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FOREWORD

This velume sammarizes five technical Vehicle Description Documents
reparting a ten-month study to prepare technical and resaurce data on
uprated payload Saturn V and intermediate payload Saturn vehicles.

Thig study is part of a continuing effort by the National Aeronautics and
Space Administration (NASA) to investigate the capability and flexibility
of the Saturn V launch vehicle and to identify practical methods for
diversified utilization of its payload capability. NASA Contract NAS8-20266
authorizes the work reported herein and was supervised and administered
by the Marshall Space Flight Center {MSFC). S-II data was supplied

by the Space and Information Division of North American Avidtion.

$-1VB data was supplied by the Missile and Space Systems Division

of Douglas Aircraft Company. Launch system data was supplied by the
Denver Division of The Martin Company. Solid motor data were supplied
by United Technology Corporation. The Launch Systerns Branch,
Aercspace Group, Space Division of The Boeing Company was the
Systems Analysis contractor for this study.

Program documentation includes a surnmary volume (this document),
five volumes cevering vehicle descriptions, research and technology
implications report, and a cost doecument, Individual designations are

ae follows:

D5-13183 Summary Decument
D5-13183-1 Vehicle Description MLV -SAT -INT -20, -21
D5-13183-2 Vehicle Description MLV-SAT -V -3B
D5-13183-3 Vehi¢le Description MLV -SAT -V -25(5)
D5-13183-4 Vehicle Description MLV -SAT -V -4{§5)B
D5-13183-5 Vehicle Déscription MLV -SAT -V -23(L)
D5-13183-6 Research and Technology Implications Report
D5-13183-7 First Stage Cost Plan
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ABSTRACT

This document summarizes a study conducted under NASA/MSFC
Gontract NAS&-20266, "Studies of improved Saturn V Vehicles and
Intermediate Paylead Saturn Vehicles (P-115)'", from Decembher 6, 1965
to Qctober 7, 1966. The details of this study zre centained in five
""Vehicle Description Documents'' {D5-13183-1, -2, -3, -4, and -5}.
Phase [ of the study was a parametric performance and resources
analysis to select one ba_s:e_:l"i'ne configuration for each of the six vehicles,
Phase 1l 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 are feacible configurations and logical candidates
for payloads in excess of the current Saturn V capability. No major
problem areas were identified for either development or production.

The intermediate payload vehicle derivatives of Saturn V are a logical
means of providing orhital payload capability between that of the Saturn IB
and the two=-stage Saturn V.

KEY WORDS
Contract NAS8-20266 Fluid and Flight Mechanics
0D5-13183 Impact
Vehicle Description Docunrient Resources
Saturn V Cost
NASA/MSFC. Payload to 100 NM orbit
Uprating MLV -INT
Trade Studies . Baseline Configuration
Payload to 72 Hour Lunar Injection MLV -SAT -V
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1.0 INTRODUCTION

This study is part of a continuing effort by NASA to identify a
spectrum of practical launch vehicles to meet future payload and mission
requirements as 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 stages; some vehicles also included boost-assist components,
A primary study requirement was to make maxirnum usé of eéxisting
Saturn technology and suppoxt squipment.

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

a. BSelect feasible and cost effective baseline vehicles from. edch
of several categories.

b. Prepare sufficient technical data to define vehicle environments,
design, capabilities, and characteristics,

¢. Define support system requirements.

d. Determine the date that the first flight article cauld be available
within study ground rules,

eé. Estimate cost required for implementation of the system plus
production of thirty ﬂi-__ght articles in five years,

There were two phases of study work. Phase I was a twelve-week
effort in which candidate vehicle performance and preliminary cost
trade studies were conducted to select a feasible and cost effective
baseline vehicle from each of five categories (shown in Figure 1-1}.

An additional baseline vehicle was later added from Category 4.

For each of the six baseline vehicles selected (see Figure 1-2),
Phase 11 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 mission capabilities and
characteristics.

The launch vehicles in Categories 1 and 2 are Saturn V stage
combinations for missions in the payload range between the current
Saturn IB and Saturn V payload capability. The lavnch vehicles in
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Categories 3, 4, and 5 are advanced Saturn 'V configurations with
payload capabilities beyond that of the existing Saturn V.

The five categories of vehicles are:

Category 1 (MLV-SAT-INT -20) during Phase [ was a family of
two-stage launch vehicle candidates with standard size $-1C and 5-IVB
stages using standard F-1 engines (three, four, and five) and a standard
J -2 engine. A single baseline launch vehicle (Figure 1-2) was selected
for the Phase (I study effort.

Category 2 (MLV-SAT-INT -21) during Phase [ was a family of
two-stage launch vehicle candidates with standard size $-IC and S-II
stages using standard F-1 engines (three, four, and five} and J-2 engines
(three, four, and five). A single baseline launch vehicle (Figure 1-2)
was selected for the Phase II study effort.

Category 3 (MLV -SAT-V-3B) during Phase [ was a family of two-
and three-stage launch vehicle candidates with modified uprated Saturn ¥V
stages using various types, numbers, and thrust levels of advanced
engines in the upper stages and uprated F -1 engines in the modified
S-IC stage. A single baseline launch vehicle (Fi_gure 1~2) was selected
for the Phase I study effort.

Catégory 4 included rhodified Saturn V launch vehicles with strap-on
solid boost-assist components, Three families of vehicles were studied

as follows:

a. MLV-S5AT-V-4(S)B during Phasge [ was a family of two- and three-
stage launch vehicles with modified Saturn V stages, standard F-1 and
J -2 engines with strap-on 120-inch diameter (five, six, and seven
segment) solid motors. A single baseline launch vehicle (Figure 1-2)
was selected for the Phase II study effort.

b. MLV-SAT-V-22(S) during Phase | was a family of two- and three-
stage launch vehicles with modified Saturn ¥ stages using various types,
numribers, and thrust levels of advanced engines in the upper stages,

a modified S5-IC stage with standard F -l engines in the first stage, and
strap-on 120 -inch diameter {five, six, and seven segment) solid moters.
No launch vehicle in this family was studied b-eyond' Phase 1.

c. MLV-SAT-V-25(S) duriang Phase [ was a family of two- and three-
stagé launch vehicles with modified Saturn V stages; standard F-1
and J-2 engines, and strap-on 156-inch diameter (two and three segment)
solid motors. A single baseline launch vehicle (Figure 1-2) was selected
for the Phase II study effort.
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Category 5 included modified Saturn V launch wvehicles with strap-on
boost-assigt liquid propellant pods. Two families of vehicles were studied
as follows:

a. MLV-SAT-V-23{L)} during Phase I was a family of two- and three-
stage launch vehicles with medified Saturn V stages, standard F-1 and
J -2 engines and four strap-on liquid propellant pods each using two
standard F -] engines. A single baseline launch vehicle (Figure 1-2)
was selected for the Phase II study effort.

b. MLV-SAT-V-24(L) during Phase [ was a family of two- and three-
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-1C stage with 1, 800,000 pound F-1 eéngines, and four 1i'quid
propellant pods each containing two 1, 800, 000 pound F -1 engines. No
launch vehicles in this family were studied beyond Phase [,
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e.0 SUMMARY
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FIGURE 2-1 VEHICLE COMPARISON

The Phase I study effort resulted 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 are compared on Figure 2-1. Operational costs shown

are the averages for thirty lavnch vehicles. It should be noted that the

total of $176.7 million for the SAT-INT -20 and SAT -INT -2l is proposed
as a single R&D expenditure to implement all eight stage/engine combin-
ations listed. 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 capabilities. The data required
is very sensitive to launch rate as indicated by the reductions noted for
eight per year and six per year launches.
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Figure 2-2 illustrates the delta payleoad increase (irom Saturn V)
and compares the investment costs for developing the uprated Sat-urn' v
launch vehicles. The more favordable vehicles from an investment
standpoint fall to the
left, i.¢., least cost
for a given payload . / ‘3?‘-“ '
improvement. Figure '
2-3 summarizes the
total program. cost
efficiency for the six
two~-stage baseline
Jaunch vehicles and
Figure 2-4 summarizes
cost efficiency for the
three-stage uprated
Saturn V launch vehicles,
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Availability of the SAT -INT ~20 and SAT -INT -21 intermediate vehicles
exceeds the normal Saturn V procurement time by D_niy- one month.
For uprating, the solid strap-on meéthod reguires the least lead time
(3-1/2 years) which is comparable to the liguid pod strap-on (SAT-V-23(L))
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1200
SATYe
payload achieved to 579, 000 pounds
to 100 nautical mile Earth orbit ~ts>h\.;n
(SAT -v-23{L)). The liguid pod - N ~
strap-on concept, with uprated e .z;};._\ ' :ag\
F-ls and advanced engines in the o0 -—
second stage (SAT -V-24(L)}},
achieved payloads to 960, 000 pounds
te 100 nautical mile Earth orbit
when stage and total vehicle length 20
restrictions were relaxed.
’ o0 - ]
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FIGURE 2-4 THREE-STAGE VEHICLE
COST EFFICIENCY
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3.0 GUIDE LINES AND ASSUMPTIONS

The following guide lines, grcund rules, and assumptions were used
in the study.

3.1 GENERAL

a. Applicable data from previous studies were utilized to the
greatest extent possible,

b. The baseline vehicles were the AS-516 and the AS-213 as
defined by MSFC. Apollo design criteria was used except where otherwise
specified or approved by MSFC. Memorandum R-P&VE-DIR-65-143,
"Saturn ¥ Improvement Studiés", dated Novernber 5, 1965, was iasuned
by MSFC to serve as the reference document for MSFC and contractor
personnel directly involved in the Saturn V Improvement Studies.

Memo R-P&VE-DIR-65-143 contains a description and definition of the
projected launch vehicle A5-516 to be used as the baseline reference for
the Saturn V Improvement Studies. One minor deviation to the AS-516
S-IC stage definition was made with MSFC concurrence. The redesign
of the center engine crossheam support was eliminated as a bagic change
because of a lack of definitive design data.

c. All propulsion data used by the stage contractors were approved
by MBFC.

d. Both launch vehicle and launch facility modifications were
considered. Exchange of information between the launch facility and
laanch vehicle study contracters was coordinated with MSFC and KSC.

e. Trajectory, propellant distributien, and stage size optimization
procedures used were comparable to MSFC methods,

f. The nominal mission profiles used to size and establigh the
baseline vehicle design, to establish trajectories for heating and control
analysis, and as a basis for performance comparison were:

1. Two-stage, direct ascent to 100 nautical mile circular orbit
altitude.

2. Three-stage, with pre-orbital ignition of the third stage to

100 nautical mile circular parking orbit followed by a second burn out of
orbit to 72-hour lunar injection. This is the planned Saturn V method.

11
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Some vehicles used two-~stage, direct ascent to a 100 nautical mile
circular parking orbit followed by ignition of a third stage and boost to a
72 -hour lunar transfer trajectory.

g. Launch azimuth from AMR was 70 degrees measured from
north to south over east and flight profiles were optimized in the pitch plane.

h. Vehicle height, for both two- and three -stage vehicles, was
limited to 410 feet.

i, Payload density was held at five pounds per cubic foot maximum
for two stage operation and 1l pounds per cubic feot maximum for the
three -stage vehicle.

3.2 FIRST STAGE

Thirty-three foot diameter and 2. 29 propellant mixture ratio of the
existing S5-IC stage were to be maintained,

3.3 SECOND STAGE

a. Propellant mixture ratio of 5:1.and 33-foot diameter were to
be maintained.

b. Maximum stage length for baseline selection was limited to
1,160 inches.

3.4 THIRD STAGE

a. Propellant mixture ratio of 5:1 and 260-inch diameter were to
be maintained.

b. Maximum stage length eguivalent to 350, 000 pounds propellant
capacity at a mixture ratio of 5l (about 16.5 foot increase) was to be
maintained.

3.5 RESQURCES

a. Where two~ and three -stage configurations of the same basic
vehicle were exercised, the three-stage configuration was analyzed.

b. Uprated Saturn V stages were to be fabricated by the present
cantractors and cost data for the stages were obtdined from the contractors.
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¢, The impact of study vehicles on test facilities at MSFC, test
facilities at MT T, and launch facilities at K5C were considered with the
asaistance of those agencies or their designated contractors.

d. Two flight tests were specified to qualify uprated vehicles.

e. A production program of thirty eperational uprated vehicles to
be produced in five years was specified.

f. Uprated vehicles will be considered to be produced at six per
vear with Saturn {B a comparion program at six per year.

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

h. A dynamic test vehicle was required.
3.6 SCHEDULE

A program -s_chc.d";,tle was required subject to the following restrictions;

a, The uprated vehicle development program was to be parallel with
the existing Satuyn V program and net interfere with the existing Saturn V
delivery schedule.

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

c. A program definition phase (PDP) was required prior to beginning
uprating vehicle design and developrnent. Earliest allowed PDP start
was January 1967.

d. Earliest allowed authority to proceed for hardware design and
development was Janaury 1968.

3.1 PRICING

It was also required in performing these resources analyses that the
following pricing eriteria be met:
a. Necésgary funds are available ag required.

b. All costs were quoted in 1966 dollare with ne inflationary factor
or mid-point estimate.

¢. All costs were based on two-shift, five-day week for manufacturing

and one-shift, five-day week for engineering.

13
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4.0 MLV-SAT-INT -20/-2]1 LAUNCH VEHICLES

The MLV -SAT -INT -20 is a combination of the Saturn V $-IC and
S-IVB stages. The MLV -SAT ~INT -2} combines the Saturn V §-IC and
S-1I stages. All arrangements (see Figure 4-1) were found to be
feagible. Each of eight'stag'e/eng_i.n'e configurations could be used
efficiently to launch a payload in increments between 78, 000 pounds and
255, 000 pounds to a 100 nautical mile Earth orbit.

Since future requirements will likely vary over a wide range of
payloads and configurations, all INT -20/-21 vehicles should be imple-
mented simultaneously. This would allow NASA planners to select the
vehicle matching a specific payload requirement.

If an uprated vehicle is chosen for development, there are similar
logical intermediate derivatives to be considered.

4.1 CONFIGURATION SELECTION (PHASE I)
Combinations of the three Saturn V stages and numbers of engines
were studied during Phase I to establish the most promising configurations

for detailed investigation.

4.1.1 Candidate Confipurations

Three eonfigarations were studied for INT -20, each having an S-IVB
with a three-, four-, or five-engine S-IC. INT -2l arrangements included
a three-, four-, or five-engine S-II combined with a four - or five-engine
8-IC. This resulted in six INT =21 vehicles.

4.1. 2 Trade Studies

+

Parametric data were generated for the candidate INT vehicles
covering the following: (1) weight and mass characteristics, (2) trajectories
and performance, (‘3}' aerodynamics and heating, (4} vehicle control,

{5) de.'sig_n loads, and (6) separation. A 'summéry' of INT -20 and INT -21
launch, propellant, and payload weights is shown in Table 4-I. The five-
engine INT-20 vehicle, even though launchead at a thrust-to-weight ratio

of 1. 25, depletes first-stage propellant rapidly. It therefore reaches a
structural load 1limit at about 88 seconds after launch and three engines must
be shut down. The resulting payload is not significantly better than the

four -engine case {see Table 4-I) and therefore the five F -l engine INT -20
was not considered further.
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TABLE 4-] INTERMEDIATE VEHICLE PERFORMANCE SUMMARY

VEHICLE STAGE NUMBER OF LAUNCH Wy W 100 NM
ARRANGEMENT ENGINES WEJGHT PAYLOAD

10° LB 106 LB 10° LB 103 1B
SAT-INT -20 S-1C/S-1VB 31 3.65 3.0 0.23 78
41 4,87 4.1 0.23 132
501 5. 07 4.3 0.23 133
SAT-INT -21 $-1C/S-1I . 4/3 4, 87 3.56 0.71 167
> 4/4 4. 87 3.40 0.85 186
4/5 4. 87 3.30 0.93 196
5/3 6.09 4. 56 0.84 222
5/4 6.09 4.47 0.9L 246
515 6.09 4.42 0.93 255

Wpy = First stage mainstage propellant
Wpy = Second stage mdinstage propellant
Initial launch azimuth - 70 degrees
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FIGURE 4-2 INT-20/-21 YEHICLE COMPARISON

For the remaining baseline candidates (shown on Figure 4-2), it was
necessary to shut down one or more F-1 engines during f{irst stage flight
to avoid the present 4. 68 g longitudinal acceleration limit. The time of
shutdown and number of engines shut down are shown with the first-stage
buratime on Figure 4-2. B

INT -20 and INT -2]1 vehicle costs were derived fer six launches per year
for five years. It was assumed that Saturn V was also launched at the
same rate during this period. Bulk of the non-recurring cost {see
Figure 4-2) 18 due to the increase in production and launch rates.
Approximately 124 million dellars are required at KSC to build and equip
for the new rate. The remainder covers mostly facilities, tools, and
equipment. Note the marked reduction in R&D cost for eight per year and
$ix per year INT production rates. The non-re¢urring cost for implementing
all configurations simultaneously is estimated to be 13 million dollars
{eight percent) more than the lowest-cosat single arrangement at 12 per year.
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