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FOREWORD

This report documents the AS-205 Revised Launch Vehicle Reference Trajectory.
The analysis documented herein was performed by the aerosgace Physics Branch,
Chrysler Corporation Space Division, under NaS8-4016, Modification MSFC-1,
Amendments 19 and 21, as called out in BB Item 3.1.3-10.
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SUMMARY

This report documents the AS-205 Revised Launch Vehicle Reference Trajectory
“for the 4S-205/208 rendezvous mission. Trajectory data are presented for the
Saturn IB launch vehicle phases of flight from guidance reference release to
orbit insertion. Comprehensive summaries of the launch vehicle characteristics
are also presented.

The predicted nominal end conditions of flight at S-IB/S-IVE separation and

orbit insertion are summarized!below:

S-IE/S-IVB Orbit

Separation Insertion
Flight Time (sec) 147.26 6C3.11
Altitude (km) 61.26 197,50
Space Fixed Velocity (m/s) 2324.8L 7788 .65
Space Fixed Path angle (deg) 6L .10 90.00
Ground Range (km) €2.26 1778,87

The SA-205 Launch Vehicle nominal weight in orbit capability is predicted to
be 67,635 pounds for the orbit insertion conditions assumed herein. This
orbit insertion weight is 1,471 pounds in excess of the propellant depletion
weight.:]



SECTION 1

INTRODUCTION

The 4S-205 Revised Launch Vehicle Reference Trajectory and the associated
guidance presettings are documented herein. The objectives of this analysis
are to evaluate the performance capability of the SA-205 Launch Vehicle for
the AS-205/208 rendezvous mission and to derive the S-IB stage tilt program.
In addition, the Iterative Guidance Mode (IGM) presettings are presented for
the Revised Reference Trajectory targeting conditions. The analysis is based
on the "best available" vehicle data.

A final set of launch vehicle targeting conditions is not available at the
present time. However, the data presented herein provides a realistic
evaluation of the performance capability of the Si-205 vehicle for a prescribed
orbit.

For information purposes, summaries of vehicle data, subsystems characteristics,
and the guidance and control modes for the SA-205 Launch Vehicle are presented.




SECTION 2

MISSION DESCRIPTION

2.1 MISSION OBJECTIVES: The basic aS-205/208 mission plan is to insert the
AS-205/CSM in a near earth circular orbit followed some twenty-four hours
later by the AS-208/LM for rendezvous exercises.

The specific launch vehicle targeting conditions for the AS-205/208 mission
are not finalized at this time. The targeting conditions considered herein for
the AS-205 Revised L/V Reference Trajectory, will insert the 4S-205/CSM into

a 104 nautical mile circular orbit, referenced to an equatorial radius of
6378.166 km, with an orbital plane inclination of 28.896 degrees. The launch
vehicle targeting conditions for the AS-208/LM will be a function of the

45-205 orbit achieved and the predicted orbit decay. The AS-208 L/V trajectory
will be the subject of a subsequent report.

2.2 MISSION GROUNDRULES AND CONSTRAINTS: The following mission criteria,
vehicle constraints and trajectory constraints were imposed on the AS-2C5
Revised Launch Vehicle Reference Trajectory:

1) Launch from AFETR Pad 34;

2) Pad orientated launch azimuth of 10O degrees east of North;

3) Flight azimuth of approximately 82.82 degrees east of North. Flight
azimuth is a free variable for optimization of L/V payload capability;

L) S-IB stage tilt program which: (a) Provides a near zero angle of
attack profile throughout the high dynamic pressure region of flight;

(b) Provides acceptable conditions at S~IE/S-IVB stage separation;
and (c) Provides acceptable flight conditions throughout the region
of flight from S-IVB stage separation to LES Jettisoning;

5) Orbit insertion conditions at S-IVB cutoff for a 104 nautical mile
circular orbit, equatorial reference, in an orbit plane inclined 28.896
degrees with the equatorial plane. The targeting parameter 6y, argument
of descending node, is a free variable for optimization of L/V performance
capability and flight profile;

6) Commanded vehicle attitude rate limits of one degree per second in pitch,
yaw and roll.



SECTION 3

LAUNCH VEHICLE AND ENVIRONMENT DESCRIPTION

3.1 CONFIGURATION: The SA-205 Saturn IB Launch Vehicle consists of a
S5-IB first stage, a S-IVB second stage, an Instrument Unit, and a payload.
The AS-205 mission payload consists of the Launch Escape System (LES),
Command Module (CM), Service Module (SM), and a Spacecraft-IM Adapter
(SLA). An outboard profile of the complete configuration is shown in
Figure 1A, Appendix A.

3.2 MASS CHARACTERISTICS: The SA~205 vehicle mass characteristics used

for this analysis are defined in Reference 7. Table 1A presents a vehicle
weight breakdown of the SA-205 Launch Vehicle. These data are consistent
with Reference 7 and the L/V trajectory presented herein. Tables 24 and

3A present a time history of the vehicle mass and the associated center

of gravity and moment of inertia data for the S-IB and S-IVB stages of flight
respectively. ’

b

3.3 AERODYNAMIC PROPERTIES: Aerodynamic data for the S-IB and S-IVB stages
of powered flight were obtained from Reference 6. A flight time history
of the S-IB stage of flight aerodynamic data is presented in Table La.

3.4 PROPULSION SYSTEMS: The S-IE stage is powered by eight H-1 engines
which are rated at 200,000 pounds thrust (sea level) each. The predicted
nominal thrust magnitude history for each H-1 engine, including thrust
decay and the associated turbine engine thrust, were obtained from Reference 8.
The thrust magnitude time history for each H-1 engine is delineated in
Table 54. Figure 2i depicts the thrust decay histories.

The S-IVE stage 1s powered by a single J-2 engine which is rated at 2C0,0CC
pound-thrust (vacuum) at a nominal mixture ratio of 5:1. However, the
propellant utilization systemr is utilized to obtain a programmed mixture

ratio (PMR) shift which provides a high mixture ratio level and a corres-
ponding high thrust level for approximately 316 seconds of flight. The
predicted nominal J-2 engine thrust history from the 90% thrust level time
point to the time of the guidance cutoff signal was obtained from Reference 8.
The thrust buildup and thrust decay histories were obtained from Reference 9.
Table 6i presents a time history of the J-2 engine thrustmagnitude. The J-2
thrust buildup and decay histories are depicted in Figures 34 and La.

Four solid propellant retro-motors (TE-M-29) mounted on the S-IB/S-IVB
interstage provide thrust to decelerate the S-IB stage after separation.
The retro-motors are rated at a nominal thrust level of 36,720 pounds each
(Reference 10).

Three solid propellant ullage motors mounted on the S-IVB stage aft skirt,
provide a positive acceleration for the S-IVB stage to settle propellants




for J-2 engine start. The ullage motors are rated at 3,460 pounds-thrust
each (Reference 5). .

The S-IVB Stage Awxiliary Propulsion Systems (APS) consists of two modples.
Each module contains three 150-pound thrust (vacuum) hypergolic rocxet
engines.

3.5 ENVIRONMENT DESCRIPTION: The 1963 Patrick Reference Atmosphere model
defines the atmospheric properties incorporated in the Revised L/V Trajectory
simulation. The earth model and potential function is the Fischer Earth
Model. ‘




SECTION 4

GUIDANCE AND CONTROL

The Saturn IB inertial guidance system performs navigation evaluations,
issues discrete commands, initiates guidance and control functions, and
issues steering commands to guide the launch vehicle to the pre-specified
targeting conditions. These functions are accomplished by the AS-205
Flight Program which is stored in the Launch Vehicle Digital Computer
(LVDC). Inputs to the LVDC for navigation and steering command evaluations
are the pre-specified constants for the different guidance modes and the
inertial velocity increments sensed by the stabilized platfomm accelero—
meters. (See References 2 and 3.)

L.1 GUIDANCE MODES: Guidance of the SA-205 Launch Vehicle into orbit
is divided into two distinct guidance modes: (1) Pre-IGM; and (2) IGM.

The Pre-ICM Guidance Mode provides pitch, yaw and roll vehicle attitude
commands as a function of time from 1liftoff to the time of IGM initiation.
The S-IB stage pitch program polynomials derived for the aS-2C5 mission are
delineated in Appendix B, Table 1E. 4Also included in Table 1B is a time
history of the yaw and roll attitude commands.

The IGM Guidance Mode is a two-stage three-dimensional formulation of the
Iterative Guidance Mode equations and logic. The IGM Guidance Mode provides
active guidance of the S-IVB stage in pitch and yaw from the time of IGM
initiation, TE3 + L4 seconds, to orbit insertion. The commanded roll
attitude is zero. The IGM equations and logic programmed for the LVDC

Flight Program are defined in Reference 3. The IGM presettings derived for
the 4S-205 Revised L/V Reference Trajectory are given in Appendix B, Table 3B.

L.2 CONTROL SYSTEMS: Pitch, yaw and roll attitude control are maintained
by the four swivelable H-1 engines during the S-IB stage of powered flight.
The control law, gains, and network characteristics for the S-IE stage
control system are defined in References 11 - 13.

The J-2 engine provides pitch and yaw attitude control throughout the S-IVB
stage of powered flight. Roll attitude control is maintained by the

Auxiliary Propulsion System. The control law, gains and network character-
istics of the S-IVB stage control systems are defined in References 11 - 13.

4.3 S-IB STAGE PITCH PROGRAM: A trajectory simulation technique which
commands a prespecified vehicle pitch angle of attack (et,) history through-
out the S-IB stage of flight was utilized to shape the S-IB stage tilt
program. It is noted that all trajectory simulations incorporated the

vehicle data referenced herein and the guidance and control modes discussed
above. A family of launch vehicle trajectories was generated in the absence




of any wind profile for a series of &, histories. From this family, the
trajectory which collectively best sagisfied each of the following criteria
was chosen:

1) 4Acceptable S-IB/S-IVB Stage Separation Conditions;
2) Near zero pitch angle of attack throughout the high dynamic
pressure region of flight;
3) Commanded vehicle attitude rates less than one degree per second;
L) Aerodynamic Heating:
Aerodynamic heating indicator (AHI) at S-IB staging
comparable to the Reference Trajectory value.

At - VR kg-m )
AHI = 9 dt

/o ~[a] (mz - rad
5) Maximum L/V Weight in Orbit Capability.

From the selected trajectory, the commanded pitch attitude angle data were
fitted to a third degree polynomial, for three time intervals, using the
method of least squares. The selected tilt program coefficients and the
corresponding time interval for the LVDC Flight Program are presented in
Appendix B, Table 1E.

Table 2B presents a time history of the pitch attitude command (X;) to the
control system subroutine utilized in the trajectory simulation program.
The L/V trajectory profile and the data in Table 2E are a result of
simulating the X polynomial in Table 1B as follows:

Xz = f(T)
where _

T = t-Ty + NGQMDT
with

t = +time from GRR

T1 = time base # 1. (0.2 second after first motion; Tl = 5.2 sec.)
NGMDT = 1. sec. (ipproximation of LVDC major loop cycle time.)

The pitch attitude command (X;) to the control system subroutine was then
implemented using a pitch attitude angle rate derived from successive values
of X,.

Z

L., IGM PRESETTINGS: 4 set of IGM presettings for the AS-205 Revised L/V
Reference Trajectory was derived and is presented in Table 3B. The
terminology used to define the IGM parameters is consistent with Reference 3.
It is noted that the IGM presettings are strongly dependent on the proposed
flight sequence of events, the S-IVB stage propulsion characteristics defined
for the SA-205 Launch Vehicle and the targeting conditions assumed herein.




A review of the presettings will be made concurrently with generation of
the 45-205 Launch Vehicle Operational Trajectory.

in investigation of the L/V orbital plane targeting conditions is summarized
in Figure 16. The orbital plane targeting conditions determined for the
4S-207 Reference Trajectory (Reference 1)

irgument of Descending Node (@y): 102.329 (deg)
Inclination (i): 28.896 (deg)

‘were used as the base point for the data increments. It is noted that

the Reference Trajectory values yield a near optimum L/V weight in

orbit capability for the Si-205 vehicle considered herein. Therefore,

from a performance standpoint the above IGM parameters zre applicable for

the 4S-205 Revised L/V Reference Trajectory. Figure 16 also depicts the
vehicle yaw attitude angle history for the family of S-IVE stage trajectories
considered. It is concluded that the Reference Trajectory targeting
parameters provide a more desirable vehicle yaw attitude angle flight
history.




SECTION 5

LAUNCH VEHICLE TRAJECTORY

The nominal programmed sequence of events for the aS-205 Revised Launch
Vehicle Reference Trajectory is summarized in Table 1. This sequence of
events is consistent with the flight sequence provided in References 4 and 5
and the propulsion and mass data referenced herein. In addition, Table 1
provides a summary of significant trajectory events.

Table 2 provides a summary of trajectory parameters at pertinent events

from liftoff to orbit insertion. Convenient summaries of the end conditions
of flight for the S-IB and S-IVE stages of powered flight are presented in
Tables 3 and L, respectively. Tabulated listings of the launch vehicle
trajectory are presented in Tables 5 - 6. The corresponding tabular listings
in English units are given in Appendix C. Graphical displays of the ascent
trajectory profile are shown in Figures 1 through 4.

A comparison of the ~S-205 Revised Reference Trajectory with the previously
published AS-207 Reference Trajectory and the original 45-205 mission
trajectory is presented in Table 7.

5.1 S-IB STAGE FLIGHT PIASE: Tabulated listings of trajectory parameters
for the S-IB phase of flight are presented in Table 5. This phase of the
launch vehicle trajectory is initiated at guidance reference release (GRR)
which is assumed to be 5 seconds prior to launch (first motion). The time
of umbilical disconnect and the corresponding establishment of time base one
(TB1) is assumed to be (.2 seconds after first motion. The S-IE stage flight
phase ends at S-IB/S-IVB physical separation which is assumed to be 1.379
seconds after outboard engine cutoff signal (OECO).

A time history of the S-IE stage pitch attitude steering command is depicted
in Figure 5. Fipgures 6 and 7 present summaries of the resulting vehicle
pitch attitude rate and attitude error command. A summary of the pitch
plane angle of attack throughout the S-IB stage of flight is presented in
Figure 8. Figure 9 presents a summary of the dynemic pressure history. The
S-IE stage longitudinal acceleration history is depicted in Figure 10.

In order to establish a more realistic nominal trajectory prediction, a
constant thrust bias equal to + 0.7 per cent of the vehicle sea level
longitudinal thrust has been included in the S-IE stage trajectory. 7This
action is an attempt to minimize the effects of an apparent systematic
shift in the ground to flight test performance level. (Reference 5.)

5.2 S-IVB STAGE FLIGHT PHASE: Tabulated listings of the launch vehicle
trajectory from S-IB/S-IVB separation to the time of orbit insertion are
presented in Table 6. Orbit insertion was defined to be at guidance cutoff
signal (GCS) plus 10.2 seconds. GCS occurs when the inertial velocity
magnitude equals a prespecified value of 7780.9€ rm/sec. This phase of the
L/V trajectory includes the ullage rocket burns, J-2 engine thrust buildup




and decay, the EMR shift, and jettisoning of the ullage rocket cases and
the Launch Escape System.

The pitch and yaw attitude angle steering commands during the S-IVB stage
of powered flight are depicted in Figure 11. The S-IVB stage acceleration
history is depicted in Figure 12. Trajectory parameters pertinent to an
analysis of the trajectory from S-IB/S-1VB separation to the time of LES
jettison are depicted in Figures 13 - 15.

5.3 LAUNCH VEHICLE PERFORMANCE CHARACTERISTICS: The predicted nominal
S-IB and S-IVB stage performance characteristics for the Sia-2G5 vehicle
are presented in Table 8. These data are time averages of the detailed
‘vehicle performance data referenced herein.

- 10 -
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TABLE 1

AS-205 REVISED L/V REFERENCE TRAJECTORY
PROGRAMMED SEQUENCE OF EVENTS

NOMINAL FLIGHT TIME PROGRAM

(HR:MIN:SEC) (SEC)  TIME (SEC) EVENT

- 0:0:05.0 - 5.00 = —=—— Guidance Reference Release (GRR).

- 0:0:03.1 -3.10 @ —eee- Initiate S-IB Mainstage Ignition Sequence.
0:0:00.0 0.00 ——e—e First Motion. .
0:0:0C.2 .20 (O.O)l Lift~off Signal. Initiate Time Base 1.
0:0:10.2 10.20 (10.0)1 Initiate Pitch and Roll Maneuvers.
0:2:17.8 137.68 (137.5)1  Enable S-IB Propellant Level Sensors.
0:2:19.8 139.68 (O.O)2 Level Sensor ictivation. Initiate Time Base 2.
0:2:22.9 142.88 (3.2), Inboard Engine Cutoff (IECO).
0:2:25.9 145.88 (0.0)3 Outboard Engine Cutoff (CECO). Initiate

Time Base 3.

0:2:27.2 - 147.18 (1.3)3 Separation Signal.
0:2:28.6 148.58 (2.7)3 J-2 Engine Start Command.
0:2:34.6 154.58 (8.7)3 Activate PU System.
0:2:39.2 159.18 (13.3)3 Jettison Ullage Rocket Motors.
0:3:06.9 186.88 ————o Jettison LES.
0:3:10.0 189.88 (44.0)5 Initiate Active Guidance.
0:9:52.9 592.91 —— Guidance Cutoff Signal (GCS).
0:9:53.1 593.11 (O°O)h Initiate Time Base 4.

0:10:03.1 603.11 —_— Orbit Insertion.

- 12 -
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TAEBLE 3

AS-205 REVISED L/V REFERENCE TRAJECTORY
S-IB STAGE END CONDITIONS OF FLIGHT

Flight Time (t): OECO + 1.379 seconds 147.262 (sec)
Radius (R): 6434558, (m)
Altitude: ' 61258. (m)
Space Fixed Velocity (V): 2321,.84 (m/s)
Space Fixed Path Angle (0): 64.401 (deg)
Space Fixed Flight Azimuth (AZI): 8L.497 (deg)
- Earth Fixed Flight Azimuth (AZE): 83.152 (deg)
Geodetic Latitude (@): 28.592 (deg)
Longitude (A): (Pos West) 79.930 (deg West)
Range: 62.26 (km)
POSITION aAND VELOCITY COMPONENTS (PLUMBLINE)

X = 122984, (m)

Y = 6433333. (m)

Z = 25211. (m)

r = 2115.07 (m/s)

T = 964.10 (m/s)

2 = 43.11 (m/s)

VEHICLE A1TITUDE AND ATTITUDE RATE

Pitch Attitude ingle (¢_): -60.844 (deg)

Yaw Attitude angle (¢y): - 0.079 (deg)
Roll Attitude angle (@,): - C.0L5 (deg)
Pitch Rate (¢p): - 0.010 (deg/s)
Yaw Rate (¢ ): + C.006 (deg/s)
Roll Rate (@..): - 0.002 (deg/s)
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AS-205 REVISED L/V REFERENCE TRAJECTORY
S-IVB STAGE END CONDITIONS OF FLIGHT

Flight Time (t): GCS 592.906 ~ (sec)
Radius (R): 6570734 (m)
Altitude: 197513. (m)
Space Fixed Velocity (V): 7780 .98 (m/s)
Sp~ce Fixed Flight Path ingle (6): 90.006 (deg)
Space Fixed Flight Azimuth (AZI): _ 93.682 (deg)
Earth Fixed Flight Azimuth (AZE): 93.892 (deg)
Geodervic Latitude (@): 28.843 (deg)
‘Longitude (A): (Dos West) 63.094 (deg West)
Inclination (i): 28.896 (deg)
Descending Node (6y): 102.328 (deg)

POSITION AND VELOCITY COMPONENTS (PLUMELINE)

X = 1975791. (m)

Y = 6266317. (m)

z = 63836. (m)
X = 7118 .68 (m/s)

Y = -2341.51 (m/s)

Z = 155.30 (m/s)

VEHICLE ATTITUDE ANGLES

Pitch Attitude ingle (¢b)
Yaw Attitude Angle (¢&
Roll Attitude ingle (@p)

-103.795 (deg)
1.404 (deg)
- 0.506 (deg)

OSCULATING CONIC PARAMETERS

166.70 (km)
192.58 (km)

#Perigee Altitude
*ipogee Altitude

W
(@]
o
(@]
8

Eccentricity
Semi-Major Axis 6557 .81 (km)
Period 88.08 (min)

* Referenced to Equatorial Radius (6378.166)

-15 -



TABLE 4 (Cont'd)

AS-205 REVISED L/V REFERENCE TRAJECTORY
S-IVB STAGE END CONDITIONS OF FLIGHT

Flight Time (t): GCS + 10.2 seconds: 603.106

Radius (R): 6570733.
Altitude: : 197497.
Space Fixed Velocity (V): 7788.65
Space Fixed Flight Path Angle (6): : 90.002
Space Fixed Flight Azimuth (AZI): 91.061
Earth Fixed Flight azimuth (AZE): 94.292
Geodetic Latitude (¢): 28.796
Longitude (A): (Pos West) 62.349
Inclination (i): 28.896
Descending Node (6y): 102.326

POSITION AND VELOCITY COMPONENTS (PLUMBLINE)

2051387. (m)
6241960. (m)
65417. (m)

7397 .27 (m/s)
- 2433.00 (m/s)
154.64 (m/s)

VEHICLE ATTITUDE ANGLES

Do D BN+ P
| T T I [ O

Pitch Attitude Angle (¢b) = -103.798 (deg)
Yaw Attitude angle (¢y) = 1.398 (deg)
Roll Attitude Angle (¢,.) = - 0.902 (deg)

OSCULATING CONIC PARAMETERS

#*Perigee Altitude = 192.30 (xm)
#*ipogee Altitude = 192.80 (xm)
Eccentricity = 0.00004

Semi-Major Axis = 6570.71 (km)
Period = 88.34 (min)

* Referenced to Equatorial Radius (6378.166)
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TABLE 7

AS-205 REVISED L/V REFERENCE TRAJECTORY
REFERENCE TRAJECTORY COMPARISON

Description

MAX. DYNAMIC PRESSURE

Time (sec)

Altitude (im)

Space-Fixed Velocity (m/s)

Path Angle (deg)

Angle of Attack (deg)

Dynamic Pressure (kg/m?) ,
Longitudinal Acceleration (m/s?)
Heating Indicator (kg-m/m%-rad)

0.E.C.0

Time (sec)

Altitude (km)

Space-Fixed Velocity (m/s)

Path Angle (deg)

Angle of Attack (deg)

Dynamic Pressure (kg/m?)
Heating Indicator (kg-m/m°-rad)
Geoecentric Latitude

Longitude (deg-W)

ORBIT INSERTION

Time (sec)

Altitude (im)

Space-Fixed Velocity (m/s)
Path Angle (deg)
Geocentric latitude
Longitude (deg-W)

Revised
Reference

Tra jectory

78.00
12.56
749.1
58,56
0.001
3254.
19,96
18.4 x 100

145.88
59.86
2326,60
6414
- 0.86

66.

58.0 x 106
28.43
79.95

603.11
197.50
7788.65
90.00
28,63
62.35

AS=207
Reference

Irajectory

75.00
12.53
775.0

59.52
0.00

3520.
20.40
20.1 x 106

141.15
57.69

2377.8
65.01
2,28
91.

66.1 x 10°
28.43
79.93

595.27
192.52
7791.6
90.00
28,65
62.50

AS=205 L/V
Operational
Trajectory

79.00
12.74
773.1

5.53
- = 0.,16

3167.
20,05
18.6 x 106

147.13
59.29
2375.76
65.80
- 0.62
72.
59.7 x 10
28.54
79.92

6

595.42
163.20
7834.98
89.99
31.35
62.15



TABLE 8

AS-205 REVISED L/V REFERENCE TRAJECTORY
LAUNCH VEHICLE STAGE PERFORMANCE CHARACTERISTICS

S-IB Stage
Flight Time Interval: 0.0 - 142.883 seconds (IECO)

Long. Thrust Turbine

Sea Level (1bs) Thrust (1bs) Total
Engine # 1 | 201567 611. 202178.
Engine # 2 197710. 627. 198337.
Engine # 3 ‘ 199627. 588. 200215.
Engine # L 195377 . 589. 195966.
Engine # 5 198071 577. 198648 .
Engine # 6 200039. 614,. 200653
Engine # 7 197097. , 604 . 197701.
Engine # 8 199803. 610. | 200413 .

Total Average Sea Level Thrust (Fp): 1,594,111.

Wp [Wt (t=0) - Wt (t = 142.883) - waux:]/lhz.aez
6114.76 (1b/sec)
Isp = Fr/lMp

260.70 (sec)

S-IVB Stage

High Thrust Level Flight Time Interval: 155. - 471. seconds
(PU System Activation - EMR Shift)

Low Thrust Level Flight Time Interval: L71. - 593. seconds
(EMR Shift - GCS)

High Thrust Low Thrust
Level Level
Vacuum Thrust (1bs) 226573, 195285.°
Flowrate (1b/sec) 537.03 L57.17

Specific Impulse (sec) 421.90 427.16
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Figure 5

AS~205 REVISED L/V REFERENCE TRAJECTORY
S-IB STAGE FLIGHT DATA
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Figure 6

AS-205 REVISED L/V REFERENCE TRAJECTORY
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Figure 7
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Figure 9

AS-205 REVISED L/V REFERENCE TRAJECTORY
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Figure 10

AS-205 REVISED L/V REFERENCE TRAJECTORY
S-IB STAGE FLIGHT DATA
LONGITUDINAL ACCELERATION
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Figure 11

AS~205 REVISED L/V REFERENCE TRAJECTORY
S-IVE STAGE FLIGHT DATAZ
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Fifure 12

AS-205 REVISED L/V REFERENCE TRAJECTORY
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Figure 14

AS-205 REVISED L/V REFERENCE TRAJECTORY
S-IVB STAGE FLIGHT DATA ’
ATTITUDE ERROR COMMAND
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Figure 15

AS-205 REVISED L/V REFERENCE TRaJECTORY

S5-1IVB STAGE FLIGHT DATA
ANGLE OF ATTACK AND DYNAMIC PRESSURE
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Figure 16

AS-205 REVISED L/V REFERENCE TRAJECTORY

TARGETING PLANE PARAMETERS
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TABLE 1A

45-205 REVISED L/V REFERENCE TRAJECTORY

VEHICLE WEIGHT BREAKDOWN

Spacecraft ™

Instrument Unit

S-IVB Stage at Injection (Inert)

Useable Reserve Propellant (Includes FPR)
Injection Weight

J-2 Thrust Decay Propellant Consumed
S-IVE Cutoff Weight

APS Propellant Depleted
S-IVB Mainstage Propellant Consumed
Launch Escape Subsystem
Ullage Cases
S-IVB "90% Thrust" Weight

S-IVE Thrust Buildup Prpt. Consumed
S-IVB GH, Start Tank
Ullage Propellant Consumed

S-IVE Stage Weight at Separation

S-IVE Aft Frame Hardware
Ullage Propellant Consumed
S-IVE Separation and Ullage Components
S-IB/S-IVE Interstage with Retro Prop.
S5-1IB Dry Weight
S-IB Residuals and Reserves at Separatlon
S-IVE Frost Consumed
S5-IB Frost Consumed
S-IB Seal Purge Consumed
S-IB Lubricant (Oronite)
S-IB Gearbox Lubricant (Fuel) Consumed
Inboard Engine Thrust Decay Prpt. Consumed
Outboard Engine Thrust Decay Prpt. Consumed
To Separation
S-IB Mainstage Propellant Consumed
Vehicle Liftoff Weight

# Command Module: 12,25C
SM with SLA Ring: 22,095
SLA w/o Ring: 3,755

38,100

- 46 -

4
226,852

8,450
220

6,457
8L, 356
10,653

100

1,000

27
733
2,129

1,947
881,786

67,635

67,831

303,357

303,979

1,293,216
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Figure 24
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Figure 3A

19T

089S ~ HWIL IHOITA

AS-205 REVISED L/V REFERENCE TRAJECTORY
J-2 ENGINE THRUST BUILDUP

eIt 09T 89T 951 76T Z$T 05T 8YT
' ¥
(pos L*8+£dl) (Jof Lrz+edl)
QELYALLOY (NYWHOD
WALSAS nd 1§ ANIONZ 2-p

00¢

00%

009

008

000T

SUOMAN ~ (COI) JANLINOYW LSNYHL

1
-
n

|

99 NV
I810Z9-1EV-¥8




84-431.62681

JAN 68

Figure 4A

AS-205 REVISED L/V REFERENCE TRAJECTORY
J-2 ENGINE THRUST DECAY -

GCS

598

597

596

595

594

593

592

591

59C

100

8 3 S

SUOIMAN ~ (¢0T) TANLINOYW ISNUHL

- 55 .-

200

FLIGHT TIME ~ sec



APPENDIX B

"GUIDANCE PRESETTINGS"
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TABLE 1B

aS5-205 REVISED L/V REFERENCE TRAJECTORY
S-IB STAGE STEERING PROGRAM

For the time segment t - Tl £ 10:

Xx= O.
Xy = - .299848 rad. (-17.18 degrees)
Xg = O. '

For the time segment 1C<t - Tlszujz

Xz = ag + 43T + AT + a5l
4, = - .155517 x 1071 rad.
A] = 1 L284092 x 102 rad./sec.
Ay = - 165429 x 16-3 rad./sec.2
a3 = T .321123 x 10-6  rad./sec.3
X = Xy = 0.

For the time segment 45<t - 'Ils G2:
ByT + BpT% Eql3

Xg = BO T
Bo = + .207839 x 1073 rad,
By = 7 .229458 x 10 3 rad./sec.
B, = - .202467 x 10 5 rad./sec.?
By = + .101124 x 107° rad./sec.3
Xx = Xy = C

For the time segment 92 <t - 1,=137:
Xz = Ci 4 C1T + T2 + C3T3

Co = +.143848 x 10™1  rad.

€y = -.457693 x 1071  rad./sec.

Cp = +.337240 x 10=3  rad./sec.?

C3 = -.997002 x 20-®  rad./sec.3
X = Xy = O-

For the time segment t - Tl >137:
Xg = -1.061769 rad.
= 0.

Xx = Xy

n

NOTE:
Xz: Pitch attitude angle measured negative downrange from inertial vertical

T=1¢ - Tl + NGMDT
t: time from GRR

T1: time of liftoff (Time Base 1), approximately (.2 second after first
motion

NGMDT: Bias to account for system delays
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TABLE 2B

AS-205 REVISED L/V REFERENCE TRAJECTORY
S-IB STAGE PITCH ATTITUDE COMMAND

FLIGHT PITCH aTTITUDE FLIGHT PITCH ATTITUDE
TIME (SEC) COMMAND, X, (DEG) TIME (SEC) COMMAND, X, (DEG)
0 C.0000 82 33.9637
10 0.0000 84 35.159L4
12 -0.2599 86 36.3314
14 -0.4015 88 37.4768
16 -0.6125 9C 38.5930
18 -C.8931 92 39.6771
20 -1.2412 94 LC . 6980
22 ~1.6565 96 L1.6961
2L -2.1379 98 42 .6709
26 -2.68L7 100 43.6252
28 -3.2959 102 L1 .5618
30 -3.9707 104 4L5.4834
32 -4,.7081 106 46.3927
34 -5.5073 108 L7.2925
36 -6.3675 110 L8.1855
38 ~7.2876 112 L9 0714,
L0 © ~8.2669 114 49 .9620
L2 -9.304i, 116 50.8511
L -10.3993 118 51.7443
L6 -11.5507 12C 52.6L45
48 -12.7023 122 53.5543
50 -13.8758 124 51, .4,766
52 -15.0728 126 55,1140
51, -16.2906 128 56.3692
56 -17.5264 13C 57.3451
58 -18.7774 132 58.3L14,
60 -20.04L09 134 59.3698
62 -21.3140 136 60.4211
6, -22.5939 138 60 .834L5

66 -23.8780

68 -25.1633

70 -26.L472

72 -27.7268

7L -28.9994

76 ~30.2622 }

78 -31.5123

80 ~32.7,71 IGM Initiation 6G.8349
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Vexi

Vexs

INITIAL
VALUE

L.
286.9-
116.

262.52

4135.6997

£4192.6960
7780.976

0.
6570774
0.

7780.976
0.
0.
0.
-9.251
0.

15.7
3.

TABLE 3B

AS-205 REVISED L/V REFERENCE TRAJECTORY

UNITS

sec

sec

sec

sec

m/sec

m/sec

m/sec

)\

m/sec

m/sec ¢

m/sec J

m/sec?

m/sec? {

m/seczj
sec

sec

IGM PRESETTINGS

DESCRIPTION

Time from time base 3 to initiate IGM guidance

Time to go for first IGM stage

Time to go for second IGM stage

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

Average exhaust velocity (go x Isp) for 1st IGM
stage phase of flight

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

Guidance cutoff signal (GCS) criteria. Terminal
velocity for IGM equations

Desired terminal position vector components in
IGM coordinate system

Desired cutoff velocity components in IGM
coordinate system

Terminal gravitation vector components in IGM
coordinate system

Value of T3, to initiate IGM 4V

Value of T3; to freeze IGM (€')

-59 -



TABLE 3B (Cont'd)

AS-205 REVISED L/V REFERENCE TRAJECTORY
IGM PRESETTINGS

LVDC  INITIAL UNITS DESCRIPIION

SYMBOL VALUE

Try 1.8 N/D Mission dependent constant multiplier for
terminal range angle equation

T!.2 0. N/D Mission dependent constants for N3 and K,
equations '

Tr3 0. N/D

— 200. sec Flight time to initiate integral control

T, 0. sec ~ Terminal steering time argument

ATNOM R-ASTR sec Nominal computation cycle length

TLD 0. ' N/D IGM staging flag (Burn switch)

. APl ~.18749569 E+00 Transformation matrix from navigation coordinate
AP2 -.98223810 E+00 system to the (X,, Y,, 2,) coordinate system
AP3 ~.73231298 E-02 _

APL, +.98202016 E+00 Ay = gg-gglogé

AP5 -.18761026 E+00 § gL = 8.

AP6 +. 20946740 E-01 Oy = 102.32900

A -. 21948577 E-01 i = 28.89597

AP8 -.32640360 E-02 '

AP9 +.99975374 E+00

— 261. sec Time from time base 3 to sample F/M for ICM

staging (Approximately 70 sec. prior to nominal
IGM staging)

FLAG 2. N/D Number of F/M decreases required for IGM
staging criteria

ACC 0.01 m/sec2 F/M comparison tolerance for IGM staging

TlO 286.9 sec Constants for updating second stage time-to-go
for perturbed EMR shift time

Ag ' 4,58.9 sec

Al - 1.194 N/D




LvDC
SYMBOL

PCO

INITIAL
VALUE

60.
528.

35.

-124558.41

243.687
204.129

TABLE 3B (Cont'd)

AS-205 REVISED L/V REFERENCE TRAJECTORY

UNITS

sec

sec A

sSec

kg
kg/sec

kg/sec J

IGM PRESETTINGS

DESCRIPTION

Backup time for ICM staging

Constants for artificial 73 mode
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APPENDIX C

"LAUNCH  VEHICLE TRAJECTORY LISTINGS, ENGLISH UNITS"
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