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I. INTRODUCTION 

The space posture of this country is greatly in- 
fluenced by the efficiency of the launch vehicles available 
to conduct the national space program. A large number 
of different types of launch vehicles, with orbital payload 
capabilities between 200 and 20,000 pounds per flight, 
a r e  presently available for  missions of interest. Others 
a r e  under development and will offer a payload capahility 
of up to 250,000 pounds in low Earth orbits within a few 
years.  This is the decade of a rapidly growing single 
flight payload capahility. This concentration on perfor- 
mance a t  an early time resulted in a relatively poor cost 
effectiveness. The next decades will probably see  a 
concentration on improving the economy of space trans- 
portation, since the resources a r e  limited in contrast 
to the very large number of possible space missions 
which could be undertaken. 

First ,  we would like to establish in this paper a 
general trend in Earth-to-orbit transportation economies 
&sed on the available and approved launch vehicles of 
the national booster program. Then, using this as a 
basis, we would like to Study the effectiveness of the 
introduction of new launch vehicles in the decades to 
come. 
much improvement can be expected by advancing the 
state of the art. Only chemical propulsion systems will 
be considered because there is little evidence, a t  this 
time, that nuclear propulsion systems will hecome 
economically competitive in the foreseeable future in the 
area of Earth-to-orhit transportation. 

We want to make a rough estimate of just how 
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11. ASSUMPTIONS 

In a study of this general nature, a set  of assump- 
tions is required and must be understood for proper 
interpretation of the results. The assumptions are: 

u 

1. The time period under consideration will be 
from 1964 through 1990. 

2 .  The 1964 value of the dollar will be used for  
cost calculations. 

3 .  The residual research and development cost 
a t  the beginning of 1964 will be prorated over all flights 
scheduled in the total time period, when calculating total 
operating cost. 

4 ,  Lower and upper limits for vehicle launch 
rates, as summarized in Tahle I, are assumed. W 

5. Cost and reliability assumptions a r e  listed in 
Table 11. 

6.  Nominal payload capabilities assumed a r e  
listed in Table 111. 

7. Two separate calculations will be performed: 
one, designated "A, will include only approved launch 
vehicles; and the other, designated "B, " will include 
three new launch vehicles in addition to the existing pro 
gram.  These hypothetical launch vehicles have the 
following features: 

a .  Reusahle Orbital Transport for Personnel 
(ROT) - This is assumed to be a two-stage HTO rocket 
plane in the one million pound take-off weight class to 
hecome operational in the mid-1970's. It can car ry  a 
crew of 2, plus 10 passengers and 6,600 pounds of cargo. 
In the case of cargo only transport ( i .e. ,  no passengers), 
the maximum cargo weight is 8,500 pounds. 

(Post-SATURN) - This is assumed to e a two-stage 
VTO rocket vehicle in the 20 million i und take-off 
weight class with a recoverahle first  itage. The payload 
capability is 1,200,000 pounds, The number of reuses 
a t  the beginning is 2 and increases to 10 reuses a t  flight 
number 100 (straight line on log-log paper). The vehicle 
is introduced into the program in the late 1970's. 

h.  Large Partially Reusab e Cargo Transport 
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c . Multi-purpose Aerospace Transport 
(MAT) - This i s  assumed to be a two-stage HTO rocket 
plane in the five million pound take-off weight class, 
which becomes available in the mid-1980's. This vehicle 
can carry 100 passengers, plus 10,000 pounds of cargo, 
over a 10, OOU nautical mile global range o r  50 passen- 
gers, plus 5,000 pounds of cargo, into a low orbit. If 
used for orbital cargo delivery only, it can carry up to 
20,000 pounds of cargo. 

u 

8 ,  A new spacecraft is assumed to be introduced 
in 1971 for passenger transportation in connection with 
the SATURN IB launch vehicle, This spacecraft is a s -  
sumed to he an enlarged APOLLO capsule which can 
transport 12 people. The development costs of this 
spacecraft a r e  assumed to he $750 million and a r e  pro- 
rated over all scheduled flights. 

111. DISCUSSION OF RESULTS 

The results of our calculations a r e  summarized in 
Figures 1 through 9. These illustrations a r e  discussed 
below. 

Figure 1 is the expected cost effectiveness of the 
presently approved launch vehicle program if  extrapo- 
lated versus t ime, Two different firing rates (as given 
in Table I) a r e  shown in order to establish a probable 
lower and upper limit. Included as direct operating 
costs (DOC) a r e  the vehicle hardware, propellants, pay- 
load integration, and launch costs. In case of reuse the 
refurbishment costs a r e  also included. Total operating 
costs (TOC) include the direct operating costs plus pro- 
rated vehicle development and facility costs. The cost 
trend shown in Figure 1 shows somewhat higher values 
than predicted until now. The reason for  this is the 
inclusion of the maintenance and operations cost of the 
Michoud Manufacturing Plant, the Mississippi Test Faci-  
lity, and the Merritt Island Launch A r e a .  

,d' 

Figure 2 shows the influence of the three new launch 
vehicles described in Section 11. A marked drop of the 
cost effectiveness can be expected for the later 1970's 
when the ROT and the Post-SATURN enter the Earth-to- 
orbit cargo transportation picture. The two triangles 
shown for 1990 a r e  the respective values of Figure 1 and 
indicate the middle of the hand. Thus, an improvement 
by more than a factor of three can be expected if use is 
made of the advanced state of the a r t  to become available 
during the 1970's. 

Figure 3 shows a somewhat different trend for the 
transportation of personnel to and from orhit. First  we 
see a rise of the passenger transportation cost during 
the late 1960's, which results from the fact that quite a 
few flights a r e  expected in this time period using 
APOLLO hardware. The APOLLO spacecraft is designed 
for lunar flight, and i s  relatively inefficient for Earth-to- 
orbit transportation. If an  enlarged APOLLO type cap- 
sule (12 men) is used in connection with the SATURN I@ 
launch vehicle, the trend shows a marked improvement 
as indicated for 1971. However, all launch vehicles and 
spacecraft used in the calculations represented by this 
chart a r e  of the expendable type, and it can be readily 
seen that these will drop the passenger transportation 
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cost not much below $5 million per man per trip: a value 
far too high for extended space flight operation. 

Figure 4 illustrates the drastic reduction of personnel 
transportation cost which could be obtained by a fully r e -  
usable orbital passenger transport in the mid-1970's 
The cost per man per trip could drop to less than 
$100,000. This is a reduction by a factor of 50. Note 
thc triangles in 1990 which give the location of the trend 
curves for expendable transport systems, A further 
reduction is possible (which is not apparent on this illus- 
tration) if and when a multi-purpose aerospace transport 
(MAT) can he successfully introduced into the commercial 
global transport market and can also serve the space 
market as well. In this case, a price of less than 
$10,000 per man per trip i s  foreseen for Earth to orhit 
transportation in the late 1980's. 

Figure 5 is a plot of the annual orbital payload capa- 
bility versus time resulting from the assumptions made 
in this study. It is interesting to note that the national 
space transportation capacity will be two and one-half 
times higher if new launch vehicles are introduced (Pro- 
gram B) at a total cost not much more than the alternate 
program (Program A, no new launch vehicles) if inte- 
grated over the total time period under consideration. 
From this viewpoint, the development of new launch 
vehicles in the 1970's appears to he a worthwhile invest- 
ment. 

Figure 6 i s  a plot of all resources required for the 
development, procurement, and operation of the national 
booster program for the assumed launch rates of Program 
A. This does not include the NASA operational budget 
nor the cost of most of the spacecraft. The low launch 
rate assumed fo r  Program A seems to be a very modest 
program, based on today's standards with respect to the 
acceptable share of the space program if put in proportion 
to the gross MtiOMl product (GNP), 

Figure 7 shows the same resources requirements a s  
Figure 6, hut the total is now broken down according to 
the sources for this funding o r  "customers." With this 
set  of assumptions, NASA would finance about three- 
fourths of the total program with only a very small con. 
tribution from commercial sources. 

Figure 8 shows the required resources for Program B 
as a function of time. We now see  that a problem exists 
in the early 1970's, where the peak funding rate rises to 
$6 billion. This results from the assumption of a rela- 
tively heavy operational space program plus the almost 
overlapping development of two new launch vehicles. One 
way of alleviating this situation is to go back to the lower 
launch rate in the operational program temporarily, and 
start  one of the two launch vehicle development programs 
a s  early as possible and delay the other hy one or two 
years to obtain a better spread. 

Figure 9 shows the distribution of the required r e -  
sources over the expected markets: NASA, military, 
and commercial. The total market then amounts to an 
average expenditure of about $3.5  billion per year on the 
basis of a nominal program which is in the middle of the 
two launch rates given. By subtracting the other markets, 

2 



this would result in an aMUa1 average budget of approxi- 
mately $ 2 . 6  billion for  NASA. Assuming that the 
development, procurement, and operation of launch 
vehicles amounts to approximately one-third of the total 
NASA budget, this program would result in an expendi- 
ture rate of approximately $7.6 billion per year during 
the next 20 years, which i s  perhaps not unreasonable if 
we consider 4 percent growth per year of the GNP. Over 
the time period considered, the GNP will average close 
to $1,000 billion per year, thus, the program sketched 
above would represent about three-fourths of the one 
percent of the GNP. The NASA hudget in F Y  1965 is 
expected to be close to $5.2 billion and the GNP $620 
billion; thus, the NASA hudget will he approximately 
0.84 pcrcent of the GNP. 
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This  short study permits the following tentative con- 
clusions: 

i .  The cost effectiveness for cargo delivery to 
Earth orbit should drop by an order of magnitude during 
the next 10 years, hut without the introduction of new, 
greatly improved launch vehicles, the cost effectiveness 
for Earth-to-orbit transportation will probably not fall 
below $300 per pound. 

2 .  Without the introduction of reusable orbital 
transports, the Earth-to-orbit round-trip cost per man 
i s  not expected to drop below $5 million. 

3 .  Earth-to-orbit passenger transportation cost 
can be reduced to about $100,000 per man per trip in the 
late 1970's and to about $10,000 per man per tr ip in the 
late 1980's (under favorable circumstances) hy intro- 
ducing new fully reusable orbital transports, 

4 .  The cost effectiveness of the national booster 
program can he improved by about a factor of three in 
the 1980's by the introduction of a large fully reusable, 
o r  partially reusable, launch vehicle in the one million 
pound payload c lass ,  

5. While it appears desirable to develop two new 
launch vehicles over the next 15 years, a peak require- 
ment may result with respect to resources in the early 
1970's, unless these 2 developments are properly phased. 

6 .  It appears reasonahle to assume that an annual 
orbital delivery capability of 10 million pounds should he 
availahle in the late 1970's, and possibly tripple a de- 
cade later.  

7 .  Further detailed studies a r e  required to con. 
f i rm the descrihed trends and to develop specifications 
for  new launch vehicles, which could strengthen the 
national hooster program considerably. 

TABLE II. NOMINAL ORBITAL FAYLOAD CAPABILITIES 
VEHICLE POUNOS - - 

SCOUT 
THOR-FAMILY 
ATLAS-AGENA 
ATLAS-CENTAUR 

1965/66: 
1967/70: 

TITAN II 
TITAN B 
TITAN C 
SATURN I B 

1964/65: 
1966059: 
1970/90: 

SATURN Y 
1967/68: 
1969/90: 

ROT 
POST-SATURN 
MAT 

200 
I, 200 
5,000 

8,000 
10,000 

\I' 

7,000 
5,000 
28,000 

20,000 
30,000 
40,000 

240,000 
300.000 

8.500 
1,200,000 
20.000 

TRBLE II COS1 & A E L l R B l L l T Y  RSSUMPTIONS 

TABLE I :  ASSUMED LAUNCH RATE (LOW/HIGH) 
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FIGURE I. CARGO COST EFFECTIVENESS (PROGRAM A) 
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\,\ FIGURE 3 .  PASSENGER COST EFFECTIVENESS (PROGRAM A )  
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FIGURE 5. TRANSPORTATION YIELD (PROGRAMS A 8 B )  
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FIGURE 6. ANNUAL FUNDING DISTRIBUTION (PROGRAM A) 
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FIGURE 7. MARKET DISTRIBUTION (PROGRAM A I  
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FIGURE 8 ANNUAI. FUNDING DISTRIBUTION (PROGRAM 6) 
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FIGURE 9. MARKET DlSTRl8UTlON (PROGRAM B) 
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