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AS-204/LM-1 S-IVB Auxiliary Propulsion 

System Performance 

This study was perfo rmed to reflect the APS propellant r equirements fo r 7 1/2 hours 

of co:1.st flight. The passivation experiment was assigned to this vehicle to v rify the 

feas ibility of passivation of the S-IVB stage for the orbital workshop. The increase in 

APS propellant requirements. for S-IVB stage attitude control was a point of major concern . 

Enclosure 2 presents the AS-204/LM-1/ S-IVB attitude tim eline with a detailed record 
of resulting APS propellant consumption. Presented in enclosures 3 , 4, and 5, respectively 
are the system block diagram with applicable gains and limits, gimbal angle trace, and the 

rate history of APS propellant consumption . 

Aerodynamic data were extracted from r eferenc es 6 and 7 at 120 nautical miles. The 

following ae rodynamic configurations were used: TB 4 + 0 to TB 4 + 60 0: S- IVB/IU/SLA 

closed/CSM; TB 4 + 600 to TB 4 + 2637: S-IVB/IU/SLA open 35° /LM; TB 4 + 2637 to 

TB 4 + 27,000: S-IVB/IU/SLA open 45°. Atmospheric density as a function of altitude was 

calculated at 8 second intervals (fli ght tim e) by a routine based on reference 5. A± one 

degree uncertainty was employed in determing the local horizontal ttavigation r eference . 

Enclosure 6 gives the venting timeli.ne with applicable thrust levels. The A PS 

propellant r equirements for the durat ion of the LOX and LH;a dump through the J-2 

engine are also shown. These fig11re s are derived assuming that the th r ust vector 

control system is not used to cor r ect for disturbance s due to misalignment of the thrust 

vector. The thrust vector misalignment can be located anywhere on a 360° cone centered 

about the longitudinal axis of the vehicle. This accounts for the large difference between 

the maximum and minimum APS r equirem ents for a specific module . Any time duration 
which the thrust vec tor control system operates will decrease the APS propellant require
ments proportionately. The cumulative p r obability distributions fo r APS propellant require

ments during venting and J - 2 engine dump are shown in enclosur es 7 -10. The geometric 

locations of the LOX and LH;a vents are shown in enclosures 11 and 12. 
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AS-204 APS PROPELLANT CONSUMPTION (LBS) 

TIIVIE* EVENT (MANEUVER RA TE PERIOD ** MINIMUM MAXIMUM 
(SECONDS) LIMITS:(!)x =¢z = 0.3 °/s~y=0.5°/s(SECONDS) MODI MOD III MOD I MOD III 

(S-IB /S -IVB S-IB / S-IVB Separation Transient -- 0.0 0.0 5.0 5.0 
Separation) 

" 
(S-IVB Roll Stabilization During S-IVB 455 2.5 2.5 6.0 6.0 
Ignition) Burn 

TB4 +O Hold Last IGM X Commands 90 0.7 0 .7 1.0 1.0 
(S-IVB Cutoff 

TB 4 + 45 Jettison Nose Cap 

TB4 + 90 Initial Convergence to local 87 1. 9 1. 7 1. 9 1. 7 
Horizontal (LIVI Forwar d/Position 
I Down) 

Maintain Local Horizontal Attitude 2225 0 .9 0.9 0.9 0.9 

TB4 + 600 SLA Panel Deployment 

3005 Establish Separation inertial 30 0. 6 0.9 0.6 0.9 
attitude specified by Xx =- 0. 9°, 
X y = 0. oo, X z = 87 .1 o 

Hold Inertial Attitude 385 0.5 0.4 0.5 0 .5 

3240 S-IVB /LlVI Separation Transient - 0.0 0.0 ( ?) ( ?) 

3420 Return to Local Horizontal Attitude 120 0.9 0.6 0.9 0.6 
(S LA Forwa rd/Position I down) 

- Maintain Local Horizontal Attitude 1950 1.1 1.0 1.1 1.0 



AS-204 APS PROPE LLANT CONSUMPTION (LBS) 

Tnvm* ** EVE NT (MANEUVER RA T E PERIOD MINIMUM MAXIMUM 
(SE CONDS) LIMITS:¢x =cfiz = 0. 3 °/s a:iy=0 . 5°/s(SECONDS) MOD I MOD III MODI MOD III 

(S-IB/S- IVB S-IB / S-IVB Sepa ration T r ansi ent -- 0.0 0. 0 5.0 5.0 
Separation) 

\, 
(S-IVB Roll Stabiliza tion During S- IVB 455 2 . 5 2 . 5 6.0 6.0 
Ignition) Bur n 

TB4 + O Hold Last IGM X Commands 90 0.7 0 .7 1.0 1.0 
(S-IVB Cut off 

TB 4 + 45 Jettis on Nose Cap 

TB4 + 90 Initial Conver gence to local 87 1. 9 1. 7 1. 9 1. 7 
Horizontal (LM F orwar d/P os ition 
I Down) 

Maintain Local Hor izontal Attitude 2225 0 . 9 0 . 9 0.9 0 .9 

TB4 + 600 SLA Panel Deployment 

3005 Establish Separation inertial 30 0. 6 0.9 0 . 6 0.9 
attitude specified by Xx =- 0. 9° , 
X = 0 oo X = 87 1 o y • ' z • 

Hold Inertial Attitude 385 0 . 5 0.4 0 .5 0 . 5 

3240 S-IVB /Ll\1 Separation T ransient - 0. 0 0.0 ( ?) ( ?) 

3420 Return to Local Horizontal Attitude 120 0 . 9 0.6 0 .9 0.6 
(S LA Forward/Position I down) 

- Maintain Local Horizontal Attitude 1950 1.1 1.0 1. 1 1.0 



TIME EVENT P ERIOD MOD I MOD III MOD I MOD III 

549 0 Initiate Iner tial Attitude 870 3 . 8 0.5 3. 8 0 .5 

Hold Using P resent Gimbal 
Angles and Maintain Inertia l Attitude 

6360 Establish Local Horizontal Attitude 45 0 2 . 2 1. 1 2.2 1.1 

in Retro-Pos ition (Tail Leading/ 

Pos it ion I Up) 

Maintain Local Hor izonta l Attitude 1633 1.1 0.7 1. 1 0. 7 

in Retro-Position 

TB4 + 7840 Init iate Maneuver to P itch-90° 317 1.8 2 . 7 1.8 2 . 7 

(Nose Down) With Respect to Local 

Horizontal; Roll to Inertial Attitude 

Specified Byx = 85. o0 ; Maintain 
X = 0. o0 y 

X • 

TB4 +8157 Initiate Inertial Roll Ramp Command of 25 0.1 0.1 0. 1 0.1 

- 0.28°/s for390 Sec;Xy=0.0°; 

Maintain Nose Down Along Local 

Vertical 

TB4 + 8182 Initiat e S-IVB Stage Pas s ivation 80 0 . 0 0.0 11. 0 11. 0 

With Thrus t Vector Attitude Control 

in Pitch and Yaw (Burn Mode). Test 

PSI -Pitch and Yaw every 1 seconds 

Unti l TB4=8262 . If Error > 12° Switch 

Ba ck to Coast Phase Control and Maintain. 

TB4 + 8262 Nominal Return to Coast Phase 285 0.1 0 . 5 1. 8 1. 8 

Control 



TIME EVENT PERIOD MOD I MOD III MOD I --

TB4 + 8547 Terminate Roll Ramp 253 0.2 0.6 0.2 

Command: Maintain Nose 
Down Along Local Vertical 

Xx= 0.0°; Xy = -24.2o 

TB4 + 8800 Return to Local Horizontal 327 1.1 2.0 1.1 

Attitude in Retro-position 
(Tail Leaving/Position I Up) 

. Maintain Local Horizontal 17,873 8.6 8.8 -8. 6 

Attitude in Retro-Position 

To TB4 + 27,000 ( 7 1/ 2 hrs.) 

S-IVB LOX and LH 2 Venting 3.6 5.4 4.4 

TOTAL 31. 7 31.1 54. 0 

· * Times other than those noted as TB4 are ground elapse times from launch vehicle GRR (at TB4 + 0, Time 

from launch vehicle GRR=G03. 152 sec). 

MOD III 

0.6 

2.0 

8.8 

6 . 2 

5 3.1 

** Periods given for attitude maneuvers are taken from initiation of the maneuver to a nominal steady-state condition 

in the commanded attitude. 

. 
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AS-204/LM-1 VE NTING TIMELlNE 

* Time is referenced to TB4 

** Thru s t level for two (2) nozz les 

*FROM TO THRUST TYPE VENT 
--~,sJ:.c.) __ (SR.G) _ __ __ (LBS.\ ---- ·· -------

LOX VE NT .2 40.2 288.6 

LH2 VENT .4 1260 . 4 60. 0 ** 

LOX DUlVIP 8,182. 8~ 254. 940.0 

LOX DUMP 8,254. 8,301. 42. 0 

LH2 DUMP 8 ,311. 8,491. 56.0 

LOX VENT, LH2 VENT 8, 501. 9,797 . 10. 5, 5 . 8 ** 

LOX VENT, LH2 VENT 9 ,797. 11,058 3.5 , 5 . 8 ** 

LOX VENT, LH2 VENT 13,623 15,063 l. 6, 1. 0 ** 

LH2 VENT 15,063 16,387 1. 0 ** 

-
PREDICTED APS PROPELLANT REQUIREMENTS FOR CONTROL 

OF LOX AND LH2 DUMP DURING PASSIVATION OF AS-204/LM - 1 

z o 

NOTE : 

3.67 lbs 

7. 33 lbs 

11.00 lbs 

7. 33 lbs 

14. 66 lbs 

22. 00 lbs 

·-

The above Mo ri.te Carlo values are the predicted APS propellant r equirements for 
960 out of 1000 fli ghts . 

The above \Vorst Ca e values are the predicted APS Propella nt requirements 
calculated using wors t case parameters. These values are slight ly high er tl1an. any 
of the values generated by Monte Carlo for 1000 flights. 
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