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FROM Chief, Guidance and Control Analysis Branch,
R=ASTR=NG

SUBJECT Au§1é1ar Pro ulsion Requirements for the S-IVB/IB during
ng1 1ng
REFERENCE Douglas Report SM-44138 "S-IVB Stage

Separation Report'" dated 10 July 1963

1. A single axis (roll) analog study of the S-IVB Vehicle after
Saturn IB separation has been performed to determine the amount of propellant
required for roll control of the vehicle during the J-2 Engine 481 second firing
period. Roll control is obtained by pulsing a pair of 150 1b engines to pro-
duce a pure force couple about the vehicle roll axis. The engines are pulsed
by the pseudo rate modulators. A minimum electrical on-time of 50 ms is insured
by using the Minimum Pulse Duration Device, The 50 ms on-time is necessary to
maintain a reasonable spec1f1c impulse (211 seconds) durlng pulsed 9 eration.
The deadband in roll is £1° with a modulation range to 1.6° and an ratlo of 5 \J/”\

2. A time history of J-2 Engine deflection for a £7° displacement limit :1:;
was obtained from the reference. These engine deflections are based on '
characteristics of the J-2 Engine Control System, stage separation disturbances, ‘\\J
and J-2 ignition 3 seconds after separation. These deflections in conjunction
with a 1.11 inch off-set center of gravity of the S-IVB produce a roll disturb-
ance torque. An additional roll torque of 100 ft-1bs is introduced by exhaust — ~\__
swirl of the J-2 Engine.

: N
3. The transient characteristics about the vehicle roll axis after \’\J
separation are given in Figure 1. The time scale base of Figure 1 has been
increased in Figure 2 to indicate the individual pulses which represent the
firing of a pair of attitude engines. The steady state attitude error result-
ing from the exhaust swirl torque is approximately 0.7°, The swirl results
in frequent attitude engine firings during firing of the J-2 Engine. A
phase plane plot of roll is given in Figure 3. The amount of attitude propel-
lant required for a 481 s J=2 firing is 13.5 pounds/module.

4& In the absence of external disturbances, roll will limit cycle be-
tween =1°, The symmetrical limit cycle of roll attitude error is shown
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in Figure 4, If the J-2 Engine exhaust swirl is omitted, the primary

roll disturbance will occur because of the off-set center of gravity
during the transient time of J-2 deflections, The effects of this type

of disturbance is indicated in Figure 5. An expanded time scale of Figure
5 is given in Figure 6 showing the pulse frequency of the attitude engines.
Figure 7 shows the roll phase plane with the resultant undisturbed steady
state limit cycle,

5. Referring to the fuel requirements given in Figures 1B and 5B,
it can be noted that the effect of the exhaust engine swirl torque more
than doubles the otherwise sufficient quantity. Based on the magnitude
of disturbances and burn time of the J-2 Engine previously mentioned,
13.5 1bs of attitude control propellants should be provided in each module
for roll control during this phase of the mission, Attitude fuel require-
ments for cutoff of the J-2 engine are considered in the initial conditions
of the S-IVB/IB orbital phase and are not included here,

14 77 nck
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