d. Vent and/or relief
valve failed open
e. Excessive leakage

a, Vent valve open
or excessive leak-
age

b. Ground regulator
malfunction

¢c. Pressurization
switch malfunction

d. GSE pressurization
valve malfunction’

a, Backup relief vent
valve open or ex-
cessive leakage

b. CGround regulator
malfunction

¢. Pressurization
switch malfunction

d. GSE pressurization

malfunction

Pressure, -Fuel Tank

Ullage EDS 1 DO177-
410 ;
See figure 5-4 for

1 1iftoff box and for

back pressure
Minimum: None
Maximum: 17.2 psia
Nominal: 16.5 psia

Pressure, Fuel Tank
Ullage EDS 2
DOL178-424

See figure 5-4 for
liftoff box and for
back pressure
Minimum: None
Maximum: 17.2 psia
Nominal: 16.5 psia

Preésure, Oxdidizer
Tank Ullage EDS 1
D01.79-424

Minimum: 38 psia

Maximum: 44 psia

Nominal: 40 psia

Pressure, Oxidizer
Tank Ullage EDS 2

1. This measurement must be
reéquested via the ‘IU
Digital Select.

1. This measurement must be
requested via the IU
Digital Select.

2. This parameter may be.used

directly as a backup for
the ullage pressure.

3. Ullage pressure nmust be
between the limits of 37
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TABLE 5-7 (Sheet 9 of 15)

REDLINE BACKUP INFORMATION S-IVB-205 STAGE

REDLINE REDLINE PROBABLE CAUSES QF ALTERNATIVES/MEAS. OTHER INFORMATION
MEASUREMENT TITLE | MEAS. NO. | EXCEEDING R.L. LIMITS | NUMBER/NOMINALS (SAFETY MARGINS, ETC.)
DO180-424 to 44 psia from T =15 min
Minimum: 38 psia to T -5 sec.
Maximum: 44 psia
Nominal: 40 psia
Flow, Oxidizer FO004-424 | Recirculation system ,j a. Delta Pressure, The delta pressure is the pre-
Recirculation failure Oxidizer Pump ferred way to detect the recir-
Pump Tank Ullage culation anomaly, But in case
DOOG3~403 minus one of the pressure measure-
DO577-406 ments fail, the pump inlet
Minimum: 13 psid | temperature can be used as a
Maximum: 18 psid | backup. The temperature
Nominal: 16 psid | change will be slow if the
b. Temperature, Oxi- | recirculation fails,
dizer Pump Inlet
C0004~403
Minimum: None
Maximum: 166°R
Nominal: 164°R
Flow, Fuel F0005-404 | Recirculation system |Delta Pressure, Fuel | The delta pressure is the pre~
Recirculation failure

Pump Inlet minus
Fuel Tank Ullage
DO002-403 minus
D0576-408
Minimum: 6 psid
Maximum: 10 psid
Nominal: 8 psid

ferred way to detect the recir-
culation anomaly., But in case
DO002--403 pressure measure-~
ment fails, the pump inlet
temperature redline (see figure
5-1) can be used as a backup.
The temperature change will be
slow if the recirculation fails,
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TABLE 5-7 (Sheet 10 of 15)
REDLINE BACKUP INFORMATION S-~IVB-205 STAGE

REDLINE
MEASUREMENT TITLE

REDLINE
MEAS. NO.

PROBABLE CAUSES OF
EXCEEDING R.L. LIMLTS

ALTERNATIVES /MEAS.
NUMBER/NOMINALS

OTHER INFORMATION
{SAFETY MARGINS, ETC.)}

Position, Pitch
Actuator

Position, Yaw
Actuator

Position,
TU Valve

Event, Cutoff
Signal

G0001-403

G0002-403

G0010-401

K0013-401

a. Bias on servo
signal from IU
guidance computer

b. Loss of hydraulic
pressure due to
auxiliary hy-
draulic pump
failure, hose
failure, ete.

‘a. Blas on servo

signal from IU
puidance computer
b. Loss of hydraulic
pressure due to
auxiliary hy-
draulic pump
failure, hose
failure, etc.

a. PU activate OFF

failure

b. Mechanical fail-
ure in PU valve
motor gear
assembly

Loss of engine ready
signal when engine
cutoff is ON

"|Nominal:

During S—-IVBE Burn
Mode the Measure-—
ment GO001L-403
{via IU) can be
used for an al-
tarnate.
Minimum:
Maximum:

-1.5 deg
+1.5 deg
0 deg

During S~1VB Burn
Mode the Measure-—
ment G0002-403
{via IU)} can be
used for an al-

ternate.

Minimum: -1.5 deg
Maximem: +1.5 deg
Nominal: 0 deg
None

None

The only altermate or backup for
this redline is during S-IVB burn
mode. The burn mode is a small
part of the total applicable time.
Essentially there is no backup for
this redline.

| The only alternate or backup for

this redline is during S-IVB burn
mode. The burn mode 1s a small
part of the total applicable time.
Essentially there is no backup for
this redline.

PU activate is interlocked for
start of automatic sequence.

The signal should drep from ON to
OFF followlng Engine Ignition
Power ON and remain OFF.

The following test can be con-
ducted to verify if the cutoff
circuit is operative and in the
proper state.
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TABLE 5-7 (Sheet 11 of 15)
REDLINE BACKUP INFORMATION 8-~IVB-205 STAGE

REDLINE
MEASUREMENT TITLE

REDLINE
MEAS. NO.

PROBABLE CAUSES OF
EXCEEDING R.L. LIMITS

ALTERNATLVES /MEAS .
NUMBER /NOMINALS

OTHER INFORMATION
(SAFETY MARGINS, ETC.)

Event, Cutoff
Signal
{Continued)

Verify that K0140 (Switch
Selector Cutoff) is ON; cutoff
indication on the C4EN panel is
ON; non-programmed cutoff is OFF;
Engine Control and Ignition Power
are ON, and Engine Ready (K0012)
is ON.

d.

b.

Send RACS and verify strip

chart operation to check

instrumentation.

Remove ignition power (verify

Engine Ready goes OFF).

Remove K0140 (Switch Selector

Cutoff OFF). {(Verify cutoff

indication on C4EN remains ON).

NOTE: If C4EN cutoff indication
goes OFF with the removal
of K0140, immediately
turn off engine control
power.

Send Engine Ready Bypass.

(Verify cutoff indication on

C4EN goes OFF.)

Send K0140 (Switech Selector.

Cutoff) to Safe Engine.

A negative finding will require

- additional electronics analysis

and disposition.
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TABLE 5-7 (Sheet 12 of 15)
REDLINE BACKUP INFORMATION S~ILVB~205 STAGE

REDLINE

MEASUREMENT TITLE

REDLINE
MEAS. NO.

PROBABLE CAUSES OF
EXCEEDING R.L. LIMITS

ALTERNATIVES/MEAS.

NUMBER/NOMINALS

OTHER INFORMATION
(SAFETY MARGINS, ETC.)

Level, Reservoir
011 (Aux Pump ON)

Level, Reservelr
0il (Aux Pump
OFF)

Voltage, Aft
Bus Ro. 2

L0007-403

L0Q07-403

MO540~404
*MO0 83~
307

a. External leakage
b. System underfilled

a. System leskage
b. System underfilled

Ground power mal-

| function when on

external power or

' battery malfunction

when on internal .

power.

a. Pressure Hy~
draulic Sys-
tem D0041-403
Nominal: 3,600
psia

b. Pressure
Reservoir 0il
D0042-403
Nominal: 170
psia

~ (Aux Pump OK)

1 Pressure

Reservoir (il
D0042-403
Nominal: 170 psia
(Aux Pump ON)

MO015-404 Velt,
Qutput, Aft
Battery No. 2/
56 vde

'MO085-307 4D410

ESE Bus Volt/
56 wvde

If reservoiyr oil is too low, the

| pump will cavitate after start

aund hydraulic system pressure will
not rise to minimum level.

Observe low level light. Light
indicates when oil level drops
below the range of 9.54 to
11.02 pércent.

1. If auxiliary pump is.OFF, turn
ON and check alternate pressure
measurement:

2. If auxiliary pump is OFF, turn
ON and observe low level light.
Light indicates below the range
of 9.54 to 11.02 percent.

1. With proper allowances for the
potential difference between
GSE and vehicle voltage busses,
measurement M0085-307 is a
redline alternate when .on
external power and measurement
MO015-=4C4 is a redline’ alter-
nate when on internal power.

*This measurement of the +4D41 bus is the NASA KSC equivalent of redline measurement MO540-404.
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TABLE 5-7 (Sheet 13 of 15)
REDLINE BACKUP INFORMATION S5-IVB-205 STAGE

PROBABLE CAUSES OF
EXCEEDING R.L. LIMITS

ALTERNATIVES/MEAS.
NUMBER/NOMINALS

OTHER INFORMATION
(SAFETY MARGINS, ETC.)

REDLINE REDLINE
MEASUREMENT TITLE | MEAS. NO.
Voltage, Aft
Bus No. 2
(Continued)

Voltage, Aft MO541-404
Bus No. 1 *#*M0036-
307

Ground power mal-
function when on
external power or
‘battery malfunction
when on internal
power.

M0038-307 4D110
ESE Bus Volt/
28 vde

M0014~-404 Volt,
Output Aft Batt
No. 1/28 vdc

During the time that the chill-
down inverters are energized,
the inverter phase voltages
(M0026-404, MO027-404, MOQ40-
404, MOO41-404, MOQ44-404,
M0045,404, MO046-404, and
MOQ47~-404) will give a gross
indication of whether aft bus
No. 2 is ON or OFF.

The design limits of the chill-
down inverters established the
redline limits of the bus.
"+4D11 Supervision Network

No. 4 OK" is a S-IVB ready for
launch interlock.

With proper allowances for the
potential difference between
GSE and wvehicle voltage busses,
measurement M0038-307 is a red-
line alternate when on external
power and measurement M001l4-404
is a redline alternate when on
internal power.

Within the limitations of T/M
monitoring, the engine control
and ignition bus measarements
(M0008-401 and MO007-401) give
an indicatior of aft bus No. 1
during engine power ON,

The design limits of the engine
control bus (Rocketdyne Speci-—
fication R-3925-1) established
the redline limits of the bus.

**This measurement of the +4D11 bus is the KSC equivalent of redline measurement MOS541-404 .
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TABLE 5-~7 (Sheet 14 of 15)
REDLINE BAQKUP INFORMATION S-IVB-205 STAGE

REDLINE
MEASUREMENT TITLE

REDLINE
MEAS. NO.

PROBABLE CAUSES OF
EXCEEDING R.L. LIMLTS

ALTERNATIVES /MEAS .,
NUMBER/NOMINALS

OTHER INFORMATION
(SAFETY MARGINS, ETIC.)

Voltage, Aft
Bus No. 1
(Continued)

Voltage, Fwd ‘Bus
No. 2

-

MOS42-411
H5IMO0L0~
307

Ground power mal-—
function when on
external power. or
battery malfunction
when on internal
power.

MO047-307 4D210
ESE Bus Volt/
28 vdc

M0OO18-401 Volt,
Cutput Fwd Batt.
No. 2/28 vde

4-

3.

"+4D11 Supervision Network
No. 3 OK" is a S-IVB ready for
launch interlock.

With proper allowances for the
potential difference between
GSE and vehicle voltage buses,
measurement M0047-307 is a red~
line alternate when on external
power and measurement MO018-401
is a redline alternate when on
internal power.

During the time that the in-
verter—converter (MO0O0l-41il,
MO004-411, and MO023-411) and
fwd 5v excit mod Wo. 2 (M0068-
411) are energized, they will '
give a gross indication of
whether fwd bus No. 2 is ON

or OFF, ‘

The design limits of the PU
inverter-converter and PU elect
assy established the redline
limits of the bus.

"+4D21 Supervison Network No. 2
OK" is a S-IVB ready for launch

. ‘interlock.

%%%This meazsurement of the +4D21 bus is the NASA KSC equivalent of redline neasurement M0542-411,
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TABLE 5-7 (Sheet 15 of 15)
REDLINE BACKUP INFORMATION S—-IVB—~205 STAGE

REDLINE
MEASUREMENT TITLE

REDLINE
MEAS. NO,

PROBABLE CAUSES OF
EXCEEDING R.L. LIMILTS

ALTERNATIVES /MEAS .
NUMBER/NOMINALS

OTHER INFORMATION
(SAFETY MARGINS, ETC.)

Voltage, Fwd Bus
No. 1

Mise, PU Oven
Stability
Monitox

MO543-411
*NRAMO050-
307

N0O063-411

Ground power mal-
function when on
external power or
battery malfunction
when on internal

.{power.

Tenperature in PU
oven drops below
80°C due to heater
power failure

M0048-307 4D310
ESE Bus Volt/
28 vde

MO015-411 Vole,
Output Fwd Batt
1/28 vdc

No Backup

1.

With proper allowances for the
potential difference between

GSE and vehicle voltage buses,
measurement MO048-307 is a red-
line alternate when on external
power and measurement M0O01l6-411
is a redline alternate when on
internal power.

During the time that the fwd and
and aft 5v excit modules (MOO24-
41) and MO025-404) are ener-
gized, they will give a gross
indication of whether fwd bus
No. 1 is ON or OFF.

The design limits of the switch
selector (NASA Spec. 50M71765)
established the redline limit.
"+4D31 Supervision Network

No. 1 OK" is a $~-IVB ready for
launch interlock.

An out of tolerance indication at
liftoff would indicate a propel-
lant leading error and the possi-
bility of a depletion cutoff in
flight.

*%%%This measurement of the +4D31 bus is the NASA KSC equivalent of redline measurement M0543-411.
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Figure 5-2. Hydraulic Reservoir Level Critical Limits



N \k \\\W\ \ 0

\\\\\\\\ k\\\\\ \
-

\ \\\ \\\\\\

//%

2 £3
E 55
1] ma
1250
1230 \\

- 180 \\

N SS9

s\\\*\\\\\




Al

g96T Iegmeidag

FUEL GG BLEED VALVE (°R)

44
" P I
\Q$§§§
05— . \ %
40+ SQ\' Sb\ \Q§ NOTE: VENT SYSTEM BACK PRESSURE +
) \\\\ RESULTING IN AN ULLAGE
\ PRESSURE GREATER THAN
17.2 PSIA PRIOR TQ TANK
PRESSURIZATION WILL
38 \\\\\\\\\--_- INVALIDATE THE BOCX. -
. s\
NNNNNNNY iy
34
26 28 30 32 34 36 38 40

FUEL ULLAGE PRESSURE (PSIA) 1(D0576-408)

Az

Figure 5-4. Fﬁe] Liftoff Box - Backup (5-I1VB-205 and Subs)



1344_.

W//// =

v

&\\\\\

.

/

\\\\\ I

\\\\\\\\

7 W\\\\\\&

EEEEEEEEE

NW/
(]
|
-—
™

A§N®®% I

~J
— L)
oo o
[

222222




544

pREbRLATRES =
AN\ \ &
EANYNY
=SV wie
EEEALVAVLIANY 28 s
-2 17 MRV " &
R EAATVINAAN A
s AR ALRARALNY W=
E: AERRANANY S 8
= AR ATRIARATN o N
[ JAARALRANRY &
....“ ,f X // // [ T m
AN LAY AANAY «
ERAVNALNANN
NANMMNAN
NUEAMRATNAN 2
AAALNALINATNS 2
AR AN
NN
RO RNNRN =
././/r//// ///4r/r/// -
A/N;m/hyl, ,/hw//hvr
DN
NN =
AIJHWAIAIIIIJ; o
bR
S
o]
5% %553 8 386§ ¢8 8¢
(Wa1) sSwyw

September 1968

PRESSURE (PSIA)

AS-205 Cold Helium Leak Check Test

Figure 5-6.
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Figure 5-7.

AS-205 Cold Helium Leak Check Criteria
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Leak Check Criteria
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SECTION 6

FLIGHT TEST MANAGEMENT



FLIGHT TEST MANACEMENT

This section defines the_reéponsibilities of the McDonnell Douglas
Astronautics Company -~ Western Division (MDAC-WD) %elative to the data
flow, flight test evaluation, and documentation of the S-IVE-205 §tage
flight test. )

6.1 Flight Test Responsibilities

MDAC-WD personnel will perform postflight evaluations of the S$-IVB-205

stage at the following locatiomns:
a. Kennedy Space Center (KSC), Cape Kennedy, Florida
b. Marshall Space Flight Center (MSFC), Huntsville, Alabama
c. MDAC-WD, Huntington Beach, California.

At KSC, MDAC-WD is represented by the Florida Test Center (FTC) Test
Planning and Evaluation (TP&E} Committee; at Huritington Beach (HB),
MDAC-WD is represented by the MDAC-WD/HBR TP&FE Committee; and at MSFC,
by the MDAC-WD/MSFC liaison team.

The MDAC~WD/HB and MDAG-WD/FTC TP&E Committees consist of personnel
assigned from Saturn Engineering sections and branches. Their functions

are to:
a. Coordinate postflight evaluation
b. Provide information for ;ll contractual documentation
c. Coordinate test planning for future flights.

The onsite quick-look postflight evaluation, consisting primarily of
analog data evaluation, is performed by the MDAC-WD/FTC TP&E Committee,

and the results are transmitted to:

a, National Aeronautics and Space Administration (NASA), Kennedy

Space Center

: b. MDAC-WD/HB TP&E Committee

c. MDAC-WD/MSFC liaison team.

The major postflight evaluation is conducted at MDAC-WD/HB and consists

primarily of analyses from digital data.

September 1968
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All analyses conducted at MDAC-WD/FIC and MDAC-WD/HB are transmitted to
the MDAC-WD/MSFC liaison team. This liaison team transmits information
hetween MDAC-WD and MSFC, provides the MSFC Flight Evaluation Working
Group (FEWG) with required information, and performs rapid analyseé in
response to FEWG requests. In addition, the liaison team participates in
many of the MSFC postflight evaluations which contribute to, or parallel,
MDAC-WD postflight evaluation efforts.

6.2 TPostflight Communication

The following means of communication (figure 6-1) have been established

to expedite transmittal of evaluation information:

a. Teletype (TWX) communications between MDAC-WD/HB, MDAC-WD/MSFC,
and MDAC-WD/FTC

b. Facsimile communications between MDAC-WD/HB, MDAC-WD/MSFC,
and MDAC-WD/FTC

c. Data phone link between MDAC-WD/MSFC and MDAC-WD/HB.
Transmittal of classified material between_ﬂDAC—WD facilities by any of

the above means is not authorized. A standard format is used for trans—

mission of unclassified data by TWX or facsimile.

To insure rapid and controlled data transmission between locations, it is
highly desirable that all information be channeled through one coordinator

of flight information at each location.

6.3 Documentation

MDAC-WD prepares and publishes certain documents for each S-IVB stage
flight. The documents, listed in the approximate order in which they

will be published, are as follows:
Preflight

a. Douglas Drawing 1B43558, Saturn $-IVB-205 Instrumentation

Program and Components List (reference 6)

b. Douglas Report No. SM-46538, Douglas S-IVB Stage Data

Acquisition Requirements Document for Saturn IB Flights - -

(reference 7)
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c. Douglas -Report No. SM-46978, S-IVB-205 Stage Flight Test Plan
(reference 8)

d. Douglas Report No. DAC-56671, 5-IVB-205 Stage Technical
Performance Criteria Document (referencé 9).

Postflight

a. Quick-Look Assessment Report (second morning following launch)

b. FIC Ground Systems Evaluation Report {10 days)

¢. FIC Preliminary Flight Evaluation Report (2 wk) (Reference 10)

d.

Written Informal Evaluation Inputs to MSFC/FEWG (28 days)

Douglas Report No, SM;46990, S-IVB-205 Stage Flight Evaluation
Report (60 days) (reference 11).

Descriptions of the contents are presented in the following paragraphs.

6.3.1 Saturn S-IVB-205 Instrumentation Program and Components List,

1B43558 (reference 6)

This drawing contains all the telemetry measurements of the S$-IVB-205

stage.

A partial list of its contents is as follows:

Measurement numbers

Component part numbers

Reference designation numbers

Telemetry channel coding definitions
Measurement list

Measurement matrixz by area and function

Measurement locations, illustrations, and index.

All sections of the Instrumentation Program and Components List are

revised as necessary to reflect current instrumentation information.

Revisions are controlled by the Saturn Project Office — Test at

MDAC~-WD/HB,
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6.3.2 Douglas S-IVB Stage Data Acquisition Requirements Document for

Saturn IB Flights, SM-46538 (reference 7)

This document describes.the detailed data requested by MDAG-WD/HB for
evaluation of the S5-IVB stage of the Saturn IB flights. The requested
data will be provided by KSC, Goddard Space Flight Center {(GSFC), and

MSFC. )

6.3.3 §-IVB-205 Stage Flight Test Plan, SM-46978 (reference 8)

The contents of the S-IVB-205 Stage Flight Test Plan are described in
section 1, Introduction, of this document. This document .is prepared by

the MDAC-WD/HB Saturn S-IVB TP&E Committee,

6.3.4 S5-~IVB-205 Stage Technical Performance Criteria Document,

DAC-56671 (reference 9y

This document contains the S-IVB-205 stage technical performance criteria
which will be used to determine the Contractors cost plus incentive fee
bonus or penalty pertaining to mission accomplishment, payload
capabilities and telemetry performance. This document is prepared by

the MDAC-WD/HB Saturn S-IVB TP&E Committee.

6.3.5 Quick-Look Assessment Report (second morning following launch)

On the second morning following launch, the MDAC-WD/FTC TP&E Committee
supplies to KSC an imput to the quick-look assessment report. This
input is based upon available data on the stage and stage oriented GSE.
Included in the gquick-look evaluation are a brief description of system
performance, mission objective accomplishment, and any .malfunction which
may have occurred. The time period covered is from the last day of

launch countdown through powered filight.

6.3.6 FTC Ground Systems Evaluation Report (10 days)

The MDAC-WD/FTC TP&E Committee will prepare an evaluation report on the
performance of the MSFC and KSC supplied, S-IVB oriented GSE. This
covers evaluation of both mechanical and electrical GSE used during

launch countdown. This report will be transmitted to KSC.
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6.3.7 FTC Preliminary Flight Evaluation Report (2 wk) (Reference 10)

The MDAC-WD/FTC TP&E Committee will compile, publish, and distribute the
Preliminary Flight Evaluation Report 2 weeks after launch. It will be the
final FTC effort and will summarize the CDDT, FRT, countdown and powered
flight, discuss possible causes of malfunctions, and recommend any

corrective action required.

6.3.8 MDAC-WD Inputs to MSFC/FEWG

The MDAC-WD/MSFC liajson team will summarize the results of the
MDAC-WD/FTC [light evaluations as they are completed during the four
weeks subsequent to launch. These summaries, as they become available,
will be input to the FEWG and will constitute the MDAC-WD input to the
MSFC Saturn Vehicle Flight Evaluation Report.

In addition, 62 days after launch, .MDAC-WD will review its portion of the

" FEWC report to ensure the technical accuracy and adequacy of evaluation.

6.3.9 5-IVB-205 Stage Flight Evaluation Report (60 days) (Reference 11)

Sixty days after launch the MDAC-WD/HB TP4E Committee will write, publish
and digtribute Douglas Report No. S5M-46990, S-IVB-205 Stage Flight

Evaluaticn Report. The data for evaluation will be required at MDAC-WD/HB

15 days after launch, thereby allowing 45 days for preparation of the
report. Tentative evaluation meetings and documentation schedules are
shown in tables 6~1 agnd 6-2. A flight evaluation report outline
delineating the responsible design technologies is presented in

table 6-3.
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TENTATIVE AS-205 FLIGHT EVALUATION MEETING SCHEDULE

TABLE 6-1

DALS mok EVENT SCHEDULES’ i
1 Flight Review Meeting MS¥C
& First "How-Goes-It" Meeting MDAC-WD/HB
10 First General Evaluation Meeting MSFC
13 Second "How—Goés-It” Meeting MDAC~WD/HR
20 Third "How-Goes-It" Meeting MDAC-WD/HB
27 Fourth "How-Goes-It" Meeting MDAC-WD/HB
30 Summary Meeting MSFC
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TABLE .6-2

EVALUATION AND DOCUMENTATION SCHEDULE FOR S-I¥B-205

STAGE FLIGHT EVALUATION REPGRT *‘

s
0 Launch
1 Support FEWG flight Review Meeting'
10 -Support FEWG First Genmeral Evaluati;n Meeéing
15 All Final Data Due at A3
26 *First Inputs Due from Design Sections
29 Support S—IVE Stage Instrumentation SplinEer Meeting
.30 Written Informal Evaluation Inputs to MSFC}FEWG )
Report Due: Support FEWG Summary Meeting
40 #A11 Final Evaluation Inputs Due for 60-Day Report
45 Management Review Copy to Reproduction -
47 Management Review Copy Distributed
50 Management Review éomments Due
53 Final Report to Reproduction
60 - Final 60-Day Evaluation Report Distributed
62 Review of FE&G Flight Evaluation Report

*#A detailed outline will be published immediately after launch, indicating
when inputs are due during the 26 to 40 day periad.
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11.
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TABLE 6-3 (Sheet 1 of 2)

S5-IVB-205 STAGE FLIGHT EVALUATION REPORT OUTLINE

Section

INTRODUCTION . . . & 4 &« o« o « o & s o » o a
1.1 General
1,2 History

FLIGHT AND STAGE SUMMARY . + & & v & o « & + &

STA.GE CON FI GURATION a - - Ll . . - - . A4 - L] .

COUNTDOWN OPERATIONS . . . . .+« &+ & & &« o o & &
] o

TRAJECTORY . . &4 v v 4 &« o o o o o o = o o« o &

6.1 Comparison of Predicted and Actual

Trajectories
6.2 Evaluation of Vehicle System Performance
Effects on Observed Trajectory

MASS CHARACTERISTICS . . . . . . .

ENGINE CHILLDOWN AND CONDITIONING . . - + . . .
8.1 Engine Start Sphere Chilldown and Loading

8.2 Engine Control Sphere Chilldown and
Loading

8.3 Turbopump Chilldown
8.4  Thrust Chamber Chilldown

ENGINE SYSTEM . .
9.1

9.2 Engine Control Sphere Performance

Start Sphere Performance

9.3 J-2 Engine Performance
SQLID ROCKETS . &+ 4 & o v 4 2 o 4 s o s & o = =

OXIDIZER SYSTEM . v « & = 4 4 4 v o o o = o o
11.1 LOX Tank Pressurization

11.2 Cold Helium Supply

11.3 Engine LOX Supply

September 1968

Engineering
Section

S-IVE Project

S-IVB Project*
MDAC~WD/FTC TP&LE
Committee and
Propulsion
Propulsion

FD&C and S-IVE Project

FD&C

Weight Control

Propulsion

Propulsion

Propulsion

Propulsion



12,

13.
14,

15,

16,
17.
18.
19.
20,
21.
22.

23.

TABLE 6~3 (Sheet 2 of 2)

5-IVB-205 STAGE FLIGHT EVALUATION REPORT OUTLINME

Section

FUEL SYSTEM N . . . . . - . . . . . . s & & . - .
12,1 Fuel Tank Pressurization

12.2 Engine LH2 Supply
AUXILIARY PROPULSION SYSTEM v v v v ¢ 4 o 2 o o &
PNEUMATIC CONTROL AND PURGE SYSTEMS . . . . . . .

PROPELLANT UTILIZATION . & & « 4 o o o o « o = o
15.1 PU System Calibration

15,2 Propellant Mass History

15.3 PU System Response

S-TB/S-IVB STAGE SEPARATION . + . + ¢ o o « o « .
DATA ACQUISITION SYSTEM + + + v v v o o o o « « »
ELECTRICAL SYSTEM 4 + « « v o « v o o o s o o o «
RANGE SAFETY SYSTEM + v v v v « + « « o o & o « «
FLIGHT CONTROL « « v 4 o v v o v« o s o o o s &

HYDRAULIC SYSTEM PERFORMANCE . o v 4 « v + v ¢ »

© ACOUSTIC AND VIBRATION ENVIROMMENT . . . . . . .

ORBITAL SAFING . < ¢ v ¢ ¢ o 4 + o o o o =« = o« &«

APPENDIX - SEQUENCE OF EVENTIS . & v « &« o » « a & & &

*#3-TVB Project will summarize mission and anocmalies.

will summarize its individual areas.

compatibility between the various analyses.
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SEQUENCE OF EVENTS

This appendix presents the predicted AS-205 flight sequence of events
(table AP 1-1). Definitions of the time bases and symbols used are
ligted in appendix 10.

The sequence of events is based on the Marshall Space Flight Center's

" sequence requirements, as indicated in references 12 through 15.

September 1968
AP1-1



=T dv

8961 zoquaadag

TABLE AP 1-1 (Sheet 1 of 16)
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS

TIME TIME FROM
FLIGHT TIME 5-LVE
EVENT (hrimin:sec) | TRoM BASE | peerne sramr [ 595 REMARKS
(sec) (sec)

Liftoff-Start of Time Base 00:00:00.0 +(0.0)l ~145.8 Time Base No. 1 (TBLl) is initiated by a liftoff signal

No. 1 (TBL) provided by the deactuation of the 1iftoff relay in the

' IU at umbilical discoanect. However, as a safety
measure, the Launch Vehicle Digital Computer (LVDC) will
not recognize the 1iftoff signal and start TBlL prior to
recelving Guidance Reference Release which is initiated
and verified 5 seec prilor to schedule liftoff.
A backup method for starting TBL is provided should the
LVDC fail to receive or recognize the liftoff signal.
If TBl is net initiated within 5.5 sec after Guidance
Reference Release, the LVBC will momitor the vertical
accelerometer. If a slgnificant positive acceleration
(in excess of 1 g) exists, the LVDC assumes Liftoff has
occurred and begins TBL. A time adjustment is made by
the computer.
No "Negative Backup” (i.e., provisions for the LVDC to
return to prelaunch cenditions) i1s provided because the
Saturn IB vehicle could safely complete TBL on the pad
without catastrophic results, in the event TBl began by
error.

Sengor Bias On 00:00:05.0 +(5.0)1 -140.8 1u

Multiple Engine Cutoff Enable 00:00:10.0 +(10.0)l -135.8 S~IB | This signal enables cutoff of any engine due to rough
combustion or low thrust

Telemeter Calibration On 00:00:20.0 +(20.0)1 -125.8 5-I3

5° A0S Cape 00:00:25.0

Telemeter Calibration Off 00:00:25.0 +(25.0)1 -120.8 §-1B

Telemeter Calibrator In- 00:00:27.0 +(27.0)l -118.8 U

Flight Calibrate On

LOX Tank Relief Control 00:00:29,8 +(29.8)l -116.0 S-1B

Valve Enable

Telemetry Calibrator In— 00:00:32.0 +(32.0)l -113.8 IU

Flight Calibrate Off
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PREDICTED AS-205.FLIGHT SEQUENCE OF EVENTS

TABLE AP 1-1 (Sheet 2 of 16}

TIME - TIME FROM
FLIGHT TIME 5~1V3
EVENT (hr:min:sec) FR?Zei?SE ENG%NE ?TART 583 REMARKS
sec
Launch Vehicle Engines EDS 00:00:40.0 +(40.0) -105.8 [ 1U
Cutoff Enable
Cooling System Electriecal +01: -
Assembly Power OFf } 00:01:15.0 +(75.0)1 70.8 Iv
Maximum Dynamic Pressure
Telemetry Calibrator In- 00:01:30.2 +(90.2)1 ~-55.6 el
Flight Calibrate On
Telemetry Calibrator In- 00:01:35.2 +(95.2)l -50.6 ix1)
Flight Calibrate Off
Flight Control Computer 00:01:40.0 +(100.0)1 ~45,8 Iu
Switch Point No. 1
Flight Control Computer 00:01:40.2 +(100.2)l ~45,6 Iy
Switeh Point No, 2
5° A0S GBI 00:01:53.0
Telemeter Calibration On 00:01:59.8 +(119.8)£ -26.0 S-1B
Flight Control Computer 00:02:00.0 +(120.0)l -25.8 U
Switch Point No. 3
IU Control Accelerometer 00:02:00.2 +(120.2)1 -25.6 I
Power Off
Telemeter Calibration Off 00:02:04.8 +(124.8)l =21.0 §-~IB
TM Calibrate On 00:02:07.7° +(127'7)l -18.1 5-1VE
TM Calibrate Off 00:02:08.7 +(128.7)1 -17.1- | S-IVB
Excess Rate (P, Y, R) Auto- 00:02:12.6 +(132.6)1 -13.2 IU
Abort Inhibit Enable o
Excess Rate (P, Y, R) Auto- 00:02:12.8 +(132.8)1 -13.0 IU
Abort Inhibit and Switch
Rate Gyro - SC Indication A"
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TABLE AP 1-1 (Sheet 3 of 16}
PREDICTED AS--205 FLIGHT SEQUENCE OF EVENTS

TIME TIME FROM
FLIGHT TIME S5-1IVB MARK
EVENT (hr:min:see) FR?ﬁei?SE ENG%NE §TARI 558 RE §
sec

S-TB Two Engines Out Auto- 00:02:13.0 +(133.0)1 -12.8 Iy
Abort Inhibit Enable
S-IB Two Engines Out Auto- 00:02:13.2 -:-(1.33.2)1 ~12.6 v
Abort Inhibit
Propellant Level Sensors 00:02:13.7 +(133.7)1 -12.1 IB | Four level sensors are armed at this time.
Enable
8-1B Propellant Level Sensor 00:02:16.9 +(0.0)2 -8.9 §-IB | Time Base No. 2 (¥B2) is initiated by the LVDC upon re-

Actuation —~ Start of Time
Base No, 2 (TB2)

ceiving the 3-IB low level sensor dry signal. However,
the propellant low level sensors are armed prior to
calculated actuation time.

If a fallure oceurs which would prevent the LVDC from
receiving or recognlzing the sensors actuation signal,

a backup methed of starting TB2 is avallable. The LVDC
will monitor the downrange accelerometer after arming
the 5-IB propellant level sengsors. If TB2 is not stare-
ed within 0.55 gec after calculated actuation of the
level sensors and a significant dowmrange velocity read-
ing appears, the LVDC will start TBZ.

However, because of the one engine out capability of the
Saturn IB, a time adjustment of the time backup will be
made 1f an S-IB engine out condition occurs. When the
LYDC recelves an S~IB engine out signal, it will adjust
the backup time remaining to 8/7 of the remaining nominal
level sensors actuation time plus 0.55 sec, This will
allow initiation of TB2 by propellant level sensors
actuation at a later time with one S-IB engine out.

Use of the downrange velocity reading as a backup
provides & safeguard against starting TB2 inadvertently,
If a significant downrange velocity value does not
appear, the time backup for starting TB2 will not be
issued, Furthermore, if TB2Z is not established, no
subgequent time bases can be started. This insures a.
safe vehicle, even if TBl is started without liftoff,
requiring at least one additional failure to render the
vehicle unsafe on the pad.
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TABLE AP 1~1 (Sheet 4 of 16)
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS

TIME TIME FROM
FLIGHT TIME S-IVB
EVENT (hr:min:sec) | TROn BASE | pnere starr | 55% REMARKS

(sec) (sec)
Excess Rate (Roll) Auko-Abort 00:02:17.1 +(0.2)2 -8.7 IU
Inhibit Enable
Excess Rate (Roll) Aubto-Abort 00:02:17.3 +(0.4)2 ~-8.5 IU \
Inhibit and Switeh Rabe Gyros
8C Indication "BY
Inboard Engines Cutoff 00:02:20.1 +(3.2)2 . -5,7 §-1B
Auto-Abort Enable Relays Reset 00:02:20.3 +(3.4)2 : ~3.5 Iu
Charge Ullage Ignition EBW 00:02:20.5 -!--(3.6)2 -5.3 'S~1VB
Firing Units
Q-Ball Power Off 00:02:20.9 +(4.0), -49 Iy
Prevalves Open 00:02:21.4 +(4.5)2 ~b4.4 8-1VB
LOX Depletion Cutoff Enable 00:02:21.6 +(4.7)2 ' -4,2 S-IB
Tuel Depletion Cutoff Enable 00:02:22,6 +(5.7)2 -3.2 5-IB
8-IB Quthoard Engines Cutoff -~ | 00:02:23.1 +(0.0)3 -2.7 S=IB | Time Base No. 3 (TB3) ig initiated by the S~IB ocut-

Start of Time Bage No. 3 (TB3)

| board engines cutoff signal from.the S-IB stage at

propellant depletion cutoff. However, the start of
Time Base No. 3 is dnhibited until the command "LOX
depletion cutoff Enable" is issued by the LVDC. As

a safeguard against trying to separate the S-IB stage
with the thrust of the outboard engines present, a
redundant S-IB outboard engines cutoff command is
igsued at the start of TB3 (TB3 +0.0).

If & failure should prevent the LVDC from receiving °*
or recognlzing the 5-IB outboard engines cutoff
signal, a time backup for starting TB3 is avallable.
If TB3 is not initiated within 4 sec after calculated
S-1IB outboard engine cutoff the LYDC will issue an
S-IB outboard engines cutoff command and start TB3.
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TABLE AP 1-1 (Sheet 5 of 16)
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS

TIME TIME FROM
FLIGHT TIME 5~IVB ;
EVENT (hrimin:sec) | FROM BASE | pyerne starr| 5SS REMARKS
(sec) (sec)

LOX Tank Fiight Pressurization | 00:02:23.3 +(0.2)3 -2.5 8-1IVB } The control function of the LOX tank flight pressure

Switeh Enable switch is switched from the main pressurization
shuteff valves to the heat exchanger bypass valves.

Engine Cutoff Signal Off 00:02:23.,5 +(0.4)3 -2.3 5-IVB | The S-IVE eangine cutoff "On" is turned on prior to
liftoff and remains on until this time to prevent
an erroneous J-2 engine start.

Ullage Rockets Ignition 00:02:24,2 +(l.l)3 ~1.6 5-IVB | The effective burning time of the 5-IVB ullage rockets

is approximately 3.6 sec. The ullage rocket burn
sequence is scheduled so that the $-IVE propellants
are properly geated prior te J-Z engine maingtage
operation,
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TABLE AP 1-1 (Sheet 6 of 16)
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS

TIME TIME FROM
FLIGHT TIME 3-IVB REMARKS
EVENT (hrimin:sec) | TROM BASE | cyoryp grapr| 58S
. (sec) (sec)
S~IB/S-IVB Separation On 00:02:24.4 +(1.3)3 -1.4 §-IB | The separation devices are fired at this time. The
. signal is also given to fire the retrorocket motors,

but circuit delays are bullt into the separation
circultry so that retroxrocket ignitlon occurs after
separation device detomation, thereby preventing
pessible unseating of the 85~IVB propellants.

Flight Contrel Computer S-IVB 00:02:24,6 +(1.5)3 -1.2 IU | This signal activates the AACS roll control and en-

Burn Mode On "A™ ables J~2 engine gimbaling.

Flight Control Computer S=IVB 00:02:24,8 +(1.7)3 -1.0 Iv

Burn Mode On '""BY

Engine Ready Bypass On 00:02:25.0 +(l.9)3 -0.8 S-IVB | This signal prevents engine cutoff by any of the mal-
function cutoff modes.

LHZ Chilldown Pump Off 00:02:25.2 +(2.l)3 -0.6 S§-IVB | Chilldown initiated on the ground.

LOX Chilldown Pump Off 00:02:25.4 +(2.3)3 -0.4 §~IVB | Chilldown initiated on the ground,

8-IVB Engine Qut Indication 00:02:25.5 +(2.4) , -0.3 Iy

"a!l' Enable

§-IVB Engine Out Indlication 00:02:25.7 +(2.6)3 -0.1 Iu

"B'" Enable

Engine Ignition Sequence 00:02:25.8 +(2.7)3 0.0 8~-IVE | A one second J-2 engine fuel lead is initlated at this

Start time. The J-2 engine sequence of events 1s controlled
by internal engine logic.

Engine Ignition Sequence 00:02:26.3 . +(3.2)3 0.5 S-IVB

Start Relay Resét

Fuel Injection Temperature 00:02:26.8 +(3.7)3 1.0 §-IVB | Fuel lead is terminated at this time by opening the

OK Bypass start tank discharge valve.

LH2 Tank Pressurization 00:02:28.4 +(5.3)3 2.6 5~IVB | Enables the LH2 tank pressure switeh to control LH2

Control Switch Ensble

pressurization.




8-~Tdav

896T Ioquazdag

TABLE AP 1-1 (Sheet 7 of 16)
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS

PIME TIME FROM
FLIGHT TIME S-IVB
C RKS
EVENT (hr:min:sec) FR?}:EE‘;‘SE ENGINE START | °°° REMA
{sec)
PU MR 5.5 On 00:02:31.8 +(8.7)3 5,0 S-IVB | The PU mixture ratlio is commanded fo 5.5 to 1.0 for the
first 308.6 sec of burn. v
Charge Ullage Jettison EBW 00:02:33.3 +(10.2)3 7.5 S~-1VB
Firing Units
Ullage Rockets Jettison 00:02:36.4 +(13.3) 5 10.6 S-1VB
Fuel Injection Temperature 00:02:36.8 +(1.3.7)3 11.0 S-IVB
OK Bypass Reset
Ullage EBW Firing Units Charge | 00:02:42.4 +(19.3)3 16.6 8-1VB
Relays Reset
Ullage Rockets Ignition and 00:02:42.6 +(l9.5)3 16.8 S-IVB
Jettisoh Relays Reset
Heat Exchange Bypass Valve 00:02:47.1 +(24.0)3 21.3 5-IVB
Enable On
Telemetry Calibrator In- 00:02:48.5 +(25.4) 5 22,7 U
Flight Calibrate On
Telemetry Calibrator In- 00:02:53.5 +(30.4)3 27.7 IU
Flight Calibrate Off .o
Water Coolant Valve Open 00:03:00.1 +(37.0)3 34.3 I
Flight Control Computer Switch| 00:03:05.1 +(42.0)3 39.3 plif
Point No. 4
5° A0S GTI 00:05:15.0
5° A0S BDA 00:05:40,0
Flight Contrel Computer Switch] 00:05:46.8 +(203.7)3 201.0 1U
Point No. 5
Telemetry Calibrator In- 00:05:48.5 +(205.4)3 202.7 U

Flight Calibrate On
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PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS

8961 Zequaidag

— TIME FROM
; FLICGHT TIME S-IVE, REMARKS -
EVEN? (hr:min:sec) FR%M B?SE ENGINE START| 558 RE
. sec (sec) . . .
Eeleﬁetry Calibrator In- T 00:05:53.5 +(210.4) 207.7 Iy
Flight Calibrate Off .
LH2Z Tank Pressurization 00:07:26.0 +(302.9)3 300.2 §-1VB | LH2 tank pressure buildup. -
Control Switch Disable
Initiation of Guidance Staging| 00:07:34.0 ' N/A 308.2 - N/A
Initiation of Artificial Tau '
Mode .
PU MR 5.5 Off ~ 00:07:34.4 [, +(311.3), 308.6 | s-1ve |
PU MR 4.5 On - 00:07:34.6 +(311.5) 308.8 5-IVB | The-PU mixture ratio is commanded to tha &,5 to 1.0
3 ; . , Anded L
| ‘ ) « | poeition for the remainder of the burn. B
End of Artificiasl Tau Mode 00:08:09.6 N/A 343.8 N/A
Teleémetry Calibrator In- 00:08:18.5 +(355.4) 352.7 0 ’
Flight Calibrate On )
Telemetry Calibrator In- 00:08:23.5 | +(360.4), 357.7 ]
Flight Calibrate Off
5° LOS Cape 00:08:29.0
5° LOS GBI 00:08:56.0 .
5% LOS GTI 00:09:15.0
Initiation of Chi Tilde 00:09:49.5 N/A 443.7 .« /A
Initiation-of Chi Freeze 00:10:09.5 N/A 463.7 N/A ’
8-IVB Engine Cuteff 00:10:14.5" N/A 468.7 8-IVB } After a predetermined time, gufficlent to allow the
. engine to establish thrust OK, the LVDC will start TB4
| after recelving any two of four functions monitored by
the LVDC. The functions are (1) S5~IVB Engine Out "A"
(2) 5-IVB Engine Out "B" (3) 5-1VB Velocity Cutoif
~ which is issued by the LVDC (4) Loass of Thrust determin—
ed by the'LVDG using accelerométer readings.
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TABLE AP 1-1 (Sheet 9 of 16)
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS

TIME TIME FROM
FLIGHT TEIME S-IVB
EVERT (hriminisecy | TROM BASE 1 pnorvg starr| 558 REMARKS
(sec) (sec)

8-1VE Engine Cutoff (Cont'd) A redundant S-IVB engine cutoff command is issued at
the start of TB4 (TB4 +0.0), as a safeguard against
having gtarted TB4 with the thrust of the S-IVB
engine present.

Propellant Depletion Cutoff 00:10:24.7 +(!¢7l.6)3 468,9 S~IVB | Three LOX depletion sensors and three LH2 depletion

Arm sensors are armed. Actuation of any two of three
depletion sensors in either tank will initiate engine
cutoff, The propellant depletion level sensors are
armed to provide a backup for the predicted velocity
cutoff.

Set Time Base No. 4 (TB4) 00:10:14.7 ‘+(0.0)4 468.9 5-1IVB

LH2 Tank Vent Valve Open 00:10:15.1 -F(0.4)4 469.3 S-IVB| A 1,260 sec LH2 tank blowdown 1s initiated at this time.

Passivation "B" Enable 00:10:15.2 +(0.5)4 569.4 §~IVB | This command provides power for openlng the LH2
passivation valve.

LE2 Tank Passivation Valve 00:10:15.3 +(0.6)4 469.5 §-1VBE | This command opens a nonpropulsive LHZ tank vent which

Open Enable remains open for LH2 tank passivation.

LOX Tank Flight Pressurization| 00:10:15.5 +(0.8)4 469.7 S-1vB

Shutoff Valves Close

Passivation ""A" Enable 00:10:15.7 +(1.0)4 469.9 §-IVE | This command provides power to the LOX NPV valve and
the engine valves to enable commanding them during dump.

LOX Tank Flight Pressurization] 00:10:15.9 +(1.2), 470.1 S-IVB

Switch Disable

Propellant Depletion Cutoff 00:10:16.5 -I-(ZL.S){+ 470.7 S-1IVB

Disarm

PU MR 4.5 Off 00:10:16.9 +(2.2)4 471.1 S-1VB

LH2 Tank Pasgivation Valve 00:10:17.4 +(2.7_)4 471.6 S-1VB

Open Disable

Flight Control Computer S-IVB 00:10:18.2 +(3.5)4 472.4 16 | Stage control is switched from the J-2 engine to the APS.

Burn Mode Off "A"
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TABLE AP 1-1 (Sheet 10 of 16)
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS

TIME FROM

TIME
FLIGHT TIME S~IVB
EVENT (hr:min:sec) FRC(’M B‘;SE ENGINE START | S°° REMARKS
sec) (sec)
Flight Control Computer S~IVB 00:10:18:4 +(3.7)4 472.6 U
Burn Mode Off "B"
Avxiliary Hydraulic Pump 00:10:18.6 +(3.9)4 472.8 s~IVB
Flight Mode Off
Rate Measurements Switch 00:10:20.7 +{6.0)4 474,9 v .
5° A0S VAN 00:10:24.0
Initiate Maneuver to Align 00:10:34.7 +(20.0)4 488.9 i
the S<IVB/IU/CSM with local
Horizontal (Position 1 Down)
and Maintain with Bespect .
to Local Horizontal .
LOX Tank Vent Valve Open 00:10:44.9 +(30.2)4 499.1 S~1IVB | A 30 sec LOX tank blowdown is initiated at this time.
LOX Tank Vent Valve Close 00:11:14.9 -‘l-((§0.2)4 - 529.1 5--IVB
LOX Tank Vent Valve Boost 00:11:17.9 +(63.2)4 532.1 S-1VB
Close On
LOX Tank Vent Valve Boost 00:11:19.9 +(65.2)4 534,11 S-IVB
Cloge Off
5° LOS BDA 00:12:24.0
PU Inverter and DC Power Off 0(_):.14:14.7 +(240'0)4 708.9 §-IVR
5° LOS VAN 00:16:04.0
5° AOS CYI 00:17:49.0 ;
5° LOS CYI 00:23:25.0
LH2 Tank Vent Valve Close 00:31:15.1 +(1,260.4)4 1,729.3 S-1IVB
LH2 Tanlt Vent Valve Boost 00:31:18.1 -{-(1,'2!53.4)4 1,732.3 S-IVB

Clese On
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TABLE AP 1-1 {Sheet 11 of

16)

PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS
FLIGHT TIME TIME T12?I§§OM
EVENT (hr:min:sec) FROM BASE ENGINE START S5 REMARKS
(sec)
(sec)
LH2 Tank Vent Valve Boost 00:31:20.1 +(1,265./+)4 1,734.3 S-IVB
Close Off !
5° A0S TAN 00:37:58.0
5° LOS TAN 00:43:12,0
5° A0S CRO 00:53:40.0
LH2 Tank Vent Valve Open 00:54:04.7 +(2,63U.0)4 3,098.9 S-IVB |A 5 min LH2 tank blowdown is initiated at this time.
Aux Hydraulic Pump Flight' 00:55:24.7 +(2,710.0)4 3,178.9 S-IVB |Auxiliary hydraulic pump cycle is initiated to
Mode On circulate the hydraulic fiuild to prevent freezing.
Aux Hydraulic Pump Flight 00:56:12.7 | +(2,758.0), 3,226.9 | 5-IVB
Mode Off
LH2 Tank Vent Valve Close 00:59:04,7 +(2,930.D)4 3,398.9 $-1IVB
LH2 Tank Vent Valve Boost 00:59:07.7 +(2,933.0)4 3,401.9 S=IVB
Close On
LH2 Tank Vent Valve Bdost 00:59:09.7 +(2,935.O)4 3,403.9 S-IVB
Close Off - .
5° LOS CRO 00:59:08.0
PU Inverter and DC Power On 01:324:26.7 +(4,452.0)4 4,920.9 5-IVB | Power is turned on for mass data monitoring.
5% A0S GYM 01:30:43.0 ,
5° ADS TEX 01:33:43.0
Aux Hydraulic Pump Flight 01:34:04.7 +(5,030.0)4 5,498.9 §-IVB |The auxiliary hydraulic pump iz turned on to center the
Mode On J-2 engine for damping.
Engine Mainstage Control Valve | 01:34:26.5 +(5,051.8)4 5,520.7 S-1IVB | Commands Open maln LOX valve.
Open On
Engine He Control Valve Open 01:34:26.7 +(5,052.0)4 5,520.9 §~1IVB | Provides pneumatics to open main LOX valve.
On {Start LOX Dump)
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TABLE AP 1-1 (Sheet 12 of 16)
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS

Open Off -

TIME TIME FROM
FLIGHT TIME S5-1IVBE
EVENT (hrimin:sec) | TROM BASE | pverng stamr| SS8 REMARKS
{sec)
(sec)

LOX Tank NPV Valve Open On 01:34:36.7 +(5,962.0)4 5,530.9 S-IVB | The LOX NPV valve is latched open at this time,
LOX Tank NPV Valve Open Off 01:34:38.7 +(5,064.0)4 5,532,9 S~1VB

LH2 Tank Vent Valve Open 01:34:40.7 +(5,066.0)4 5,534.9 S~IVB [A 10 min LH2 tank vent is initiated at this time.
5% LOS G¥YM 01:36:33.0

5% A0S CAPE 01:37:39.0

5% A0S GBI 01:38:23.,0

5° LOS TEX 01:39:17.0 I

5° A0S BDA | 0l:41:05.0
. 5° A0S GT1 01:41:34.0

LOX Tank Flight Pressurization | 01:42:26.7 +(5,532.0)4 6,000.9 S-IVB | This command initiates dumping the cold helium bottles
Shutoff Valves Open (Cold He into the LOX tank.

Dump)

5% LOS CAPE 01:43:06.0

5% LOS GBI 01:43:26.0

5° L0S GTI 01:43:48.0

1H2 Tank Vent Valve Close 01:44:40.7 +(5,666.0) 6,134.9 5-1VB

LH2 Tank Vent Valve Boost 0l:44:43.7 +(5,669.0)4 6,137.9 | S~IVB

Close On

LH2 Tank Vent Valve Boost 0l:i44:45.7 +(5,671.0)4 6,139.9 5-IVB

Close Off

5° AOS VAN 01:44:50.0

Engine Mainstage Control Valve | 01:46:26.7 | +(5,772.0) 6,240.9 S-TVR
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. TABLE AP 1-1 (Sheet 13 of 16)
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS

Shitoff Valves Close ~
(Terminate Cold He Dump}

v -

5° LOS CRO
_End Manual Control of S-IVB
Attitude from CSM

Pitch Down 20° (Position 1
Down) and Maintain Orbital
Rate

02:34:44.0

02:32:55.0

'02:42:55.0

’ ‘ TIME TIME FROM
L ' FLIGHT TIME S~ 7 5=LVE MARK
EVENT ' (hrimin:sec) FR%gei?SE ENGINE START | S5°° REMARKS
T (sec)

Engine He Control Valve Open | 01:46:27.7 |+(5,773.0), 6,241.9 | s-1vs
Off (Terminate LOX Dump) ! o :

4 Auxiliary Hydraulie Pum . 0L:46:29.7 +(5,775.0)4 6,243.9 | 8-IVB

Flight' Mode Off ) . :

- i
PU' Inverter and-‘DC Power Off - 01:46:39.7 +(5,785.0)4 6,253.9 | 8-IVB
Pasgivation "A" Disable 01l:46%54.7 +(5,800.0)4 6,268.9 : 5-IVB | The passivation bus is disabled since power to the
: \ valves is no longer required.
- ; CL
5° LOS BDA v 01:46:47.0 :
, : .. P . }

Passivation "B" Disable 01:46:54.9 +(5,800.2)4 6,269.1 .|S~IVE|{ The passivation bus is disabled since power to the
T ! valves is no longer required.
[ ) g - ; ‘ »
5° LOS VAN ; 01:50:09.0

'0° 408 CYI | 01:51:54.0
5° X0S TAN " 02:11:45.0
5% LOS TAN 02:18:23.0 1

!

5° A0S CRO © 02:28:12.0 ,

Begin Manudl Control of S-IVB . 02:29:55.0 ‘

Attitude from CSM '

LOX Tank Flight Pressurization | 02:30:14.7 +(8,400.0)4 8,868.9 8~1VB

. | e
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TABLE AP 1-1 {Sheet 14 of 16)
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS

PIME TIME FROM
FLIGHT TIME S=-IVB
EVENT (hr:min:sec) FROM BASE ENGINE START 888 REMARKS
‘ {sec)
(sec)
Initiate and Maintain Tnercial 02:51:10.0 N/A 10,124.2 —
Attitude Heold )
5° A0S HAW 02:54:29.0
LV/CSM Separation 02:54:55.0 N/A 10,349.2 -
5° LOS HAW 02:59:31.0
5° A0S GYM 03:05:39.0
5° A0S TEX 03:08:48.0
5° LOS GYM 03:11:07.0
5% A0S CAPE 03:12:26.0
5% A0S GBI 03:13:08.0
5% LOS TEX 03:14:10.0
5° A0S @Y1 03:15:30.0
5° AQS BDA 03:16:00.0
Initiate Maneuver to Align 03:16:55.0 N/A 11,669,2 -
§-IVB/IU Retrograde with
Local Horizontal. Roll to
Position 1 Up and Maintain
Orbital Rate.
LOX and LH2 Pump Seal Purge 03:17:31.7 +(11,237.0)4 11,705.9 §-IVB| The atage control helium sphere is dumped by initiating
On (Start Stage Control the LOX and LH2 pump seal purges.
Sphere He Dump)
5° LOS CAPE 03:18:13.0
5° AOS ANT 03:18:17.0
5% LOS GBI 03:18:47.0
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TABLE AP 1-1 (Sheet 15 of 16)
PREDICTED AS-205 TFLIGHT SEQUENCE OF EVENTS

896T 1=2quajdag

PIME TIME FROM
FLIGHT TIME S-1IVB
EVENT (hrimin:sec)] Tront BASE | pnerng stamr | 598 REMARKS
{sec) (sec)
5° LOS GTI 03:20:26.0
5° 103 BDA 03:21:02.0
5° LOS ANT 03:22:51.0
5° A0S .ASC 03:31:46.0
5° LOS ASC 03:37:35.0
. 5° ADS TAN 03:48:11.0
5% LOS TAN 03:52:25.0
.+ 5% AQS CRO . 04:03:04.0
5° LOS CRO 04:09:41.0
5% A0S HAW 04:28:59.0
LOX Tank Flight Pressurization|. 04:30:14.7 +(15,600.O)4 16,068.9 5-IVB | &n additional cold helium sphere dump is initiated at
Shutdff Valves Open (Start this time to relieve pressure builldup due to heating.
Second Cold He Dump)
5° LOS HAW 04:34:26.0
5° A0S GYM 04:40:37.0 ' '
+ LOX and LH2 Pump Seal Purge 04:41:;22.0 +(16,267.3)4 16,736.2 S~LVB
Off (Terminate Stage Con—
trol Sphere He Dump)
5° A0S TEX +04:43:32.0
5° L0S GYM 04:46:11.0
" 5° A0S CAPE 04:47:18.0.|°
 5° A0S GBI L 04:47154.0
5° LOS TEX 04:49:22.0
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TABLE AP 1-1 (Sheet 16 of 16)
PREDICTED AS-205 FLIGHT SEQUENCE OF EVENTS

TIME TIME FROM
ST IO i a5 s
sec) (sec)
5% A0S GTI 04:49:52.0
LOX Tank Flight Pressurization | 04:50:14.7 +(l6,800.0)4 17,268.9 8~1VB
Shutoff Valves Close
5% A0S ANT 04:52:25.0
5° LOS CAPE 04:52:46.0
5° LOS GBI 04:53:33,0
5% L0S GTIL 04:55:50.0
5° LOS ANT 04:58:26.0
5° A0S ASC 05:06:31.0
5° LOS ASC 05:i2:22.0
5° A0S TAN 05:25:00,0
5° 108 TAN 05:26:50.0
59 A0S HAW 06:05:07.0
5% LOS HAW 06:08:33,0
5% A0S GYM 06:15:19.0
5° A0S TEX 06:18:34.0
5° LOS GYM 06:21:08,0
Telemetry Calibrator In- Varilable Iy
Flight Calibrate On
TM Calibrate On Variable S-1VB
TM Calibrate Off Variable 5-~-IVB
Telemetry Calibrator In— Variable 1u

Flight Calibrate Off
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2. MASS CHARACTERISTICS DATA (WS1l)

This appendix presents two types of digital printouts as computed by

the WS11l computer program as follows:

.

The mass breakdown (table AP 2-1) is an itemized listing of
major components (including all propellants, gases, etc.)
listing mass, centers of gravity, and moments of inertia, and
includes a summation for the indicated time. A summary of

items jettisoned is also presented where applicable.

The mass characteristics summary (table AP 2-2) is a chronologi-
cal listing of the S-IVB-205 flight stage mass characteristics.
These data were generated using z flight sequence of events

which is presented in appendix 1 of this document.

Figures AP 2-2 and AP 2-3 present graphs of S-IVB-205 flight
stage mass characteristics, Supplementary information is
contained in table AP 2-3 (definitions of terms and abbrevia-

tions) and figure AP 2-1, S-IVB-205 stage station numbers,

All mass characteristics parameters are time referenced from AS-205

vehicle liftoff and progress chronologically from liftoff to 2 hr, 55 min

(10,495 sec) of fiight time. Data 1s also presented at predicted

guidance cutoff time (614.54 sec).

The sources of the mass characteristics data presented in the WS11

computer program are as follows:

A

S—-IVB-205 stage dry mass is based on the stage weight measured
at MDAC-WD/STC on April 1, 1968.

S—-IVB-205 propellant loading is as presented in appendix 6 of

this document.

Propellant mass flows are based on those found in appendix 5

of this document.

The vehicle coordinate system used conforms to standard
coordinate system 9, mass properties, as presented in document

SE008-001-1, Project Apollo Coordinate System Standards,

(reference 16).

September 1968
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Ap2-2

Figures AP 24 through AP 2-7 present the predicted three sigma mass
characteristics dispersions for the Saturn IB AS-205 second flight stage
during S~IVB open-loop burn. The mass -characteristics dispersions are
referenced relative to time from Saturn IB liftoff, rather than event.

It was assumed that the lower stage will perform nominally.

September 1968



TABLE AP 2-1 (Sheet 1 of 6)
S§-1VB-205 PREDICTED MASS BREAKDOWN SUMMARY

S-1B LIFTOFF TIME 0.000 ITEMS REMAINIRG
114} 1TEH HASS X ARM ¥ ARH I ARM 1%X 1YY 1341
(LBH) (STA=IN) | (STA=INI{STA~TNY {LB=IN2) [LB=IN2) (LB-IN2)
1{FROST 100.00 420440 0 0 | 216926009407 14472090407 | 14472090407
2|S5EPARATION PKG 34.00 200.6% .0 .0 «5T1951044+06 AD439884400 40439884406
S|ULLAGE ROCKETS 398,00 223,71 .2 b | 476191086407 | 38255130487 | 38235130407
T{LAUNCH ESCAPE 8986.00 | 1513.20 -1 b | 234555851407 | L12626886409 | -12626886409
%0 |COMMAND MODULE | 13050.00 | 125220 -l 6.5 | +2B8397184+08 | (27266723408 | 424614452408
51 [SERVICE HODULE | 10918.00 | 1130.50 -6,3 9,5 | +350135%5.08 | .554103%1+08 | 51890235408
82154 PROPELLANT BBA7.00 | 1o77.%C 11.2 1.5 | 420017537406 | 37129316407 | +22943177.08
53 fSLA RING 90.00 1a47.70 -2 1.8 +33682488.06 .2683044040b 2683044000
60 |ADAPTER ({SLA} 3655.00 849,70 140 —1.2 | «h3059297+08 54365345408 | 5365632328408
61| INSTRUMNT UNIT 4280.00 698410 2| =15.0 *63776642+08 «35245574+08 30589209408
62154p20% ORY STG | 21834,00 316.30 8.4 2.6 | +24941T07+0% | 90989132409 | «91113976409
631L0X [N TANK 192906,00 241464 o0 .0 00000000 00000000 100000000
641L0X ULLAGE GAS 35,50 317,91 0 .0 | 00000000 L 00080000 00000000
6% |LOX BELOW TANK ‘387,00 11494 3.2 6.5 | ,19821882,06 | .484076B0a06 | 46660026.08
66 |LH2 [N TANK 3959%,00 443.1h N .0 | 00000000 15508132409 | «1%5%508132409
6T(LH2 ULLAGE GAS 169,00 628.02 0 .0 | 00000000 . 00000000 00000000
68 |1LH2 BELOW TANK 48,00 148400F =39.2 ] w42.5 | «58934474405 | 239722394406 | 423305431406
&9]COLD HELIUM 330.00 494430) 100.1 | =27.8 | 81844230406 | L105137B8+07 | +36002369+06
70| APS PROPELLANT 131,00 248,89 0 L0 | J25288863:07 | .25172310+07 | 147790109405
TL[GH2ZSSTART TANK 5,00 88,40 —22.0 14,6 « 00000000 +000N00A0 00000000
72 |SERVICE ITEMS 56,00 368,67 18.7 15.4 4233769406 +4D692036+07 140263473407
TOTAL REMAINING [30587R.51 423404 .8 L2 | 46741951409 | J3B017T48+411 | +38027339+11
(SLUG~FT2) {S5LUG~FT2) (SLUG-FT2)
+ 10088706406 .82057533+07 | 82079313407
§-18/5-1V8 SEPARATION TIME 144,490 TTEMS JETTISONED
SEQ ITEM MASS X ARM ¥ ARH |2 AR~ 1A% ¥y 1zr
{LBY) {STA=~INY [(STA-TNIKSTA-IN) {LE~-IN2) tLR=INZ} {LB-IN2)
1 |FROST «00 420,40 .0 .0 | «000000800 00000000 +00000000
2 |SEPARATION PKE 34,00 200469 .0 .0 +IT195104+06 | 40439884408 160435884406
TOTAL JETTISONED 34.00 200469 .0 .0 «5T1958104406 «40439885408 240439885406
(SLUG-FT2) {SLUG-FT2) tSLUG=FT2)
v12344995403 | LBT285475+402 | «B7285475402
5-1B/5-1VB SEPARATION TIME 144.450 ITEMS REMAINING
SEQ {TEM MASS % ARK v ARH | Z ARM 1Xx 1Yy 172
{LBM) (STA~IN) [CSTA-INMISTA-IN) {LR=IN2) tLB=IN2} {LB-IN2)
5 |ULLAGE ROCKETS 393,94 223,71 o2 =t | «T5413565+07 | L3T864T40+0T | 121864740407
7 |LAUNCH ESCAPE 8986.00 | 1513,20 -l coh | 234553851407 | L126068B6+0% | 12626886409
50 |COMMAND MODULE 13050.00 12582.20 -l 6.5 +28839718408 272646723408 v246144%52408
%1 |SERVICE MODULE | 10918.00 | 1130.50 -6.3 9.5 | 35013555408 | .55410351+08 | +318%0235408
32 |SH PROPELLANT BBE7.00 | 1077.90 11.2 1.5 [ +20017337.08 | 37129316407 | +22943177.08
83 |SLA RING 50.00 | loaT.70 -2 1.8 | 83452455406 | .26830440+06 | 126830440406
&0 [ADAPTER (SLA) 3655,00 849,70 1.8 -1l.2 243089297408 | 54363345408 | +536623328.08
61 [INSTRUMNT UNIT 4280,00 698470 W2 | =15.0 { «63776642+08 L 342435876408 1305892094008
62 [S4B205 DRY STG | 21834,00 316,50 8.6 _2.6 | 226941707409 | .9098913240% | 91113976409
63 |LOX IN TANK 192%06.,00 241,65 .0 .0 +00000000 00000000 +00000000
&4 [LOX ULLAGE GAS 35.50 317,95 .0 .0 | 00000080 00000000 «00000000
65 |LOX BELOW TANX 367.00 114.94 3.2 6.5 | 419821882406 | 4640T600+06 | 146669026+06
66 1LH2 IN TANK 39599.00 443,75 o0 .0 00000000 15727515409 15727515409
87 iLHZ ULLAGE GAS 169,00 #26,86 .0 .6 | .o00000n00 .00000000 « 00000000
68 |LH2 BELOW TANK 48,00 148,001 -39.2 | -42.5 | .3B934476405 | .2397239%+06 | ,23305431406
6% |[COLD HELIUH 330.00 494,30 | 100.1 | -~27.8 | «B1844230+06 | 10315788407 | 436002369406
70 |APS PROPELLANT 131.00 248,59 .0 L0 | «25288863.07 | .25172310+407 | 47790109405
71 |GH2.START TANK 5,00 88,40 | -22.0 14,6 { 00000000 » 00000000 + 00000000
72 |SERVICE ITEMS 56400 368.67 18.7 15.4 v4233T8% 4006 40492036407 140262473407
TNTAL REMAINING |305740.44 423,96 .8 .2 | 46507710409 | .38015898+11 | 38025949411
(SLUG-FT2) {SLUG~-FT2) {SLUG=FT2)
210036227+06 82053541407 +82075322407
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S-18 ENGINE START COMMAND

TABLE AP 2-1 (Sheet 2 of 6)
S-IVB-205. PREDICTED MASS BREAKDQEN.SUMMARY

TIME 145.810

ITEMS REMAIRING

SEQ 1TEH MASS X ARH ¥ ARH | 2 ARM X% 1YY 112
. . (LBM) (STA=IND [(STA=IN)[(STA=IN) {LA~1INZ) " iLB=IN2) TILB=1N2)
- 4
3 |ULLAGE RDCKETS. 334,37 223.71 .2 —e4 1l «5400993740T | J3213%041+07 | 432139041407
T|LAUNCH ESCAPE 8985,00 | 1513.20] -l wod § 34555851407 | 12626886409 | 412626886409
50 |COMMAND MODULE | 130850.00 | 1232.20 c=al 6.5 228839718408 | 27266723408 | 424614452408
51 {SERVICE NODULE 10%158.00 113050 ~8.3 9.5 135013335408 35410351408 |° +51890235,08 "
32 {SH PROPELLANT 8887,00 | 1072490 11.2 1.5 «20017537408 | (37129326407 | »22943177.08
53 |SLA RING 90.00 | 104770 -2 1.8 | 5365245506 | 26830440408 | 126830440406
60 {ADAPTER, (SLA) 3b655%.00 B49470 1.0, 1.2 +4308929T+08 | 54365345408 »53563328,08
&1 INSTRUHNT UNIT 4280,00 698470, 27| =15.0 | «63776642408 | 34245574408 | .2038920%.08°
621545203 DRY 5TG | 21834.00 316.50| 8.6 «2.6 | 424961707409 | .90989132409 | «91113976409
63(L,0X IN TANK 192906.00 241465 .0 »0°| +o0000000 ' L 00000000 »000000060
6hiLOX ULLAGE GAS 35,50 317,98 .0 .0 | .ooenoooo 00000000 400000000
85 |L0X .BELOW TANK | 387.00 11494 3.2 6.5 | +19821582406 | 45407650406 | «206869026406
66 LHZ IN TANK 39399,00 443,75 N .0 | so0oonoono 15729540409 | 215729340409
6T |LH2 ULLAGE GAS 16%,00 62B.AT. 9 .0 | «ao6n0000 »00000000 ‘400000000
68 |LH2 BELOW. TANK . 43,00 148,00 =39.2 | «42.5{ 58934476405 | .23972394+06 | 423305431406
69 |COLD HELIUM 330.00 494,30 too.l | -~27.8 +B81664230+06 | ,10515788407 «34002389.06
70 [APS PROPELLANT A31.00 248459 .0, WO [ 25288663407 | L25172310407 | +47790109+05
71| GHZ»START TANK 5.00 88,40 -22.0 14,6 | 00000000 +00000000 + 00000000
72 |SERVICE ITEMS 56,00 368467 18.7, 15.4 A233TAT4406 | L40492036407T 160263473407
TOTAL REMAINING [305680.87 424400 [ 8, o2, 146393469409 _2380129#7+11 138023038411
' . tSLUB-FT2) L [SLUG=FT2) {SLUG-FT2)
+10013613406 | 82047171407 | 482068951407
NINETY PERCENT THRUST TIHE 149.310 ITEMS REMAINING
SEQ 1TEN HASS X ARN Y ARM | Z ARM X% 1Yy 11z
(LBHM) (STA=IND [(sTA=INI|(STA-1IN} (LE-1N2} (La=1N2) tlLa=1N21
S |ULLAGE ROCKETS 222.00 223,71 2 —~.4 | .562498545,07 | .21338288407 | 21338288407
7{LAUNCH ESCAPE 8986.00 | 1%13.20 -l -l «343555851407 | 12626886409 | ,1262688644+0°
5o |[COMHAND MODULE | 130%0.00 | 1252.20 -.1 6.5 | 28839710408 | 27266723408 | «24814452.08
81 |SERVICE MODULE | 10918.00 | 1130.50 6,3 9.5 | 35013555408 | 58410351408 | «5189023%.08
%2 |54 PROPELLANT 8837,00 | 1lo077.90 11.2 1.5 | +20012537408 | 37129316407 | +22943177:08
83 (SLA RING 90.00 | 047,70 -2 1.8 | «53852655.06 | 26830440400 | 268304640406
60 |ADAPTER (5LA) 3655,00 R49,.70 1.0° -1.2 «4305929T+0R 54355345408 #5268633284p8
61| INSTRUMNT UNIT 4280.00 698470 27| =1%.0 | «63775642+08 | (34248574408 | (30389209+08
62 |S4p205 DRy S7G | 21834.00 316,590 8.6 2.6 | «24941707+0% | 90989132409 | «91113976409
63 |LOX IN TANK 1192504.00 241.51 -0 «0 | 00100000 +00000000 100000000
64 |LOX ULLAGE GAS 37,31 317,61 .0 .0 | «00n00000. « 00000000 .1 00003000
65|L0X BELOW TANK 397,00 114794 [t 3.2 6.5 | 21461875406 | 50201190406 § 50483932406
86 |LH2 IN TANK 39481.00 443,31 ] .0 | +00000000 215522753409 | 415822793409
67|LHZ ULLAGE: GAS 17¢.58 628,25 -] .0 | 00000000 .00000000 160000000
68|LHZ BELOW TANK 58.00 148,00 -39.2 | ~42.5 | 712124924058 | 28960642406 | «281607534+06 |
49 ]COLD HELIUM 328.8] 494,30 100.1 -27.8 «31350070+006 +10477200+07 a35872655.:00
70|APS: PROPELLANT - 130.96 248,59 0 L0 | «25280014407 | .25163701+407 | 147773765405
F1|GH2=START TANK 1.00 88,40 | -22.0 4.6 | .o000n0000 .00000000 100000000
12 |SERVICE ‘ITEHS 56.00 368,67 18.7 | 15.4.] 442337694406 | 40692036407 | «40263473407
TATAL REMAINING |2305084.65 424,12 .8 W2 | «4n132933409 | 38004530411 | «38014406+11
+ {(5LUG-FTZ). {SLUG~FT2) (SLUG~FT2)
99681384403 182050753407

AP2-4
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SUMMARY PRINTQUT

TABLE AP 2-1 (Sheet 3 of 6)
S-IVB-205 PREDICTED MASS- BREAKDOWN SUMMARY

TIME 200.000

ITEMS REMAINING

seQ ITEN JMASS X ARH ¥ ARM | T ARM Ixx 1YY 122
(LBH} (STA-TN}] {(STA-TNIHSTA~IN) [LB=IN2) (LB=IN2} (LB=IN2)
Sof COMMAND HODULE 13050.00 1252.20 wal 6.5 288397184 p8 272667234p8 v24614452%08
51} SERVICE MODULE 10918.00 1130.50 8,3 9.5 «3501355%408 «55410331+08 «518%0235:08
s2} SM PROPELLANT 8387.00 | 1a77+%0 11-2 1-5 ]| «200175374p8 | 37129318497 | 422943177408
53; SLA RING 90.00 104770 “ed 1.8 +33682455406 «26B30440+00 126330440+06
40f ADAPTER (SLA) 3655,00 84%.70 1.0 =1.2 | +430592%7.08 | .54365345408 | 153663328,08
&1] INSTRUMNT UNIT 4280,00 698,70 W2 =15.0 | «63TTOH42408 | 34245574408 | +3038%209.08
62| 54820% DRY STG 21834,00 316.50 8.6 ~2.b 26941707409 0589132409 2911139746409
63| £0X IN TANK 169673,52 233,91 0 0 | 00000000 .00000000 100000000
44| LOX ULLAGE GAS 73,91 202465 -0 .0 00000060 00000000 «AD0N0GO0
68| LOX BELOW TANK 397,00 11494 3.2 5.5 221841875406 | «30201190+06 ¢30483932400
66| LMz IN TANK | 35299.27 427,48 «0 .0 { »000000n0 ,90438808+08 | 90438808408
67 LH2 ULLAGE GAS 202.67 608,04 «0 .0 + 00000000 .00Q00000 00000000
68{ LH2 BELOW TANK 58.00 148,00 -39.2:] -42.3 JTL21249%2405 2895686424006 «28160753,06
69| COLD HELIUM 311.59 594,30 100.1 | «-27.8 | 2770897904056 | 99291757406 133994014408
To| APS PROPELLANT 130431 248,59 0 L0 | +25154757407 | .25039019+07 | 4753705505
71{ GH2LSTART TANK 1.00 88,40 =-22,0 1] 14.6 +00NN0000 .| «00000000 .| +pO0OOODODO
72{ SERVICE ITEHS 56.00 368,67 18,7 15.4 | 4233786594406 | 40432036407 | 440263473407
TOTAL REMAINING | 248917.26 396,22 N3 31 san388114409 | 26640230411 126650175411
(SLUG=FT2) [SLUG=FT2) [§LUG=-FT2}
«3T9592646405% ST500291407 «5T321T55407
SUMMARY PRINTOUT TINE 300.000 ITEMS REMAIRING
1344 ITEM MASS X ARM ¥ ARM 2 ARM 1XX tYy 11z
(LBN) (SYA-INIECSTA-INI{STA- TN (La-1H2) (LB-IN2) (La-IN2)
50| COMMAND HADULE 13050.00 1752.20 sl 6.5 «28839718408 27266723408 124814432408
51| SERVICE MODULE 10918.00 1130.50 -6,3 9.5 «35013555+08 +535410351+08 +«51890235+08
52| SM PROPELLANT 8887.00 | lo77.%0| 11.2 1.5 120017537408 37129316407 | 22943177408
5318LA RING . 90.00 | 1p47.70 - 1.8 | 453652455406 | 26830440406 | 26830440406
60] ADAPTER (SLA) 34655.00 B49.70 1.0 -1.2 243055297+08 | S543653465408 | +3523663328408
61| INSTRUMNT UNIT 4280.00 698,70 2] =15.0 W6ITTEHG2408 | 34245574408 | «30589209+08
62|548205 DRY STG | 21834,00 316.50 8.6 =2-86 | 2249 1707+0%9 | 90989132409 | (91113976409
63| LOX IN TANK 124634,08 220445 0 +0 «00000000 »00000000 + 00000000
641L0, ULLAGE GAS 146,13 284,13 .0 .0 | +00000000 , 30000000 00000000
65iL0, BELOW TANK 397,00 114.94 3.2 6.5 | «21441875:06 | .50201190+06 | ,50483932406
66 |LH2 IN TANK 27049.65 395,52 .0 .0 | «0000COND WA127E872409 | 211271872409
67 |LH2 ULLAGE GAS 265,96 574,75 N .0 «000O0000 . Q0000000 »DON0O0B0
68 LH2 BELOW TANK 58.00 14B,00] =39.2 | -42.5 |, »71212492+405 | .28766642406 | 28160753406
6916010 HELIUM 277.62 494,301 100.1} =27.8 868211406 | 88466649406 | 430287877406
T01APS PRUOPELLANT 129.03 248.59 .0 N 126907651407 | 24793050407 +47070079405
71{GHZLSTART TANK 1.00 88.40| -22.0 1426 { 00000000 . 00000000 « 00000000
T2 |SERVICE [TEMS S5¢.00 368,67 18.7 15.% 42337694406 40492036407 140263473407
TOTAL REMAINING  [215728,47 417.14 1.2 L3 L45332006+09 | .259164344411 | 25926023411
(S5LUG=FT2) (SLUGAFT2) tsLYUc-FT2}
297844632405 | 55933539407 | +55954430+07
SUMMARY PRINTOUT TIME 400.000 ITEMS REMAINING
SEQ 1TEN MASS X ARM ¥ ARM | Z ARwM 1% 1YY tIz
(LBM) (STA-IM)| (STA-INJ{STA-TIN) {LB-IMN?2) [(LR=TN24} {LB~INZ}
50| cOMMAND MODULE 13050.00 1752.20 -l 6.5 +28839718408 27266723408 124514452408
51| SERVICE HODDULFE 10918.00 1130.50 =4.,3 9.5 +350135554+08 »55410351+08 ¢ 51890235408
5215M PROPELLANT B8B87.001 1ln~7.90 11.2 1.5 20017537408 | 371293164071 +22943177.08
53| SLA RING 90.00 1n47.70 -2 1.8 53652455406 L26B30440406 » 268304404006
60| ADAPTER {514} 3655,00 849.70 1e0 =1.2 | 43059297408 | .54365345+08 | 53563328408
61| INSTRUMNT UNET 5280,00 6898.70 2] =-15.0 263776652408 | +342455T4+08 +30%3920%4+08
621548205 DRY 5TG 21834.00 316450 8.6 -2.6 « 26961707409 +90989132+09 121113976409
63[LOX IN TANK 79594,65 206,21 ) .0 » 00000000 . 00000000 » 00000000
64 |LOX ULLAGE GAS 218.35 269,72 0 .n »AR/ANN0 000450000 . » 00000000
65|LOX BELOW TANK 397.00 11494 3.2 6.5 «214418754006 «S0201190+06] 50483932406
46]LH2 IN TANK 1B8B00.04% 364414 .0 .0 1 00000000 LBBT564T9408 | B8T56479+08
67|LHZ ULLAGE GAS 329.25 943,19 .0 .0 | .o0nnoono . Q0000000 «OGN00000
68|LHZ BELMW TANK SR, 00 v4r,n0|  -39.2 | -42.5 LT121269240% . 28966642406 «2B81507%3.06
69({COLD HELIUM 243,65 494,30 100.1 w2T7.8 LANPRAATLLOE 77541542404 «26581740406
T0{APS PROPELLANT 127.75 748.59 «0 .0 24660545407 2454T082+407 46603102405
71 |GH2ASTART TANK 1.00 88.40] =22.0 14.6 - 00000000 00060000 « 00000000
T2 {SERVICE I1TEMS 56.00 368467 18,7 15.4 | 242337694406 | .40492036+07 | 140263473407
TOTAL REMAINING | 152539,49° 451497 1.5 .4 L45275234409 | L243263858+411 124333773411
{SLUG-FT2} {SLUG-FT2) (5LUG~FT2}
L9T7722096+0% | .52501775+07 ] «52522032+07
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ENGIRE MIXTURE RATIO CUTBACK

TABLE AP 2-1 (Sheet 4 of 6)
5~IVB~-205 PREDICTED MASS BREAKDOWN SUMMARY

TIME 454.500

TTEMS REMAINING

SEQ 1TEN HASS " X ARM Y ARM ] 1 ARM 1xx vy - 122
, | teeny CSTA=IND [[STA-INI|(STA=~IN) (LA=1NZ) (LA=IN2} {LA-IN2}

- Bp|cOMMAND MODULE 13050.00 1252.20 -l 6,5 +28839718408 «272667234+4p8 424614452408
51| SERVICE HODULE' |' 10%18B.00 1130.50 b3 9.5 +350135%5.08 +55410351+08' | «+51890235+08
52| SH ‘pROPELLANT | : 88B7.00 | 1a77.90 11.2, 1.5 | +20017537408 | 37129316407 | +22943177,08
53| SLA RING §0.00 | 1047.70 -2 1.8 | +5368524195.06 26830440406 126830440406
60} ADAPTER (SLA)Y 3655,00 849.70 1.0 1.2 | 43039257408 | 56365345408 1| ,53643328.08
&1] INSTRUMNT UNIT'| 4230.00 698470 2| =15.0 | «63776442+408 | 34248574408 | +303892094+08
42|54p203 CRy STG | 21834,00 316.50 8.6 2.6 | 2494170740% | 90989132409 | 91113976409
63| LAX IN TANK ' 54B68.00 197.12 0 .0 100000000 » Q0000000 +»00000000
b&| LNX ULLAGE BGAS 258,00 262,40 .0 .0 | «0n0000N0" +00000000 | +oonooono
55| L.OX BELOW TANK 397.00.| 114.94 3.2 6.5 | «+21441875.06 | .50201190+06 | «50483932,06
66| LH2 IN TANK 14271.00 346,39 0 +0 00000000 «735%6300+08 « 73356300408
67| LHZ ULLAGE GAS 354,00 525,29 .0 .0 | »00000000 . 00000000 +00N000N0
66| LH2 BELOW TANK 58,00 148,00 | =39,2 | ~42.5 | +71212492405 | .2B965642+406 | 28160753406
69| cOLD HELIUM 225,00 494430 | 100.1 | =27.8 | 55686521406 | 71698557408 | 24547070406
7ol APS PROPELLANT 127.0% | 248459 o0 o0 | «24524883,07 [ L24412045407 | 446366731405
T1] GH2aSTART TANK 1.00 88,40 | ~22.0 4.6 | +00000000 00000000 +00000000
72{SERVICE ITEHS 56.00 36867 18.7, 15.4 | «423376%4406 | 40492036407 | 4402635473407

TOTAL REMAIMING | 133339,04 504458 i.8 .8 | 45240927409 || 22693367411 | 122702565+11
{SLUG-FT2) {5LUG=FT2) {5LUG=FT2)
1ITERBOLB+0% | 48961380407 | 49001233407
SUMMARY PRINTOUT TIME 500.000 ITEMS REMAINIRG
SEQ ITEM MASS. X ARM Y ARM } I ARM XX 1Yy 172
{LBH) ASTARINYE(STA-INN(STAINY tLa~INZ) (LA=-1§2) (LB-IN2}
50 |COHMAND MNDULE 13050.,00 | 1252.20 wal 5.5 | .288397184p8 «27266723+08 v24614452408
51 |SERVICE MODULE 10918.00 } 1130450 -6.3 9.5 +35013585,08 +55410351308- | +51890235+080
52 |5M PROPELLANT BB87.00 1 1077s%0 11e2 1.5 2001753708 37129316307 | +22943177:08
53|SLA RING 90.00. lo47.70 - 1.8 | 536526535406 | .26830440+06 | «26830440+06
b0 |ADAPTER (SLA) 3655,00 B49, 70, 1.0 =t.2 | +43059297408 | .34365345.08 | .+53663328,08
61} INSTRUMNT UNIY 4280.00 698470 o2 ~15.0 | +637T654240R | «34245574+08 | +20589209408
421548205 DRY STG 21834,00 A16450 Bob| =2.6 124941707409 +90989132+09 91113976409
63[1.0X IN TANK 19878,.90 19061 .0 .0 | 00000000 +00000000° 100000000
&4 |LOX ULLAGE GAS 288,79 257461 .0 .0 | .oo0n0000 » 00000000 +00000000
65|L0X BELOW TANK 397,00 114494 3.2 6.5 | 21441875408 | L50201190+06 | 450483932406
65| LH2 1IN TANK 10802,51 332422 .0 .0 { .00000000 .59115259408 | 459115259408
67|[LH2 ULLAGE GAS A0Z.99 511,49 .0 .0 | +00000000 . 00000000 + 000000600 .
§87LH2 BELOW TANK |, 58.00 148400 | =39,2| «42.5 | 47121249205 | 28966642406 | (28160753406
59,COLD HELIUM 212.00 494:30| 100.1| ~-27.8 | 32451348406 | 67557410406 | +231292874+06
70 [APS -PROPELLANT 126447 248,59 «8 .0 026413423%,07 +24301112+07 +46136125405
71 |6H22$TART TANK . 1400 88,40 | =22.0° 14.6 |- .00000000 +000006000 00000000
T2 |SERVICE ITENS 56.00 368,467 18,7 15.4 | +423376%4+06 | 40692036407 | 440263473407
TOTAL REMAINING  [114437.66 549,448 2.1 o6 | #4321515%+09 | .21129707+11 | 21138750411
[SLUG~FT2} . iSLUG~FT2) (SLUG~FT2)
197892422405 | 45006374307 | 245625915407
SUMMARY PRINTOUT TIME 660.000 ITEMS REMAINING
SEQ ITEM MASS X ARM Y ARM | Z_.ARM %X 1YY 122
(LBH) {STA=IN} [{STA=INIISTA={N} tLA=THZ) tLR=TN2) {LB=-1K2)
S0| COMHAND MODULE | 130350,00| 1232.20 el 6.5 | +2B839T718408 | 27266723408 | 24614452408
51| SERVICE HODULE | Y0%18.00| 1130.%50 -6,3 9.8 | 435013335408 | .55410351+08.f .51890235+08
52| SH PROPELLANT 8887.00( lo77.90 11.2 1.5 | 20017537408 | 37129316407 | 022943177+08

| 33|5LA RING 90.00 | 1047.70,: -2 1.8 } 83652455406 | 26830440406 | 426830440406
601 ADAPTER (5LA} 3455.00 849,70 1.0 ~1.2 | +43059297408 | .54365345+08 | 53563328408
61] INSTRUMNT UNIT 4280,00 498,70 2] ~18.0 | 63776542408 | .342455T4+08 | 430889209408
62|548205 DRY STG | 21834,00 316420 B.b =2.8 ] 224941707409 | 0989132409 | «F11123976+09
63|L0X IN TANK 6181.92 169,78 |, .0 .0 | -nooooong » 00000000 « 00000000
64|L0X ULLAGE GAS 357,07 + 246,85 .0 .0 | «000a0000 . 00000000 +00000000
a8|LNX BELOW TANK 397.00 114.9% 3.2 6.5 1 42144187506 | 50201190406 | 50483932406
b6[LH2 IN TANK 3140411 294,38 .0 .0 | .00000000 26606415408 | 126606416408
&67|LH2 ULLAGE GAS 489,43 482445 -0 .0 | 100000000 - 00000000 00000000
681LH2 BELOW TANK 58,00 1484001 39,2 | ~42.5 | +712124%97405 | 289666424006 [ 212Bl60753,06
&9 jCOLD HELIUM 183.19 494430 | 10041 | =27.8 | +49322368.06 | 158375268406 | 119985644406
TO|ARS PROPELLANT 125419 248,59 | .0 20 | 424168333407 | 26055143407 | 45669148405
71 |GHZ-START TANK 1.00 88,40 | ~-22,0 15,6 | 00000000 +00060000 400000000
72 |SERVICE ITEMS 56.00 388,67 18,7 15.4 | 42337694406 | 40492036407 | 40263473407
TOTAL REMAIMING 13702.91 73076 3,37 1.0 45148095409 | L14170971+11 «14179603411,

[SLUGaFT2) , (SLUG-FT2) (SLUG=PT2)
+974412054+0% | .30586635+07 | 30805265407
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‘ENGINE CUTOFF COMMAND

TABLE AP 2-1 (Sheet 5 of 6)
S5~IVB-205 PREDICTED MASS BREAKDOWN SUMMARY

TIME 614.540

ITEMS REMAINING

SEQ ITEN HASS X ARM ¥ ARM {1 ARM 1§41 1Yy 1z
(LBH) (STA=IN) JCeTAINYISTA~IN] {LR-In2} {LR=IN2) {LB=1N2)
30| COMMAND MODULE | 13050.00f 1252.20 -1 6.5 «2B839718a0R | 272606723408 | #24614452408
$1|SERVICE MODULE | 10918.00f 1130450 6.3 9.5 ] .350135%5.0R| .55410351+08 | .51890235400
52|SH PROPELLANT 8887.00 1077490 11.2 1.5 20017537408 .37129316407 122943177408
S3|SLA RING 20.00 1047.70 -2 1.4 2 53552455406 .268306440+06 126830440+06
L0 APAPTER (5L4A) 3555.00 849,70 1.0 -1.2 43019297408 54365345408 «53663328,08
&611INSTRUMNT UNIT 4280.00 698,70 2| ets5.0] 63778642408 | .342455T4+08 | 430389209408
42548205 pRy STG| 21834.00 316450 8.4 ~2.6 ] 124941707+09 |- 50989132409 | 21113976409
63 [L0X [N TANK 1326,00 161.82 .0 .0 | 00000000 . 00000000 100000000
64 |LNX ULLAGE GAS 367.00 245,08 .0 .0 | .o0000000 * 00000000 100000000
&5|LNX BELOW TANK 397.00 114e94 3.2 6,5 | 21441875406 | .B30201190+06 | ,504A3932.406
&6[LH2 IN TANK 2026,00 285.10 .0 .0 | .o00n0000 L15623343+08 | 4156233434+08
HTILH2 ULLAGE GAS 502,00 477.98 ) .0 « 0OOBADO0 00000000 « D0R00OB0G
68|LH2 BELOW TANK 58,00 148,00 | =39.2 1 42,3 71212492408 | .28966642406 | 42B160753,0%
69JCOLD HELJUM 179,00 494430 | 10041 | =27.8 | 44285810406 | .37040185+06 | +19328538406
70|A®S PROPELLANT 125,00 248,59 N N «24130403+07 «24019380+a7 145601249405
71 |GH2ISTART TANK 1.00° 88,40 | -22.0 14.6 | 00000000 + 00000000 100000000
72|SERVICE ETEMS 56,00 368,67 18,7 15.4 | 42337894406 | 40492036407 | (40263473407
TOTAL REMAINING 67751.00 7T7e56 3.5 t.1 | +43131932+409 | 112304331411 [ .12314877+11
' (SLUG-FT2} {SLUG-FT2) t5LUG=FT2}
«3T412838408 26561993407 126580440407
S-IVB END THRUST DECAY' TIME 615.940 N ITEMS REMAINING
5gQ 1TEN MASS X ARM v ARM | 2 ARM %X 1YY 1zt
(LBM} (STA=-TN)f (5TA-THO|tSTA- 1) {La~-1M2) (LB=IN2} (LB-IN2)
50 |COMMAND MDODULE | 13050.00 | 1252.20 -l 6.5 | +2B839718408 | 27266723408 | 224614452408
51 [SERVICE MNDULE 10218.00 1130+50 -6.3 9.5 435013555408 +55410351+08 251890235403
52 |SM PRAOPELLANT 8887.00 | 1nT7.%0 11.2 1.5 | 20017537408 | .37129316+07 | 122943177408
53 |SLA RING 2p.00 1047.70 ~.2 1.8 «53482485.06 -2683Q0440+06 26830440406
650 |ADAPTER (5LA) 3655,00 849.70 1.0 «1.2 | +430%59297408 | .54365345+08 | 153663328408
61 |INSTRUMNT UNIT 4280,00 698,70 s2 | =15.0 | -63778642+08 | L342455T4+08 | 03058920%:08
62 |S4B20% pRy STG | 21834.00 316+50 B.6 =2.6 | +24%41707409 | 90989132409 | +91113976409
63 |LOX N TANK 1237.00 161,57 .0 .0 | «00000000 . 00000000 » 00000000
64 110X ULLAGE GAS 364,55 245,05 .0 .0 | «00000600 . 00000000 » 00000000
65|LAX BELOW TANK 367400 114.94 3.2 6.5 | +19821%82406 | .4640T630+06 | (45669026408
66 {LH2 IN TANK 1999.00 284,83 «0 .0 | «a0000000 L15410122+08 | «15410122+08
6T [LH2 ULLAGE GAS 502,00 477,87 .0 .0 | 00000000 » 00000000 « 00000000
681LH2 BELON TANK 48.00 148,00] =~39.2 | ~42.5 ] 58934476405 | .2239723%4+06 | 23305451406
49 |COLD HELIUKM 179,00 494430 100.,1 | ~-27.8 +4h285810+06 57040184406 219528558406
T0|APS PROPELLANT 124,99 248,59 .0 0 | 126129311407 | 24018292407 | 45599185405
71 |GH2ISTART TANK 1,00 88.40| =~22,0 14,6 | 00600000 . 00000000 «00000000
72 |SERVICE 1TEMS 56.00 368,67 18.7 15.4 | .42337694+06 | 40492036407 | 40263473407
TATAL REMAINING 57592.54 778.98 3.5 101 | o4E128116407 | 12248708411 | +122572%E+11
ISLUG-FT2) ISLUG-FT2) t5LUG-FT2})
97398081400 | L2643TH1340T | 226436062407
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CSM SEPARATION

TABLE AP 2-1 (Sheet 6 of 6)
S-IVB8-205 PREDICTED MASS BREAKDOWN=SUMMARY

TIME 10,495.000

ITEMS JETTESORED

seql’ ITEN MASS % ARM ¥ ARM | Z ARM X 1Yy 122
{LBM) ($STA=IN) [{STA=INIISTA-{N) tlRa1h2) {LB-IN2) (L3-IN2)
50 |COMMAND MODULE | 13050.,00 | 1252420 “el 6.5 | 428839718408 | L27266723408 | (20614452408
31 |SERVICE MODULF | 10918.00 | 113050 6.3 9.5 | +35013595+08 | ,55410351+08 § .51890235408
52 |SM PROPELLANT 8887,00 | 1077.90 11.2 1.5 | «20017937,08 | 37129316407 | 42294317708
53|SLA RING 20,00 | Lo47.T0 - 1.8 | «53452455.06 ] 20830440406 | 426830440400
TOTAL JETTISONED | 32945.00 | 1164429 «9 4.1 B8247278408 | L26T846568409 | 73210825409
{SLUG-FT2) L iSLUG=-FT2) {SLUG-FT2}
+18615618405 | 57812046405 | 40890263408
CSM SEPARATION TIME 10,495.000 ITEMS REMAINING
srQ ITEH MASS X ARN Y ARM { Z ARM IXX 1YY 112
(LpM) [STA~IND [{STA=INI{STA-INY tLe-IN2} {LR=1N2} fLB-1n2)
60 |ADAPTER (SLA) 3655,00 837.20 1.0 “1.2 | 10939889409 | 77637617408 | 74720740408
61 | INSTRUNNT UNIT 42B0,00 698,70 2| ~15.0 63776642403 +34245574+08 +30589209+08
42 |s4pn208 DRY STG | 21834.00 116,50 8.6 -2.56 «249417T07+09 | «909B9132+09 »911139T76409
&3 |LaxX IN TANK 00 159,85 .0 .0 .o0000000 00000000 100000600
&4 |LOX ULLAGE GAS 128.10 244,84 +0 +.0 | +o0nonobo 00000000 »00000000
&5]LnX BELOW TANK «00 114,94 3.2 &.% | .oonncooo + 00000000 »00000000
66 [LH2 IN TANK . 00 251477 «0 .0 | »00000000 +145230p4B8-n1 | «14523048-01
67 [LH2 ULLAGE GAS 300+31 469,59 .0, «Q | +00000000 .00000000 100000000
68 FLH2 BELOW TANX 00 148400 -39.2 | -42.5 5854614203 | .23814434=02 | «+23151886.02
&9 jCOLD WELIUH «00 494.30| 1loo.1| -27.8 | .oo0000000 00000000 » 00000000
To [APS PROPELLANT 85.04 248.59 «0 .0 «1641647B407 216340946407 ¢31023596405
71 |GH2-START TANK 1.00 88,40 -22.0 4.8 | 00000000 «00000000 +00000000
72 {SERVICE ITEHS 56.00 368,67 18,7 15.4 42337694406 +40492036+07 1402634T3407
TaTAL REMAINING | 30339.45 434,26 6.4 whol | +5%236811540% | J22318433¢10 | +22246809+10
SLUG=FT2) {SLUG~FT2) ASLUG=FT2)
-g1879oas+os +48172122+06 48017929406
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TABLE AP 2-2- (Sheat 1 of 3)
S—1VB-205. MASS' CHARACTERISTICS SUMMARY

TIME MASS . X ARM Y ARM | Z- ARE COIXX vy 122
(SEC) (LBHY [ {SYA~IN) tST?LiNl{STA-IN) USLUGWFT2) t5CUG~RT2) {SLUG=FT2)
0+000 | 309878.51 | 423,84 8 «2 | +10088786406 | L82037533+Q7 | .82079313+07
504000 | 30%878.51 423,88 .8 «2 § 410088784406 | 82089487407 | LB2081265407
80.000 | 302778.5%50 %23.89 B «2 | +10052251+06 | 8205T023+07 | .82078305+07
100000 | 305778.50 /] 423,90 +8 «2 | 410052251406 | 82057683407 | .82079463407
120,000 | 305778.50 423.92 +8 42 | +10032251+06 | +B2058053+07 | .B2079832+07
1444400 | 305778450 423,93 N 2 +10052251+06 82058503407 282080284407
1444490 | 305774440 423,94 «8. 2 «100505734+06 +82458072+07 820719852407
1444490 | 30574044 423.96 8 «2 | «10038227.06 | 82053541407 | 82075322407
145,810 { 205680.87 | “424.00 '8 2 | «10013613408 | +B2A471T1+Q7 | 32068951407
146,810 | 305633.10 424,07 '8 v2 | 299931371405 | 282042336407 | 82064125407
148.300 | '3052680.24 424.10 '8 02 7] 499678192408 | (82031487407 | .82053243+07
14%9.310 ['305086.45 426.17 8| .2 99581384405 22823004407 82050753407
1564910 | 301044.30 425,09 .8 o2 «F9673020+05 281931027+07 81952734407
1%6.910 | 300822.30 |- 425.24 8 «2 | 98735693,05 | +B19069T4+07 | 81928682407
1604000 | 29917877 | 425.66 o8 2 9873228905 81064675407 «81836368407
163.110 | 2973524, 60. 426.10 .9, v2 | +98748859,08 | 81820703407 | 81842374407
163.110 | 28853860 /| -392.24 9 o2 | «93000430+08 | JB3T913021407 | 57934486407
170000 | 28487389 392,85 .9, «2 | 497992777405 | JSTR4B455407 | .3TB6TOB140T
180.000 | 279355.01 393,84 ] l +2 | 97981640405 | J5T7T39T753+07 | 57761324407
190.000 | 274236+ 14 394.97 ] o3 | 97970470405 | 25T624T98407 | 57646315407
200.000 | 268917.26 396.22 | .9, o3 | 497959266405 | 5TH00291407 | .57521755+07
210000 | 263598,138 397.60 1.0 «3 +97948021405 | 37365842407 | 57387256407
2204000 | 258279.50 399,10 1e0 23 | 497936737408 | 457389227407 | 57410578407
2304000 | 25296062 400,77 le0 «3 | 497925410405 | 5T246225+07 | 57267521407
240+000 | 247641474 4p2.60 1+0 3 | 497914033403 | +5T093242+407 | 57114482407
2504000 { 242322,86 404 .58 1:0 «3 | 97902611405 | 56929830407 .} 56951014407
26Q.000 | 237003.98 ‘ 406,72 1.1 o3 | J9TBILLITH08 | 436755441407 | L56TT6568407
270+000 | 231685411 409 .04 1«1 3 L9TATIb 6405 « 36869431407 -B6590500+07
280+000 | 225366.23 411.54 141 3 | J97B68012405 | +56371040+07 | 56392048407
290000 |'221047+35 414,23 fel .3 «9T7856358405 | «5613%404407 «56180355+07
300:000 | 215728447 417,14 1.2 o3 | 97844632405 | 455933539407 | 55954430407
3104000 | 210409460 420426 102 W3 | 297832832405 | 155692323407 | 55713184407
320.000 | 205090.72 423.62 i.2 3 » 97820953405 +5543447%:07 « 55455250407
3304000 | 199771.34 427.24 j.2 Wb | 9THOBIRBLOS |, B5158585,07 | 55179296407
3404000 | 194452496 | 431.13 1+3 W& | WITTIEI29,08% | +54863022+07 | 54083669407
3504000 | 189136408 | -435.31 13- vb | JFTTRETET08 | J54845946407. | 54566532407
3604000 | 183815.20 %39.858 T3 b | J9TTT2495405 | 56194479407 | 54215001407
370.000 | 178496.32 Aok TT N Y-S o «977601084+08 53820684407 '] 53841142407
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TABLE AP 2-2 (8heet 2 of 3)
S-TVB-205 MASS CHARACTERISTICS SUMMARY

Ap2-10

TIHE MASS X ARM Y ArM 7 ARM XX vy g 24
(SEC) - (LAMY - (STA=-IN) [(STA-INI{STA-IN) | (SLUG-FT2) (STUG=FT2) {SLUG=-FT2)
380,000 173177 44 || 4%0.06 1e4 ' «FTT4ATEB8405 233416394407 + 53436784407
390,000 |- 167858456 455.78 145 ol + 97734219405 « 52978069407 « 32998392407
4004000 | 162539,69 461,97 15 ok | +97722096405 | 452501775407 | .52522032+07
410.000 | 187220.80 468.68 1+8 5 +97709099+05 +51963129407 5200331507
420,000 | 151901.93 475,97 146 5 297695912405 51417153407 + 51437267407
430+000 | 146583,05% 483,91 1.7 ' 5 +976825104058 2 507T9B1B0+07 50818222407
4404000 | 141264+17 4%2.36 17 o5 + 97668871403 50119662407 301239620407
450,000 | 135945.30 502.02 1.8 o5 | 97654966408 | 449373990+07 | .49393880407
454,900 | 133339.04 506.98 1.8 5 97648048405 «AB9B1380+07 +49001233407
4564900 | 132280.54 $09.05 1.8 o5 | +97645694405 | 148816632407 | (48836470407
4600000 | 13101156 511.54 1.9 o5 | 497641814405 | 248820714407 | 48640531407
4704000 | 126918.08 519.97 109 1] + 97629814405 14 TE55687407 .ﬁ797563?;07
475.000 | 124871435 524.42 240 b | «9TE23721405 | J4TH03022407 | L47622738407
4804000 | 122824461 529.04 2.0 1.} «9I7617594405 4T235938407 +47255622407
490,000 | 11873113 538,85 2+0 W6 | «FTE05141405 | J46655228407 | L454T4841407
500.000 | 11463T:66 549.46 2.1 o8 | +97592422405 | 45606374407 | 45625915407
510000 110544.18 560.97 702 o7 $975T79416405 144680892407 44700362407
520,000 | 106450471 §73.49 2.3 7 | -97566082405 2436692386407 | 443688629407
525,000 | 10440397 580.16 243 o7 | 9755928105 | 143127608407 | 43146560407
530:000 | 102357.23 587.06 244 o1 | S9T552384405 | 42572903407 | 428592216407
540000 P8263.T76 602.03 2.5 7 « 97538278405 +41344620407 141363850407
550.000 94170.28 610,46 2.6 o8 «97523707+05 +»39990086407 «40083199407
5604000 90076481 636,47 247 1] «97508610+05 +38501967+07 +38521019+07
870,000 | B85983,34 656,34 2.8 B | 97492912405 | 36054669407 | 36873026407
580000 81889.86 678,41 2.9 «? «974T6521405 «35030866407 35049721407
590.000 TT196.39 T03.04 3.1 9 297439332405 32949155407 « 32267903407
600.000 | T3702.91 730.76 3.3 140 | «974412054+05 | 430386638407 | .30805265+07
6104000 | 69609444 761499 L 1+0 | +97421980405 | 27907965407 | 27926471407
614,540 | 6TT51.00 177.56 3.5 1e1 | +9T7412838405 | 26961993407 | .26580440+07
615.94p | &7592.54 | 778,96 3.5 1s1 | «97398081405 | 426437613407 | (26456062407
674,860 | 6T432.%0 | T80.04 346 1.1 + 97396085405 226355566407 «26374023407
1200.,000 | 67113.38 TBZ.45 2.6 1el | «97380886405 | 26182023407 | 26200559407
18004000 | 66725.70 785,26 360 | 14l | «97363514405 | 425976507407 | 25995134407
2400:000 | 66338.01 | 788,15 3.6 1a1 | »97346123405 | o25763217+07 | 25781937407
30004000 | 55950.32 791.11 3.7 1ol | «97328711405 | +25542209407 | 25561021407
3544300 | 65598464 | " 793.87 3.7 1ol | 497312898405 | 225332592407 | 25351484307
3600°000 | 65592430 T793.92 "3.7 1.1 97311374405 25328789407 «25347691+07
42004000 | 65523.98 "T94 .46 1.7 1el | +97294950+05 | «25287545+07 | .25306%547+07
September 1968




TABLE AP 2-2 (Sheet 3 of 3)
5-IVB-205 MASS CHARACTERISTICS SUMMARY

TIME MASS X ARM | Y ArM | Z amM 1Xx 1YY 122
{SEC) {LBM) (STA-IN} [(STA-INIISTA-IN)| (SLUG-FT2} (SLUG~FT2) (SLUG-FT2)
48000000 | 63455,06 19%.00 3.7 1el | «97278524405 |-,25345B15407 |.25264%917407
54004000 | 65387,33 T95.55 3.7 1el | o97262097405 | 25203530407 |.25222731407
56664100 | 65357.03 795.79 3.7 lel | «57254810+05 | ,25184520407 |.2520376%5407
6000.000 | 64480.84 804.01 3.6 1s2 | «97000302+05 | ,24462100+407 |.26480252+407
63864100 | 63487.67 213,83 2,5 162 | 156703689405 | 23895500407 {,23612384407
66004000 | 63458,14 813,89 3,5 le2 | +967020%9¢05 | ,23891732407 |,23608651407
7200000 | 63431.42 814,06 3.8 1a2 | «9669187440% | 23581163407 |.23598178407
TBO0+Q00 | 63404.70 8l4.24 1.5 1e2 | «96681689405 | ,23%870579+07 |.23587693407
8400000 | 63377,97 Bl4.41 1,5 L1e2 | 196671502405 | (23559988407 |,23577202407
9000.000 | 63351.25 814.59 3.5 12 | +96661318+05 | ,23549351407 _|.23566703+07
9600.000 | 53324,.53 814,76 3.8 1.2 96651132405 .235387854+07 .235561%4407
10200.000 | 53297.81 814.94 1,5 102 | «96640946405 | 223828171407 | .23545879407
10499.900 | 63284.45 815,02 3.5 1e2 | +966358585,05. | ,23822844407 |.23540415407
10495,000 | 63284.44 814,30 3.5 102 | +110954712406 | 423567414407 |.23580188407
10435000 | 30339.45 434,26 r ~4s1 | 91879045405 | ,48172122406 | .4B01752%406
105104000 | 30339.00 434,26 bek mhel | +D1B7BET2405 | 48171989406 | .48017414406
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TABLE AP 2-3 (Sheet 1 of 3)
DEFINITIONS FOR MASS CHARACTERISTICS
COMPUTER PROGRAM WS11 PRINTOUTS

TERM

DEFINITIONS

UNITS

Douglas
Station

H Arm

Ttems
Jettisoned

Items
Remaining

L Arm

Distance élong the H axis from an arbitrary
S-~IVB-205 stage reference zero. The ZERO station
is located so that the 5~IVB-205 stage engine
gimbal point is station 100.0. Positive values
increase in the forward direction and negative

values are aft of station zero.

Distance along the centerline of the S-IVB-205
stage from the center of gravity of the item
under consideration'to S-IVB-205 stage Douglas

station zero.

A listing of all items being considered at the
current computing time that will not be con-

sidered at the next computing time.

A listing of all items being considered at the
current computing time that will be considered

at the next computing time.

Distance from the center of gravity of the
item under consideration to the centerline
of the S5-IVB-205 stage along an axis
perpendicular to the centerline and coin-
ciding with positions II and IV. Position II

is positive and position IV is negative.

Inches

Inches

None

Neone

Inches

AP2-12
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TABLE AP 2-3 (Sheet 2 of 3)

DEFINITIONS FOR MASS CHARACTERISTICS
COMPUTER PROGRAM WS11 PRINTOQUTS

TERM DEFINITIONS UNITS
Pitch MOT Moment of inertia of any item or total about an me-In2
axis through its own center of gravity and
parallel to the V axis.
Pound Moment of inertia about the center of gravity me—In2
Inches
che of each item or total of items.
Square
SLF Slug feet squared
SLG Slugs
55 Center of gravity expressed in terms of stage Inches
coordinates when individual items are in another
coordinate system.
Time Time is referenced to range time. All computing Seconds
was done in the pounds, inches, and pound inches
squared system of units, (Items below the TOTAL
REMAINING line were converted to other unit
systems.) Pound mass is defined as 1/32.174 slugs.
Total A summation of the items being jettisoned at the None
Jettisoned , .
current computing time.
Total A summation of the items remaining None
Remaining
V Arnm Distance from the center of gravity of item under Inches
consideration to the centerline of the stage along
an axis perpendicular to the H and L axes and
coineiding with pogitions I and III. Position I
is negative and position IIL is positive.
N

September 1968

AP2-13



TABLE AP 2-3 (Sheet 3 of 3)

DEFINITIONS FOR MASS CHARACTERISTICS
COMPUTER PROGRAM WS1l PRINTOUTS

axis through its own center of gravity and

parallel to the L axis.

-

TERM DEFINITIONS UNITS
P—————————— — =
Vs Vehicie station (when center of gravity is expres- Inches
sed in coorxdinates other than S-IVB-205 stage).
Yaw MOTI Moment of inertia of any item or total, about an me—-In2

AP2-14
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896T Iaquaideg

POSITION

ULLAGE ROCKETS (42, V) AUXILIARY
T TORWARD (3REQD - 120° APART) PROPULSION
GX ) MODULE
AMBIENT HELIUM MAIN (lf}OR"ESIE‘)A-I-RT)
/ N\ SPHERE TUNNEL
1 {—\l(—\l(—\l(-) B
1 COLD HELIUM POSITION
f SPHERES ! POSIIJION
i~ (Y, #L) (=Y, ~L)
BT,
>~ = i
TUNNEL

, LH; FEED LINE

l POSITION FAIRING
AB D £ F G HI1 JK L MN 0P Q |
(-Z, -V)
INSTALLATION STATION INSTALLATION STATION

A. FMD BULKHEAD (FWD END) 684.6 AUXILIARY PROPULSION MODULE (AFT END) 5.1
B. FWD SKIRT (FWD END) §76.7 ULLAGE ROCKET FAIRING (AFT END) 204.6
C. MAIN TUNNEL (FWD END) 647.7 LH, FEED LINE FAIRING (AFT END) 027
0. FWD SKIRT (AFT END) 554.7 J. AFT SKIRT (AFT END) 0.6
FWD BULKHEAD (AFT END) 553.0 INTERSTAGE (FWD END) 200.6
£. COLD HELIUM SPHERES (8REQD - %.3 § TO §) 454.0 K. THRUST STRUCTURE/AFT BULKHEAD TMGENT POINT  186.9
F. COMMON BULKHEAD (FWD END) 335.2 L. AMBIENT HELIUM SPHERES 158.6
AFT BULKHEAD (FWD END) 287.8 AFT BULKHEAD (AFT END) 156.3
G. AFT SKIRT (FWD END) 26,1 M. THRUST STRUCTURE SKiN (AFT END) 121.4
LH, FEED LINE FAIRING (FWD END) 26.1 N. GIMBAL STATION 100.0
AUXILIARY PROPULSION MODULE (F¥D END) 5.5 0. ENGINE NOZZLE (AFT END) -16.0
ULLAGE ROCKET (FWD END) 5.3 P. INTERSTAGE(AFT END 219
H. COMMON BULKHEAD (AFT END) 244.4 AERODYNAMIC FAIRING (FWD END) 1.5
1. MAIN TUNNEL (AFT END) 220.9 Q. AERODYNAMIC FAIRING (AFT END) -50.9

Figure AP 2-1.

S-IVB-205 Stage

Station Numbers
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S-IVB-205 Stage Mass Moment of Inertia

Figure AP 2-3.
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Figure AP 2-5.

Second Flight Stage Vehicle Horizontal Center of Gravity During S-IVB Burn
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Second Flight Stage Vehicle Roll Moment of Inertia During S-IVB Burn
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PREDICTED FLIGHT TRAJECTORY

This appendix presents the AS-205 predicted launch vehicle trajectory.
Predictions of the S5-IB stage trajectory were generated by MSFC and
transmitted to MDAC-WD where the data were reformatted to conform to
MDAC-WD coordinate system conventions and symbology. The S-IVB stage
trajectory simulation was derived using S-IVB stage predicted performance
characteristics documented in this report. These predictions are based
on MSFC predicted AS-205 wehicle flight trajectory (section 2), sequence
of events (appendix 1), mass characteristics data (appendix 2), and

predicted propulsion system performance (appendix 5).

Tables AP 3-1 through AP 3-3 present the S-IB stage powered trajectory,
3~IVB stage powered trajectory, and S-IVB orbital flight trajectory
simulations; symbol definitions and coordinate subséript definitions are
presented in tables AP 3-4 and AP 3-5. Figures AP 3-1 and AP 3-2 show

the coordinate system applicable to the trajectory simulation.

Trajectotry parameters are graphically presented in section 2.

September 1968
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TABLE AP 3-1 (Sheet 1 of 15)
PREDICTED S5—1B~205 STAGE POWERED FLIGHT TRAJECTORY

1 TIME WE LBHI Fsg T ALTITUDE RANGE
(SEC) {LB) (Ldy {FT}) (FT)
2 Vv S8 1 vV SB E RSB C R SB L RANGE jANGLE
(FT/SEC) (FT/SEC) {FTy (FT) cRdD)
E] X S8 E X 5B P (M) X 58 5 X SB SFE U
128} M} (F¥y (FT) tLEG)
4 Y S8 E Y s8 P (M) Y 58 5 Y SH.SFE RHO
IFT) (M) LF1y {FT) (DEG)
H Z S8 E L LB P (W) Z 58 5 Z SB SFE RHO PRIME /
(FT) (M) (FTy (FT) (DEGY
b pU=X SBE P=X SB P (M} D=X 38 5 p=X 58 SfFE A 5B XM
(FT/5EC) {M/5EC) {FT/5gC) (FT/SEC) (FT/SECSEC}
7 U=Y SHE D=Y SB P (M) [=Y 55 8 D=Y 58 SFE A SB YM
(FT/SEC) (M/5EC) (FT/5L) {FT/SEC) (FT/5EC /S5EC)
B peZ SHE p=ZS3PF (M) y=Z a5 p=Z 58 SFE A 58 7M
(FT/SEC) (M/5EC) (FT/5gC) {FT/5LC) {FT/SEC /5EC)
9 F 83 X F S8 X F 5B pax M8 X M SB AX
{LB) (LB) Lty (LB=FT} (La=F1)
v T IR F S8 (Y F S0 AY M58 v M SH AY
[{X:}] Ly} (Ldy (LB=FT) (LB=F1)
11 FSB 2Z F 5S¢ 12 F SB AZ M 58 2 M 5B az
[{5: 3] (LB) Loy (LE=FT) {La=FT)
12 THETA M 4RP D=THES # upp v SB gM I 58 XX ERS (THETA)
(VES) (UEG/5cC) (F1/%gC) (SLUG/FT/FT) (IEG)
13 pPol M 4RP  0=P5L M QHP v 58 W IS8 1Y EPY (P51}
(VEL) {UEG/SEC) (FT/>gC) (SLUG/FT/FT) (DEG)
1% Pnl M GRP  b=PHI M GrP £ SB w I %8 22 EPS (PHL)
(LDEG) {DEG/SeC) {DEwy (SLUG/FT/AFT) (DES}Y
15 LHI B P U~CH1 $B P ALPHA = P SBM X 5B i
(DES) {DEG/SEC) (DB, (DEG/SEC) [INy
16 (HI SB Y U=LHE 28 Y ALPHZ QS8 M Y SB 6
(UEB) (UEG/Sel) (DEGy (DEG/SEL} (I
17 CHI 58 R U=CHE SB R BET A R S8 M Z 5B G
(UEG) (DEG/SEC) (DEGy (DE6/SEC) 6.5
18 GAMMA SB 1 GAMMA Su 1I GAMMA 1y PR DELTA SB YE VSB35
{DEG) (VEG) {DEY) (DEG) (FT/gEC)
19 GAMMA Sp 2 GAMMA Su 21  GAMMA 21 PR DELTA SH Z2E F/M
(LEG) (VEG) {UEG) . (DEG) {FT/SEC/SEC)
2V 1 s8 sp WELIGHT FLUW ¥ 5B gx Vv SB WY vV 5B w2
{SEC) (LB/5cC) (FT/2g0) (FT/SEC) (FT/SEC)
21w (RHO) G {Psi)y LENSLTY CHORL) FURGE NnHMAL FORCE
{FI1/SEC/SEC) (FT/SEC/SEC)  SLUG/FTA [{1:} (L)
22  UYN PRESS MACH NO. PRESHUKE  ALPHA @ PROUD X SB CP
(LB/SE FT) (LB/FIFT)  (LB/UEG/F/F) {IN)
24 K S8 1 K S8 3 K Sb ¢ K 5B 4 SEMILATREC
(JES) {DESG ) (DEG/2pC) (DEG/SEC) Fr
24 R [FER) vV (PER) ECCENIRILETY TRUE ANMOMALY PERINUL
Fi (FT/SEC} (DEG) SE¢
22 R(AP) v (af) INCLIMATLION EGCC ANOMALY SEMIMAY RXIS
(FT) (FT/SEL) PEG VEG FT
2b pELTA =X(V} DELTA D=Y{V) UELTA w2V} N 58,1 N SB 2
(M/5EC) (M/SEC) (M/SEC) [UEG) (VEG)
27 T S8 1v T Sd 1v2=4y T S8 z3=b¥ T S8 15 T S8 &%
(SEC) (SEC) (5EC) SEC {SEC)
24 T SEF 5 5B F MU S8 F RHO SB F  LAMBOA sb N
(SEC) (FT) [{RCH] (UEG} DF6
GUIDARCE REFERENCE RELEASE
1 -4 ,9999 ) K] 113,0 W1
2 134,70 .0 209059600 209049848,0 T T
3 113.9 6373330.8 134e1 3017632,6 ~R0«5611
4 N 170%7.4 0 -18150964,0 28,5220
5 =, =-h539,0 ofi Y91ph8BU,7 2843608
6 L0 ML 127p.03 1325.59 »00
7 +00 126,98 =, 01 22v.03 .00
B 00 385,95 414,62 =0l LN Ti]
9 =53 o =53 0 -a
10 «0 o0 o] N -0
i1 o =D -e) ] 20
i2 » 000 YUY 3.99 1554538440 »0000
13 L0060 T =-3,99 5665730200 «0000
14 28,000 -suup 72,000 £6657302.00 ~28.0000
15 Jouo WUup »00U0 000 100,90
16 «Quo «0uUn A9.9436 000 =0
17 . + 200 + Ul BY,8930 NI -0
18 4835 ML » 0000 U0 1137,48
19 T4, 5912 90.00do UL 0000 «000 .0
20 U0 «Udp ] ] =00 =-3,.99
el -39, 08 - 053 0023 5.26 «00
22 .02 WOug 2115, 74 1,642 896,69
a3 000 Uug 000 «000 s5920.4
26 27997.6 1002099, 73 ,9973 10,0000 1793,86
a5 2090990040 1341.78 28,3608 180,0000 104A8978,6
26 U0 +Hug .000 U000 00008
27 »00 ~Ug 00 +00 .08
28 302952 84bb.g ADbHBLY 2845220 90,0000
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TRAJECTORY
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~1G64+9
31530,2
2223.34
-f,04
774,68
~i122315,3
9757
“16300.+6
1005,20
24,65
72,000
«6694
=+6682
L0800
29,2008
B6,0738
-,88

+ 0011
864,54
2000
94958
2846130
000

«0n
8044645

1768246.0
20938613.0
118104.3
~232,9
3568246
232a.8R
=g, 7%
884,29
=159044 .8
1069.7
=20180.3
1139.70
34,65
72,000
«8759
~+8746
«Qu6h
30,4023
AS,2119
-, 13
20005

Toy 42
000
9952
28,7349
000

200
80.4214%
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TABLE AP 3-1 (Sheet 6 of 15)
§~-IB-205 STAGE POWERED FLIGHT TRAJECTORY

19305,9
20909848, n
3115721,4
~18133024 .0
99365298,5
2188.03

373.14

1.18

309,86
Lr511i2,2
-8820,5
1072750.60
s5968007.00
55968007 .0n
+001

=+587
=-.002

- U433

=+ 096

=s (Y

67420.93

300,499
2008
179.8857
177.3790
0000
«00
2B45%0R

P3TET.L
209019848,.0
312700S,1
~18131176.n
9935182,3
2324.70
370.07
47,87
469,56
R3437.A
=-18986,7
102851041
RH84ATEH .00
rH84AT64. 00
U0

=596
-.007

=+ 048
=,019

=06
11RB42.89
=373.660
«00n
179,8631
177.02%9
+0000

+00

2845504

28771.7
209n9848,0
3138975.1
-181p9363,n
934 TEY . 6
246257
35%.29
111438
T57.2
614213,5
8829,.4
08y278.65
55621711.00
R2b217T11.00
«001

517

-.001

=030

-o 38D

=:09
16R779.23%
=534, 070
+000
179,68381
176.6959
0000

«00

28.5628

303%,0
.0008
=A0,5522
28,5247
28,3636
56,96
02

- u3
38,1
azi26,5
4548,1
35,7010
0334
.0080
44,1

3

1
1067.68
57,0

16,82
17030,49
B36,23
79457,9
1799,25%
10409047,
20000

.00

96, TH13

4596,0
0012
~AD.5U76
26,5261
2R, 3650
57,55
02

-.55
466,7
53673,32
~598,5

o1
1048,11
57,6

24,65
1/329,76
T79.64%
ABT9N B
1800,83
10596069,3
0000

+00
88,5053

6662,1
«0014
=A0.5415
28,5279
28,3668
58,37
«03

=091

594 ,4
3n8290,7
11656,8
48,1636
0418
0187
753.9

20208,6%
936.6%9
100372,3
1802,65
10503147,2
Q000

#00
100,3107
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TABLE AP 3-1 (Sheet 7 of 15)
PREDICTED S-1B-205 STAGE POWERED FLIGHT TRAJECTORY

1 70,0000 855956.9 1782924,9 4313,%5 932t,.9
2 2246445 1308, 8¢ 209L4152,0 209p9848.0 G017
3 asdrz,2 B3BA6ETT 13001640 3151659,0 -R0,5%37
4 56,7 264784y -272.2 =18127625,0 28,5303
-1 9506,3 2652848 GO4BN.T 9934028,6 28,3691
6 116346 351.77 2438,57 2611.93 61,664
7 -2,31 124,81 =-10,87 341,78 «03
8 598,74 57440y 1014,17 -190. 3 1,14
9 -124728,5 17829077 -143399,9 . 934 b 698.6
10 895,0 =155.4 1050, ‘BI4175.8 399572,5
11 =3UF8B .6 =79054 4 ~23083,9 11957,0 13862,3
12 ~2b,560 -y 593 1287,91 94nL6.91 54,3663
13 -, 047 -, 00p 47,25 5539565900 0872
iy =, 020 -00y 72,000 R9394659.00 0186
15 27,786 B3y + 9435 002 759,9
16 «H00 «00g -e5u25 =593 o4
17 L000 +0Un +0420 ~s 002 .1
18 6247499 - (455 31,1964 - 029 996,88
15 71,4956 91,0245 84,3197 -2514, 61,7
20 2,98 =6271.473 -.20 -.13 47,25
21 =38.,95 =, 053 0008 150204496 23107.74
22 645,06 1.292 552,04 =AD7.982 B 967,15
23 000 +0894 L.gon «000- 115069,6
24 57693,1 697594 .8, 9945 179.8033 180G 81
‘25 20965386,0 1919.69 28,8858 17643475 105$1539.6
26 000 +Oug L000 +0000 +00080
27 .00 «Up 400 «00 ,00
28 . 95,5641 66804, 5 A0, 3649 2845790 102.1846
MAXIMUM DYNAMIC PRESSURE
1 75,0000 B24555,.p 1796100.5 LpL27,.5 12681,3
2 2454,82 1485,79 2095025340 2U9ngB4B, 0 20020
3 4ou2G 4 8385514 .5 142494 .8 3165128,9 -80,5238
4 -68,7 27102, =315.4 =18125995,0 28,5332
5 12069,6 2951244 45854, 9932833, R 28,3720
6 1282,58 387.48 2556,55 2777413 65,27
7 ~2.48 124,06 =52,14 318.12 #0323
8 750,0% 62045 1165,92 «286402 .91
9 =107757,5 1796084 . g ~123744 .5 759,5 B512.0
10 T32.9 =305.1 1038.0 5%8268,9: 20518%,1
11 -235910,8 -4728.g =19181,7 2096,9 12025,9
12 29,454 -e620 1458,57 89a0204+37 60,3505
13 -, 054 «004 55,45 55052034.00 L0536
14 -,018 00y 72,000 55052034400 0180
15 $0,896 N +7377 ~, 000 , 767,9
15 L0200 .00p -.7366 =-o 620 o
17 .000 +0un «0399 + 001 W1
18 59,6653 -.040p 31,7813 =+ U3R 968,40
19 7145676 91469 A3.4175 - 512 65,3
20 2,55 0280, 34y -.26 “.i? 55,45
21 =38,93 =. b3 0006 . 130425495 19209,73
22 ab9,66 1.50g 415,26 =485.917 952,07
23 000 00p L0080 «000 133574 ,9
24 67000,.8 B4T7186.72 19936 1797722 1807,39
&5 20976096,0 2067 421 29,0637 175.9712 10524548,7
26 2000 080 LJo0n . 0000 L0000
27 +0U «0n +0n 00 00
28 104,8805 91355,8 80,291R 2845998 10,0210
1 8u,0000 79316645 1807261.6 . 47157,8 168404
2 2OHT 54 1685,7 209%6990,0 20909844, 0 .0024
3 47151.,9 0387546, 1555830 A179465,4 =-a0,5114
4 =815 2772442 =363.0 =-18124501,0 28,5368
5 16845,2° 32746.2 52171.3 9931114,9 28,3756
6 1409,861 42570 2682,46 2958465 69,12
7 =-2,54 124 .40 =13.43 2A7.92 J00
8 924, L4 - 674 Ua 1360,62 «398432 -.47
g -~87982,4 1607257 .5 =103575.1 500,1 27%.5
10 9b2,6 -91.n 1043,6 454004, 0 233200,6
1% =12140.4 =3913.8 =8226.5 28187.2 £6139.4
12 -32,591 -,615 1861 ,07 852205173 6, 4R15
13 -, 049 2 0dp 45,74 RHE20776400 . 0486
14 ~s010 W00z 72,000 s4b2nT76.00 +0100
15 33,891 «58g $3TLH =002 777.3
16 .000 +0Ug . 3684 =618 W4
17 +000 «0lp 0467 +000 o1
i8 b6+ 7503 =.030g 32,1753 =.024 qu5,67
ie T1s0334 91,941n 82,5323 =e252 69,1
20 2,48 =B277,53¢ -y 23 =el5 45,74
21 =58,90 ~.0b%3 +0005 11007148 R292,46
22 6e4L4,72 .79 295,60 =2374515 1116,59
23 2000 +Qun .000 <000 156660,9
24 78623,9 L7728y +9025 179+ 7285 1810,46
25 20988273,0 22374y 2942626 175.5665 105334448,3
26 »000 +00p L000 0000 +0000
27 «00 «Ug +0R «00 .00
28 114,6852 123545,¢ 806,3990 28,6261 105.8243

September 1968

AP3-8



N E e

PREDICTED

8540000
2884,27
S4537.08
«33,9
21949,2
1b45,59
w249
1121,47
=T4310,2
dba.2
5793,7
-45,720
=048
003
56,755
+000
Qoo
5440855
T1.6933
1.58
~38,87
590,95
800
92979,0
210020770
1000

200
12541173

90.0000
S147.73
62618.8
=~106.0
281y5,2
1b87,97
=2435
1345,685
=52700,9
549,5
3381.5
=38, 844
=046
«004%
39,473
+000
000
51,4606
Ti.7478
LaT6

=36 ,84%
494,91
«000
110833,5
21017576.0
+000

+ 00
13640788

95,0000
S438, 74
Tl424 .4
=117+3
FHU56, 9
1836,19
“deld
1599,6)
=35%352,9
270.9
15202
~41,524
- 042
002
42,031

21034815,0
«000

+ 00
14744851

TABLE AP 3~1 (Sheet 8 of 15)

5-IB-205 STAGE POWERED FLIGHT TRAJECTICR

76186849
1909, %5q
&389775.q
28346,
36265.2
G668 ey
12425
Ti%eTa
116805
=-6741
212249
= Blg
«0Un

00
1557

+00
.DUg
-0llg
92432
-h259.570
- %

243047y
«Udp

«0n
161594 .q

KEDEEE Y
2158,.83
639225444
2896741
4010745
509,4Ug
12k U5
8037
18226434 %
«225,.4
123%.n
LTY-1-1-]
«00p
=-.0Uq
+529

L00n

»OUg
=002
92,949
=b259.57y
=+052
2+279
«00p
502071, 79
2650.78
«00p

.up
210035.5

B99404 .7
2434, 4R
6394869, 0
2958beg
4431744
553410
123,82
B8l.bg
162656849
~383.n
67248
=500
W00y
=s0Up
o9y

«0ug

+00n
«015a
93,4933
~6233.26g
=.002
24530
«00p
458636,67
2899,48p
«0lp

+0n
2693055

1816406.3
20964375,0
169321.4
=434.4
59%83,7
2817.5)
=14.76
1558.67

=BUZYE .5 -

9193
2670,9
1859,63
17.0%
72,000
1501
21419
0488
32,4073
81,6844

LE8226L3,4
20972459,0
183747,.6
~470.1
5T655,.4
2958 ,52
~15,19
1763%.79
=6572R.7

20002
1356433
,000
+989%
29,6993
000
.00
79,4387

182656848
20981269.0
198887,.0
=530,3
77131,.0
3104.10
=17 74
2U18,.42
=46121.6
65%.9
Bu7.5
2440,76
=-9,55
72,000
+0894
+«0708
0546
32,2802
80,1132
+07
0001
BH,46
000
987G
29,9279
000

«80
79,7618

September 1968

R4547 .4
20909848, 0
3194750,
-18123180.0
49928797, 3
3156463
251.00
=527.87
-156,8
=220613.6
34980,
8eR345,77
&4ULu573.00
54014573,00
«« 01

--5“5

s00n

=+ 022

+ 125

=+06
In6S8. 46
83.863
[HIT]
179.6759
175.13286
Joen

+00
2846587

62636,8
20909848,n
3211065,1
~18122068,08
9925775,0
3370.71
205,3n

w6 THelt2
-114,7
=-150294,5
20111.5
Tou4BH,. 41
53408368, 00
RI40R368,00
«001L

=589

+000

=+ 032

+ 070

W02
T0179.33%
69715

2300
179.5130
174%.674R
+Q0pn

«0Nn

28,6980

71453,.8
20909848, 0
3228447 .6
=18121216,0
9921938,1
2600,.12
149,37

=852 42
=53,9
-HBY96 .5
3858,a
T20535.00
52493110.00
524933110400
+000

=y 500

«001

-» Q42

038

0L
52568416
28.121

»000
179,5382
17441976
000

«00

28,7479

—-A0.4954
28,5412
28,3800

T3.186
0%

22
-BY 4
=qa8600,5%
31277.6
72,4755
JOu78
-, 0030
780 .3
ol

ol

936,48
73,2

17.08

2824 64
1234,70
1AS13R,3
1814%.09
10547527,7
0000

00
107.5337

2B076H,.8
.0N33
=A0 4782
28,5865
24,3853
T7.46
02

«16
=69,8
-77802,2
26069,
78,3172
0464

-, 0037
Al 4

o

Wl
948,60
77.5

=4,21
2278.43
1239447
220504,%
1818,39
105688204,6
+30A0

00
109.1477

35399,4
0038
=R0,4566
28,5528
28,3916
21,90

+ 01

.08
=26.7
-28173,5
T p0RB2,.3
a%.5%u6
N O3-1
=-0n1s
Al7.6

&

o1

364,03
Bt.9

=« .55
1070,u8
1220.80
264327,2
1R23,48
105p3906,9
20040

.00
110,6525%
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PREDICTED

100,00090
3756,80
8U979,7

=127.1
BUlys,2
1987,79
=1.77
1881 ,64
=19912.4
23,5
643,68
=h3,932
=, 039
«001
4,413
000
«000
466420
Tl.B469
1.96
=38,78
J09,81

« 000
3160110,7
21053959,0
«000

00
159.3988

10%.0000
4102 ,.,23
913511.0

«135,0
SHI20,9
2145,67

mleH2
2192,25
-B76,1
=402,.2
=76.4%
6, 124
-, 066
-,000
46,604
«000
<000

B HB31
71.8898
2.01
38,74
235,30
000
193009,1
21075358,0
+ 0G0

.on
171.8782

110.0000
BHT5,.85
102445,4
~lil,1
66119,2
2309.03
~-.99
2552,04
818.4%
=576.5
~H05,.3
«48,150
-, 058
=.001
48,589
000

« 0U0
42.4931
719313

2405

w38, 70
171,69
000
232683,9
21998610
<000

«00
184.9558

TABLE AP 3-1 (Sheet 9 of 15)

66R23B,.5
273713
83977477
3020543
4a938.5
598,62
123,58
g6B.2g
1525100,
=507¢2
35044

=y iy
2000

=, 0Up
s

+00p

«0Un
»036%

94, 049
=-6233,205
-oﬂbp
2.80g
+00g
B177UDTn
3176.8x
+08n

+0n
341099,

6371273
3p67.55
6U0PBYST ek
3pée2.s
S40l%en
645,64
123.24
1063.6%
1B279U4 .7
'688-1
93

- 42n

+ 004

» 000

ilg

«00p

«0Ug
«057¢
S4e61lLla
mb222.287
‘-059
3104
»00p
SE0183. 7
3481.77
«O0up

=Un
426811

b060L6.3
426,75
640420640
314358.0
59590,
69,1
122.99
1168.0¢
1526471,5
=780,q9
-111.4
~s3B7
=eQUg
=o00n
37y

+80p

+00p
+0TYg
95417435
'52220211
=y ba
3,004
+00¢q
SUEQAT. 17
3815.1y
»00p

sUn
5283045

1828100.5
20990835, 10
214763,2
=595.5
B87955.2
3254.76
=-19,39
2301.41
-32115,6
530.7
2934
274y, 480
=11,15
72,000
0657
«0318
+0575
31,9875
T9.4121
09
«0001
56413
000
«3849
30,1538
000

.00
72,5479

1H27945.%
21001180.0
231400.5
=665+9
100270.7
3410.39
-21.29
2613,00
=20804.8
285.9
~169.2
3073.07
-7.73
72,000
L0480

=« 024N
0413
31,5986
78,7725
«07
«000n
34,86
.0on
»9818
30.3730
000

.00

79,2921

18268714
21012338.0
248823.6
~Tulel
114222..4
3571.17
23,37
2954 ,0%
=11952,0
20444
wbyle?
3424,96
2.47
72,000

« 1452

-, 1393
«D408
31,1429
78,1952
-, 02

78,9886

September 1968

5-IB-205 STAGE POWERED FLIGHT TRAJECTORY

81025,7
209n09848,0
3247094, 4
=18120673,0
9917172,
804,92
B3.79
-1048,74

67658364
®1577853.00
51577853.00

«001
=464
«00n
=+ 050
+015

05
3R56119
Q.849
+0on
179.4499
173.6982
«0000
«00
28.806%

@1380,.0
20909848,0
3266961 ,6
«18120489,0
9911364.0
4105410

8452
=-1267.809

2

=629, &
=29257,1
B326TB 31
50217815+ 00
50217815400
+00n

=422

00t

=061
=001

«0U
27250+02
=5,706

000
17945461
173.1755
0000

«00

28.8759

1n2548,5
209n9B4B,n
3288166,7
=18i20712,.n
9904398, A

4381.07 .

=76+66
=1510415%
30,0
26856,
=39318,R
588773.00
uB8857781.00
uB8857781.400
«001

- 387
=001
=067

- 014
=01
10398471
23,924
«000
179.2246
172.6269
«0000

«00
aB.9972

4u4049,2
« D04
=80,4310
28,5602
28,3989
86,u7
#00

o 0%
-7.7
~-a320,1
16011,7
88,3457
+0%g6
-3 0008
B833,8

o1
978,12
86,5
=11,15
806,82
$223,66
317804,5
182946
10607034,7
«0000
«00
112,0248

54164%,9
0051
~A0.H010
28,5r89
28,4076
91,26
-, 02
=00
R,
5327,0
7912.5
92,7281
0562
20003
ASK,6

10634083,3
+0000

#00
113.26R2

65BBK. 6
0088
-A0, 3663
28,5789
28,4175
96,33
=03

-~ 04
3.2
19717,5
524%,6
96,7386
+0%80
20011
B877.3
2

ol
1005,26
96,3
2,47
726,51
1215,19
460291 .4
1845, 65
10665642,5
+0000
.00

114, 3850
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TABLE AP 3-1 (Sheet 10 of 15)

PREDICTED S-IB~205 STAGE POWERED FLIGHT TRAJECTORY -

115.0000
4879.19
114410,0
=1h4,7
79692,.5
2477.23
=45
2902,95
8354,9
=-733,9
=2288,2
=50,437
=, 064
=003
50,955
+000
+000
406431
T1.9728
2,31
=38,65
122,05
000
280643,7
21124439,0
+000

«00
198,6919

120.0000
531,69
127221.8
=145,2
95207,3
2647493
«25
a5UB,95
14754,0
~832,6
=2886,7
-52,720
=-.068

=+ 304
53,215
000
008
3B.B776
T2e0159
2.12
~38,60
BY .62
+0u0
538116,0
21152684,0
000

« 00
213.0175

125.0000
5784 ,50
140803, 4
=-142,7
1126843,9
2820,95
59
3102.19
19000,7
=1082,9
=2912.4
-54,907
=, 156
=005
55,397
»000
«000
3721939
T2.4526
2.12
=38,55
97 .64
+000
407521,0
21183522,0
<000

«00
22840301

575010.8
dulé.2g
640780141
32051 .q
64710.5
T4d493
122.52
l281,da
18256110
=863 ,.7
=409,y

=, bbg

- Bl
000

=T

«0Ug

A 0lg

S LYY

95 This
=b201,08p8
= 00n
3,Ten
.Oun
31475698
4378.05

» 00

+Un
64790040

SYy4QU0S.q
4238.uUn
b411646,5
326039
T2827.n
794.63
122,09
1406451
1819090. 0
=918B.4
=476.n

= 44n

- Quyg

-, luyg
LBl

+00n

«00g
¢130a
9he3175
6201 .08
-390
4.055
»00p
286276.4
4575.uq
+0up

con
TBu2h4l.3

513161.%
4594,33
6H15745.3
3327241
79794, 7
B45. 20
121 %5
1542.5y
161u072,.¢
«1010,5
=399,3
“blg
«0Ug

«00n

428

00

+«0Ug.

« 154y
96,9031
=6168,.770
-, Qo
4oty

«00¢g”

260312.53
SU09.0%
«08g

«0p
95234241

1623611.0°
21024337.0
267057.1
=Ba7.%
12996046

3IT36.40 |

=25.63
B332pe 24
-4726.4
129,R
«1879.0
3B13,28
3,94
72,000
+5333
~.5321
«036R
30.6272
TT+6761
-, 0b
«0B00
12,57
,00n
+973R
30,7795
L0on

00
TB.6303

1819090,2
21037200.0
286114.8
~919,.4
147653,.0
3903,71
=28,07
3733,59
1593,2
B5a8
=2410.,8
G234 ,94
3.94
72,000
+9858
~.3A52
+0351
30.0333
T7.2092
-, 00
+«0000
Tedb
»000
«9685
30,9652
«000

80
78,2089

1810072.7
23050943,.0
306006.4
=1021,1
167480.2
8072.87
=31,24
4178,28
5951.,7
72,3
=-2510,7
4591,19
3494
72,000
1,509
~1:5087
=435
2%, 3790
76,7851
~,05
«0aon
425
000
29622
31.1412
000

IDO
77,7149
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114560,4
209ngBus . 0
3310768,9
-18121395,0
9806157,.0
UETE.93
«iT2e7h
=1777.30
97,2-
T4700,9
=y7340,0
By obh . 36
46878893,00
uHBTARID. 00
00N

=465

=-.001

=073

- 033

~y 02
11188,39
6l S0
000
179.0828
172.0525

« 000N

200

29,019

La7436,4
09098480
4334904 ,A
=18122598,0
9BngbLZ, 5
4980.00
=2B2.0%
-2073.53
130,.2
REBI0,6
=-553036,5
50115770
s4700005.00
a4300005.0n
001

= H45
=-+001
=076

=+ 037

=03

592 4R
=53 374
«00n
178.9179
171.4566
«000n

«0n

791615

1031195.N0
209098648,0
3360591,n
=18124390,n
9875285,8
5302.81
=40%4497
=-2400472
137,2
4781 ,4
=-66661,8°
45766701
u20h3585.00
ud041585.00
«00%
- H16
009
=082
=,037
=:+03
559,18
=86, 9627
«00n
178.7262
170.8362
0000
+00
99-2578 -

T935R,7
LON66
~R0.3264
PR,5904
28,4790
101,77
-, 04
=.13
85,6
17276,7
3051,2
1nL.3914
JUB4L

ER353R,7
1854, 20
107024413
«0npo

00
115,3R69

ouT42,t
«0N76
=A0.2808
28,6035
28,4u20
107,68
~e05
=417
11%5,2
53B838.,5
1992.0
105,9%7
«06BRK
0043
93%,7

107u5400,0
« 0000

00

1164 2%R6

112210.5
«0026
=80,2290
28,5183
28,4568
114,11
=07
=18
126,0
u5943,3
~1025.1
110,394
+»1559

« 0087
975,0

6

’
1066,03
114,13
3,94
2511.78
1194.80
TO99850,.8
1878 .46
10795571.7
«ango
.00
117.1099
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TABLE AP 3-1 (Sheet 11 of 15)
PREDICTED 5-IB-205 STAGE POWERED FLIGHT TRAJECTORY

1 130.0000 482317, 0 180768741 155853, 131544, 4
2 6291 .uS $187.81 21065585,0 20509848, 0 20097
3 155%436,0 6420099%.n 326739, 4 33p7927,6 =-80,1705
4 -l38,9 338774 =1135.F ~18126B42,0 28,6350
5 132794,6 8787244 1B9636,.2 - 9862345,4 PBUTIY
6 2996,57 896460 4auy,11 E642+46 121,13
7 »95 120.68 =-34,78 =542460 -,07
8 4234,.85 16900 4662,47 =276045% =15
g 20905,9 16076871 8la7.# il0,.9 1141
10 =lU46,43 =1015.f =30.7 I9094,2 30388,8
1 =-2259,3 ~115.p «2143,9 -RETNS, S =1,0
12 =57,075 = Hly 5184,63 416176+29 114,5735
13 =, 149 ~q004 3,94 79182164%.0N Lluay
14 - 0U% L0un 72,000 29183164%.00 0n39
i5 57,498 JHln 1.9127 SU01 1016,3
16 , 000 «0U0p =-1.9125 =411 6
17 »000 «Oup - 027h =001 1
18 35.5048 1793 26,6839 -s0B% 1082,07
18 7240911 97.497e The4052 - 014 121,13
20 2,06 =61b68, 746 =08 =03 3,.94%
21 . =38,50 =082 0000 =165043A 2144,13
22 35,94 4,79y - 2447 =T4HTR 1184,77
23 +000 +00p L0008 +0un 960232,5
24 491232.2 236672 ,87 29547 17845037 1893,79
25 21217225.0 Su79,.57 31.3052 170.1863 1085422R,3
26 2000 W00 L0800 200un +00n0
27 +00 0 «00 +U0 W00
28 243.8597 114379545 77.137) 29,4326 117.8497
TILY ARREST
1 1345000 BE4TB2 v 1800288.% 1A9B834,.5 151813.3
2 678082 Su66.25 210795u8,.0 20909848, 0 «0108
3 169280,8 bY242H0 . g Shb12T 3 S414013,1 ~80.1116
4 ~133,5 441849 =1250.6 =18129677,0 28,6518
5 152896, 4 9580049 211735.3 9649067,2 28,4901
6 3157.12 943,55 4400,23 5963462 128,05
7 1.47 119,%9g =38,1% =6R0.12 =07
8 #705,21 1834,93 5134,30 =3114,03 -.12
9 22156,1 1600288.3 Y6ui,1 89,3 1032
10 =1042,7 =1024.5 =17.8 11774%.6 17672,2
11 =1750,3 T242 ~-1822.7 =72662,2 TR
12 =58,887 =39 5663,0N0 375156,27 118,2028
13 -, 152 ~, 009 3,94 3ISH64IE6 B0 »1515
ik =-,003 «0un 72,080 35464966400 « 0033
15 99,315 «0up 2.2841 +001 1062,5
16 +000 W00 ~2,2850 -394 W7
17 «000 N =.0223 =001 o1
18 34,2271 -1iT 28,0356 =085 1076,19
i9 72,1299 98, D4y 76,1017 - =, 00X 128,0
20 2,05 =6119,.027 -, 06 =03 3,94
21 =38,45 - 05p +000D =31214058 1822,76
22 27,68 5,26p 143 =63,216 117941
23 + 000 «00n L000 00N 1140775,3
24 580841 ,6 217208485 19468 178.2711 1909,86
25 21250292,0 5937, g 31.4420 169.5706 10615566 ,8
26 000 +00p L000 J6000 +00p0
27 «00 +Up «00 «00 00
28 258,9512 . 134509541 76,5336 29.5797 118,4500
1 135.0000 4517224n 1799343, 4 1710434,5 154150 ,2
2 6B37,35 572154 21081157,.0 20909848,n #0118
3 17UB63,9 642471341 Jyadan .4 34t700L,2 =80.10u6
4 =132,8 34478, =1264,1 ~18130031,0 28,6537
[ 19526246 9672245 2143508,2 9847514,.0 28,4921
& 3175,10 48, 7a 4417,6%9 600025 128.86
7 1.54 119,85 =35,53 -696,27% =07
8 4759,70 1851464 5188.95 =3155.15 ~.18
9 23178.6 1799343, 9788,.1 138,0 101.7
10 ~1043,9 =1027,1 ~16.8 81563,9 16508,3
11 ~2593,1 =508, 1 =-1785.2 =33598,8 492,2
iz -59,082 =37y 5718.28 370820.7% 118,3979
i3 =,152 =004 a,sn 35051835.00 «1518
i =e003 =+00y 72,000 35051835.00 «0N34
15 59,315 «00n 2.3226 +002 1067.8
ls «000 +000n ~2,3225 - 374 .7
17 +000 «08g =021 =s001 .l
i8 3440790 2073 27.9625 =084 1074, 34
19 T241345 98.101R 7640700 =070 128,9
20 2.19 ~6119,031 -, 06 -~ 03 3.94
21. =38, 44 =-+057 »6000 =%268.13 1785,27
22 26464 5,324 143G =61+867 1179.41
23 + 000 «00g +000 + 00N 1151481,5
24 591749,7 215144,3n +GLSR 178.2432 1911,80
25 21254139,0 5989.99 31,4566 169.5001 109229544 ,2
26 +000 «00n ,000 +0000 «0n00
27 +00 «00 400 «00 .00
28 26046836 13669964 7644611 29.5971 118,5132
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http:1918f164.0n
http:414176.2Q

L AR LR T

136.0000
6951,70
174057,0
~l351.2
LE0UTY .S
3211.17
1.70
48470,06
2u4ua,1
—~1lUa5,4
=-3%50,4
=59,348
=.152
=005
59,31
+800
«0u0
33,7852
T2+ 1437
2,35
=3H,43
L 39 .1
«Oud
614181,3
2l261942,0
«000

«00
264,1858

1370000
TueT 80
LT7266,4
~129,%
16bU03,2
3247 .90
1.8%
4941 ,97
25309.3
=-104%7,8
~1674,}
=b9,375
“,153

=y 005
bY,315
+0UD

« 000
33.5004%
T2.1531
211
38,42
22,75
000
637393,7
21269953,0
«000

200
R6T.7675

13840000
7185,65
18U553,1
-127.5
170041,7
3285,70
2.02
5094, 24
229331 ,4
-1051.5
=610,5
~59,322
=-.154
=.003
59,315
+000
«000
33.2287
7241626
1.98
=38,41
20,97
Ppileli]
8b13569,.1
«l278226,0
000

.00
271.4583

Y45603.n
5833.4y
BU25667 4%
34B98,
98591,
959,4q
119.74
18B5,4q
1797418, 4
=103045
-31828,5
-s 133
=00y
-+0Up
+Oup

«0Up

«0Uq
«2133
98,223
=6119.01ln
=09
Sl
+OUg
211078, 7y
6u97.1,y
«0lp

«Un
141591%.4

439484,
5947.17
8426631.n
SHTLBen
l0pa83.7
969,90
119.54
1919,85
1795476,.5
103445
~334.5
«Olig

=+ 0Uy
MILiE)

«0un

+00n

2 0Up
«219

94 4 344
=6119.03g
=,05q
5.57+
«0un
207084,0pn
6205.0g
«00n

Lun
1866033,

433365+
6062.7a
642760740
34837.a
182430.0
S80,.498
119,39
1954 .9
17933615
=1038,.a
4hb,.a

o« Oy

~-qe Uty
U

Oup

«Ouy

«0Ug
2204

98 4by
=bl}9.04x
—e 05y
5.71n

o« Oup
203185,87
63154
»0up

«Un
1518671 en

1797419.4
21084372.0
3527uL .5
=1291.5
219584,8
452,60
=39,30
5299,65
10046,7
=15.0
-1622,1
S83p,17
3,94
72.000
242777
~2427TH
=« 0210
27.8157
T6.0077
- 06

« 0000

31.485%
+000
200
763126

17954765
21UAT7635,0
3571594
-1319.4
224957,0
4488, 34
=ly,0°
5411,
10411,2
=13.6
=1339.4
5943 ,89
3,94
72,000
2.0019
=-3,p0tA
=.0203%
AT.6730
75.9470
=, 0R
(000
1.0%
000
29418
31.5138
. 000

00
76.1592

179536146
21090937.0
36169041
~-1348,0
230443,.0
4525,03
=40,BR
5525,54
10825.0
=12.5
~1057.3
hO59,43
3,94
72,000
1.6600
=1.5508
=-.ylo8
27.5390
75,8881
- 06
+0000
.92

000
9397
3lebU41b
000

+ 00
76,0004
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TABLE AP 3-1 (Sheet 12 of 15)
PREDICTED S~IB-205 STAGE POWERED FLIGHT TRAJECTORY

174663,7
20909848, 0
S423032,5
~181387e5,0
9844304,
6074412
~728499
~3238.52
189,%
162513,2
=79805,0n
362149461
2225567 .00
225567400
002

-+133

-.001

-.084

=-s121%

“.03
=3534. 4R
~56412%
000
18,1862
145.3579
»0000

+ 00

£9.6327

177931,n
20909848, n
A429157,9
-18131532,.n
Y98u1011,5
A149.14
=762+17
=3323,02
87,9
49876,3
=-RS05%4, 1
35TYTR.409
%339a301.0n0
2359a0301.00
-+ 002

U8R

=,001

-+ 085

- 02%

=04
=3917.07
-45.540
«00n
1-8.127p
192122
UL

«00

29.5692

1”1237,%8
209n9848,n
S5435318,A8
~18122333,0
98x7633.0
5225.6R
=795.5R
=Z408.39
25.9
-22713,.7
~A6334 ,.n
344807 . 50
A257A032.00
3257=2032.00
=+ 007

aligy

=001

=085

022

bt 311
=-u347.60
-34.807
+U0n
178.0659
169.0618
»0000

«0n

29.706A

158904,3
0112
=-A0.0905
28,6577
SA,4961
130,50
-,08
=25
93,7
13%540,2
45%5,2
118,6639
+«1525
L0057

1179,41
1103875,8
1915,77
10538061 ,6
.UDUD

.00
118,6375

143767.0
«0115
=-A0,07561
25.6618
2R,.5N02
132.21
=08
=12
78,3
133865,1
473,11
11B.693
+1R31
200561
1nia, 2

1210,n6
1237697.5
£919.87
10853673,6
+Onpo

«00
118.7500

1487395
«0118
=R0,0613
2R, BRGD
28,5044
133.05
-.08
=-.0%

B2 .6
18ADA. 1
467,1
118.6%77
« 1837
0n28
10%9,9
.7

W1
1060.88
133%.9
3,94
1057,41
1266,92
1pp2A6L, 3
10924,11
10969797,8
0100
00
18,8716
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TABLE AP 3~1 (Sheet 13 of 15)
PREDICTED S-IB-205 STAGE POWERED FLIGHT TRAJECTORY

1 139.0000 427240647 17206y1.7 1R4SEL A 173R823,1
2 THU5. 30 biBl.3n 21094240.0 2u8n9B4B.n 0120
3 1858L8,1 B32u593.n 362174 S4u1576,7 =AN.ONR2
L] =L125.4 44957 .n «1377.7 =181%3167,0 PARLBTNS
5 17o194,2 1044020 2350434 Y8xy16H, % 2A,.50R6
[ Sady b5 Y9z ,.an 562,75 A303:6A 135,70
7 2,19 119.¢p =41 ,6R ~829.21 =08
8 b40y, 9k 1489, = 5640,6] =Z(94 40 -0k
9 2aby2,4 1790691.4 112336 a4, 4 51,6
10 =1Ub%,9 =104 0 =127 «5916,2 17AR18,2
1t ~550,3 280 .5 =fpla.N =a56Y6, A u2u T
12 =29, 304 = 0Us 61T8,99 A36136.24 11A,6198
13 =, 154 - Uy 3,94 ALTHATEDLON 1505
1y ~, 002 VU0 72,0u0n 1L I4RT76E.0N +0n2o
15 59,315 Oun 1+ 3645 . =000 1110,7
16 +000 «Oun =1,36410 =,Ug2 7
17 +000 «Dup =.0193 -.001 W1
18 3249691 2520 27.411R - UBe 1055.H7
ig Te.1722 94.57Y%n T5.R309 UL 155,7
E{ 2400 =6119,035 -,06 =0 3,94
<1 =340 = Unq Sunin ~3B816+51 ARl,12
a2 19,8 - bbb B0 =26+311 130,50
23 « 000 «Bup LOun Hon 1329128, 0
24 wlblis, 3 199,73,4 +937R 17a.,0027 1928,50
25 21286767.0 BYRE .4 A1. 5680 168.49059° 10946452, 7
26 un +Oun L0On «D0pn L0npo
27 + 0 0 «0N «0n <00
28 2T e 2560 15726857 The 8360 29.7445% 11A.9933
1 LI 4211275 11A7092,.% 187973.% 17901593
2 THeo, 72 629%,0n 21097640t 209n9R4b,n L0123
3 187202.5 b4295hl.q 37078244 S4p791l2,9 =-30,0308
1] =1235,1 350764t =14807.1 =181354036,0 PALETLT
5 1804%02,0 LUo4l0.5 2U1759,5 830616,.F 28,5130
6 S04, a3 lond.8g 4&ny , 57 &6383.07 13742
7 2,368 119.Us =4z, 48 ~8h3417 -.08
8 532b,.11 2u2beaa 5757.16 =3581.90 =05
-] 24116.5 1787092,% 11656,0 27.6 i,
L0 =iuol,b ~108b,n =-11.7 13912, % 19147,7
11 =627,1 bl s =687:5 =A70u8,4 3581,7
1z -hY, 312 ~OUn /h295, 3R 32rubb, 0o 11R.6779
13 =,155 ~-o0uq 3,90 2u920496.00n +1551
14 - Uz «Uun 72,000 IW92n4H96,00 J0N20
15 59,319 +Uup 11,1053 uan 1121 .4
16 U0 UHun =1l41051 LR L 7
17 OO0 »0un =,018R - 001 W1
18 3247199 w250y 27.2907 = BlA 1049 .49
19 Tda1819 Qb . 6935 Toe 775U L 137,.4
20 2.U% =119, 045 =, 05 = U4 3,04
21 =38,38 =05y » 0000 ~R196.82 AR7.5B
22 17,69 5.997 70 =1945b2 1657 .53
23 »O0uy +0Un L0an 20un 1377u37.0
2k 711736,4 195642.08 »9353 1779361 1933,03
Fi 21295571.0 6n3h.Tn 31.59560 1A8.TUHT 110n3654,2
26 » 0U0 «Qupn - 0G0 +000n «0N0o
27 L0l un .00 +0n N0
£8 219.1556 1626505, 7 T5,A6n01 29. 7850 119.,1063
INBOARD ENGINE CUTOFF
1 140.3100 42p4bl.g 17R6AH79,.8 . LRA348,5 179597,7
2 Tuky,19 63L2,.Yy 21098034,0 20909848 ,0 0124
3 1879724 b429T702,. 3712870 IUBHLE,T ~a0,02a]
4 -122,8 35089, =1410.5 ~18130154,0 28,6752
5 181U48.6 100633,.5 2U23Y5, A Y8220, R 28,5135
& 3308,76 1u05+1n BeNG,6R £391.89 137.61
i 2.38 11%9.un =42, 5R wfbb, 92 - 08
8 HadY, 97 202%,9n 57706.07 =35%1.65 -.05
9 24088,8 178667%.8 11621,0 26,9 40,5
1o «1l060,9 1 04T =11.6 14336,9 188404, 8
11 =b6l6.1 51,0 -6ET+5 ~ns090,1 378,0
12 -5Y,313 =sQua 6309,62 32650450 118,67/9
13 =,1585 = 0u 5,90 xudinsRE.0n0 1852
L =002 «DUp 72,000 WBLRGRB, 0N .0n2g
1S uY,315 « Bup 1.0775 = 0yn 1127.8
16 <000 +0up =-1,0773 =.009 . T
17 000 »Oun =~,0187 =y U0y o1
18 32,6932 2395 27.2777 -, 086 1049,25
19 T2.1850 9H.70bp T5.769% - Upu 137,86
20 2.0u “b6119.045 ~-.07 =04 3,94
21 =5, 08 =094 0000 5162460 RAT A3
22 17.52 6,01 .69 =-18.877 1462,99
23 «000 «hp L oon 00N 13R2R07.5
24 T14803.58 1952457.2% « 9351 177.9287 1933,54
25 21290556.0 6451417 31.59d5 16847278 11g05580,3
&6 000 o Uiin .oon L0oon L0nah
7 .00 «Un il 00 .00
&8 279.5917 1b34758.4 15.6470 29,7894 119.1186
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W~ N F -

PREDICTED

14140000
Tol0.54
19Ubsy .8
=120,.6
160836,7
34H4.,53
2455
S40y,491
17642,3
-647,9
~518,6
=99, 320
=-. 140
=002
59,3515
«BUd
000

3. 4860
Teelo2y
1,06
=3, 487
15,99
000
13voe7,0
21302030,0
JOul

U0
2BL.724%6

L4842 00uD
1567 ,45
193%08.5
~117.9
1FLEYS.9
3390,68
2485
S547U.45
loBhE,.H
—238,1
-312,6
=bY,324
=097
~.001
oY,31b

» LD
20Ul
3d.2614%
T2+2031
1403
=38, 36

44379,7
2150p /42,0
+0UD

+UD
28355197

143.y0ud
Te2z. a5
1973501.8
—=115,0
190776.9
3395, 03
5416
bhg, 52
1odadg,l
=db.D
=71.4
=29,320
- 077
=l
o4,315
+00a

» 00

32 u81h
Tea21uyb
1.96
~3y,0h
12,78
»0U0
757966.0
£1311555,0
«0ul

LU0
284.4bobH

TABLE AP 3-1 (Sheet 14 of 15)

S5~IB-205 STAGE POWERED FLIGHT TRAJECTORY

B16901. ¢
6381 .49
6434599,
35195,4
10ukbO,.y
lut9,bn
11E.8R
2051412
91920k, 0
~546. ¢

EL TS
-0y

2 0

v Bun

»O0up

2 0un

» 0Un
AL

S0e 7930
=6099.00n
=.09q
6.11n
»UUn
193023, 20
619,44
«Uun

YN
AbeohbH,.

4126Hben
6430,U4
wh3inlf.s
353134
11051142
lyil,.uy
1itte 78
2ub9. 74
944978,
~2bY9.8
26y

W OU

U3y

« 0y

. 0un

«Uun

«Dlp
2522
Yh.BBag
=60y, 00p
=«
6,190
+0un
191164.45
667B.0n
+0un

sin
1699hk2,.n

4096bG. A
by8h, tsa
b43zhil.n
3oU32.7
L12590.n
1012.45
ilb,fn
2087.60
854288,n
=305,
110.q
«Qug

«0up

«0Un

«0up

+QOun

«0up
«25un
Yy,472a
=3072.0uUn
=« oy

. 280
+Uun

189 586,14
6435, 1
«Oup

eUn
1729205, q

September 1968

9192u4.9
21101084,0
37538040
=lL37 .6
247583.7
4620, 70
~i3,20
58441.17
11169.4
=1.8
=501.R
63743,07
3.90

72, ngn
+8607
~-.8AU7
=.0030
2741516
75,7397
-.07
spnun
.61

LLaun

+ 9357
31.6154
000

.00
7h,5410

IR LA
211045315.0
379K S
=1#pn.2
253873.4
4625417
=H35,74
5905, 7R
19672.5
2l.4
=-329.8
AY32,.60
3,94
72.000
<HP2H
=-ebzll
NCD ]
26,9994
75.7172
-~ 07
«Qnun
.53

.0on
Y325
3l.a274
LNOn

« 00
To.0492

86T2uR.7
21107955.0
34597, R
—1499,.64
2991 3.7
4630.77
~4y,22
5960.7¢
10219,7
28.8
=-181.1
6485 ,50
3,94
T2,000
«3A20

=+ 4781
U602
2b.stda
TH,6971
-.07

» Q0N
A

LQ0n
+9313
31.6398
LTI0N

il
75,3591

191398,n
20909848, n
S454319,5
«18134957,0
Y8283, 5
AL32.50
83011
=3647.2R
24,7
14017,0
=-S438Y,A
32015700
249991 778.04
YY1 758,00
= Quhn

- ug?

U43

=057

-, 0607

- Pl

=716 843
=13.76%
«Uun
1+7.8925
1r8+6559
«Lopn

« 0N

oy, H13G

1nygAay 3%
209ngB4E, 0
S4R070E, 0
~18135802,Nn
Y823297.3
A4BU. 41
=912.07
~26%6, 7N
16,1t

ahld, >
“20817 .1
A1R680.6A
294101272,
2941y122. 00
-+ 0U1

<00

#0350

33

-« 00%

-t
=4pP5.75
=8,8yn

+Uon
177.8654
1A8.6172
«Qoon

s0n

29,8509

193277,.R
20909888, n
SGRT224,2
=l81%p803,0
9519561 ,0
A4BbUT
~035. 71
~ATLY 90
1.6

=4610,7
=2u8ul, %
311455,9R
sHB6aTUD.0N
2BHonTND.00
=000

+00R

+UQR

=036

<01

-.Uu

=27 7de4Q
-4, 832

000
177.8397
1AB8.581n
ML)

wun

25,8554

1a8319,2
«0126
=a0.0151
PR,6701
28,5174
T1.97
=.05
=04
3n.8
14733.5
&3u,7
118.,6%47
#1803
+0NL9
1132,7

Igt2r84,. 8
1936.36
11p16298.5
20000

.00
119,1An5

199662,3
« 0129
=79,909a]
28,6837
2B.5219
T0.51
=12
=02
2n,7
a75A 4
1301 ,7
118,6%93
0270
0012
11308
7

a1
1037,64
.6
J.04
330.R2
1498,71
1478R0%,3
1933, /0
1l025%50n,8
+00R0

» 00
119.2405

105102,9
0132
=-79,9931
2R,68A2
285205
69,08
=02
=01

11 .6
RP31.6
148A,. 9
11A,6350
+07h8
LOnp7
1146.5

1499 ,18
14A3RH7 .6
1961.70
L1934660,.6
0900

00
119,2923
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TABLE AP 3-1 (Sheet 15 of 13)
PREDICTED S-IB-205 STAGE POWERED FLIGHT TRAJEGTORY
QUTBOARD ENGINE CUTOFF

1 145.1100 Hp9321.49 THEBYR R 198657 ,3 195702 .6
F3 T027.97 L, 2 . 2110833n.n 20909848, n U332
3 197735.4 B432733.3 3AB192.R SHETAST,0 =T75.9R13
& =114.6 3oktiben ~15112. 8 =1813691b.n PB.BRAT
5 1975865.5 112819.7 zRUNgE .9 9B19147,9 28,5570
6 3496,24 - lul2.oa 4631,0N AUBY 43 A2,15
i 3.19 11b.7n wlity 2R =936.01 -02
8 5535,43 208Y,0R SY6u.87 =2750.04 =01
9 9198, 5 THHBUS o 3727.1 2,n in,7
10 -213,7 ~302.w 28.9 ~3124,3 4ASL 4
11 =775 £9.n ~166 e 4 A =25059,n 1081, 3
a2 ~59,319 yOu7r A49Y, 97 51099921 118,6743
13 -, 076 007 390 2bBE6503.Un 0789
iy =001 Oun 72,000 PBA0OSD3. 0N L0006
15 . bY9,3515 200q + 5507 =stun 1147.2
16 I «0Uqn =+ 3515 07 -]
17 NI 20Uq »0610 JUy7 W1
18 32.4t79 2bUA 26,8327 -u037 1n30,u5
19 722160 Yb, 982p Th46951 002 62,1
£0 1,78 =3072.Uup - 07 =a0f 3,04
21 =35, 34 - 0Dy 0000 =3726.00 168,85
z2 12,62 6, 24%n W45 ~4,835 1500,n1
23 »000 »Oup L00n +00n 14R6511,3
24 TH9383,.1 1892038449 19317 1778371 1941,45
25 €1311835,0 674160 ALlelll 168,578 11p35A09,2
£6 N «0un 000 B0pn - <0000
27 w0 sUn .00 0N +N0
8 28%. 0094 1732219 7543497 29.b27RA 119.2976
1 1440000 HOT76BZen 59726,° 2n1721,.n 2n0567,6
2 Todh, b2 6499, I3 21111393,0 2U9nyBus,n 0135
3 20U752,8 bHIZES2en SAY202.,0 SHTIT0H 4 -79,9h58
4 =111.6 35551a% -1531.0 =EB137770,0 28,6028
5 202323 ,2 114683, 265420,4 9315786, 3 28,510
& 3579,al 1006,95 4513,80 A4T7Y.97 4,98
7 e L) Mlb.og iy 63 =94 T b0 00
) bobd,18 2y94 ,05 5983.50 =3768.79 =-,00
9 3T27.7 5972740 33z22.% 2,8 4,0
10 6,7 L =RU.7 2745 347,n 170%,3
11 ~44,9 4.n =59,0 -BEY, % $0nin,2
1z =b9,314 QU 6495, 3R 31n992.7R 118,6296
13 -.072 «Oln 3.9 28800277.00 +0721
14 =001 =.Uup 72,000 2680927700 L0nns
15 59,315 +0Un 1538 00n 1147.2
16 LU0 00 . -.1391 TR N
17 »0uD «Oup «DH4E 004 - .1
18 318204 Jdbba 20.673% =.03R 1n24 . &6
19 T2e2202 99, U4da 75.6950 «B03 S0
£0 10 =404t 4 2oy =07 .04 3,04
21 ~3d3 09 »000D ~2372.28 f5,02
22 11,29 643ty L0 =1lebbR 1500,55
23 - 0L0 0un Loun «uon 1473955, 4
-1 T63374,1 14BpY1le2n «93uR 177.8406 1942,16
25 21313184,0 6758, 35 3l.6485 1RB. 6260 110%827R,9
26 000 «0Un .00n +000n L0N00
7 200 T WUp W 0n 0N 00
48 2848603 1750944 40 7945237 29,8638 119.3121
S-IB/S~IVB PHYSICAL SEPARATION
1 14444859 40751649 (YT ] . 2n3396,4 2n3241,9
2 Tbdu,. 70 6493, 78 2111506640 20909848, 0136
3 202402,0 b434123.0 SYLHG5 .3 S476RbL,7 70,9589
4 =109,9 356U9. 3 =1556.5 -318178252,n PRLH950
5 200037,9 L15TUT .5 2683554 981 3%ab. 4 ?B.5333
6 3565,37 1u02.5x 4¥59y,77 6467 +6R 3.76
7 3.57 118,03 iy, 81 =952413 .00
8 5ubd.70 2u95. 3, 5984,91 =377 85 «00
9 12,6 4481,y 3109, o1 8
10 11,4 =15.p 26,4 =674 ,R ?3%,2
11 =1 Fep =Gyt =361,5 971,9
iz =59,313 #NU% 6490, Bt 31n992.5% 118.62pP1
13 =.070 «0Uy 3.94% 288B00255.0n0 +0703
14 = QUL =+0un 72,000 PBBOS265 U0 «0NN6
15 29,315 FLTTY JubY2 000 1147,2
16 +000 +Oup =4 (23R 003 «8
17 +000 +0UQ «GHEL +000 W1
18 3107217 27Uz 26.5802 -+ 036 1071,29
19 T2.2317 95, 0Bl 75,6994 «Uu 3.8
20 W07 =HUSH . 201 - 07 =0l 3454
21 =38435 =05y onun «3108.93 25.11
22 10,52 64395 37 - 837 15N0.69
23 «0u0 «Oup LOouD 000 1n74754,6
a4 TudBUE.E | 1B8536,03 «930R 1778482 1902.23
25 21513328,0 676041y Al.p44A 168.6692 11p%8564,9
26 »OLD +0itn 000 U00N ~0ng8
27 00 WUn .00 On «00
28 284 . 4533 17418964 75,3207 P9.Hb4Y 119.3134

September 1968
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TABLE AP 3-2 (Sheet 1 of 13)
PREDICTED S~IVB-205 STAGE POWERED FLIGHT TRAJECTORY

CONSTANT VALUE FON THL tNTIRE AHALYSIS

JB05pLL402  ,£d5220+02  ,720Une+02  10000Na01l  ,321740+02
oL40T760¢1T 209257408 208956408 ,729211-04
+102345=02  L£300400-05  ,787500~05 000000
805611402  +806530402  ,BU6uIbeQ2  ,TA299L402 646538407
«2BH22UHGZ  4LON63TH02  ,2BSup4e02 266785402  ,323UA1407
«00gUOY +u00000 090000 +UDOND0 +180000+02
1 TIME wELGHT F&seT ALTITUDE AANGE I
2 ¥ 5o 1 ¥ 88 E R g € R SH L RANGE ANGLE 2
3 X 54 E A S8 P (M) X 84§ XI O S8 1 3
4 Y Sd E T 58P (M Y85, ETA as SA 4
& Z 50 E Z S8 P (M) ¢ 58 g 7ETA Ex 58 1 $
[ D=X 54 £ B=X Sd P (M} Dwi 58 S NeX] A BB XM &
T D-YSBE UL=YSIP(H LY SHS N=LTA A S yM ?
8 D=2 SHE LeZ S3P (K} LU=2 54 S D-ZETA A Sp 24 &
9 F s¢ x F 58 TX F ob AX M SH X M Sh AX 9
10 F Sd Y F uB 7Y F s AY MsH Y M 5B AY 10
14 F 54 2 F Z F st AZ M g8 z M 54 A7 11
12 THETAM} GRP DTHEYA{MIGRF F Aux S8 X IS8 XX EPS{THFTA) 12
1% PSL(M) QRP  p=-PSItMIWAM F Aux SB ¥ I 58 Yy EPS{P5Iy 13
1% PHI(M)} GlF O=PHI{M)GAF F Auy S8 Z I sd 2z EPS(PHI) 14
15 CHI %8 P U=CHI 4B P THETALR) P58 M D-EPS rTHET¥R) is
16 CHl od ¥ uUnCHI 38 ¥ THETALY) G 56 M D-EPSIPST) 16
17 CHI 8B R peCHI SB R THETALR) R S8 K D-EPS(PHI} 17
18 GAMMA 53 1 wAMMA 3B 11 GAMMA{1TI)PR., GELTA(A) DaDELTALA] 18
19 GAMMA 53 £  GAMMA 4B 2@ GAMMA;213PH, DELTA[B) D=DELTA(R} 19
20 I 58 P AVG L SB SP WEIGHT FLOW AVG Dai AVG F S8 L 20
21 u HACH HO, PRESSURE TEMPLRATURE X 5o &p 21
22 By H RHU PRIME G{RROD} [11:I% § ] £2
23 ALPrian ALPHA BETA CHORL FORCE ¥ b aM 43
24 TiveT) PELTALD-X(V} SuLY DELTA_D-Z{V} TAII3) 4
25 DELTA-T{3} UcLTA~D-Y(V¥} Tt THETA{T) PHT(T) 25
26 Tee) UELTA~T{CO} ¥l TAut2) CHL (P)~TILpE 26
27 SAF{1} ¥ oS8 oW E 5B W 27
28 THETA Su L U=THETA Sp L X sH C& €8
29 PSISHC uePst 3B € Y 54 C6 GAMMA 5B JF 29
3u PHL Y C U-PHL 58 C Z 5y &6 GAMMs S8 2F 40
a R{PERY V{PER) ECCENTRICITY  FERTOD HE1A a1
32 RIAP) ViAH) INCLENATION EFM BETALF) 42
a3 T 54F S »8 F ViF) M 56 F RHO 5B F 33
3% AVG FL HHH  AVG ISP HMH AVG WUT HMR AVG FL RHR  AVG ISP RMR Sy
35 AVG nUT HMR  W{LOXIRES Wi{LH2)RES =W {LOX} D-~W{LH2) 35
FLUATING POINT DIVIDE oY ZERO AT y OCATION 056470
§-18/5-1¥5 PHYSICAL SEPARATION
1 1%% 4890 305754000 <000 203518,6Y0  205254,75C 1
2 7631,2280 o494, 2639  211540H9,.00 20909671.00 . 2
3 202624.380 6434105.200  19Y5AL.84D ,000 2881364150 ]
4 =110, 146 35609279 60508, 437 008 719695 5
5 205051,290  115711+34%  3978a3,180 +000 44,6303 5
6 3365,721n 1002,0585 3249,562) +0000 1.0922 &
T 3.5729 116.0272 39,1967 ~0000 »0013 7
8 555449007 20935,4410 687u,R064 + 0008 200Ny 8
9. 9904.926 0 =455,074 =156 =176 9
10 12,589 ~+0U8 12,589 =35,871 =35,871 10
11 1,255 «OU0 1,255 310, 648 310.6:68 1
12 =59,3120 LH060  10460.0000  100432,214 0076 12
13 =, 0703 0090 4205633,200 +0703 13
14 =,0p06 =000 4207811, 600 Lo0ng 1%
is »59,.310U +U000 «0588 =, 0000 15
16 000U »ugon ~0000 -a00n3 16
17 +0000 -, UBDB -0600 ~.00n3 i7
pL:] 31,7715 26,0210 »0000 «00DQ 8
1% 72,5262 75.7770 «0000 +0000 19
2q 231.6944 SU000 40000 J000 L]
21 10,5341 ©.5593 43%3,9823 690,000 21
z2 79,9588 28,6935 =31.5943 -, 0423 22
23 20667 U057 =485, 0740 6494265 23
25 pHOUND%,F000 .Uon L000 «00ng 24
25 +0goo «Uogo 199,300 +000 »00na 25
26 246,300 -0noo Trun, 6599 Q00 «00n0 26
27 109.1520 +0000 L00ng 27
<8 =59.3100 S00u0 u2y,9542 ]
29 0900 U0 =uA320 49
30 40900 U000 =42125 39
31 41
S2 32
43 33
a4 0000 «0y0 +0000 +0000 «000 3%
a5 L0000 193273.0000  39647,0000 2000 +ang 35
1 184,9880  305741+700 L000  205321,48%0  205984,470 1
2 76246560 64B0.5153  2£114790,00 20909669,00 P 2
3 204100,260 64346DR.GUD  201226,570 L020  29128B.710 3
» =10d,292 35668, 468 63092,628 2008 71,9703 4
5 207822,650 1167564977  401233.690 .034 45,4819 5
& 335046076 997.9350 327,065y 0803 1,029 6
7 3.Tp21 114,006 349.1296 «0000 L0012 T
8 55b4.1243 2095,4875 6B875,9595 +1350 =, 0020 8
9 9784,283 «000 ~42%,128 =1,558 -1.858 9
10 114868 =000 11,868 H2S.4TE 423,858 lg
11 =19.440 000 ~19. 4081 292,605 2924587 il
i2 =59,312% +W00?  10209.4100 100341 ,463 +0025 12
13 -.0700 U810 «0060 820539A,300 L0700 13
i =4 0000 «Loon .000u  8207576,500 L0060 14
15 «59, 3100 ~U000 0000 +0000 -.0067 15
16 + 0000 +Uno0 +0000 «0007 - 0010 16
17 «0000 =.0000 »0000 »6010 -+ 000D 17
18 31,6645 26.52u6 2644852 +0327 40055 18
19 T2.3310 75.7815 TR, 7001 +0011 - OO0 ig
20 228.3269 suCpo 44,7180 «~0000 M) “0
4L 9,809 6,726 <462 431,146 690,060 <}
22 79,9507 28,4958 2R,5356 =-31.5892 e 0U23 22
23 +1280 «1098 w670 =425,1273 6486,515 z3
24 65000404, 900U +U00o +0000 000 +0000 rs
25 <0000 +0000 1509,4000 LDon «0000 25
26 286,3000 <oy 7781,6699 000 +0000 -3
27 109, 2864 +000n « 0000 i
28 =59,35100 +0000 423.9689 28
29 «Jg0u +0000 ~.A320 29
LL] «B000 +0000 -e2125 3
3y Y
32 a2
e 43
34 40008 »000 « 000G +0000 +000 3
35 <0000 193273.0000  36%7,000D 000 NI 5
September

145,090y
ToR4, 5390
204140, 380
=10d,292
207884, 300
3350,244L°
33,7052
5554,1261
9781,152
11.820
=19, 454
59,3125

-59,310u
+Golu
+Culu

31,6619
72,3315

+ 000U
«0000

145,8500
7613,9778
20684 % ,2%50
=105,148
212388470
3325, 7122
3,9154
5554, 2494
$0G00.058
LU.6TL
mky, 106
«59,3104
-, 0685

«0p0u
«0000

146, 0500
7611,5159
2TETO AT
=104, 497
213464,500
3319.9620
9648
Su54.28206
10011, 730
10,477
=53,906
=59,3093
-0579
+Gn0Y
=~59,5100
+0a00
0000
31,4465
72,3820
217,5865
8,569
79,9343
3562
&o00404,9000
«0000
286,3pV0
109,5748

+0aly
+Dolo

1968

305741 <100
b4An, 3291
6UIH6T64 300
35669.892
116782, 123
g97.0214
1i8,0082
2095, 4847
+000

=000

+0u0

20007
NS
»0040
Junon
»UR00
=+9000
2049223
75,7816
.u0g0

b, 3729
28,6958
+1126
+0G00
U000
~U0U0

U000
«J0U0
«00p0

«0u0
193273,0000

5-1v8
H05T04 900
6473, 7982
be35481.500
35705.049
11B479. 402
990,1546
11d.579
2695,5597
JUD.0u0
=-.169
=s010

+0uo
193273,U000

305695.By0
647U BTLE
645669.500
35788476
116077 .649
984,3575
1id.86581
2055,5775

«Dud
193273, 0000

0N £05162,010
21114a31.00 209055669,00
2012A%, 740 021
bIU97,295 +00n
401316,180 +03%
3271,A974 «0822
3g0,1280 «0000
6BI4.9630 »1382
=424, 436 =1,58h
11,821 432,650
-19,855 291,505
10205,7883 100339, 280
+0000 A204Y92,690
+A0NG  B20TST71,200
<3000
«Q000
«Q000
LR 4p29
15,7042
-Gl , TLRO
+3454 11,0738
£R,5356 =31.58%0
= 0670 =4P4.4367
+0000 L6000
14a,A000 000
7740,6699 L0006
800N
42%,9593
-.fd20
2125
+000y «00gN
395647,.0000 «aon

ENGINE START COMMAND

S0u.000  207910,810.
21117575.00 20909664,00
203907, 249 <140
61412, 545
40buA%, 9RO
3248.5380
3dg,0187
6B7%, 1960
379,942
1y.842
-Ld, 099
1004G.0090
0000 B205011,700
.000D  8207190,400
+0009 =auQon
0000 +0050
#N0GOD 40026
2643262 «0327
75.T120 =.Q019
=-47.T1%y «0000
3072 426,468%
2R.5393 =31,580R
~+0B8S =379, 9417
+000E L000
150.45000 000
778046699 000
«00G0
423,9931
= A321
2126
+0090 «000D
39646.9960 000
300,00y £08552,390
21118216.00 20909564, 00
20%523.910 »183
&14Rb, 356 ~, 000
BUBLA1,270 J30R
3242 ,A428 +2433
24R.9930 =2 0000
6875,25uy 5074
=370.190 -3,923%
10,6485 1193,077
=£3,894 265,374
t0083,9200  1l00158,492
+0000 B204D2R, 600
000y R2AT107, 00N
»0000 ~+0000
+ 0000 +0965
« 0000 +Qo3n
2R PR a0317
757139 =-,0033
4T Tl « 0000
2989 §25,3511
2r,5un2 31,5740
= 016%0 =370, 1A9R
+0000 2000
1g0,.300y 2000
FTe0.6699 000
+000n
423.9977
= 8320
=+ 2124
«0090 +0000
I9H46.4260 +000

206050.12¢
. (S6uf
2913s2,5%0
T1.9703
45,4704
1,0203
L0012

-, 0071

. =l.5R8
432,668
291,487
,0025

=y NU323
S4564379
0000
20000
L0000
+00np

+0n0
«0np

211880, 340
o5
296469, 380
71,9718
Ba,2451

3,577
1059.502
2664681

+0ng
=3.0n0

211519.560
» 3796
297645980

+0no
=3, 000
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1 1GT,00U0  J0S64T.490
2 T548.,6174% Bu5h, 5544
3 2ipYeu.23u  bNIGEN3. 100
4 «100.398 35897.020
5  218%97.450 120973267
6 d2u9,7065 978,9017
7 4.2257 118,b237
8 5554 ,4550 2095.5647
3 564,201 «000
1q FuTHE ~+ Ul
1 =8.081 «000
12 ~39,2960 2170
13 ~ 0541 L20UG
14 0000 U000
15 ~59,3109 20000
ie Dotu V000
i7 20000 ~,42000
18 3l.R302 26,1347
19 72,3525 T5.7996
20 188,4955 L0090
21 AT b,4277
22 75,9180 28,1049
23 5081 +2857
24 6000304,5000 +Ugnd
25 «200U +B000
26 28643900 L0000
27 109,6502

#8 =5%.3100 SUoUe
29 20000 2UOU0
kT L0000 +UDDA
31

52

33

E «Do0U «000
35 L0000 1932T3.0000

1 14,0000 405542.020
2 T547,4952 Gilid, U243
2 214050.080 E437527.490
4 ~9b,990 35025.523
5  224552.680  123069.061
6
7
8
9

33603397 969.7126
4, 8904% 114,418
5556, 0636 2096,2003
T6b9b, 528 66793.213
icg =22.519 ~31.54t
i1 =140.381 =40 245
12 59,274 SU3L3
13 -, 0599 =.0002
ig -, 0ud0 +0000
15 «bg,3100 «Uoug
16 +00l0 +U000
iy »0000 =.0000
1s 31,0131 29,9413
19 7a.3631 75.6079
<D 9l4,143% +2000
21 65,5120 6, 4574
22 79,9014 28,7095
a3 8585 8550
25§ 6L0G4DE, 9000 <o
25 L0000 ~uano
26 286,3000 PRUD
27 109,83%8
28 =»59,3100 +0o00
29 «0000 +J000
30 «0Q00 0000
31
a2
33
a% «0000 +000
35 +0000  193239,uG00

1 19,0000  305225.630
2 T568, 7613 6440,9798
3 217303.400 B438593.200
4 =31,391 361434979
2 230113.960  125166.8492
T
8
9

3257 a2 962.4595
4. TEIL 118,4315
£5b8,2306 2099, 9643
1815484790 178002.310
1g =179.49% «185,990
11 =306.513 -191.519
12 =»59,2361 +URas
13 =, 0809 =, 0yp62
14 U009
1s +00c0
1% U000
17 ~,00p0
1a 22,7577
19 75.6110
2o «UtigD
21 6, 4399
22 24,7141
23 1,1286 1,272
2 6600404,9000 L0000
25 <0ocn .u00t
26 286,3000 .Qoy0
a7 110,0075
23 ~59,3100 JLogo
29 +9000 20060
30 »0000 40000
AN
o2
a3
35 <0009 «000
35 +0000 193011,4200
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TABLE AP
PREDICTED S-IVB-205

00U
21121573.00
267751,020
61875,278
516066 ,660
J211,.8197
3HA.A5TY
4875.5566
=322,719
9,792

=D, 054
14186492200
»0000
«1p0g
0000
«N000
40000

2F, 0953
=, 7235
=5u,0433
+?533
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=31.2276
140762
14,107

008
520,06%
+0000

+00040
~453,31%

ITEIT. 970
1,033
Hgr42l. 850
12,0155
3T 7645

6691.007
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690,000
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PREDICTED S~IVB-205 STAGE POWERED FLIGHT TRAJECTORY
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~532,5907
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=973.513
=278.417
=.13s8
«Uopl
=.00p0
-1385
U0t
~.UpQo
2.6R7H
7 AT
424,1570
5,472%
v, 2815
15,3753
3203,U096
800,4058
192, 43¢4

«Uool
+boad
«Uopt

523.947
T0eil00ed

L6030 .930
L3750, 1727
6205821« R0
83947.074
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~30.1568 =, 030G
~+(01B 135292,733
8,278 326,50n0
N ~§,6803
288,428 +2385
«0000 +aonp
«000n «0ng
-450,93% ~32.005
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a5 + 000

September 1968

1353=3.A80  226553,43p
14728,4166 21627399,00
6458057500 30%209,210
89198.212° 236715 150
3105T19.500 * 3645861 ,60
~bby . 062% -2:&5.5592
271.5526 850.9207
4BUD.o4T9  L5E9T, 7953
22b851 364 =-,002
=1015.301 001
~289.928 -,011
. 1430 « J00D
=.0000 «0000
=.00p0 20000
~ 1817 «00D0
006 40600
= 0900 «000p
1.9666 19401
20,0091 806036
Y2k, 1459 ~53L4R528
9.7875 «0000
3U,.4885 2ne3261
13,2951 “1s3145
2874, 4125 +N123
$93,3261 1595990
165,4016 T80, 5699
+J0U0 $07,5200
«Ud00 =1.A030
+0000 =+ 5255
Bd4«0y2 ~534, 6330
57077.0570  14826.5463
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PRINTOUT
SYMBOL

A%

A SB XM
A SB YM
A SB ZIM

CHORD FORCE
D*

ECCENTRICITY

E*

E/M

F 5B AX
F SB AY
F SB AZ

AVG F SB L

FSBT

AP3-34

TABLE AP 3-4 {(Sheet 1 of 11)
SYMBOL DEFINITION FOR $-IB/S-IVB

COMMON
SYMBOL
A%
a » 3

pb*

STAGE TRAJECTORY AND RADAR PARAMETERS
COMPUTER PROGRAMS AB77, AC77, AND AB79

DEFINITION

Azimuth angle measured in the plane
tangent to the earth's surface at radar
station; positive clockwise from north
to the perpendicular projection of the
vector drawn between the vehicle and the

radar in the tangent plane (deg)

Vehicle accelerations in the wehicle

coordinate system (ft/secz)

Aerodynamic chord force (1bf)
Slant range distance between the vehicle

and radar station (ft)

Eccentricity of a conic section

(dimensionless) ——

Elevation angle measured positively up
from a plane tangent to the earth's sur-
face at the radar site. Angle between
the plane and the véctor drawn between

the missile and radar station (ft)
2 2
Total energy (ft /sec”)

Aerodynamic forces in the vehicle

coordinate system (1b)

Average longitudinal thrust (1bf)

Total effective engine thrust (1bf)
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PRINTOUT
SYMBOL

FSBIX
F SB TY
F 8B TZ

F 88 X
FSB Y
F GB 2

G(mm)’

G (PSI)

ALTITUDE

INCLINATION
I 8B SP.
AVG I SB'SP

I sB XX
I SB. YY
I 8B ZZ

MACH. NO.

[3

TABLE AP 3-4 (Sheet 2 of 11)
SYMBOL DEFINITION FOR S~IB/S-IVB
STAGE: TRAJECTORY AND RADAR PARAMETERS
COMPUTER PROGRAMS AB77, AC77, AND AB79

coMMON
SYMBOL

F., , F

T.?

‘DEFINITION

FT' - Propulsive forces in the vehicle system

(1bf)

Total foreces in the wehiecle coordihaée
system (1bf) '

Component of gravity due to thé attractive
force of the earth measured along ré
positive down (ft/secz)

Component of gravity dve to attractive
force of the earth measured along the
perpendicular to.rc positive down
(£t/sec?)

Vehicle altitude. ' Distance between the
spheroid’s surface and vehicle meaéured
along the normal to the earth's surface

positive up (ft)

Equatorial orbital inclination (deg)
Spéc‘ific impulse; {sec)
’Avéfagé specific impulse (sec)

" Principal vehicle moments of inertia
(slug~ft2)

Vehicle mach number

- September 1 . .
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PRINTOUT
SYMBOL

M SB X
MSBY
M SB Z

M SB AX
M SB AY
M SB AZ

NORMAL FORCE
PERLIOD

PSEM

PRESSURE

Q SB M

R (AP)

=

{PER)

R S8 C

RSB L

R 5B M

S (BAR#)

AP3-36

TABLE AP 3-4 (Sheet 3 of 11)
SYMBOL DEFINITION FOR S-IB/S-IVB
STAGE TRAJECTORY AND RADAR PARAMETERS
COMPUTER PROGRAMS AB77, AC77, AND AR79

COMMON
SYMBOL
M, My, M
My, M,
y
N
P
_?M
P
a
q
Q
Y
a
TPER
r
[
L
S%

DEFINLITION

Total moments about the axis of the

vehicle coordinate system (ft-1bf)

Aercodynamic moments in the vehicle

coordinate system (ft-1bf)

Aerodynamic normal force (1bf)
Periecd of elliptical orbit (min)

Total vehicle roll rate; positive roll
clockwise looking forward alcong the Xm

axis (deg/sec)

Atmospheric pressure at the vehicle

(lb/ft2)
Vehicle dynamic pressure (1bf/ft2)

Total vehicle pitch rate, positive nose

up (deg/sec)
Radius of apogee (nautical miles)
Radius of perigee (nautical miles)

Instantaneous distance between the

center of the earth and the vehicle (ft)
Earth radius at the launcher (ft)

Total vehicle yaw rate; positive yaw-nose

Right (deg/sec)

Product of the average earth radius and
the central angle traversed during glide

{nautical miles)

September 1968



PRINTOUT

SYMBOL

SSBPF h'- :

RANGE

SAF
TIME - .-
T SB F

T (1)
T (3)
DELTA-T (3)

D-T 'x(‘C_O) "l
TEMPERAT;URE?
vV (AP)
vssE \

V(E

TABLE AP 3=4 . (Sheet 4 of 11) .
SYMBOL DEFINITION ‘FOR SLIBYS;IVB'
STAGE TRAJECTORY. AND: RADAR PARAMETERS.
COMPUTER PROGRAMS AB77,. AC77,  AND AB79-

COMMON
SYMBOL

SAF

t’

DEFINITION

© Downrange distance at- terminal altitude °

(nautical miles)‘

Spherical earth ground range (ft).

+Based on the spherical earth rangg

.angle and the average earth radius

*8pace attenuvation factor measured from

- radar station i

‘Current aimulation time, measured from
vehicle 1liftoff (sec)

Time since

launch at the terminal

altitude (sec)

First stage time to go (sec)

Second stage time to go (sec)

Correction

‘Time-to-go
(sec)

to T3 (sec)
until éﬁgine cutoff ‘command’

*

FA

" The temperature specified at 2 certain
altitude (deg R)

- Apogee velocity of the glide phase orbit

(ft/sec)

Magnitude of the vehicle's earth fixed .
velocity (ft/sec)

Magnitude of inertial velocity at
terminal altitude (ft/sec)

-September 1968
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PRINTOUT
SYMBOL

VSBI

V (PER)

V 8B RM

VSB W

WELGHT

WEIGHT FLOW
AVG D-W
X, Y, Z

D-X, D-Y, b-Z
DD-X, DD-Y, DD-Z

X SB CG
Y 5B CG
Z SB CG

AP3-38

TABLE AP 3-4 (Sheét 5 of 11)
SYMBOL DEFINETION FOR S~IB/S-IVB
STAGE TRAJECTORY AND RADAR PARAMETERS
COMPUTER PROGRAMS AB77, ACY77, AND AB79

COMMON
SYMBOL

vI

v

per

VRM

Vw

W

W

W

X, Y, Z

XCG’ YCG’

Z

CG

DEFINITION

Magnitude of the vehicle's inertial

velocity (ft/sec)

Perigee velocity of the glide phase
orbit (ft/sec)

Magnitude of the vehicle's wvelocity
relative to the earth's atmosphere

(ft/sec)

Wind velocity relative to the earth

(ft/sec)
Total vehicle weight (lbm)

Time rate of change of total vehicle

weight (lbm/sec)

Average time rate of change of total

vehicle weight (lbm/sec)

Components of vehicle position, velocity
and accelerations. A subscript on these
quantities indicates the coordinate
system in which these quantities are
measured. (ft, ft/sec, ft/secz,

respectively)

Components of vehicle center of gravity,

with XCG measured positive forward from

the vehicle reference plane, YCG
measured positive right from the missile
centerline, and ZCG measured positive

down from the vehicle centerline (in.)

September 1968



TABLE AP 3-4 (Sheet 6 of 11)
SYMBOL DEFINITION FOR S-IB/S~IVB
STAGE TRAJECTORY AND RADAR PARAMETERS
COMPUTER PROGRAMS AB77, AC77, AND AB79

PRINTOUT COMMON

SYMBOL SYMROL DEFINITION

X 58 QP XCF' YCP’ ZCP Components of veﬁicle center of pressure,

Y SB CP ) with X., measured positive forward from

Z 8B CP the vehicle reference plane. YCP
measured positive right from the missile
Zenterline, and ZCP measurad positive
down from the vehicle centerline (in.)

W Xv, Yv,-zv Position coordinates in the terminal

Y (V) radius coordinate gsystem. Origin is at

Z (V) the earth's center, vl along the desired
terminal radius, X' in the orbit -plane
in the direction of orbital motion, zv
forming a right handed coordinate
system (m)

D=X (V) X, ¥, z¥ Velocity coordinates in terminal radius

D-Y (V) '

D-Z (V)

ALPHA* (S~IVB) a' Total angle of attack. 4ngle between

ALPHA (S-IR) o the centerline of the vehicle and the
vehicle air velocity vector (deg)

ALPHA (S-IVB) o Pitch anglé of attack. Angle between

ALPHA SB P (S-IB) o the projection of the vehicle's air

velocity vector onto the pitch plane
and the centerline of the vehicle
(deg)

September 1968
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PRINTOUT
SYMBOL

BETA (5~IVB)
ALPHA SB Y (S5-IB)

BETA
BETA (F)

GAMMA (1)

GAMMA (2)

GAMMA (11)

GAMMA (1I) PR

GAMMA (2I) PR

AP3-40

TABLE AP 3-4 (Sheet 7 of 11)

SYMBOL DEFINITION FOR S-IB/S-IVB
STAGE TRAJECTORY AND RADAR PARAMETERS
COMPUTER PROGRAMS AB77, AC77, AND AB79

o

DEFINITION

Yaw angle of attack. Angle between the
projection of the vehicle's air velocity
vector onto the yaw plane and the center-

line of the vehicle (deg)
True ancmaly at start of glide (deg)
True anomaly at terminal altitude {(deg)

Elevation flight path angle. Angle
between the earth fixed vehicle wvelocity
and the local tangent plane positive

for an ascending vehicle (deg)

Azimuthal flight path angle. Angle
between the local north clockwise to .
the projection of the earth fixed
vehicle velocity on the local tangent

plane (deg)

Inertial elevation flight path angle.
Same as Y, except measured to inertiszl

vehicle velocity (deg)

Inertial elevation flight path angle.
Angle between the inertial veloecity

vector and the X. ' Z_ !

oy

is positive for an ascending vehicle (deg)

plane. Angle

Inertial azimuthal flight path angle

measured in the X L 2, " plane. Angle
I I

between ZLI’ clockwise to the projection

of the inertial velocity vector (deg)

September 1968



TABLE AP 3-4 (Sheet 8 of -11)
SYMBOL DEFINITION FOR S-IB/S-1VB
STAGE TRAJECTORY AND RADAR PARAMETERS
COMPUTER PROGRAMS AB77, AC77, AND AB79

PRINTOUT COMMON :
SYMBOL SYMBOL DEFINITION

GAMIEA SB 1F Y1 Inertial flight path elevation angle at

£ the terminal altitude (deg)

GAMMA SB 2F Yy Inertial flight path azimuth angle,

£ at the terminal altitude (deg)

DELTA (A) SA; GB Vehicle actuator A (yaw) and &ctuator
B (pitech)

D-DELTA (A) éA ﬁehicle actuator A (vaw) and actuater B

D-DELTA (B) 5 (pitch) gimbal angle rates, respectively

B
(deg/sec)

SMCP SMCP Pitch thrust misalignment corzrection
(radians)

SMCY SMCY Yaw thrust misalignment correction
(radians)

ESBW € Tabular wind azimuth angle, positive
clockwise from nerth, as a function of
altitude (at gy = 2ero wind is coming
from the north) (deg)

EPS (THETA) Egr Eyr € Autopilot error signal (deg)

EPS (PSI)

EPS (PHI)

RANGE ANGLE n' gpherical earth range angle. The angle

JSeptember 1968,

is measured between lines connecting

the following three points: the wehicle,
the center of the earth, and the launcher
with the earth's center as the vertex

(radians)
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PRINTOUT
SYMBOL
D-THETA (M) QRP
D-PSI (M) QRP
D-PHI (M) QRP

THETA SB C

THETA (M) QRP
PSI (M) QRP
PHI (M) QRP

THETA. (P)
THETA (Y)
THETA (R)

MU

MU SB F

XI
ETA
ZETA

D-XT
D-ETA
D-ZETA

AP3-42

TARLE AP 3-4 (Sheet 9 of 11)
SYMBOL DEFINITION FOR S-IB/S-IVB
STAGE TRAJECTORY AND RADAR PARAMETERS
COMPUTER PROGRAMS AB77, AC77, AND AB79

COMMON
SYMBOL

O Yy P

c
Ope Yypo Py
Ops Oy Op
u

U

E’ n’ E

Ey, Ny T,

DEFINITION

Vehicle pitch, yaw, and roll attitude

Euler angle rates (deg/sec)

Commanded vehicle pitch Euler angle (deg)

Vehicle pitch, yaw, and roll attitude

Euler angle (deg)

For the three-gimbal stable platform,
pitech, yaw and roll angles, respectively
(deg)

Instantaneous vehicle longitude where
Greenwich, England, is longitude zero.

West of Greenwich is positive (deg)
Longitude of e (deg)

Vehicle position obtained by integrating
g, n, L. The £,n,; system coincides with
the P system at t = 0, and is falling
with an acceleration equal to gravity

at the vehicle position. Position and
velocity in this system cor?espond'to

the position and velocity the vehicle

would have if gravity were zero. (m)

Vehicle velocity obtained by integrating

£, N, £ (m/sec)
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TABLE AP 3~4 (Sheet 10 of 11)
SYMBOL DEFINITION FOR S-IB/S~IVB
STAGE TRAJECTORY AND RADAR PARAMETERS
COMPUTER 'PROGRAMS AB77, AC77, AND AB79

PRINTOUT COMMON

SYMBOL SYMBOL DEFINITION

RHO o Instantaneous geodetic latitude, positive
in the northern hemisphere (deg)

RHO PRIME p! Instantaneous geocentric latitude,
positive in the northern hemisphere (deg)

RHO SB F Longitude of T, (deg)

TAU~P T Radar polarization look angle for the ith
radar station: angle between the proje-
ction of‘the_vehicle éenterliﬁe ona

plane perpendicular to the radar line of

‘sight and the line of intersection of

the plane containing the radar line of

sight, perpendicular to the earth's

surface, and the plane perpendicular to
the radar line of sight, measured positive
counterclockwise from this line of
intersection as viewed locking along the
rédaf line of sight toward the wvehicle

(deg).

TAU SB PHL T, . Roll look angle measured from the positive
’ yaw axis (Yy) clockwlse looking forward
(fin plane III to IV) to the telemetry
line of sight in the roll plane (deg).

TAU SB THETA Ty - . Total telemetry look angle measured from

_ the positive (nose) vehicle centerline to

the telemetry line of sight (deg).

-September 1968
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TABLE AP 3-4 (Sheet 1l of 11)
SYMBOL DEFINITION FOR S-IB/S-IVB
STAGE TRAJECTORY.AND RADAR PARAMETERS
COMPUTER PROGRAMS AB77, AC77, AND AB79

PRINTOUT COMMCN
SYMBOL SYMBOL PEFINITION

TAU (1G) Ti6 Ratio of W/W during third stage opera-
tion (sec)

TAU (3G) Tag Ratio of W/W during third stage opera-
tion (sec)

- "l

TAU SB F Tg Time since/to perigee at terminal
altitude (sec)

PHI SB C ¢C Command vehicle roll Euler angle (deg)

PHI (T) ¢T Estimate of terminal range angle measured
in the orbit plane from the descending
node to the terminal radius vector,
positive in the flight direction
(radians)

PSI SB C ¢ Command wvehicle yaw Euler angle (deg)

CHI SB P Xp Guidance-commanded body attitude angle

CHI SB R Xg in the vehicle pitch, roll, and yaw

CHI SB Y Xy plane (deg)

D-CHI SB P *P Guidance - commanded body attitude rates

D-CHI 8B R iR in the vehicle pitch, roll, and yaw

D-CHI SB Y kY plane (deg/sec)

AP3~44
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- - asTABLE ‘-AP 3""5 . .
LIST OF COORDINATE SUBSCRIPT DEFINITIONS

ee Coordinate system on the surface'of the sphercoid representing the
earth and whose origin is at the same latitude and longitude as the
launcher. Zee positive downrange, XEe perpendicular to the surface of
the spheroid, positive up, and Yee crossrange positive in the right

handed coordinate system. (English)

m Vehicle coordinates fixed at the center of gravity of the wehicle. Xm
parallel to the longitudinal axis of the vehicle positive forward,
Zm at the 180 deg bank angle position, and Ym at the 90 deg bank angle

position. (English)
4

f ; . ’
P Inertial coordinate system with its origin at the center of thé earth
and with its XP axis along the line parallel to the local gravity

vector at launch through the earth's-center, positive up. The Z, axis

P
is parallel to the plane defined by the XS and YS axes at launch and

YP forms a right—handed coordinate system. (Metric)

s Coordinates - initially coincident with the e system, but remaining fixed
in space.’ (English) ° - .

SFE Space Fixed Ephemeris System. The origin of the system is at the

center.of the earth, ZSFE is positive north, XSFE passes through the

vernai equinox and YSF

XSFE‘
of the axes remain fixed in space and the origin moves with the center

B completes the right handed system with the

—YSFE plane coincident with the equatorial plane. The directions

of the earth. .The reference equinox and equator are the true vernal
equinox and equator for the epoch of midnight of the day of the launch.
(English)

September 1968
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Figure AP 3-1. Coordinate System, AB21 and AD77 Computer Programs
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TELEMETRY LOOK ANGLES

This appendix presents the telemetry look angles for the AS-205 missiom.
Figure AP 4—1'presents the télemetry look angles versus time for S-IB
and 5-IVB powered flight. Table AP 4~1 sunmarizes orbital telemetry,
coverage.through three revolutions with times associated with an
acﬁuisitioﬁ elavation angle of 2 deg and a loss—of—siénal elevation
anglé of 0 deg. Table AP 4-2 presenté a summary of telemetry coverage

during certain significant S-IVB stage events.

Pata are presented in this appendix for those stations of which telemetry
coverage  is required during poﬁgred flight and the first three revolu-
tions. These étations, as.Iisteg in the 84-205/CSM~101 Launch Vehicle’

Ground Support Plan (reference‘i?), are as follows:

a. Powered flight phase: Tel 4
MITA-CIF
Grand Bahama
Bermuda
Vanguard (Insertion Ship)

b. Orbital phase: Tel 4 Tananarive .
MILA-CIF Carnarvon
Bermuda ARTA (aircraft)
Vanguard Hawaif
Canary Islands Guaymas
Antigua Corpus Christi
Agcension

September 1968
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TABLE AP 4-~1 (Sheet 1 of 2)

ORBITAL TELEMETRY SUMMARY

-
ACQUISTTION TIME MAXTHUM ELEVATION LOSS TIME | TRACKING

REVOLUTION STATION AT +2 DEG ANGLE | SLANT RANGE | TIME | AT O DEG TIME

(sec) (deg) (£t x 106) (sec) {see) (seg)

1 Vanguard 575 61 .9 800 1,035 166
(Insert. Ship) :
1 Canary 1,040 37 1.2 1,250 1,490 450
1 Tananarxive 2,245 16 2.6 2,450 2,690 445
1 Carnarvon 3,180 16 2.7 3,400 3,625 445
1 Guaymas 5,410 61 .9 5,625 5,850 440
1 Corpus Christi 5,590 40 1.1 5,800 6,025 435
2 Cape Tel 4 5,825 30 1.4 6,025 6,250 425
2 MILA CIF 5,825 31 1.4 6,025 6,255 430
2 Grand Bahama 5,865 19 2.1 6,050 6,280 415
2 Bermuda 6,035 55 .9 6,250 6,475 440
2 Vanguard 6,255 22 1.9 6,450 6,675 420

(Insert. Ship)

2 Canary 6,760 5 4.4 6,900 7,050 290
2 Tananarive 7,870 34 1.7 8,100 8,375 505
2 Carnarvon 8,855 29 2.0 9,093 9,360 505
2 ARLA 9,240 20 2.4 9,460 9,700 460
2 Hawaii 10, 430 18 2.2 10,620 10,840 410
2 Guaymas 11,110 29 1.5 11,320 11,5&0 430
2 Corpus Christi (11,290 24 1.7 11,500 11,720 430
3 Cape Tel & 11,520 52 .9 11,720 11,960 440
3 MILA CIF 11,520 53 .9 11,720 11,960 440
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TABLE AP 4-1 (Sheet 2 of 2)
ORBITAL, TELEMETRY SUMMARY

MAXIMUM ELEVATION

ACQUISITION TIME - I0SS TIME TRACKING

REVOLUTION STATION AT +2 DEG ANGLE SLANT RANGE TIME (AT 0 DEG TIME

(sec) (deg) (ft x 106) (sec) (sec) (sec)
3 Grand Bahama 11,560 34 1.3 11,760 12,000 440
3 Bermuda 11,730 17 2.3 11,920 12,140 410
3 Antigua 11,860 12 2.9 12,040 12,250 390
3 Vanguard 12,010 4 4.5 12,120 | 12,270 260

{Insert. Ship)

3 Ascension 12,670 20 2.3 12,880 13,125 455
3 Tananarive 13,625 9 4.1 13,825 14,050 425
3 Carnarvon 14,550 47 1.3 14,800 15,050 500
3 ARTA 14,930 25 1.9 15,150 15,380 450
3 Hawaii 16,100 28 1.5 16,300 16,530 430
3 Guaymas 16,810 31 1.4 17,000 17,240 430
3 Corpus Christi 16,980 59 .9 17,200 | 17,425 445




TABLE AP 4-2
AS-205 TELEMETRY COVERAGE OF SIGNIFICANT EVENTS

; .- Agiﬁgxgﬁéi? TELEMETRY.
EVENT REVOLUTION-. FIRST MOTTON STATION -
e COVERAGE
(sec)
LH2 Tank Vent 1 - 6k5 to 1,875 | Bermuda,‘Vanguard,_f
) Canary Island
10X Tank 6ent 1 645 to 675 Bermuda, Vanguard
(Propulsive) .
LH2 Tank Vent 1 3,245 to-3,545, Carnarvon
10X Dump 1582 . 5,666 to 6,387 Continental United
(Propulsive) States, Bermuda,
Vanguard
Manual Maneuvers 2 9,000 to 9,180 Carnarvon, ARIA
$-1VB/CSM 2 10,500 | Hawaii
Separation
CSM/S-IVB - 19 29 hr 45 min to | Hawaii, Guaymas,
Rendezvous 30 hr 20 min Western United

~ States

AP4—
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Figure AP 4-1. AS-205 Powered Flight Telemetry Elevation Angles
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PREDICTED PROPULSION SYSTEM PERFORMANCE

This appendix contains predicted propulsion performance data in support

of the stage objectives presented in section 3. The data are submitted

in accordance with the requirements of the Douglas contract letter
A3-131-4,35.12-1-595, Contract NAS7-101, S-IVB Stage Propulsion System
Performance Prediction Requirements (RFQL384), dated 9 August 1967. The
data were forwarded to NASA/MSFC by Contractor letter A3-250-KCBC-1.-4184,

Contract NAS7-101, S-IVB Final Propulsion Performance Prediction,

S-1VB-205 (Rev 5), dated September 1968. The predictions are presented
in accordance with Change Orders 501, 575, and ECP X189.

Predicted propulsion system performance parameters are presented in

“table AP 5-1, and table AP 5-2 is a programmed AA89 computer printout.

Table AP 5-3 consists of a list of symbols with their definitions as
used in the computer printout. Figures AP 5-1 through AP 5-25 represent
a graphical presentation of plots obtained from the programmed AA89

computer printout.

The tables and figures presented in this appendix are based upon
acceptance firing resulis and engine tag values. The engine tag values

are variable for $-1VB-205. Table AP 5-4 presents the tag values.

September 1968
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TABLE AP 5-1 (Sheet 1 of 2)
PREDICTED AS-205 PROPULSION SYSTEM PERFORMANCE PARAMETERS

PARAMETER UNIT VALUE DISRPERSION | REMARKS
Average Stage Longitudinal 1bf 211,75L.0 +4,700 1
Thrust .
Before PU Valve Cutback 1bf 226,932.0 +4,100 2
After PU Valve Cutback 1bf 175,10L.0 +5,400 3
Average LOX Flowrate lbm/sec his.h +16.0 1
Before PU Valve Cutback lbm/sec k51 .k +7.6
After PYU Valve Cutback Ibm/sec 331.2 +11.6 |
Average LH2 Flowrate 1bm/sec 80.7 +2.9 1
Before PU Valwve ‘Cutback lbm/sec © 82.0 1.9
After PU Valve Cutback lbm/sec 75.6 +2.8
Average Stage Mass Flowrate 1bm/sec ho6.1 +19.0 1
Before PU Valve Cutback lbm/sec 533.4 +7.8
After PU Valve Cutback ibm/sec 406.8 14.0
Average Stage Longitudinal | sec 426.8 +7.3 1
Specific Impulse
Before PU Valve Cutback sec hos bk +2.3
After PU Valve Cutback sec 430.4 +2.8
Engine Total Impulse lb-sec | 9.7816 x 107 |+2.321 x 106 1
PU Valve Cutback Time from ESC | sec 308.7 +75
’ -55
‘Start Impulse (3.5 sec) 1lb-sec 224,306 +30,000.0 4
Cutoff Impulse lb-sec 60,144.0 +2,000.0 5
Time from 90 percent Thrust sec 468.8 +16.0 .
to ECC*
Total Depletion Burntime sec 472.3 +16.0
(ESC to ECC)*
Loaded Propellants (LOX) 1lbm 193,273 +2,165.0
(LH2) | 1bm 39,647 +419.0
(TOTAL) | 1bm 232,920 +2,205.0
Engine Propellant Consumption
(90 percent Thrust to ECC)*
(LOX) 1bm 192,176.0 +2,153.0
(LH2) 1bm 37,390.0 +404.0
(TOTAL) | 1bm 229,566.0 +2,190.0

#As used in this table, ECC refers to propellant depletion engine cutoff.

AP5-2
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NOTES:

TABLE AP 5-1 (Sheet 2 of 2)

PREDICTED AS-205 PRCPULSION SYSTEM PERFORMANCE PARAMETERS

Determined from 90 percent thrust buildup to ECC., Does not
include ullage rocket operatiom.

During period when PU valve is against the LOX rich stop.

Dufing period after PU valve cutback until ECC received by
the engine.

Determined for time period of ESC to 90 percent thrust
buildup.

Determined for time period of ECC as monitored on the S-IVB
stage until thrust decay to zero.

September 1968
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AP5~4

BN =OO®OA0- A WM

- g g

N 0O ~E OB W R

- e e
DO ~EPN P LN WMRHO O O-J0 WS WM

TiMg

FSUBE

EMR

ENGINE ISP
CSUBFEV
PCC

LPS

FPS
FSUBAUX
WSUBD ERROR
WSUBHE
GGMR

AsUBM

0,000
0400
0:000
0,000
1,692
0,000
04000
0.000
0,000
0,000
330,000
0:000
0,000

0,200
0,00
0.000
0,000
1,692
0,000
¢,000
0:+000
0,000
0,000
329,930
0,000
0000

03400
0,00
0,000
0,000
11692
0.+000
0000
398,879
0,000
0,000
329,860
04000
0,000

C.600
000
0,000
0,000
14692
0,000
0.000
1796:616
0e 000
0:000
329,790
0,000
0,000

TABLE AP 5-2 (Sheet 1 of 25)
PREDICTED S-1IVB PROPULSION SYSTEM PERFORMANCE

COMPUTER PROGRAM AA89

WDOTSUBE
TTPSUBD:
POPI
TP
RHOSUBD
WpOTOBD
WDDTHE
TTOHE
TTOLOX
wpenT
TTMO
KDOTOGG

0000
41300
414300

165,140
70,699

0,382

0350

3,300
32,000

0,000
35,300

0:000

0000
41,420
41,420

1654040
To.7L7

C.382

0,380

3.570
3Z.076

0076
35,646

0,000

01000
41540
414540

164,940
T04735

D+ 382

0¢330

34640
32,1583

0.153
35,793

04000

0.000
41ls660
414660

1644840
TQ«753

0,282

0380

3:T10
32,229

D229
35,939

0000

WDOTSUBF
TTPSUBF
PFP!
TFP!
RHOSUBF
WoaTEBD
WDDTEPR
YTFHE
TYFLH2
WPBOT
TTHF
WDQTFLG
WEPRY
0,000
32.300
32.500
38,070
“,327
0,000
0000
38,000
131,000
0,000
169,000
0,000
0,000

0.000
32,500
32,500
38,036
4,351
0,000
&,000
38,000
131,000
0,000
169,000
0,000

0,000

1.875
32500
32,499
38,002
hed52
0,000
D000
38,000
131,000
0,000
169,000
0,074

0,000

5,628
32,500
32,495
37,968
44354
0,000
0.000
38,000
131,000
0,000
169,000
0,223

0,000

September 1968

woaTSUsY
H3UBD

VIUBD

o PU

WOPYU USABLE
WD USABLE
WO IN TANK
WSUBDT

OXI1D QVB

#DOToOvVo

wavgr

DRAG

0,000
199,281
2728,539
0,000
191564 ,000
192709,000
192906,000
193273,000
04000
0,000
0,000
04000

0.000
199,280
2727.842
191234.40%4
191%63,922
192708,922
192905,922
193272,922
0,000
0.000
0000
0,000

1.878
199,280
2727, 146
191234,021
191563,846
192708,846
192908,846
1932724846
0;000
0.000
0.000
0,000

8.628
199,280
2T26,45]
191,233,949
191563.77¢
192708770
1929054770
193272.770
0.000
0,000
0,000
0.000

DEL

HSUBF

VSUaF

WF PU

WFPU "USABLE
WF USABLE
WE TN TANK

WSUBFT

FUEL QVB

HOOTFYD
HFYOT
WSUBY

IMPsUBT
0.000
479,89)
9150586
. 04000
38577,000
38577.000
39599,000
396474000
0,000
0,000
04,000
295073,000
04000

0,000
479,891
9101,885
3B336,355
38577,000
388774000
39599,000
39647 ,000
04000
0,000
0,000
295072,922
0,000

04000
4794890
90%8,784
38336,262
38576,907
3B8576,906
39898 ,906
39646,4906
0,094
0,000
0000
295072,780
0+000

04,000
479,884
095,843
38335,526
385Ta,162
38574,161
39598 ,1%4
39645, 154
0OeBh&
0,000
0,000
295071922
0,000
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TABLE AP 5-2 (Sheet 2 of 25)

PREDICTED S-IVE PROPULSION S5YSTEM PERTFORMANCE
COMPUTER PROGRAM AA89

0,800
0,00
0:000
0,000
1:692
0,000
0,000
1899,258
0,000
0,000
329,720
0,000
0,000

1,000
0:00
0.000
0,000
1:692
0,000
0,000
2001,897
¢,000
0,000
329,650
0,000
0,000

1,200
0.:00
0:000
0,000
1:6%2
0,000
0:000
3077:6T4
0,000
0,000
329,580
0:4000
0,000

1,400
Ca 00
0,000
0000
12692
02000
0,000
1013&,653
0:000
0,000
329,510
0000
0,000

1,600
10203,9}
1s510
97,239
1,693
35,418
130%,284
13343,484
0,000
0,000
329,440
04274
0,038

0000
41,780
41,780

Lo, T4
704771

0.382

0,380

2.780
322306

04306
35,086

0,000

0:000
411900
41:900

164,660
704789

0382

0280

34880
32,382

0382

36,232

02000

01000
42,020
424020

1644640
T0, 789

0,382

0+330

3.520
32,488

0s458
36,379

0000

0000
424140
42,140

1644640
T0.789

D382

0:350

3,990
32+535

01535
26,525

01000

63,132
42+ 260
424210
164,640
70789
0382
D38}
4:1060
32,611
0.611
36,672
0e4B5

§,95}1
32,800
32496
374934
44858
G.000
38,000
131.000
0,000
169,000
0,236

G,000

6,274
32,500
32,453
37,900
44357
D000
0,000
38,000
131,000
04000
169,000
64249

8,000

2.65]
32,533
32,817
37.880
64357
0,000
0,019
38,4000
131,002
0,000
169,002
0,383

0,002

31,762
32,867
32,398
27,840
%358
01000
0,039
38,000
131,008
0,000

- 169,008

11264
b,008

41,805
32,600
324303
37,840
%1359
0.000
0,058
38,000
131,038
0000
169,018
1:660
0,018

September 1968

5,951
199,280
2725,738
191233877
191563,693
192708,693
192905, 693
193272,693
0,000
0,000
0,000
0,000

6}274
199,280
2725,063
191233;805
191563,617
1937085617
192905!517
193272.617
0.000
0000
0:000
0+000

9,651
199.280
2728, 068
191233,734
191563:543
193708, 361
192905, 541
19327235#1
04000
0.000

0,000-

0,000

al}sz
199.28¢0
27255065
191233,664
191563,46%
192708463
192905 ,465
193272;455
0.000
0.000
0,000
0000

;04&937
159.273
2725,021
191230,436
191560,234
192705;232
1923024230
193269,23D
3,188
0000
04000
0,000

0,000
479,874
90924212
AB3344398
38573,0172
28575,012
395964,998
39644,998
2,008
04000
0,000
2950T0,688
0,000

04000
479,864
908B,.872
3B333,211
385734800
38573,800
A959%,772
39643, TY2
3,228
0.000
04,000
2950694287
04008

04000
479,882
Q086,704
38331,80%
385724370
38572,370
39594, 330
396424330
bhebbB
04000
0,000
2950674687
0,000

04000
479,818
9084,027
3B327,569
aps468,07%
ABE468,078
39590,000
3%638,000
8,992
0000
0,000
295063,468
0,000

04000
479,751
Q080,830
38319,984
38560,1387
3B560,384
395824211
396304211
16,771
0,000
0,000
295052,441
5104207

APS-5
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14800
11373,49
1,470
106,048
1:6%3
39,475
1316,932
13887,118
0,000
0,000
329,369
0,267
0,039

2,000
36748,70
1,309
363,930
1,693
12741545
1181.)97
13959,17
0,000
0,000
329,299
0.238
0,125

21200
68374,48
2,282
477233
1,692
23T 279
2049,562
14064344
0.000
0,000
329,22%
0408
0,232

21400
100020:96
3,182
B25,26%
11693
347,072
2987.843
14801976
0,000
0,000
329,139
0,579
0,329

24600
131688,12
4,135
836,050
11593
486,922
4074786
18273,010
0,000
0,000
329,089
0:749
0,447

TABLE AP 5-2 (Sheet 3 of 25)
PREDICTED S~IVE PROPULSION SYSTEM PERFORMANCE

COMPUIER PROGRAM AA89

63,817
424380
62,628
104464]
T0.789
0,382
035}
#9131
32,688
0.688
36,818
De%bQ

57,248
424300
42,790
1644641
T0.78%
0382
0«38}
4,201
32:¢764%
Qo4
36,965
Dedl3

99,214
42,387
43,719
1641641
70,789
0382
0.331
44271
32.840
04840
37.111
0.715

144,989
424275
“4434]

164,641
70,789

0,382
0+381
4e34]
32,917
0:917
37,258
1,043

197820
424162
4,878

1644641
70789

0382
04¢38]
Gekl]
324993
0:993
374404
11426

43,412
32,633
32,387
37,820
4,360
0,000
04078
38,000
131,031
C+000
149,021
1725
0,031

43,730
324667
32,391
37,800
%3361
02000
0,097
38,000
131.049
0.000
169,049
1,738
0,04%

44,059
32,700
32,588
37,780
4,362
0,000
0s117
3a8,000
131,070
0,000
169,070
1,752
0,070

45,429
32,733
32,728
7,760
hy363
0,000
0,136
38,000
131,095
0,000
165,095
1,807
0.095

674 Bh4
32,767
32,853
37+ 740
1.1
0,000
Dsl56
38,000
131,125
04,000
169,128
1,903
0,125

September 1968

107,229
199,287
2724,837
191217,844
191547.107
192692, 108
192889,092
193256,092
16,219
0.000
0,000
0.000

100,977
199,240

2724, 666

1912064377
191534,934
192679,932
192876,504
193243, 906
28,328
0,000
0:000
0000

143,273
199,219
2724,448
191191,368
191519,221
192664,219
192861.180
193228,180
43,979
0,000
0,000
0.000

190,419
199,185
2724,104
191168223
151494,982

1 192639,980

1926836,920
193203,%920
68:162
0:000
0,000
0.000

248,664
199,137
2723,62)]
191132,488
191460, 645
192608,646
192802,557
193169,557
102:449
0.000
0:000
0,000

2,000
4794681
0Ta,B0T
38311,708
38551,898
3855} ,898
39573,478
396214678
25:293
G000
02000
295030, 764
2668,131

0,000
479,608
%072,978
38303,234
38843,228
38543228
39564,943
39612,943
34,008

¢ 000
0:000
25950094848
54563 ,064

0.000
479,835
9068,909
382%94,701
38534,51%
38534,58)12
39556,141
39604141
42,789
0,000

N 000
2949858,320
15976,790

Re0Q00
4194461
90644877
382864046
38525 ,647
38525,667
35547,218
3959K8,218
51,686
0,000
04000
2949524137
32818,139%

Ne0QN
479,283
Q060,782
382T76.967
3851643%0
38516,390
395374860
39585,860
61,015
0,000
02000
294908,414
55991,993
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24800
158325,61
42871
5234990
1,698
849,310
51614817
16428,86%
0.:000
0,000
329,019
Q0,882
0,837

34000
169780,8%
8,240

A8 448
1:693
589046
6071,941
17967,693
0,000
0+000
228,948
0,949
0:876

3,200
178434,83
8,5%4
458,012
14693
619,073
68054220
18844 ,B47
0000
0,000
228,878
1:0}3
0,608

3.400
188273 .64
LAY
G459 8%
1,693
642,799
7280,427
19742,00¢&
04,000
0,000
328,808
1:034
0,629

3,884
188490,582
3,635
4h0e582
14693
683,960
T482,324
20596,3B83
0000
0,000
328,743
1,020
0,640

TABLE AP 5-2 (Sheet 4 of 25)
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE

COMPUTER PROGRAM AA89

250+69]
42:080Q
45:364
1641641
16,789
0.282
Qe28)
4148
33,070
1,070
37.551
12807

2944910
4),938
48,387

1644642
704789

0+382
0,351
42581
335 146
1,146
37.6%97
2a126

330,505
41,825
45,276

1642642
704789

G382
0+35)
4y622
33,222
l.222
37844
2+382

353,373
41.712
45,2058

1644642
70,789

0.382
0s28}
heb692
33,299
12299
37.991
2:848

363,367
4,608
454129

164,642
70.789

0382
0.35]
42787
33,370
1:.37¢
38,127
2:619

514663
32,800
32,958
37,720
6,365
0.000
D178
38,000
131,138
5,000
169,158
24048
0,158

56,280
32,833
32,969
AT, 700
be36B
0000
0,195
38,000
131,195
0,000
169,195
2,240
N,195

56,081
32,847
32,989
374694
fig 366
0,000
02214
38,000
131,236
0,000
169,236
2,352
0,236

61,881
32,900
33,000
37,688
by366
0,000
01234
38,000
131,280
0,000
169,280
2ohbd
0,280

G4, %84
32,931
32,993
37,683
[:1.1.1
0,000
b,252
38,000
131,326
0,000
169,326
2,568
0,326

September 1968

302,154
199,078
2722,988
191092.778
191415,784

T 1925860,782

192787021
193124621
14T 309
0,000
0.000
0000

351,190

158,9%%

2T722,213
191,060+512
191360,729
192508,.727
192702, 547
193069547
2023307
0.000
03000
0.000

389,586
198,913
2T21.33)

150981,1%1
151298,198
192443,156
192639, 922
193006,922
264,885
0,000
04000
0000

415}455
198,817
2720;387
190915,715
191229, 104
192374, 104
192570,.807
192937,807
333,895
0,000
0:000
0.000

427,85}
198,725
2719,.417
190852,979
1911624412
1923074410
192504,058
19287).053

4004574

0,000
0.000
0.000

04800
478,301
P056.503
38267,348
36504,87)
AB8206:587)
39527:958
39575,956
To,B864
0,000
02000
294853,574
85417,96%

0:000
479,211
90852,313
382564862
38495,883
38498,3%83
A9517, 144
39568, 144
81,661
04000
0000
294688 ,688
118232,268

0,000
479,118
9049124
3B248,628
384844376
38484,378
39805,866
39553 ,566
93,198
0,000
D000
294809, 488
183086,302

04000
4T9:018
9048,806
38233,848
3847T2,33%
3847243238
39493424
29841 424
108,298
0,000
02000
234428,230
189548,434

04000
478,917
Q042,631
382224422
AB440 644
AB4E0 643
39481,627
39529,627
1174047
0,000
0000

" 294349 ,680

2243064494

AP5-7
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3,600
188737,55
5,629
440,187
14693
684,818
T497,870
206859,370
0,000
0,000
228,738
14019
0:64}

3,800
192187.,86
5,813
437,323
1,693
666,789
Te&0,24]
215336,033
0,000
0,000
328,668
0,997
0,683

4,000
194860,74
8,236
430,968
11693
676,064
7822,%32
230944221
0:000
0,000
328,897
0,951
DyB62

44200
197542.20

1.693
655,365
7855,328
236064247
0,000
04000
328,827
0:¢934
0672

4400
© 1992385,37
5:106
435,319
10692
691,788
"887,725
239774113
04000
04000
328,437
0,923
0+678

TABLE AP 5-2 (Sheet 5 of 25)
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE

COMPUTER PROGRAM AAB%9

364,113

41:+600
45,156

164,642

70,789
0382
0.38]
47802

33,375
1,375

36,137
21624

371,988
k14487
“5:023

164:642
70,789

0.382
0,38}
4.832
33.482
1:482

38284

2eb8}

37¢.870
41,375
444920
1644642
70.789
0382

04331,

4+903
33,9528
1828
38,431
2.738

38).4238
“le262
44,866

164,643
TQ. 788

0282
01351
4e973
33,604
1260%
385877
22749

383,005
41l:150
44.81)

1641643
T0.788

0,382
De 381
5a043
33.68]
1¢68)
38,724
2:760

bh 680
32,933
32,997
avT,682
6,366
0,000
0,253
38,000
131,329
0.+000Q
169,329
2,574
0329

674678
32,967
32,976
37,675
6,966
0,000
0273
38,0Q0
131,382
¢,000
169,382
2,688
0,382

72,277
33,000
32,%08
37,67}
be367
0,000
38,000
131,438
0.000
169,438
2,880
0,438

73,868
33,033
32,912
37,645
Ge367
02000
0:3}2
384000
131,499
0,000
169,499
21944
04499

754016
33,067
324928
37,659
by 367
0,000
Ge331
38,000
131,563
0,000

169,563

2,890
D863

September 1968

4284796
198,718
2719.343
190849, 392
191157316
192302.314
192498, 955
192865,953
405,668
0,000
04000
0,000

439,464
198,616
2718.307
190773}266
191083,693
192228,469)
1924238,264
192792, 266
479,28)
0}000
0,000
0.000

4824107
198,512
2T17,247
190707, 162
191008,4%4
192153,492
192350,000
192717.000
554047}
0+000
0,000
0.000

455,308
198406
2T16.172
190635, 192
190932,352
192077352
192273.79]1
192664079}
630,604
0s000
0:000
0000

453;021
198.30)
2715,098
190562,939
170855,896
192000;895
172197268
192564,265
T07.05)
0,000
0,000
0000

0+000
478,909
90424396
38221,641
386459,743
38459,743
394B0,719
395828,719
117,952
0,000
0000
294242, 672
226947, 123

04000
478,799
9038 ,847
38208 ,649
38446,890
38446,589
394474050
395]8,4430
131,168
0,000
04000
294286,715%
265039,951

G:000
478,683
9038,188
38195,033
38432,679
3B432.678
39653,417
395014417
1484144
D000
09000
29416T7,414
303745,719

0000
478[561
90314327
38180,797
38418,130
38418,1230
239438, T42
394864 T42
185,759
04000
0000
29407%.531
342985,496

De000
@T84437
P0274368
381664274
38403.285
38403,284
39423:767
39471, 767
1744670
04000
0,000
293985,03
382733,898
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TABLE AP 5-2 {(Sheet 6 of 25)

PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE

4,600
199663, 27
5,078
433,796
1693
692,728
T920,034
24206,450
T 0000
0,000
328,386
0,518
0,679

49800
199938,60
5,082
432,283
1,593
693,684
782,308
24435,99%
0,000
0.:000
328,316
0913
0,681

5,000
200212.,98
5,026
430,787
1.:693
694,640
7984, 564
24665,83%
0,000
0,000
228,246
0.908
0,682

6,000
203954, 16
4,913
6324423
1,693
707630
80764,273
25533,8%4
0,000
0,000
327,894
0¢B87
0,696

T:008
227T458,22
854478

88%5,820
266323,008
0,000
0,000
327,542
0'961
0,777

COMPUTER PROGRAM 4A89

384,550
41,037
44,700

1644643

70,788
0+382
0,38}
5113

33,787
1,737

38,871
2,771

386,09
40.925%
44879

164,643
T0.788

0:382
0382
Eil84
32,834
1,834
39.017
24782

387,632
404813
A4 4438
164,643
T0.788

¢.382
04302

54284

33.91¢0
1:910
39,164
24793

391,883
604280
43,945

16644644

T0.788
0«382
D382
5,606

344292

24292
39,898
2.823

469,627
39,688
#3427

164,643
T0:787

0:382
0382
5.9%8
34,674
2:e6T4
40,632
341958

78,722
33,100
32.9%44
37,653
6e367
0,800
0,351
328,000
131,463}
0,000
169,631
3,019
046321

T, 627
33,433
32,962
37,650
4,368
0,000
0:370
38,000
135,703
0,000
169,703
3,047
0,703

T7.130
33,167
32,978
37,651
4,368
0,000
0.3%0
38,000
131,779
0,000
169,779
3,076
04779

79,770
33,333
33,089
37,4655
4,367
G000
0,487
38,000
132,217
0,000
170,217
3,184
i.217

82,082
33,500
33,291
37,659
%4367
@,000
D584
38,000
132,753
0,000
170,753
3,326
1,753

September 1968

460,273
198,194
2714,013
190450,29]
190779313}
1919243129
192120, 434
192487,434
783,809
0.000
0.000
0,000

462,518
198,088
2712.926
190417,35]
190702,037
191847,055
192042,251
192410.29%
860,877
0000
0.000
0.:000

W64 761
197,980
2711,838
1903444420
190624,674
191769,672
1919658, 840
192332,840
938.250
0.000
0,000
0+000

4714654

197,44
2706,339
189976049
190234, 869
191379,867
191575, 689
191%62.689
1328,018
0,000

0,000

0.000

831,709
196,85])
2700327
189572,867
182808, 537
190953,538
1911648.979
1915158,579
17545346
01000
04000
0.000

0,000
618,311
9023 ,1358
A8151,.588
38388,273
A83838,273
39408, 628
39486,628
189,744
0,000
0:000
293893 ,088
42206368,7T11

04000
4784184
90194606
38136,763
A8373,118
38372,118
39393,237
394414337
204,960
0,000
0,000
29380046258
4462599,089

0,000
478,056
90164117
38121797
3B387,.81%
38387,819
39377904
A9425,904
- R2D,316
0:000
0,000
293707+ 742
502614.+336

0,000
4TTe400
899R,208
38049,164
38279,480
38279,480
39298,88]1
39346,881
298,90
0,000
0,:000
293238,870
704698 ,3563

21,132
4Th, 721
8979206
AT965,704
381984250
38198,230
392164941
39264,941
380,306
0,000
0,000
2927294918
922888,772
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8,000
227397+ 14
5,480
427,631

. 14723
775,323
8600,086
26437,010
04000
0:000
327,189
0,961
0:778

. 9,000
227327.35
5,480
4274431
1.723
778,138
B&4 696
26441 ,816
000
04000
326,837
01961
0,779

10,000
227287, %4
8,479
427,231
1,723
TT40947

860%4335 -

26446,620
0,000
0,000

326,484
0,961
0,781

204000
227284496
. 51494
423,070
1,723
175,009
8662,6586
265%24,773
0,000
0000
322,938
04964
0,798

30,000
227174403
5,496
4244576
1,722
T7T4:8558

8662.,089
2#547.670

0,000

0.000
319,338
0:964
0,810

TABLE AP 5-2 (Sheet 7 of 25)
PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE

COMPUTER PROGRAM AA89

) 449,701

39,125
42882
1644646
TO.TBT
0,382
0353
6:310
35,086
3,056
41,366
3.195

449,766
384563
42,278

1644646

704786 -
0.382
0i353
6,663
384438
- 32438~
424101
_3-{96

449,831
38,000
%) eT05
1644+647
70,786

T oU0e382 T

01383
Tal16

i 35,820

3,820
424836
. 2196,

452,307
37.000
404618

164,685
T0.782

0,382
04356
104865
396460
Te640
5p,203
3¢214

. 4524699

36,600
60 .‘175
164,663
T0.777
0.382°
Q359
14,141
43,460
114460
57,60)
3,208

82,058
33,667
38,4388
37,662
e 367
0,000
0,633
38,000
133,374
0,000
171,374
3,326
21374

B2,080
33,833
33,624
37,666
6367
0.:000
0,633
18,000
134,007
‘0,000

172,007

3,327
3,007

82,101
34.000
33,791
37,670

4,367

T D600
. D633
38,000

136,640
0,000
1724640
3,327
‘A4640

2,323
33,700
23,489
37.6%0
4y36%
0,000
D,833
38,000
140,970
0,000

178,970

3,336
9,970

T g2,962

38,525
33,317
-37.T10
Ge3658
0000
0633
38,000
147,300
0,000
185,300
9,327
16,300

September 1968

$31.760
196,229
2693,986
189147.56]
189358,879
190503, 877

190698.922.-

191068,922
2204.02)
0.000
0,000
0.000

531,846
195,606
2687,643
188722,994

188909 ,154-

190054,152
L903“5-79T
190615,797
2683,764
0,000
0.000
04000

531,932
194,984,

2681,200

188290, 822.

188459,363

189604361
_189758,.,607

190165,607
3102,372
0,000
01000
0.000

534,630
- 189,620
2617.693

" 183823,020

183949,434
185094,432
185284,676
18565),676
7613,684
04000
0,000
0.000

538,061
184,979

2553,862 -

1793795410
179424, 184

180569,182
" 180755,410

181122,410
12139,129
04000
0000
0.000C

314700
4764082
8960,678
37885,529
3B116,284
381)6,283
39134,289
39182,280
4621367
04000
0,000
292197180

11503?33563

31:700
#TBe382
‘894,848
a7805,333
380344296
38034,295
390514555
39099 ,555
5441438

0,000 -

02000
291664,382

1377690,797

31,700
4741713
8923,008
3772541158
37982,286
379824286
38968,829
390)16,829
626,53)
(0,000
0:000
291131,434

1604983,250

31,700

- 4684244
8738,387
369214803
37131,028
3T131,024
28140,393
38188,393
1448,637
D¢000
0,000
2B5789,066

3877264,094

. 3l.T00
461,989
8547,202
361174178
363084418
363084417
373104600
37358,600
22724100
0,000
02000
28D430,008

6149538,313
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TABLE -AP 5-2 {Sheet 8 of 25)

PREDICTED S~IVB PROPULSION SYSTEM PERFORMANCE

40,000
- 227208,73
5,801
424,063
1,722
775,035
Bbbz,6)6
26875,888
0,000
0,000
315,799
0,545
0,826

50,000
226339,93
8,491
422,641
1,721
773,210
8641,330
26873,157
0,000
0,000
313,382
0,968
04840

60,000
227326465
351
423,03%
1.722
T8, 53%
B6&4,082
26634 ,684
0,000
0,000
309,737
0,968
0,860

TO,000
227509 ,.34%
5,516
423,389
}|722

76,136

B8666,175

26664518

0,000
0,000
306,01)
04969
0.:879

304000
2265583, 48
5,497
423,839
1:72%
7734671
B641,797
20643,642
0.000
0,000
303,466
0,568
0:893

COMPUTER PROGRAM AAB9

453,374
36,933
40,479

1644672

70,77¥

0382
0i1364]
174740
47280
i5,280
85,020
3:204

452,341
37,364
40,89}

1844680
T 769

D382
. D236
20:147
512100
19,100
TLe247

3,189

454,836
37.889
A1,405

166,688

To1Thé
0:382
0«370

23,762

54920

224920

184681
3197

454,919
38,600
42,123

1644696
T0.760

0s382
0375
27,488
58,740
26,740
Bb,228
3:.173

452,287
36,782
40,319

164¢704
70:785

0s382
0.230
30,033
624860
3045860
224892
3,122

BR.4)6
33350
33,146
37.730
%,364
0,000
0,633
38,000
159,629
5,000
191,629
3,39
22630

82,3858
33,237
33,037
37.780
6e363
0,000
0,633
28,000
159,989
0,000
197,959
8,306
28,960

82,535
33,128
32,929
3T, 770
4e3b62
0000
0,633
38,000
166,289
0,000
206,289
3:.303
35,290

B2.,673
33,012
32.828
av, 1o
6,362
0,000
0:633
38,000
172,619
0,000
210,619

3.273.

41,620
82,271

32,900

32.720
37,810
4361
02000
0,433
38,000
1784949
04000
216,94
3,236
47,950

September 1968

535,790
180,800
2499}952
17494%,590
174893,922

176038,920-

176221,127
176588,127
16669,592
0,000
0,000
02000

534,768
176,944
2426,167
170513,197
170373,027
171518,025
171696,221

172063,22)

211%0.678
0,000
0000
0,000

837,371
173,257
2362,083
1660)1.608
165829,422
166974;420
167148,584
167513,584
25734.494
04000
0.000
02000

337.392
169,850
2297?561
161506,893
161280,836
162425,834
162595,98]
162962, 961
30283,299
‘0]000
0.000
0.000

534,528

166,630

2233,983

137049,264-

156752,959
157897,937
158064,066
158431,066
34811,373
0:000
0,000
0,000

21+700
488,669
8386,833
33337,797
35488,382
334083,363
36480,358
3652B,383
3096,018
0,000
0,000
2780684480
B&42)44B,578

31,700
449,381
81704372
34527,892
34602,392
346624391
35650,394
35698,394
3919644
0,000
0000
269710,613

10686980,230

31,700
443,082
79814513
33717400
338384436
33838,436
34819,041
34867,041
4744 4669
04000

— 0,000
264331,62)

12959536,000

31,700
426,783
7792564
329114406
33014,2458
3301644244
33987,649
34038,649
5589,730
0,000
0000
2EB8947,609

13233687500

31:700
430,497
76034934
A2110410%
AZ19L.TET
321210766
33187,986
332084986
63934064
0,000
0s000
283586,083

17300696,750
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TABLE AP 5-2 (Sheet 9 of 25)

PREDICTED S-IVB PROPULSION SYSTEM PERFORMANCE
COMPUTER PROGRAM AA89

90,4000
227291490
By814

8655,723
26676,298
0,000
‘0,000
299,835
0,971
De918

100,000
2265867 ,4%
5,501

. 423,589
14721
773,504
8624 ,994
266444454
0,000
0,000
296,084
0,970
0,933

110,000
22614430
5,494

8612,552
26627 ,805
04000
0,000
293,471
0,569
0,982

120,000
227248,%0
'5.505
4244333
1.722
TT5:621
8634,770
26672 ,542
03000
0,000
28%9,78%
04966
0,979

130,000
22662772
54696
424,085
1,721
173748
8511;946
26687,100

02000 -

0,000
288,892
0,568
0,599

4544178
37600
41,190

164,712
T0:731

0+382
0+382
334642
66,380
34,380
100,02]
32166

452,595
384,433
42,004

164,720
70:7T47

04882
0:2589
3T.414
70,200
38,200
107v614
3.177

481,79
364747
40,359

164,728
T0+Th2

0.382
0264
40s027
741020
424020
114,047
24192

453,229
3T+600
1,234

1644736
704736

0«382
0v39)
63,739
77840
#5,840
121.878
3193

452,122
384475
421149
164744
70,730
"Qe382
Re27)
474605
814680
49,660
129,265
34170

82,367
32.820
324647
37,830
- he360
0,000
0+633

- 384000
188,279
0,000
228,279
3261
54,280

gz,280
32,7/0
32,573
37,850
Wy 359
0.000
0,633
38,000
191,609
0,000
229,6Q9
v 3,276
60,4610

82,234
22,660
32,499
37,880
44358
0,000
0,633

+ 328,000

197,939
0000
235,939
3,293
66,939

B2,313
32.580
32,628
37,910
by3586
‘0.000
04 5bh33
38,000
2044269
0,000
242,269
- 34305
73,269

82,270
- 32.500
32,355
37.:940
4,355
0.000
0,633
384000

2104599

0,000
248,599
3,281
79,899

September 1958

536,555
163.49%
2169,899
15258}1,981
152215,26%
153360,262
133522, 3404%

183889, 344:

39349,273
0.000Q
0,000
0.000

534,873
;60,493
210%,774
148110,283
147673, 117
148818,118
148976, 166
149343, 166
43891,633
0,000
0,000
0,000

534,028
157,609
2041,930
1436588,582
143151264
L144296,264
144450.,30L

144817.30)-"

48413,0678
0.000
0,000

- 0.000

535,542

1545779

1978,013
135182,69]
138621,54]
139766,541
139916, 559

140283, 589"

52943,600
0.,000
0.000
04000

534,393

1525% 244.

1914012
124635,888
134086, 574
1352314574
135377,568
138744568

BT478,77)
0,000
0.000
2000

31,700
4260210
TalE4152
21281,48%
31369,120
31369,120
323284183
3237441583
T216,567
0:000
04000
2482144696

19772268,000

31,700
“1T¢921
722642583
30464, 718
305486,297
30546,296
314984142
31546,142
BOAG, 249
0,000
02000
242838,307

220480524250

314700
4114641
T038B,226
29643,472
29726486}
29724,560
30669,227
30717.227
8842,823
T 04000

- 0,000
237483,527

26308747.500

31.700
“4QH,388
6849,991
28831,412
28902,426
289021426
29839,91)
29337.911
9685,82¢0
01000
0+000
2321204469

265784587,250

314700
39%:0T1
5661562
2Bu1Bya4]
28079,922
2B8079,921
29010221
290385221
108094179
0,000
0,000
22675),780

28851296,000
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140,000
226400.43
5493
423,793
1720
173,189
8603,066
26658,8%94
0.000
0,000
283,165
04967
10023

150,000
226955,56
© 5,503
w2092
1272}
Trés616

8630,236

26751,769
04000
0.000

279,838
0.96%
1,051

160,000
227T110.08
5,302
G244248
ie721
TT5.277
864%,673
267714696
02000

0,000.

275,858
0,948
1:078

- 170:000
226812,83
54493
4264350
1.720
773.T44%
8427,659
26'760,308
02000
0000
272486
0,767
1,103

180,000
226197.16
5,498
423,970
1,719
TT2,832
8633,558
26740,758
0,000
0,000
269,620

0,967

1,131

TABLE AP 5-2 (Sheet 10 of 25)
PREDICTED S-IVE PROPULSION SYSTEM PERFORMANCE

.COMPUTER PROGRAM AA8Y

4514947
37,225
40,938

184782
To.T24

0,382
0274
504332
85,480
53,480
135,812
3,154

432,859
374126
40,893

164,740
TO717

0.382
01399
53,639
89,300
57.300
142,938
3,165

452,994

38,4179
414999
1661768
70,711
0:;82
0040}
57:639
93;119
61,120
1504758
3:194

451574
38,029
41902

1644774
70705

02382
0,288
61:011
96,939
64,940

1574950

3,1Mn

4514419
37,076
40,998

164,784
TOL699

0382
Qe288
63,87¢

100,738%
68,740

164,635

221484

82,277
324433
32,294
371,970
4,386
0,000

0,633

38,000
2164929
0.000
254,929
3,261
85,929

82,297
32,367
32,238
38,000
43582
0.000
0.833
g, 000
223,259
0,000
261,258
3,265
92,259

82,334
32,300
32,179
38,030
4,351
04000

04633
38,000

229,588
0,000
267,588
3,298
98,589

824213
32,233
32,122
38,060
44350
0.000
0,633
38,000
235,918
0,000
273,918
3,219
104,919

82,103
32,167
32,067
38,090
4,348
G+0Q00
0,633
38,000
242,248

0 (] 000‘

280,248
3,272
111,249

September 1968

5344224
149,762
1850,207
1303704053
129866,317
130711,316
130853,293
131220,257
61999,222
0:000
0,000
0,000

535,156
147278
1786,369
125719,283

125044,427

126&593425
1263277,398
126694 ,395
66521;305
0.000
0000
04000

53§, 327
144,790
1722, 419

121261 ,584

120518465
1216601464
121794,.414
1225614414
710504466
0,000
0:000
01000

533,787
142,307
1458,566
116797,654
118994,119
117199,118
117249,086
1176362058
T5572,004
0,000
0s000
0,000

139.826
1394,767
112328,990
111477422
112622421
112748,350
113115,250
8o088,890
0,000
0.000
0.000

31700
3%2.790
£473,148
271924350
2T288,024

272588,024.

28181144
282294144
11331927
0,000
0000
2213984441

31116424,780

31:700
38643508
6284,610
263746,087
26436,092
- 26436,0%)
27382,011
2T400,031
12184,710
G D00
0,000
216043,424

33382367,750

3l.700
3B0s224
6095,8%92
25584&,.818
25613,8537
25613,887
263224614
265704604
129774797
0,000
12000
2106814027

35652225.000

31:700
373,941
590T.083%
24728,628
24791,723
247914722
25692,297
25741,297
13800,783
0:000
0:000
"205326,382

379206804800
533,822 °

31 TO0
3674669
5T18,497
239164802
23971,041
239711041
24868, 446
24913 ,446
14622,308
04000
0,000
199977,798

40184678, 500

AP53-13
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i90.000
2267177, 45
Sy511
423;?71
£.720
77#;235
B654,807

26T8T 726
01000\'
0,000

266,208
0.9270

lel68

200,000
226805,5%9
51510

ﬁ23374?

1+72p
TTé, 671
Béﬁa 186
268073027
. 0,000

Q0,000 .

262,138
0 969
1196

2104000
226284476
5,500
423,848
14719

773140

8623,224

126806458

0,000
0,000
258,230
. 04967
1230

220,000
226613|89
54,805

423, 926‘

1,720
7734434

8623, 425

26843,247
0,000
olOOO

255,269
0,569
o268

230,000
225989 ,47
By hFa

424,036

1720

7712902

B625,231
26776, 567
0,000
0,000
252,289
0,970
L4205

TABLE AP 5-2 (Sheet 11 of 25)
PREDICTED S-IVEB PROPULSION SYSTEM PERFORMANCE

COMPUTER PROGRAM AAS89

432,828 82,172
37,035 32100
414015 32,01}

164,792 38,120
70,693 h,347

QeBB82 0,000
00406 0|§33
67,290 38,000
1044879 248;578
72,580 0,000
171869 286,577
a;rvo 54269

. 117,579

453,03 82,212
37,904 32,050 -
41-9#! 31,971

16645800 38,150
T0.687 %346

De3d82 6:000
0,407 0,633
T1:388 38,000

1084399 254,908
Tov400 0y0Q0

179,757 262,907

351642 8,264
123,909

4513102 82,132
38,497 32,000
42,866 31.932

164,812 38,188
T0e680 64966

0382 0000
De295 0,633
TRy 268 38,000

112,219 261,238
8,220 0.000
1873435 299,237

3!13& 3,240
1230+239

451,991 82,098
37,743 - 31,950
414923 31,895
164,824 38,226
TT0,4T4 4,362

0:382 0.000
0'291 0.633
784227 38,000

116,039 267,568
84,040 0,000
194,266 308,566

3.106 3,205
126,369

450,894 B2,056
31.022 31,900
#1:28¢4 31,857
164,836 38,264
70467} 44341

0.:382 0000
811206 38,000

115.83% 273,897
87,859 0000

2014065 311,896 °

3,154 3,252
142,099

September 1968

538,000 31¢700
137, 304 361399
1830,%27 B529,872
107810.385 23094,58¢8
106986, 574 23150,687
'103103:575 231803687
108225,454 240379926
108392, 494 = 24085,928
84607,926 ° 15443,498
0,000 0,000

0s 000 04000
o.ooo 1946274620

. 4244810? 500

S35, 244 31a700
134,856 355,123
1466, 930 53409955
103290.835 22284413583
1024294425  22329,892
103574424 22329,392
102692,2323 23209,658
10&059 a2z 23287,658
839137 2T¢ 16262,433
05000 05000
0,000 0s000
0,000 189263,980
4471587004800

533,83% 31:700
1323393 348,847
1402.938 5182.29
98813, 10% 21464,728
97900.137" 21508y307
F9045, 137 21508,307
99159,017 223814199
99526,017 .. 22429,199
93666,764 ' - 17T087,562
o.ooo 04000
02000 . 02000
0«000. " 18390445215
469834053000

534,089 31700
129,886 | 342,577
1339,056 4963,708
94323,043 206474178
93381,806  20687;97¢
94526806 20687,970
9&&360676 21553, 704
35003,676 216042704
98185.284 17908,727
03000 Q000
0,000 010 0
05000 " 178554,379

T 492487774500

532,94% 31,700
127,406 , 334,310
1275.189 4775,067
89803,768 198293148
88867 Bla 19868,029
90012, 511, 19868,029
90118,375 | 20726,591
?0485 378, 207743591
102699, 788 "'18729,5810
0, , 000 1000

0 Qo | v000
0,000 ° © 173208,965
51508773.500
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2404000
226288,00
5,502
423,605
14720
1728641
8641288
36816,47)2
0,000
0,000
248,507
0?0
11348

2204000
22651%.97
5,904
423,738
1720
773,898
8642,208
268244510
0:000
04000
240,807
0,970
14394

260,000
226961,717
5,510
4244078
1:721
TTh. 871
8646,036
26830,%94
0,000
0,000
240,707
0,%M
LT

270,000
226138,27
5,093
424,179
14720
T72,50%
8622,77
26798726
0,000

04000
237,634
0419469
11490

280,000
226049431
54492
42he 186
14720
772,243
86214877
26798,%900
Dy 000
0,000
234,615
01969
1!9§3

TABLE AP 5-2 (Sheet 12 of 25)
PREDICTED- S—~IVB PROPULSION SYSTEM PERFORMANCE

COMPUTER PROGRAM AAB9

4522040
36,933
klizbh

164,848
TO1667

0.382
Dbl
84,5888
123,487¢
91679
208,267
3.172

452,358
37.767
424186

184840
TGa663

0,282
Quél0
88,688

1274499
98,499

216,187

3,207

482,973
38,600
43,117

164,872
T0:660

0+382
0,410
92,788

131,319

_99,319

224,107

3,240

451,015
38.044
42,649

164,884
70,657

0+382
Qed02
95,861

185,139

103,139

231.,000

3227

450,818
374489
424190

156644895
70687

0,382
0+302
98,879

138,989

106,959

237,838

3s226

82,156
31.850
31,819
38,302
6,339
0,000
0,633
38,000
280,227
0.:000
318,226
3,270
149,228

B2,192
31800
31.784
38,340
44337
0,000
0,633
38,000
286,857
&,000
924,856
9,307
155,858

82,217
31,770
31,771
38,378
w336
0.+000
0,633
38,000
292,887
0.000
330,B85
‘3,337
161,588

82,104
31.:740
31,736
38,6416
%2334
0.000
0,633
38,000
299,216

0.:000
337,215
3,330
168,218

82.083
334710
314744
38,454
$.832
0,000
D633
38,000
205546
0,000
343,548
3,328
176,548

September 1968

534:196
124,929
1211,289
88276,847
B4dBb,33]
85501.330
B5603.,19])
85970, 191
107211129
0:000
0.:000
0000

594,550
122,446
1167292
80761, 576
ToH3%,802
80980,89)
81078,740
B1445,760
111731.760
0000
0,000
0.000

535,189
116,989
1083,323
T625%,089
75308,696
T6453,695
76847, 527
Te714,527
11425%,153
0.000
0}000
9.000

£33,11%9
117,387
1019,:48)
T1770,622
T0796,.787
T1941.786
72031.614
72398,614
12077],244
0000
0.000
D.000

582,901
114:791
955,583
67226;529
66287,737
6T432,737
67518,562
67885,563
128280.477
0.000
0,000
0.000

31.700
3304042
4586,239
18997,854
190474964
19047564
19899,248
199472632
19580,408
0000
0000
147865645852

53768743,500

3l.709
323,76%
439731158
181708.888
182274074
18227,073
17071301
19119,301
203724140
04000
04,000
1625)6,06)

56031663,000

31,700
217,492
4207,728
1736454603
17405,815
17408,814
18242,863
18290,B868
211944244
0,000
0000
157154,398

PE8299624,000

31.:700
311:223
403184402
16533 ,404
168588, 446
16588,446
17615333
17483,333
22015 ,445
02000

Q+ 300
131810,94%

608618554000

31,700
A0H¢958
38284593
15702,010
15768,333
15765,323
10588,058
16636,088
22836,397
0:000
0,000
1654704617

628227244000

AP5-15
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290,000
228596047
5,491
