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SUBJECT Au~i l i af Y Propvlsion Requi rement s for t he S=IVB/IB dur i ng 
J =2 Engi h.e Fit- mg I 

REFERENCE Douglas Report SM=44138 11S=IVB St age 
Separ at i on Report" dated 10 Jul y 1963 / 

1. A si ng le axi s (roll) analog study of t he S=IVB Vehicle after 
Satur n IB separ at i on has been performed t o determine the amount of pr opel l ant 
required for r oll control of the vehicle during the J =2 Engi ne 481 second f iring [ 
peri od. Ro ll control is obtai ned by pulsing a pair of 150 lb engi nes to pro= 
duce a. pure force couple abput t he vehi cle r oll axis . The engi nes are pulsed I 
by t he pseudo r ate modulators. A mi nimum el ectrical on=t ime of SO ms i s i nsured 
by using t he Mi ni mum Pul se Durat ion Device . The 50 ms on=time i s necessary to 
maintain a r easonabl e speci f ic impulse (211 seconds) during pul sed orerat i on. I 
The deadband in roll i s :!:1 'ill wi th a modul ation range t o 1.6" and an a rati o of 5 \I) 

.to' 
2. A time hist ory of J =2 Engi ne deflection for a t7 ° disp lacement limit """»-..... 

was obt ai ned f r om the r eference . These engine deflections ar e based on ~ 
characteris t ics of t he J =2 Engi ne Control SystemD st age separation disturbances 9 

and J .. 2 i gni t i on 3 seconds after separation. These deflections in conj unction 
with a l' .11 inch off=set center of gravi t y of the S=IVB pr oduce a r ol l disturb= 
ance .. torque. An additional roll tor que of 100 ft =lbs i s introduced by exhaust 
s\\lirl of t he J =2 E_ngine. 

3. The t r ansi ent char acter istics about t he vehicle r oll axis after 
separ ation ar e given i n Fi gure 1. The time sca l e base of Fi gur e 1 has been 
i ncreased in Figure 2 t o i ndicate t he i nd i vi dual pul ses whi.ch r epr esent t he 
fi :r;- il)g of a pair of attitude ~engines . The s~eady state att itude error 11r esult= 
il)g,,'from t he exhaust swi rl t or que i s appr oxi matel y 0. 7° . The swir l r esults 
i ~ frequent attitude engine firings dur ing f iring of t he J =2 Engine. A 
ph,~e pl ane plot of r oll i s gi ven in Fi gure 3. The amount of attit ude prope l= 
lant requi red f or a 481 s J =2 firing i s 13 . S pounds/module . 

4. ,, In t he absence of ,.external disturbances D roll wi ll l imit cycle be= 
t ween ! 1° . The symmet rical limit cycle of roll atti tude er ror is shown 
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in Fi gure 4o If the J =2 Engi ne exhaust swir l is omitted v the primary 
roll disturbance will occur because of the off=set center of gravity 
during t he transient time of J =2 deflections. The effects of this t ype 
of disturbance is irrlicated in Figure So An expanded time scale of Figure 
5 is given in Figure 6 showi ng the pulse frequency of the atti tude engi nes . 
Fi gure 7 shows ·the roll phase pl ane with the r esultant undi sturbed steady 
s·tate limit cyc le , 

5, Referring t o the fuel requirements given in Figures 1B and SB » 
it can be noted 'that t he effect of t he exhaust engine swirl t orque mor e 
than doubles the otherwise sufficient quantityo Based on t he magni t ude 
of distur bances and burn t ime of t he J =2 Engi ne previously mentioned 9 
13 . S lbs of att i tude cont ro l pr opellants shoul d be provided i n each module 
for roll control during t his phase of t he missi on . Attitude fue l require= 
ments for cutoff of t'he J =2 engi ne are consi dered in t he i nitia l conditions 
of the S- IVB/IB orbital phase and ar e not included here. 
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J - 2 DURN TIME 
481 s 

SATURN· S-IV /IB 
SEPARATION 
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TOTAL FUEL 

TRANSIENT 40s 

STEADY STATE 441s 

BURN TIME 481 s = 

PER MODULE= 13.S 

S-IVB/IB 

= 8 lbs 
SEPARATION 

=19 lbs 
±7° J-2 LIMIT 

27 lbs 
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FIGURE 1B 
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J-2 BURN TIME 
481 s 

SATURN S-IVB/IB 
SEPARATION 

±7° J-2 LIMIT 

C.G. OFF-SET= 1. 
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TOTAL FUEL 
TRANSIENT 16 

STEADY STATE 465 

sec 

sec ----
TOTAL 481 sec 
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