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ABSTRACT 

This report, the third in a series of reports by the Working Group on 
Vehicular Program to the NACA Special Committee on Space Technology. 
outlines a plan for a national integrated missile and space vehicle develop­
ment program. 

In the introduction to the report, the overall economy of United States 
space flight is discussed. and a chronological listing of milestones in the 
proposed U. S. integrated program is given and compared with anticipated 
Soviet capabilities. The report proper is divided into two parts; Part I 
gives an overall view of the proposed vehicle program. together with conclu­
sions and recommendations, and Part II contains supporting technical infor­
mation in the form of detailed charts and tables.. A r eview of the military 
mis sile program is presented in Appendix A. 

Based on the study reported herein, it is concluded that a national 
missile and .space flight program is n o t only feasible but mandatory for 
national security, and it is recommended that such a program be initiat e d 
imInediately • 
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INTRODUCTION 

A. THE NEED 

The recent launch ings o f sate llites by the Soviet Union and the United States 

have made it apparent that the people of the earth are entering into the a g e of 

space travel. and possibly, of space warfare, unless the present world tension 

can be reduc e d or eliminated. A comparison of present accomplishments shows 

emphatically that the state-of-the-art of the Soviet Union is considerably more 

advanced than that of the United States in both space travel and space warfare. 

Although th e United States is advancing rapidly in the field of space vehicles, 

there appears to he an excessive amount of duplic:ation of effort and a lack of 

complete coordination aInong the numerous organizations involved. This is not 

only an unnecessary burden on the national e.conomy but also a waste of man­

power in what could be considered a national emergency. 

In view of the above, the need for a national integrated missile and space 

vehicle pro grant with4the United S'tates is considered mandatory if this nation 

expects to equal the accomplislunents of the Soviet Union and ultimately surpass 

them in the race for space supremacy. Such a program should utilize all avail­

able research, development. and production capabilities in the accomplislunent 

of a common, well-defined single plan designed to assure national security and 

space supremacy. 

The realization of the need for this program led to the establishment of a 

Special Committee on Space Technology by the National Advisory Committee for 

Aeronautics. The several working groups of this committee are charged collec­

tively with the responsibility of developing a plan for a national integrated missile 

and space development program. 
• 

B. PROGRAM OBJECTIVES 

Thia plan muat properly define a national intearated miuUe and apace vehicle 

development proaram which will ultimately lead to: 

I 
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1. The reaffirmation of national scientific a nd techno logical supr ema.cy. 

z. The provision for an adequate defense a gainst hostile capabilities in 

space warfare. 

3. The extension of the 

{are techniques. 

national deterrent c apability t o include space 

4. The evolution of a national capability for space exploration. 

war~ 

These objectives must be accomplished on a national b asis devoid of the 

interests of any individual, military or civilian group. o r organization, and 

without upsetting the nation's economic stability, disrupting the m anpower 

balance, or draining the national r e sources . 

C. REPORT OBJECTIVES AND SCOPE 

This report is the third in a series of report s to b e submitte d to the NACA 

Special Committee on Space T echnology b y th e W orking Group on Vehicular 

Program. The primary considerations of this r epo rt are given to the space ve~ 

hicles proper; howeve r. it has be e n ne cessary to cons ider o ther aspects o( an 

overall national program to give the vehi c ular program in the prope r perspective, 

This report. therefore, reviews the United States missile program and outlines 

a feasible plan for a national integr a t e d missile and space vehicle development 

program. 

The report is divided into two part s : Part I presents an overall view o( the 

national program, togetiler with conclusions and r ecommendations, and Part U 

contains the supporting techni c al de tails . 

Part I describes 15 different vehic l es whi c h could be utilized in a United 

States space flight program. These v ehicl es , m any o f which have several pos~ 

sible missions, are divided into five generations or c lasses defined as (ollows: 

First Generation - Based on SRBM booste r s 
Second Generation - Based on lRBM boosters 
Third Generation - Bas e d on ICBM boost e rs 

Fourth Generation - Bas ed on 1. 5 million-po und-thrust booster s 
Fifth Generation - Bas ed on 3 to 6 mi llion-pound-thrus t boos ter s 

z 
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Severa.l othe r po aa i bl e c onfigu rationa, co-mprhe d o C v~nou. exhtina a.nd pro · 

poaed c omponenU , were revie wed but not included aince they a ppear e d le •• 

a.ttra. ctive {rom a performanc e, avaUa.bili ty, and coat s tandpoint th an th e ve· 

hic l es presented . 

T he vehi cles requi red {or the proposed national p r ogram are des c r ib e d a nd 

illus t ra t ed in pictoria l fo r m . Payload capabili t ies. Cor indiv idual vehic le . and 

{or all vehicles combined - are considered br ieny. S everal missions are an­

ticipated for many of the proposed vehicles, a nd a typical mission r e qui r ement 

has b een established for all vehicles covering th e period 1958 through 1980 . 

Bas ed on the proposed mis sions and thp. suppo rting prog ra.m r e qui re.Jll enU, a 

typical expenditure forecast has b een estimated and pres e nted. These expendi­

tures exclude the present national missile program without apace fliJ!b:t m issions. 

Part II c onsists of the detailed charts ahd tables required to support the in­

formation presented in Part 1. 

The information utilized in preparing this report was obtained from aeveral 
. 

government and non-government sources. It was found in comparing much of 

the data that inconsistencies existed. primarily due to use of different nom en­

clature or definitions and method of solution for such problems' as p e rfox:manc e 

and payload capabilities. Since the function of this report is to present the facts 

on possible United States c apabilities and not to evaluate existing and proposed 

progra.zns, no effort has been :made to verify some of the data presented herein. 

Although. these effects would not substantially :modify the proposed program, it 

would be very desirable to miniznize the inconsistencies by the use of cornmon 

terminology and methods of solution. 

• 

D. ECONOMIC FEASIBJIJTY 

One of the overriding parameters in the developing of space vehicles, as 

in other means of transportation, is overall economy. The parameter com­

monly used in surface and air transportation is dollars p e r ton-mile. For space 

flight, this paramete r should be modified Since distance is not a convenient mea-

3 
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TA'LI 1: III ORBITAL T\lAIISPORTATION -
10. 11&501"1011 OED ~ TOTAL TOTAL IN REALB . OF GROWTH n·. PAYLOAD PAYLOAD COST FACTOR IN FACTOR - CAPABILITY CAPABILITY COST RELIB~ COST ICOST 

-+ 

b' lONS - POl/IIDS ~ POlT~DS $ILB $/LB 
-+ 

11 U "(1(' Nt u se 4@l. 5 165 145 880,000 0 . 25 3,5 20,000 100 1000 
7@2 1. 5 

2 tl JUII) 1 PWX' 'M u se 3@18. 5 105 8 76 ,000 0 .67 113, 500 3.25 1750 
2@2 5 

] IU J'UJI) 11 ",OC' 1M 1959 2@1 2 164 21 128,000 0 .67 191,000 5.45 1500 
2@10 • 

, uc Ja) IV : 19S9 24 5 , )20 825 )360 0 .75 4500 0 . 15 57 

5 IllC _rrrlll An AS 1959 )6@8SOC! 31 5, 500 340 1080 0. 75 1400 0.05 36 
S@1900 • 

6 IItP _rrmntltll 1960 7l'?llsoc! ), 18),000 1577 49 5 0. 75 660 0 .02 30 
6@)400 

• 

7 A UftQI 1 SOC! It 1962 112 ,)20,000 369 5 290 ? --- --- 29 • 
• 

I IIOOITD 

12~=:: 
+ , 12 • V 10 lOOO I- 1968 55 ,130,000 2812 SO --- ---• 

• 

I00I1--

*90 HIWOil ORBIT poa ORBITAL MISSIONS AND 
"CAn POa LUIU.a AIm IhU-" "'tTAIlY KISS IONS 

**CC»eCDCJ AI PLICHIS A.. NOT IMCLUDED 
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lure, elpecially under the a b sence o f gravity . It, therefore , acern. adviaable 

t o utilize COlt tler lm~ t payload delivered into iii apecific orbit o r to eacape velo­

city al a par;uneter for overall ccono:my. 

If the prescnt a nd fu t u r e tr ends of t he proposed apace flight transporta t ion 

sy s t ems are inve stigated, t h e p osit io'o o f e a c h vehi c le in the ove r all economic 

p ictur e will be c ome appar e nt. Table 1 compiles a f e w chara c t e r is t ic fi gu r es 

of pre s ent and anticipated orbital carrier vehicle s which illu s trate c l early th e 

trend in the overatl e conomy. Included in this table ar e operatio nal dates , sln g l e 

m i ssile payl oad capability, and t o t a l program pay load capability. a s w e ll a s t o tal 

pro gram cost . Dividing the t otal program cos t by total payload and assuming 

1000;0 reliability, the payload-in-orbit cost can b e obtained (Column 6). By in­

troducing a reliability factor for the probability of successful flights. an efCec­

tive payload-in-orbit cost is determined (Column 8) which gives the des ired 

parameter for overall economy. Since the mission of a carrier vehicle is to 

deliver a given payload into orbit, the proper economic perspective can be given 

each vehicle by comparing the values given in Column 8 of Table 1. 

Since it is not the function of this report at this early stage of investigation 

to decide which of the possible future space vehicle development programs should 

be initiated. no specific recommendations have been made. However. the follow­

ing comment is considered in o rder: The n eed for a t l eas t one vehicle in each 

g ene ration is considered necessary in o rder t o provide a systematic advanc e ­

ment 1n the state-of-the-art and the steadily i n c r easing o rbita l and space mission 

payload capability req~ired to achieve U.S. space supremacy. 

To provide some understanding of the program as a whole. milestones of 

the recommended U. S. space flight program are listed chronologically in Table Z. 

One of the out. tanding milestones in the U. S. 8 pace flight program should be 

that of performing a manned lunar landing in advance of the Soviets, and it has, 

therefore, been establiJthed a8 one point on the capability chart. 

5 
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~BLE NO. Z 

MILESTONES OF THE RECOMMENDED U.S. SPACE FLIGHT PROGRAM 
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The b ea t available infotmation on the U~ S. S. R. target date for auch an 

a ccompli shm e nt is prior to S eptetnb e r 1967. After ca reful conside r ation of th e 

anticipated U.S. apace vehicle capab ility. i t ia b eliev e d that the U.S . will b e 

capable o f perfoalling this f e at not late r than Augu8t of 1966 w i th a ba c k-up 

veh i c l e to insure maximum possible human aa(ety. There is a poaaibility that 

a manned lunar landing. on an em e r gency baais without a ~ck-up vehicle, could 

b e accomplished as early as July 1965. 

Th e milestones listed i.n. Table 2. are considered feaaible and obtainable aa 

indicated by the supporting information presented in the body of the report. 

Satellite capability is cmsidered a good yardstick in measuring the apace 

vehicle state-of-the-art for a given nation. The anticipated U.S. and U.S . S.R. 

satellite capabilities are compared in Figure 1. The indications are that at 

least five years will be required for the U.S. to overtake and surpass the U . S.­

S. R. if proper action is initiated in the very near future. This compariaon, 

together with the comparison of U.S. ' and U.S.S.R. lunar landing capabilities 
• 

give n in Figure Z. reiterates the need for rapid U.S. advancement. 
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PART I 

P ROPOSED VEHICULAR PROGRAW : AN OVERALL VIEW 

Thill division of the report is designed to gi ve AD overall vi.e. of the pro .. 

posed vehicu lar program. The vehicle. a.re clas.ifie d by leneralion or cia •• ; 

their payload c apabilitiea are d.iacU88ed ; typical mhaion requirements are .1· 

tablished; and funding informa t i on presented . Part I i a culminated by the pre­

s en tatio n of th e con c lusion a and r ecommendation •• 

It should again b e noted that all po.aible vehic le c onfiguration ... re not in­

clude d. The vehic les presented in each configuration are conlidered typical 
J 

and are presently preferred over the other vehicle, inve stigated . 

A. SPACE VEillCLES BY GENERATION (CLASS) 

The vehicles required for establishing U.S. apace 8upremacy in the quickest 

and most economical manner are listed and described in Table 3. The vehicle I 

included in this table are divided into five generations in an effort to group 
. . I 

similar vehicles in the same class. Each vehicle in the propoled program haa 

been given a Roman nurnefral and letter designation indicating generation (clas.) 

and vehicle within each generation, respectively. , 
The first generation vehicles, VANGUARD and JUNO 1, are presently in 

existence and are based on SRBM class boosters (s ee Figure 3). The second 
. 

generation vehicles, JUNO n, THOR-117L (ABLE I), JUNO IV, are baaed on the 

IRBM b oosters and are illustrated in Figure 4. 

The third generation vehicles are based on the IGBM boolters or in the cale 

of con~guration ill E a modified ICBM booster. Figure 5 .ho ... the external 
• 

views of the six configurations being considered for the third generation. 

The fourth generation vehicles are based on .a. 1.5 million-pound thrult 
, 

• • 
boost.~r as illustrated in Figure 6. In order to have a fourth generation boo.ter 

.I 
available beginning 1961, only clusters of smaller engine. have been conoidered. 

Configuration IV A would be based on a cluster of four 380K englneo, preoently 

II 
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being developed, and the alternate configuration IV B is based on a cluster of 

nine 165K engines. 

The fifth generation vehicles are based on.the development of a single bar­

reI!. 5 million-pound engine. A cluster of two to four of these engines will be 

used in each booster as shown in Figure 7. 

The fourth generation of space vehicles is consid.ered to be an interim 

8olution providing a large orbital payload capability and having an operational 

period througb approximately 1970. For this reason, the p08siblity of conver­

sion of the clustered booster for a single barrel 1.5 million-pound thrust engine 

in the booster has not been considered. With the increasing size of boosters 

and the resulting increase in cost and firing rates) it is considered mandatory 

that the boosters be recovered and reused Indications from a preliminary 

feasibility study show that approximately 40 percent of the total cost for the 

proposed booster vehicle program can be saved if recovery is used. The 

configurations shown in Figures 5, 6, and 7 illustrate turbojet engines as a 

method of recovery; however, other methods could be utilized and would 

result in similar savings. Recovery of the top stage is illustrated for the 

later vehicles by use of a winged configuration. Here ag~in, this is only one 

possibility for satellite recovery and is included only to show that recovery 

should be accomplished . 

B. PAYLOAD CAPABILITIF.S 

The estimated useful payload capabilities for each of the proposed vehicle 

configuration. is prele_nted for varioul misaions in Table 4. Payload capbili­

ties have not been inc luded for aome configurations for one of the following 

1. Vehicle not capable of perfortning the aubject mi •• ion. 

Z. Vehicle capable or perrormlna minion, but the uleful payload would be 

too .mall to be or practical value. 

3. Vehicle payloacl capability would be too 1arle to perform a uaeful 

function. 
Z3 
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TABLE 4 

U.S. SPACE FLIGHT PAYLOAD CA PAB I LlTY 

VEH ICLE .: "'c:'H CI~~~~':. LUNAR LU NA " LA NDIN' 
SATELLITE ... • 

DESIG DATA 
ONE WAY RETURN 

~ son ~ 
PROI( I"TI~ 

I A VANGUARD 3 . 5 - 2 I - - - - - - - M" It •• 

. 
I B J UN O I 18 - 35 - - - - - - - JAN It .. 

IIA JU NO D 100 - 200 - 15 - " - - - ocr IU. 

lIB T HOR - ABLE 200 - 4 00 - 50 - 50 - - - SEPT 19)1 

IIC J U NO Dr 500 - 2,500 1,000 140 120 200 70 14 0 - MAY It~, 

~ 

ID A ATL AS + 11 7 L ZPOO-3,OOO 1,00 0 - - - - - - JULY 11$1 

~l IDB TITAN lPOO-3,000 1.000 - - - - - - JA N 1961 

IDC ATLAS + H2/02 UPPER STAG E 3.000 - 9,000 3,000 1.500 1,400 2,000 600 1,500 600 OCT 

IIID TITAN + F2 /~ H" UPPER STAGE 3,000- 6,000 2,000 800 750 1,100 4 00 8 00 300 JA N 1961 

• 
IIIE MOD IFIED ATLAS 5,000-12.000 4POO 3,000 2,700 3,500 1,100 3.000 1,3 00 OCT 196 1 

III F MODIFIED TITA N 5,000 - 10.000 3,000 2,000 1,800 2,500 8 00 2,000 900 JULY 1962 

THREE STA GE VEHICLE 
IJlA WITH 4 - K ENGINES 25,000- 35,000 8,000 5,300 4,BO O - 2,500 5,300 2,600 JAN 1963 

~:E VE HI CLE 

IJlB ~H~GINES 
. 

25,000- 35,000 8,000 12,000 10,000 - 4,00 0 12,000 5,000 JAN 1963 

JrA ~~ ! C;IOR 4- 40,000- 150,000 15,000-50,000 - - - - - - JAN 1967 

~1f;~ : H,IC l E . 20,000- IB,OOO - 10,000- 10,000-
Jr B - ~ 100pOO- 300pOO - 25,000 2 1,000 - 15,000 - 13,000 J A N 198. LEAR 

Fll-r: NO '.A 
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C. TYPICAL MISSION REUUIREMENTS 

Table 5 lists the t ypical mission r equirem ents, by vehicle, for the pro­

posed national prog ram thro ugh 1980 . The missions listed for items 21 through 

26 could b e a ccompli shed by e ither of th e three vehicles shown; therefore, it 

may b e possibl e to e l i m ina t e o ne or two of the third generation configurations. 

Likewise, th e mis sion s listed for th e fourth generation vehicles could be accom­

plished by eithe r configuration IV A o r IV B and the n eces sity for both vehicles 

does no t appear justifiabl e. The missions for the fifth generation vehicles 

coul d also b e a ccomplished by ei ther V A, an all-chemical configuration, or 

V B, a chemical -nuc lear configuration. However, it would be premature to 

consider e liminating e ither of the fifth generation vehicles at this time. 

Based on the timetable used in preparing this report and the overall econ­

omy of space transportation by 1970, the requirement for vehicles for com­

mercial us e ha s be e n included as a mission for the fifth generation vehicles. 

These vehic l es, beginning in 1970, are not considered part of the develoPI?ent 

program but are added to indicate the first probable date that commercial 

space transportation will become available and-~he approximate quantity of 

vehicles requir e d. 

One factor not included in Table 5 which should be considered in planning 

vehicle r e qui r ements for the future space flight program is that of using 

military vehicles for non-military missions as they are replaced by more 

advanced configurations. For example, as the POLARIS and MINUTEMAN 

replace the JUPITER and THOR, the boosters of both these missiles could be 

used as a bas i c space transportation system for numerous space missions and 

at very little additional expense, assuming the vehicles would be made avail­

able by the military. 

The number of vehicles listed in Table 5 indicate firing requirements for 

the proposed program. There is, however, one possible exception: that of 

the space defense vehicles. These vehicles could be stockpiled if there is no 

immediate need for them. For vehicles utilizing booster recovery, and in 

some cases top stage recovery, the production requirements for the recovered 
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components would be substantially l es s than the numbers li s ted. 

In reviewing the various missions and the overall pro g ram listed on Table 

5 , the requirement for each generation of vehicles is considered necessary to 

accomplish the objectives of the program. It should be possible , however , to 

e l iminate two or three of the listed vehicles, as discu~s sed a bove, without 

affecting the r esults o f the program. 

Since the mission of the carrier vehicles discussed in this prog ram is to 

provide orbital and space transpo rtation, a good measure of the magnitude of 

the vehicular pragrant would be that of the total accwnulated payload capa ­

b ility. F igure 8 pr e sents a graphical r epresentation o f the accumulated pay_ 

load c apability for escape missions, o rbital missions, and the total of all 

planned missions. It is interesting t o note that if the proposed vehicle program 

is a ccomplished, the U. S. would have the capability of delivering into space 

40,000 tons (80,000,000 lb) of useful payload. This value would b e over and 

above that of the payload-stage' vehicle, which could also have Som e practical 

application. The exis ting requirement for military vehicles has not been 

included in Table 5 since the purpose of this report is to present a space 

vehicle development program with maximwn use of military hardware. In 

order to accomplish this study, however, it was n e cessary t o review the 

military program, and the results are presented in Appendix A. 

D. FUNDING 

As mentioned earlier i n the report, one of the overriding paramete rs in 

the development of a space vehicle progra.m is the overa.ll economy. The budget 

requirements for the propos e d progra..rn have b een listed by components for 

each' year through 1980 and result in a grand total of $1 7. Zl billion, which i, 

an average of $750 million p e r year (or the Z3-year period. 

In evaluating the data presented, con. ide ration sbould be given to the 

following: 
• 

1. The unit co.t (or the vehicle. i. ba.ed on the co.t of exia ti ng vehicles 

and the extrapolation of the.e va lue. {or later vehicle.. The vehicle 

Z6 
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cost presented also include the payload cost. 

Z. Development costs are based on existing and proposed development 

programs and estimates from several sources on later developm ents 

A detailed breakdown for all development costs is given in Part lI. 

3. Program administration, operation, and suppo rting research costs 

are based on present expenditure levels and the e~pected expansion 

required for the proposed program . 

4. Booster recovery is assumed in generations III, IV, and V and the 

resulting savings are reflected in the data presented . 
• 

5. The cost of the present military program has not b een included in 

the cost information presented. 

6. The cost of the commercial vehicles include d as a mission for the 

fifth generation is not included. 

7. All cost figures are based on the present dollar value and no infla_ 

tion rate has been included. 

• 

It should be understood that the costs for individual v ehicle programs, as 

well as overall general and supporting r esearch costs, are approximate and 

are presented in an effort to indicate an o rder of magnitude for the integrated 

space vehicle program. Figure 9 gives a graphical representation of the 

information presented in Table 5. 

The overall unit payload transportation cost for the program sho!-lld be 

noted here. With a total budget requir ement of $17.21 billion and a total 

space payload capability of 40,000 tons, the average cost per pound of effec­

tive payload in orbit will be approximately $215. A comparison of $215/lb in 

orbit with the VANGUARD cost of $820, OOO/Ib in orbit indicates a t~emendou, 

advancement in the art of space transportation. A review of Table 1 will show 

how the overall economy and performance of each proposed vehicle generation 

improves over the previous generation. 

E. CONCLUSIONS AND RECOMMENDATIONS 

On th,e basis of study performed in the preparation of this report, the 
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following conclusions and recommendations appear jus tifiable: 

Conclusions 

1. A national integrated missile and space vehicle development program, 

as described in this report, is feasible and essential for national 

survival. 

2. Each generation of vehicles, as defined by this report, is considered 

necessary to accomplish the progr.am objectives. 

3. The immediate initiation of a development program for a large 

booster, in the .1. 5 million-pound thrust class, is considered a key 

to the Buccess of the proposed program. 

4. The immediate initiation of a booster recovery system is considered 

necessary,from an economic and reliability standpoint, for the 

proposed program. 

5. It will be possible to surpass the Soviet capability provided an ade­

quate long-range space flight program, such as the one proposed. 

is instituted immediately. 

6. The estimated average annual cost of the program described in this 

report (which is over and above the present missile program) will be 

approximately $750 million for the next 23 years. 

7. The proposed program can be achieved without upsetting the nation's 

economic stability. m~npower balance, or draining the national 

resources if maximum utili zation is made of existing teams and of 

hardware developed under existing and future missile programs . 
• 

8. Most of th e scientific data on upp e r a tmosphere, space. and celestial 

body environment which is n eeded to s olve the problems of space 

travel can b e obtained through thi s program . 

9. The use of inconsi s tent t e rmin ol ogy and m e thods of solution by 

various military and c ivilian g roups involv e d in space vehicle work 

tends to complicate th e eva luatio n o ( vario us vehicles and the 

establi s hm e nt o [ a natio nal s pace [li ght prog ram. 
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Recorrun endations 

It. is recommend e d that: 

1. A national integrated missile and space vehicle development program 

be authorized and initiated immedjately. 

j Z. A development program be jnitiated immediately for a booster in the 

1. 5 million-pound thrust class, with emphasis on early availability. 
-

3. A development program for booster recovery be initiated immediate ly 

for at least the third, fourth. and fifth generation vehicles. 

4. Long-range vehicle responsibility be assigned without delay to indi­

vidual development teaInS, working un~er the direction ~nd coordina-
-

tion of the NATIONAL AERONAUTICS AND SPACE -AGENCY 

in conjunction with the ADVANCED RESEARCH PROJECTS AGENCY. 

5. The objectives established b y this report be accepted as goals for 

the national program, with particular emphasis on a manned lWl.ar 

landing within th e n ext nine years. 

6. Maximwn use b e made of the transportation provided by the program 

for all types of scie ntific explo ration of the upper atmos.phere, space 

environm ent, an d ce les tial bodies . 

7. Necessary ac t ion b e taken to make obsolete military vehicles 

available for space flight missions . 

8. A scientific exploration program be dev eloped at an early date in 
-

order that the space vehicle program and the scientific exploration 

--program can be coo rdinated during individual development phases. 

9. That termino logy and methods of solution be standardized for use by 

all groups involved in s pace veh i cle work, to enable the authorized 
-

agency to evaluate and se lec t proposed space vehicles. 
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PART II 

PROPOSED VEHICULAR PROGRAM: TECHNICAL SUMMARY 

This part of the report is devoted to the presentation of background 

data requir ed to support the information included in Part I. The schedule 

for each item presented below is co.rnpatible with the availability date re­

quired to fulfill the missions established in Part I. 

Table 7 presents the schedule of each vehicle, by missions, and is 

broken down into prelimina ry design, engineering, Rand D firing. and 

operational. The recommended satellite vehicle, payload stage, is given 

in Table 8 and includes the Rand D and operational schedule. payload weights, 

nwnber of vehicles required and the total cost for each configuration. All 

satelli t e vehicles required to accomplish the program objectives are included 

in this breakdown . The TERRA faITli ly of manned space stations is illustrated 

in Figure 10 and is Included to indicate possible configurations. Table 9 

presents the recommended lunar flight program and Figure 11 illustrates 

payload and budget requi r ements va. time for performing a manned lunar 

landing via o rbital refueling. Th e recommended interplanetary flight program 

requir ed to suppor t th e national space ef!ort is listed in Table 10 and indicates 

Rand D and opera t iona l schedules, number of vehicles required and total 

mission cos t. Th e required carrie r vehicles to per form the program objec­

tives are listed in Table 11 together with Rand D and operational schedules 

and nwnb e r of R and D vehicles required. 

The payload capability e nve lopes for the five generations of carrier 

vehicles are plott e d on Figur e 12, with specific vehicles indicated within 

each envelope. This figure gives the proper perspective to each generation 

and indicates the necessity {or each in order to cover the full payload 

spectrum with maximim utilization of each vehicle. 

Table 12 gives the propuls ion systems required to support the carrier 

vehicles listed in Table II and also mcludes additional systems which will be 
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. 
r e quir ed fo r later generation vehicles as well as space-to-space vehicles 

• 
The navigation systems requir ed to perform the space missions are listed 

on Table 13 toge ther wi th schedules and sys t em cos ts. Tables 14A and Its 

give prable,m areas and exp ected expendit u r es for variouB aspe cts of the 

c r e w engineering phas e of space fli g ht which are r e quir ed to enable man to 

s ur vive and t o pe r form a useful func tion i n spa ce, The ground and flight 

t es t facilities required t o p erform the p r ogram outlined in this report are 

listed in Tabl e 15 in t erms of the fWlds necessary to es tablish these facilities 

Although som e of th e information presented in Part II o f this report is 

not within the intended scope of the working gro up. it was necessary to con~ 

Bider thes e ite,m s t o make the prope r assumptions o n the vehicular portion 

of th e program. Since this information was available it has been included to 

I clari fy th e asswnptions made and pOSSibly be of assistance to other working 

groups of the co.mmittee . 

• 
-
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TABLE NO. 8 ' RECOMMENDED S ATELLlT£ VEHICLE PROGR,Ar.c 

1955/58 

195&/57 

1957 /59 

1958/59 

19581S9 

1958/5 9 

1959 / 60 

1959/61 

1959/60 

1958/60 

1957/61. 

1958/60 

1958/6Z 

1959 /61 

1959 /61 

1960 /6 l. 

1962/64 

I 96Z/63 

1962/63 

1961 /63 

1961 / 63 

1962/64 

1965/67 

1959/63 

1964 / 68 

1963/67 

1961/71 

OPER. 

1958 

1958 

1 959 

1959 

195 '1 

i 959 / 60 

1960/70 

196z/63 

19,"0/61 

1961/70 

1961/63 

1960 /61 

1961 /6z 

1961 /63 

1961 /63 

1963/80 

1965/80 

I'1M/ 80 

1963 /80 

1 963 

1964/70 

1964/ 80 

1967/80 

1963/65 

1969/ 80 

1968/80 

197Z /80 
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TABLE NO.9: RECOMMENDED LUNAR FLIGHT PROGRAM 

I , 

MISSION ,0 TEAM 

I n B (11 LUNAR PROBE 1958 1958 3Z 3 $ 
, 
I Mill. 90 3 Mill . NOTS 

, 

, 

Z llA LUNAR PROBE 1958/59 1958/59 15 Z I Mill. 30 Z Mill. JPL 

I ' 

l; llC LUNAR LANDING 1958/ 59 1959/60 • 00 • S • Mill. I, 600 20 Mill . JPL . 

• lliA LUNAR LANDING 1959/ 60 1959/60 2000/500 3 • Mill. l , OOO 18 Mill . 

s WC LUNAR SOFT LANOnfG 1959/61 1961 / 62. 800 3 .' Mill. Z,400 18 Mill. 

, 

.' WF LUNAR LANDING 1959/61 1961 /62. 1000 Z . ' Mill. 2. , 000 lZ Mill . 

7 IV EMERGENCY LUNAR LANDING 1960/64 19.5/ •• 2.5000 ZlZ 0.5 MilL 153 ,000,000 106 Mill. 

, 
1 , 
, 

8 IV LUNAR PROBES 1961 /63 1963/64 5000 I 5 10 Mill . 2.5, 000 50 Mill . 
, 
, 

, , 
, 

, . • 

• V LUNAR SUPPLY CARRIER 1964/69 1970/80 50000 
• • 8 I Mill • 3,400,000 68 Mill. 
, 

SECRET 
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TABLE NO. 10: RECOMMENDED INTERPLANETARY PROGRAM 
• 

No. CARRIER R&D OFERATIONAL SINGLE PAYLQ\I) NUMBER CF -COST OF 'lUI:AL "'YWID 
MISSION 'TOTAL 

VEHICLE PHASE -t PHASE WEIGHT VEHICLES SINJLE PA'YLQ\I) CAPABILlli' COST 

, 
I , 
• 

I IlIA INTERPLANETARY PROBE 1959/ 60 1960/bl 2,000 3 $ 6 Mill. 6,000 $ 18 Mill. 

. 

. 

Z we INTERPLANETARY PROBE 1960/61 1 961/6'Z. 2,500 Z 6 Mill. 5,000 12 Mill . 

. 

3 WF INTERPLANETARY PROBE 1959/61 1961 /6Z 4, 000 • 6 Mill . 24, 000 24 Mill. 

• 

. 
. 

• IV INTERPLANETARY PROBES 1961/63 1963/64 4,000 1 53 .2 Mill. . 16, 000 306 Mill . 

• . . . 
. 

5 V 
INTERPLANETARY RESEARCH 1965/68 1968/7 1 30,000 ' 1 0 10 Mill. 300, 000 100 Mill. 
VEHICLE 

SECRET 
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TABLE NO. 11 RECOMMENDED SPACE VEHICLE DEVELOPMENT PROORAM 

TYPE NAME 
R&D OP~ ci. 

<T 
REMARKS . PHASE TEAM 

LA VANGUARD 1'55 /58 1958 
I 

, 3.5 -21.5 
MAR TINJ AEROJ ET 

FOR INITIAL lCiY PROGRAM 
GE/GRAND C. 

IB JUNO J 1956 /51 1958 (3) 18 - 35 ABMA/JPL 
THREE JUPITER . C (3 STAGES) FLIGHTS 
FOR JUPITER NOSE CONE PROGRAM 

. 
OPERA TIONAL Ml!;)SIONS BEGINNING 

1958 1958/59 • 100-ZOO ABMA /JPL IIA JUNO n WITH THE FIRST FLIGHT TEST 

-+ ~ TEST VEHICLE FOR 117LPAYLOADS 
D DB THOR - 117L 1951/58 1958/59 • zoo - 400 

BEL~JRW AND BIOLOGICAL PA Y LOADS 

1958/59 1959 /80 • SOD -2 500 ABMA / JPL 
OPERATIONAL MlSSIONS BEGINNING 

IIC JUNO IV WITH THE FIRST FLIGHT TEST 

t 1956/59 1959/63 2000 - 3000 :ED· DEVELOPMENT COST PAID BY MlLlTARY PROGRAM IlIA ATLAS _ IJ7L • 
and/or 
IUB TITAN 1955 / 59 19(,0 / 6Z • 1000 - 3000 MARTIN DEVELOPMENT COST PAID BY MILITARY PROGRAM . 

WC 
MODIFIED ATLAS WITH 

1958/60 I. 3000- 9000 CONVApt 
HZ /OZ ZOK POWER PLANT HAS TO BE DEVELOPED 

. HI_ E PROPELLANT (LISTED IN ENGINE PROGRAM) 
and / or 

DlD 
MODIFIED TITAN WITH 

1959 / 61 196Z!M 
HI-E PROPELLANT 

I. 3000 - 6000 MARTIN 
F ZINZH4 IZK POWER PLANT L5 ALREADY UNDER 
AC TIVE DEVELOPMENT (LISTED IN ENGINE PROGRAM) 

Dl 

DIE 
OPTIMUM ATLAS FOR 

1959 /61 196z/80 5 5000 -IZ000 CONVAIR 
MODIFICATION FROM Z x 1 50K + 80K BOOSTER TO 

MAXIMUM PAYLOAD 3 x 165K BOOSTER + HIGH ENERGY UPPER STAGES 
and /o r . 
DlF OPTIMUM TIT~Naix::~ER~ 1960/6Z 1963/80 5 5000 -1 0000 MARTIN 

ECONOMY CARRIER WITH BOOSTER RECOVERY 
WITH BOOSTER WITH MAXIMUM FLEXIBiLITY IN MlSSlONS 

RECOVERABLE ISOOK ABMA/NAA, BASIC CARRIER VEHICLE IN THE LARGE PAYLOAD IV A 19S9/6Z 1963/70 I' 2S000 . 3S000 BOOSTER + SOOK + 80K PROPOSAL '· CLASS 
IV ., 

IV B 9x16SKATLASP.S. + 
1 960/62 1963/70 CONV,.IB ALTERNATE CARRIER VEHICLE IN THE LARGE ? ZSOOO-3S000 3 x 16SK .. 40K HI-E PROPOSAL PAYLOAD CLASS 

VA Z (to 4) x ISOOK + ISOOK 1961/66 1968/80 I' 50000 ·1 S0000 
MARTIN 

RECOVERABLE FIRST AND PAYLOAD STAGE 
V ond ~4)XI --l-

VB 1961/68 1968/80 ,. 100000-Z50000 FULLY RECOVERABLE SYSTEM IF FEASIBLE 

, 
• 

SECRET • 
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TABLE NO.1 2 RECOMMENDED PROPULSION SYSTEM DEVELOPMENT PROGRAM 

I 

7 

8 

THRUST 

380K E-

500K 

USTER 2 

10 20K 

FE PROP 

SPACE 

11 80 TO lOOK AC -------t-""'-' 

1 3 5 00 TO 1000K 

14 

15 -THERMO· 

16 

17 

* REOumE ELECTRICAL POWER SOUR\.;E 

SECRET 

PHASE PHASE ESTlMA:IE 

1958- 1 1 2001 



SEC-RET 

RECOltfUENDED SPAC E NAVIGATION DE VELOP M Et,rr PROG~ 
• 

~ ~ Task I'lii.lr' 
1 TV and Gmnmunication I Spi n rat e con tro l . 1958 1958/59 

System with Spin Sta- II 
bili&ed Satellite 
No Recovery 

2 Close-to-Moon Path II Sp in r e duc tio n co ntrol. 1958/59 1959 
TV Mi •• ion. RF transmiss i o n t ests . 

No Recovery. 

3 Moon J ,anding - Hard. II Precise a ttitude con tr o l 1958 /59 1959 
III and guidance on as ce nd-

ing phas e . N o cont r o l 
a ft e r c utoff of last stage. 

• Moon Landing - ,Soft II As cending phase as in 3. 1958/60 1959/60 
III Attitude cont ro l by jet 

IV nozzle s with horizon 
0 

seeker . RF a ltimete r for 
retro-roc k e t c ontrol . 

5 Retrievable Instrument II Asc e nding phase as in 3 . 1958/59 1959/60 
Satellite. III Attitude c ontrol by j e t 

nozzles with h o r izon 
seeke r . Ignition o f retro-
rockets by command sig-
nal from ground. 

0 

6 Retrievable Satellite. II Continuo ull 3 -axi. attitude 1958/60 1959 0 

Animal Recovery. m control. Partially earth-
and partially apace -fixed 
control. Horizon Beeker. 
Star Beeker. Sta bilize d 
platform with lIupervillion. 
Control and guidance over 
re-entry aa in 5. 

0 

7 Forerunner of Manned II Continuoua 3-axia atti tude 1958/63 1960/6Z 
Sate1lit ••• m control and re-entry. 
Animal Recovery Guidance a. i n 6. 

8 Manned Satellite 6G m Same .a 7 a bove. 1963 1961 
Maximwn Allowance. IV 

9 Station Eotab- m Approach auldance .. nd 1960/66 19M 
l!ohment. IV control. Space otatlon 

V .pin control. Spin &xlo 
control. a.t .... " allaru-nent 
probl.mo. 

0 

50 



•• 

Mission 

Man in Rocket 

Man in X-IS 

Animals in satellite 

•• 

Year 

--M'" -- --
1959 6 min B B B S 

f---+-- -
-

1959 min B B B S -

... 
n · 
o 3 
'-0 
~ . 
" o " - . - ~ o c 
p. " o 

• • 

--
-
-

1959 hrs - B B . S ' T C 
• 

> 
tl ~ • •• 
n 
o , 
~ • 3 -. , 
• ~ -. o 

" -o -
-

-
-
D 

" 3 n" 
0 00 
~ . ~. 
• 3 n o ... ... 
~ (I o· 

" ' • • • 

'" • 
• 
" c. 

-
-
-

'lI 

p 

c 
c 
c 

• 

B.~ 
~ ­.. 0 

~ 

x'" . -~ 0 
n " 
:T < 

• :T -. n --" X -
-
-
-
-

'> -
-
-
-
-Animals in satellite 1959 wks - B BET C I 

il---------+-~ -----+----------+----l----f--f--- ----.:-If.--+--- -i Man in' satellite 1960 hrs B B B STorK C - - C 
,L:.:.: ________ +--.:......-:.. ------ ---/--- ----l----l---+--+-- - --- +---l--
' Man in satellite 1962 hrs B B B , S T C - - C - -

(winged) 
'--'---=---'------+--I----jl------+----1'------+-- -+--1-- -1--- - -+-

4-Man satellite 

Man around moon 

20-Man satellite 

Moon station 

50-Man satellite 

Moon expedition 

1962 days B&S 

1964 days B 

1966 days- B&S 
wk. 

1967 days- B&M 
mas 

B 

B 

R 

R 

1968 mo-y B&S R 
---+----

1972 wks B&M R 

Planetary probes 1972 mo-y B&S 

P e rm. moon satellit e 1973 mo-y B&tS 

R 

R 

Planet landing 1977 yr. B&S R 

B S or E 

B E 

R E 

R E 

R E 

R E 

R E 

R E 

R E 

IOF£RKI' 

T c 
T H 

T&K c 

K H 

K c 
K H 

K c 
K H 

K H 

D 

D 

D 

D 

o 
o 
o 
o 
o 

p 

p 

p 

p 

p 

p 

p 

p 

p 
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1 

1 

I 

I 

I 

I 

I 

J 

H 

-
H 

H 

H 

H 

H 

H 

H 

-
-
-
• 
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• 

• 

A 

A 

ROB
Sticky Note
Bottled oxygen and water no regen capability. Tube food for 4 man. Later stations rgen and kitchen
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RECOMMENDED CREW ENGINEERING PROGRAM 
COS T ESTIMATES 

. 

Capoule 
Total 

No~ Task Volume Year Cost Man Year. (cu ft) (millions) 

1 ·Cap.ulel for animal. (hours) 1 to 10 1959 15 $ 0.3 

Z Suit.: bill-out 1959 5 0.1 . 

3 Air decontamination ~ ~ 1959 
-+ 

Z 0.04 

4 Protection &gainat metear. 1959 5 0.1 
and. cosmic ~ (Inimalo) 

5 TV and telemeter monitoring 1959 100 Z.O 
(preliml"ny) 

6 Waste (storage) 1959 ZO 0.4 

7 Food (tubeo) 1959 50 1.0 

8 Temperature (~~~ 1959 ZO 0.4 

9 ~ for ."Imall (weeks) ZO to 50 ~ 50 1.0 

10 ~forman~ 50 1960 50 1.0 

11 TV and telemeter monitoring 1960 300 6.0 
(complete) 

lZ I Caps~ for man ~ 150 196Z 100 Z.O 

13 Water regeneration 196Z 50 1.0 

14 Waste (ejection) 196z ZOO 4.0 

15 Air decontamination (human.) 196Z 50 1.0 

16 Protection alamlt meteors 196Z 100 Z.O 
and cosmic rays (humans) 

17 Temperature~ 1964 300 6.0 

18 Caplules for man (weeks ) 5.000 1966 300 6.0 

19 Suit.: work in apace 1964 100 Z.O 
(bottle suit) 

ZO Oxygen regeneration 1966 100 Z.O 
(cbemical or biological) 

ZI Food (space kitcben) 1966 500 10.0 

22 Air lock for vehicle elcape 1966 100 Z.O 

23 Suits: moon 1967 150 3.0 

24 600 lZ.0 

25 Food~ 500 10.0 

132.. 150 ..... 3.0 

52 



'" ... 

• 

Ef.RET 

TABLE NO. 15: RECOMMENDED GROUND AND FLIGHT TEST FACILITY PROGRAM 

~ Dill \..illi-+.!160 1 IlillLUill !:ill: i965 ~ 6 """"i96'7 
en 

IB 1.5 ~ • 

f< 

cl n c 3 
U • < m A" C 18 30 1Z r.. 
E-< 
en 
Iol 

m D 1 10 10 5 

E-< 

Q m E OR F " 10 10 15 10 10 5 5 • 

z 
~ IVAORB 1 35 15 10 5 5 5 5 0 

~ V A 5 
• 

n 1 " 1 

m 4 8 10 15 10 ' 5 5 5 

IV 10 10 10 10 10 5 5 

V 10 40 40 10 

E(JUA TORIAL 
1( 2..!!. .1.!!. 2..!!. .lQ. .i.!!.~ ~ 

TOTAL 33.5 140 154 160 115 75 65 75 60 10 

SEr.RET 
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60 

17 

89 

81 
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61 

80 

110 
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APPENDIX A 

In performing the background study required to olltUne a nationa] inte­

grated mi •• ile and .pace vehicle development prolram it wa. nece •• ary to 

collect all available information on the pre.ent and propo.ed military mb.U. 

program. A summary of this information b preaented below in the form of 

table. on typical mi •• ile development Ichedule •• mi.aUe firma rate., and 

mildle production requirement. for all of the prelent or prapo.ed mi •• U. 

Iy.tema. 

• 

• 

, 
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. . 
TYPICAL w::;SII.E DEVELOPWENT PROGRAM SCHEDULE . , . . 
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· 

• 

• 

No . 

1 
, 
, 

• 
5 

• 
7 

8 
, 
I. 

TYPE 

REDSTONE 
57 

• • 
JUPITER 

1 , 
I.J 

THOR 
,. 
58 

ATLAS •• 
3S 

TITAN • 1 .3 
POI.AlUS • 3 

H 

NIXE - ZEUS 

PERSHING 

MINUTE-WAN 

NIlCE -SIM 

. 
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TABLE A ): T YPIC AL MISSILE PROD UCTION R E U UlREMENTS 

~ 
•• •• • • • • 
~ . •• • • •• 120 

• I. f~ IZ .11 " " • 

•• f 5 IS • 8 ~5 IS 
5 !~ l ! ~ 15 5 1 IS ", 

• • 77 • 3 
57 8 • • • 83 

, 
36 • • • • • • " " 5 • • • • • • • " " ". 
9 llr ~~ 3~ ~~ 30 

3. I:~ • 5 17 )0 30 13• 3. • • H' . 

• 8 •• 99 ~:Z4 
I) 11 :z..t 130 3~ I:~ 3~ ~: 5' 5~ ~~:~ I 30 )0 54 ~" 54 

. 1 063 

0 1Z~~ 1 2 o 1Z 12 ' 1* 3~r.~ 3* 3* 3* Z 20 )0 30 30 30 3~~~ 3~ ~~ 0 30 30 0 1031 

J 6 lZ S1~ ~: ,. F' '*'* '* 1~~: Z4 F~ ~: r.:'* ,. F"* .. •• ,'1Z 5 15 ~4~. 24 24 24 24 Z"" 24 24 F' .. ,. ~ ... .. 157Z 

~~ ~ 

fill-~ ..f!L fill- ...ll2.. :..ill-~ JJ..L !-w>- llL ..ii. ...... -'.6.... ~ -"'- --"'- JJ. .. ......... ~ 

. 
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