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FOREWORD 

Th i s vo lume s u m m a r i z e s five t e c h n i c a l Vehic le D e s c r i p t i o n D o c u m e n t s 
r e p o r t i n g a t e n - m o n t h s tudy to p r e p a r e t e c h n i c a l and r e s o u r c e da t a on 
u p r a t e d payload Sa tu rn V and i n t e r m e d i a t e payload Sa tu rn v e h i c l e s . 
Th i s s tudy i s p a r t of a cont inuing effort by the Na t iona l A e r o n a u t i c s and 
Space A d m i n i s t r a t i o n (NASA) to i n v e s t i g a t e the capabi l i ty and f lexibi l i ty 
of the Sa tu rn V launch v e h i c l e and to identify p r a c t i c a l m e t h o d s for 
d ive r s i f i ed u t i l i za t ion of i t s payload capab i l i t y . NASA C o n t r a c t NAS8 -20266 
a u t h o r i z e s the work r e p o r t e d h e r e i n and w a s s u p e r v i s e d and a d m i n i s t e r e d 
by the M a r s h a l l Space F l i g h t C e n t e r (MSFC) . S-II da t a w a s supp l i ed 
by the Space and I n f o r m a t i o n Divis ion of N o r t h A m e r i c a n Avia t ion . 
S-IVB da ta was suppl ied by the M i s s i l e and Space S y s t e m s Div i s ion 
of Douglas A i r c r a f t Company . L a u n c h s y s t e m da ta was supp l i ed by the 
Denve r Div i s ion of The M a r t i n Company- Solid m o t o r da t a w e r e suppl ied 
by Uni ted Technology C o r p o r a t i o n . The L a u n c h S y s t e m s B r a n c h , 
A e r o s p a c e Group , Space Div i s ion of The Boeing Company was the 
S y s t e m s Ana lys i s c o n t r a c t o r for t h i s s tudy. 

P r o g r a m documen ta t i on i n c l u d e s a s u m m a r y volume (this d o c u m e n t ) , 
five v o l u m e s cove r ing v e h i c l e d e s c r i p t i o n s , r e s e a r c h and technology 
i m p l i c a t i o n s r e p o r t , and a cos t documen t . Individual de s igna t i ons a r e 
a s fol lows: 

D5-13183 S u m m a r y D o c u m e n t 
' D5-13183-1 V e h i c l e D e s c r i p t i o n M L V - S A T - I N T - 2 0 , -21 

D5-13183-2 Veh ic l e D e s c r i p t i o n M L V - S A T - V - 3 B 
D5-13183-3 V e h i c l e D e s c r i p t i o n M L V - S A T -V-25(S) 
D5-13183-4 Veh ic l e D e s c r i p t i o n M L V - S A T - V - 4 ( S ) B 
D5-13183.-5 V e h i c l e D e s c r i p t i o n MLV-SAT -V-23(L) 
D5-13183-6 R e s e a r c h and Techno logy I m p l i c a t i o n s R e p o r t 
D5-13183-7 F i r s t Stage Cos t P l a n 

i i 
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ABSTRACT 

This document summar izes a study conducted under NASA/MSFC 
Contract NAS8-20266, "Studies of Improved Saturn V Vehicles and 
Intermediate Payload Saturn Vehicles (P-115)", from December 6, 1965 
to October 7, 1966. The details of this study a r e contained in five 
"Vehicle Description Documents" (D5-13183-1, -2, - 3 , -4, and -5). 
Phase I of the study was a pa rame t r i c performance and resources 
analysis to select one baseline configuration for each of the six vehicles, 
Phase II of the study included a fluid and flight mechanics study, design 
impact on systems', and a resources analysis for each baseline vehicle. 
The uprated vehicles a r e feasible configurations and logical candidates 
for payloads in excess of the current Saturn V capability. No major 
problem a rea s were identified for ei ther development or production. 
The intermediate payload vehicle derivatives of Saturn V" a re a logical 
means of providing orbital payload capability between that of the Saturn I 
and the two-stage Saturn V. 
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1.0 INTRODUCTION 

This study is par t of a continuing effort by NASA to identify a 
spectrum of prac t ica l launch vehicles to meet future payload and miss ion 
requi rements a s they become defined. The launch vehicles studied 
under Contract NAS8-20266 cover a payload range between the existing 
Saturn IB and the Saturn V (intermediate payload vehicles) and a payload 
range beyond the existing Saturn V capabilities (uprated Saturn V vehicles) 

The vehicles studied were combinations of existing or modified 
Saturn V s tages ; some vehicles a lso included boos t -ass i s t components. 
A pr imary study requirement was to make maximum use of existing 
Saturn technology and support equipment. 

In general , the NAS8-20266 study program objectives were to: 

a. Select feasible and cost effective baseline vehicles from each 
of severa l ca tegor ies . 

b . P r e p a r e sufficient technical data to define vehicle environments, 
design, capabil i t ies, and charac te r i s t i c s . 

c. Define support system requ i rements . 

d. Determine the date that the f i rs t flight a r t i c le could be available 
within study ground ru l e s . 

e. Es t imate cost required for implementation of the system plus 
production of th i r ty flight a r t i c les in five yea r s . 

There were two phases of study work. Phase I was a twelve-week 
effort in which candidate vehicle performance and pre l iminary cost 
t rade studies were conducted to select a feasible and cost effective 
basel ine vehicle f rom each of five categories (shown in Figure 1-1). 
An additional basel ine vehicle was la ter added from Category 4. 

For each of the six baseline vehicles selected (see Figure 1-2), 
Phase II directed the effort to defining ground and flight environments, 
defining system design and resource impact for each stage and the 
total vehicle, and determining vehicle miss ion capabilities and 
cha rac te r i s t i c s . 

The launch vehicles in Categories 1 and 2 a r e Saturn V stage 
combinations for miss ions in the payload range between the current 
Saturn IB and Saturn V payload capability. The launch vehicles in 
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C a t e g o r i e s 3 , 4, and 5 a r e advanced Sa tu rn V conf igura t ions with 
pay load c a p a b i l i t i e s beyond tha t of the ex i s t ing Sa tu rn V-

The five c a t e g o r i e s of v e h i c l e s a r e : 

C a t e g o r y 1 (MLV-SAT- INT -20) du r ing P h a s e I w a s a f ami ly of 
t w o - s t a g e l aunch v e h i c l e c a n d i d a t e s wi th s t a n d a r d s i z e S- IC a n d S-IVB 
s t a g e s us ing s t a n d a r d F - l engines ( t h r e e , four , and five) and a s t a n d a r d 
J - 2 eng ine . A s ing le b a s e l i n e launch vehic le ( F i g u r e 1-2) w a s s e l ec t ed 
for t he P h a s e II s tudy effor t . 

C a t e g o r y 2 (MLV-SAT-1NT-21) dur ing P h a s e I w a s a f ami ly of 
t w o - s t a g e launch v e h i c l e cand ida t e s wi th s t a n d a r d s ize S-IC and S-II 
s t a g e s us ing s t a n d a r d F - l eng ines ( t h r e e , four , and five) and J - 2 eng ines 
( t h r e e , four , and f ive) . A s ingle b a s e l i n e l aunch vehic le ( F i g u r e 1-2) 
w a s s e l e c t e d for the P h a s e II study effor t . 

C a t e g o r y 3 (MLV -SAT-V-3B) du r ing P h a s e I w a s a f ami ly of t w o -
and t h r e e - s t a g e l a u n c h veh ic le cand ida t e s with modi f ied u p r a t e d Sa tu rn V 
s t a g e s us ing v a r i o u s t y p e s , n u m b e r s , and t h r u s t l e v e l s of advanced 
eng ines in the u p p e r s t a g e s and u p r a t e d F - l eng ines in the modif ied 
S-IC s t a g e . A s ing le b a s e l i n e l aunch veh ic le ( F i g u r e 1-2) w a s s e l e c t e d 
for the P h a s e II s tudy effor t . 

C a t e g o r y 4 inc luded modif ied S a t u r n V launch v e h i c l e s with s t r a p - o n 
so l id b o o s t - a s s i s t c o m p o n e n t s . T h r e e f a m i l i e s o£ v e h i c l e s w e r e s tudied 
a s follow:s: 

a . MJ_,V-SAT-V-4(S)B dur ing P h a s e I w a s a f ami ly of t w o - and t h r e e -
s t age l aunch v e h i c l e s wi th modi f ied S a t u r n V s t a g e s , s t a n d a r d F - l and 
J - 2 eng ines with s t r a p - O n 120-inch d i a m e t e r (five, s ix , and seven 
segmen t ) so l id m o t o r s . A s ingle b a s e l i n e launch veh ic le ( F i g u r e 1-2) 
w a s s e l e c t e d for the P h a s e II s tudy effort . 

b . M L V - S A T - V - 2 2 ( S ) du r ing P h a s e I w a s a f ami ly of t w o - and t h r e e -
s t age launch v e h i c l e s with modi f ied Sa tu rn V s t a g e s us ing v a r i o u s t y p e s , 
n u m b e r s , and t h r u s t l eve l s of advanced eng ines in the upper s t a g e s , 
a modi f ied S-IC s t a g e wi th s t a n d a r d F - l eng ines in the f i r s t s t age , and 
s t r a p - o n 120- inch d i a m e t e r (five, s ix , and s e v e n segmen t ) so l id m o t o r s . 
No l aunch veh ic le in t h i s fami ly w a s s tud ied beyond P h a s e I , 

c. M L V - S A T - V - 2 5 ( S ) dur ing P h a s e I w a s a fami ly of t w o - and t h r e e -
s t age l aunch v e h i c l e s with modi f ied Sa tu rn V s t a g e s , s t a n d a r d F - l 
and J - 2 e n g i n e s , and s t r a p - o n 156- inch d i a m e t e r (two and t h r e e segment ) 
so l id m o t o r s . A s ing le b a s e l i n e launch veh ic l e ( F i g u r e 1-2) was s e l ec t ed 
for the P h a s e II s tudy effor t . 
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Category 5 included modified Saturn V launch vehicles with s t rap-on 
boos t -ass i s t liquid propellant pods. Two families of vehicles were studied 
as follows: 

a. MLV-S.AT-V-23(L.) during Phase I was a family of two- and t h r e e -
stage launch, vehicles with modified Saturn V s tages , standard F - l and 
J -2 engines and four s t rap-on liquid propellant pods each using two 
standard F - l engines. A single baseline launch vehicle (Figure 1-2) 
was selected for the Phase II study effort. 

b. MLV-SAT -V-24(1,) during Phase I was a family of two- and t h r e e -
stage launch vehicles with modified Saturn V stages using various types, 
numbers , and thrust levels of advanced engines in the upper stages, a 
modified S-IC stage with 1, 800, 000 pound F - l engines, and four liquid 
propellant pods each containing two 1,800,000 pound F - l engines. No 
launch vehicles in this family were studied beyond Phase I. 

5 
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2 . 0 SUMMARY 

INTERMEDIATES 

• M747M 12/YR. PRODUCTION 

CM BfYR. PRODUCTION 
U « Sfffi. PRODUCTION 

SINGLE COST FOR 
SYMW.TANEOUS IMPLEMENTATION 

OFM1S-2Q/-21 ENGINE/STAGE 
COMBINATIONS 

m-

UPRATED SATURN V'S 

INT-20 (2STGI 
F-l 

INT-21 (2ST6I 
F-IJJ-2 

SATV-3B 
2 STG 3 STG 

SATV-4ISIB 
2 STG 3 STG 

SAT V-2SSI 
2 STG 3STG 

SAT V-Z3HI 
2 STG 1 STG 

PAYLOAD 
KLB 

3 4 
78 132 

*~l M " 52 W *S 

IV Wt IH n? !«• TV- 3*7 141 380 139 m W 579 Z20 

BOTH - m 
• r 

1(87.4 431.4 403.1 941.9 

R&O RIGHTVffllCUS-JM lit ec.i 0 JS.4 279.1 324 Z 4a o 

AVG. OPERATIONAL 
UNIT COST - IM 40.5 74 4 1U.7 139.0 105.1 124 a 109.6 131.0 142.5 1418 

OPERATIONAL COST 
EFFICIENCY-Mil «8 292 m su 276 844 ZZ2 494 H6 7« 

:IRSTDaiWBYIATP-JAN6S AS-516FU70 ASS16FEB70 AS-537SCPT'73 AS-5Z4 JUNE -71 AS-5M.lU.r71 AS-SSWAV'73 

FIGURE 2-1 VEHICLE COMPARISON 

The Phase I study effort resul ted in selection of six baseline launch 
vehicles. The Phase II study effort included detailed technical and resource 
analysis on these six baseline launch vehicles. Payload capabilities, costs , 
and availability data a r e compared on Figure 2-1. Operational costs shown 
a r e the averages for thirty launch vehicles . It should be noted that the 
total of $176.7 mill ion for the SAT -INT -20 and SAT-INT-21 is proposed 
as a single R&D expenditure to implement all eight stage/engine combin­
ations l isted. This would allow NASA the flexibility of selecting the 
vehicle matching each of many different payloads expected in the range 
between present Saturn IB and Saturn V capabil i t ies . The data required 
is very sensitive to launch ra te as indicated by the reductions noted for 
eight per year and six per year launches. 

7 

AS-5M.lU.r71


D5-13183 

Figure 2-2 i l lus t ra tes the delta payload inc rease (from Saturn V) 
and compares the investment costs for developing the uprated Saturn V 
launch vehicles. The more favorable vehicles from an investment 
standpoint fall to the 
left, i . e . , least cost 
for a given payload 
improvement. F igure 
2-3 summarizes the 
total program cost 
efficiency for the six 
two-stage baseline 
launch vehicles and 
Figure 2-4 summar izes 
cost efficiency for the 
three-s tage uprated 
Saturn V launch vehicles 
All of these compar i ­
sons favor the solid 
strap-on method of 
uprating, usually by a 
relatively small 
margin. 
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Availability of the SAT-INT-20 and SAT-INT-21 intermediate vehicles 
exceeds the normal Saturn V procurement time by only one month. 
F o r uprating, the solid s t r ap -on method r equ i re s the least lead t ime 
(3-1/2 years) which is comparable to the liquid pod s t rap-on (SAT-V-23(L)) 
method except a two-year delay has 
been included in the SAT-V-23(L,) » 
lead time to build an assembly 
facility. The f ive-year, n ine - m 

month lead time for the increased 
thrust liquid engine - l a rge r 
tank uprating method (SAT -V-3B) 
is due to the new toroidal a e r o - t u \ 
apike engine development for at 
upper stage applications. 

n 

AH the baseline launch 
vehicles were feasible and logical 
configurations for their respect ive 
payload capabil i t ies. Each was 
configured within res t r ic t ive 
existing facility limitation ground 
ru les , limiting the maximum 
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3 . 0 GUIDE LINES AND ASSUMPTIONS 

T h e fol lowing guide l i n e s , ground r u l e s , and a s s u m p t i o n s w e r e u sed 
in the s tudy . 

3.1 G E N E R A L 

a. App l i cab le da ta f r o m p rev ious s t u d i e s w e r e u t i l i zed to the 
g r e a t e s t ex ten t p o s s i b l e . 

b . The b a s e l i n e v e h i c l e s w e r e the AS-516 and the AS-213 aa 
defined by M S F C . Apollo des ign c r i t e r i a w a s used except w h e r e o t h e r w i s e 
spec i f i ed or a p p r o v e d by M S F C . M e m o r a n d u m R-P& V E - D I R - 6 5 - 1 4 3 , 
" S a t u r n V I m p r o v e m e n t S t u d i e s " , da t ed N o v e m b e r 5, 1965, w a s i a s u e d 
by MSFC to s e r v e a s the r e f e r e n c e documen t for MSFC and c o n t r a c t o r 
p e r s o n n e l d i r e c t l y involved in the S a t u r n V I m p r o v e m e n t S t u d i e s . 
M e m o R - P & V E - D I R - 6 5 - 1 4 3 con ta ins a d e s c r i p t i o n and def ini t ion of the 
p r o j e c t e d l aunch veh ic l e AS-516 to be u s e d a s the b a s e l i n e r e f e r e n c e for 
the S a t u r n V I m p r o v e m e n t S tud ies . One m i n o r devia t ion to the AS-516 
S-IC s t a g e def in i t ion was m a d e with MSFC c o n c u r r e n c e . The r e d e s i g n 
of t he c e n t e r eng ine c r o s s b e a m s u p p o r t w a s e l i m i n a t e d a s a b a s i c change 
b e c a u s e of a l a c k of defini t ive d e s i g n d a t a . 

C. Al l p r o p u l s i o n da ta used by the s t age c o n t r a c t o r s w e r e a p p r o v e d 
by M S F C . 

d. Both l a u n c h veh ic le and l aunch fac i l i ty mod i f i ca t i ons w e r e 
c o n s i d e r e d . E x c h a n g e of i n f o r m a t i o n be tween the launch fac i l i ty and 
launch veh ic le s tudy c o n t r a c t o r s w a s c o o r d i n a t e d wi th MSFC and KSC. 

e . T r a j e c t o r y , p rope l l an t d i s t r i b u t i o n , and s t a g e s i z e op t imiza t ion 
p r o c e d u r e s u s e d w e r e compara 'b le to M S F C m e t h o d s . 

f. The n o m i n a l m i s s i o n p ro f i l e s u s e d to s i ze and e s t a b l i s h the 
b a s e l i n e veh i c l e des ign , to e s t a b l i s h t r a j e c t o r i e s for hea t ing and con t ro l 
a n a l y s i s i and a s a b a s i s for p e r f o r m a n c e c o m p a r i s o n w e r e : 

1, T w o - s t a g e , d i r e c t a s c e n t to 100 nau t i ca l m i l e c i r c u l a r orb i t 
a l t i t u d e . 

2 . T h r e e - s t a g e , with p r e - o r b i t a l igni t ion of the t h i r d s t age to 
100 n a u t i c a l m i l e c i r c u l a r pa rk ing orb i t followed by a second bu rn out of 
o r b i t to 7 2 - h o u r l u n a r in jec t ion . T h i s i s the p lanned Sa tu rn V method . 
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Some v e h i c l e s u sed t w o - s t a g e , d i r e c t a s c e n t to a 100 nau t i ca l m i l e 
c i r c u l a r p a r k i n g orb i t fol lowed by igni t ion of a t h i r d s t a g e and boos t to a 
7 2 - h o u r l u n a r t r a n s f e r t r a j e c t o r y . 

g. L a u n c h a z i m u t h f rom AMR w a s 70 d e g r e e s m e a s u r e d f r o m 
nor th to south ove r e a s t and fl ight p r o f i l e s w e r e op t imized in the p i t ch p l ane . 

h. Veh ic le he ight , for bo th t w o - and t h r e e - s t a g e v e h i c l e s , w a s 
l i m i t e d to 410 fee t . 

i . P a y l o a d dena i ty w a s he ld a t five pounds pe r cubic foot m a x i m u m 
for two s t a g e o p e r a t i o n and 11 pounds p e r cub ic foot m a x i m u m for the 
t h r e e - s t a g e v e h i c l e . 

3 . 2 FIRST STAGE 

T h i r t y - t h r e e foot d i a m e t e r and 2 . 2 9 p r o p e l l a n t m i x t u r e r a t i o of the 
ex i s t ing S-IC s t age w e r e to be m a i n t a i n e d . 

3 . 3 SECOND STAGE 

a. P r o p e l l a n t m i x t u r e r a t i o of 5:1 and 33-foot d i a m e t e r w e r e to 
be m a i n t a i n e d . 

b . M a x i m u m s t a g e leng th for b a s e l i n e s e l e c t i o n w a s l i m i t e d to 
1,160 i n c h e s . 

3 . 4 THIRD STAGE 

a. P r o p e l l a n t m i x t u r e r a t i o of 5:1 and 260- inch d i a m e t e r w e r e to 
be m a i n t a i n e d . 

b . M a x i m u m s tage l eng th equiva len t to 350 ,000 pounds p r o p e l l a n t 
capac i ty at a m i x t u r e r a t i o of 5:1 (about 16. 5 foot i n c r e a s e ) was to be 
m a i n t a i n e d . 

3 . 5 RESOURCES 

a. Where t w o - and t h r e e - s t a g e conf igura t ions of the s a m e b a s i c 
veh ic le w e r e e x e r c i s e d , the t h r e e - s t a g e conf igura t ion was ana lyzed . 

b . U p r a t e d S a t u r n V s t a g e s w e r e to be f a b r i c a t e d by the p r e s e n t 
c o n t r a c t o r s and cos t da t a for t h e s t a g e s w e r e ob ta ined f r o m the c o n t r a c t o r s . 

12 
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c. The impact of study vehicles on test facil i t ies at MSFCi teat 
facili t ies at M T F , and launch facil i t ies at KSC were considered with the 
ass i s tance of those agencies or their designated contrac tors . 

d. Two flight tes t s were specified to qualify uprated vehicles. 

e. A production p rogram of thir ty operational uprated vehicles to 
be produced in five yea r s was specified. 

f. Uprated vehicles will be considered to be produced at six per 
year with Saturn IB a companion program at six per year . 

g. Intermediate payload vehicles will be considered to be produced 
at six per year with Saturn V a companion program at six per year . 

h. A dynamic test vehicle was required. 

3.6 SCHEDULE 

A p rogram schedule was required subject to the following res t r ic t ions : 

a. The uprated vehicle development program was to be paral le l with 
the existing Saturn V program and not in terfere with the existing Saturn V 
del ivery schedule. 

b. Vehicle development time to be a minimum, consistent with 
completion of a thorough test p rog ram. 

c. A p rog ram definition phase (PDP) was required prior to beginning 
uprating vehicle design and development. Ear l i e s t allowed PDP s ta r t 
was January 1967. 

d. Ear l ies t allowed authority to proceed for hardware design and 
development was Janaury 1968. 

3.7 PRICING 

It was also required in performing these r e s o u r c e s analyses that the 
following pricing c r i t e r i a be met: 

a. Necessary funds a re available as. requi red . 

b . All costs were quoted in 1966 dol lars with no inflationary factor 
or mid-point es t imate . 

c. All costs were based on two-shift, five-day week for manufacturing 
and one-shift, five-day week for engineering. 
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4.0 MLV-SAT-1NT-20/-21 LAUNCH VEHICLES 

The MLV-SAT-INT-20 is a combination of the Saturn V S-IC and 
S-IVB stages. The MLV-SAT-INT-21 combines the Saturn V S-IC and 
S-II s tages . All a r rangements (see F igure 4-1) were found to be 
feasible. Each of eight stage/engine configurations could be used 
efficiently to launch a payload in increments between 78, 000 pounds and 
255, 000 pounds to a. 100 nautical mile Ear th orbit . 

Since future requirements will likely vary over a wide range of 
payloads and configurations, all INT-2Q/-21 vehicles should be imple ­
mented simultaneously. This would allow NASA planners to select the 
vehicle matching a specific payload requi rement . 

If an uprated vehicle is chosen for development, there a re s imilar 
logical intermediate derivatives to be considered. 

4.1 CONFIGURATION SELECTION (PHASE I) 

Combinations of the three Saturn V s tages and numbers of engines 
were studied during Phase I to establish the most promising configurations 
for detailed investigation. 

4.1.1 Candidate Configurations 

Three configurations were studied for INT-20, each having an S-IVB 
with a t h r e e - , four- , or five-engine S-IC. INT-21 a r rangement s included 
a t h r e e - , four- , ox five-engine S-II combined with a four - or five-engine 
S-IC. This resul ted in six INT-21 vehicles . 

4 .1.2 Trade Studies 
— — _ — * . — • — - i — / 

P a r a m e t r i c data were generated for the candidate INT vehicles 
covering the following: (1) weight and m a s s cha rac te r i s t i c s , (2) t ra jec tor ies 
and performance, (3) aerodynamics and heating, (4) vehicle control, 
(5) design loads, and (6) separation. A summary of INT-20 and INT -21 
launch, propellant, and payload weights is shown in Table 4-1. The five-
engine INT-20 vehicle, even though launched at a thrust - to-weight ratio 
of 1.25, depletes f i r s t - s t age propellant rapidly. It therefore reaches a 
s t ruc tura l load l imit at about 88 seconds after launch and three engines must 
be shut down. The result ing payload is not significantly bet ter than the 
four-engine case (see Table 4-1) and therefore the five F - l engine INT-20 
was not considered further. 
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TABLE 4-1 INTERMEDIATE VEHICLE PERFORMANCE 

VEHICLE STAGE 
ARRANGEMENT 

NUMBER OF 
ENGINES 

LAUNCH 
WEIGHT 

LO6 LB 

W W P1 

IG6 LB 

SAT -INT -20 S-IC/S-IVB 3/1 3.65 3 . 0 

4 / 1 4.87 4 .1 

5 /1 5.07 4 - 3 

SAT-INT-21 S-IC/S-II 4 / 3 4 . 8 7 

4 / 4 4. 87 

4 / 5 4. 87 

5 /3 6. 09 

5 / 4 6 . 0 9 

5 / 5 6 . 0 9 

3. 56 

3. 40 

3 .30 

4. 56 

4 . 4 7 

4 . 42 

Wp, = F i r s t stage mainstage propellant 
Wp2 = Second stage mainstage propellant 
Initial launch azimuth - 70 degrees 
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F o r t he r e m a i n i n g base l ine cand ida t e s (shown on F i g u r e 4 - 2 ) , it w a s 
n e c e s s a r y to shut down one or m o r e F - l eng ines du r ing f i r s t s tage flight 
to avoid the p r e s e n t 4 . 68 g longi tudina l a c c e l e r a t i o n l i m i t . The t i m e of 
shutdown and n u m b e r of engines shut down a r e shown wi th the f i r s t - s t a g e 
b u r n t i m e on F i g u r e 4 - 2 . 

I N T - 2 0 and INT -21 veh ic le c o s t s w e r e d e r i v e d for six l aunches pe r y e a r 
for five y e a r s . I t was a s s u m e d that S a t u r n V w a s a l so l aunched at the 
s a m e r a t e du r ing th i s p e r i o d . Bulk of the n o n - r e c u r r i n g cos t ( see 
F i g u r e 4-2) is due to the i n c r e a s e in p roduc t i on and launch r a t e s . 
A p p r o x i m a t e l y 124- m i l l i o n d o l l a r s a r e r e q u i r e d at KSG to build and equip 
for t he new r a t e . The r e m a i n d e r c o v e r s m o s t l y f a c i l i t i e s , t oo l s , and 
e q u i p m e n t . Note t h e m a r k e d r e d u c t i o n in R&D cos t for eight p e r y e a r and 
six p e r y e a r INT p roduc t i on r a t e s . T h e n o n - r e c u r r i n g cos t for i m p l e m e n t i n g 
al l conf igura t ions s i m u l t a n e o u s l y i s e s t i m a t e d to be 13 mi l l i on d o l l a r s 
(eight p e r c e n t ) m o r e than the l o w e s t - c o s t s ingle a r r a n g e m e n t a t 12 p e r y e a r . 
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