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] My dear Mr ‘hco Prcuidcnt. j

!

This is an attcmpﬁ to answer some of the questions about our | 0
- mational space program raised by The Presideat in his memorandum - el
_to you dated April 20, 1961, I should like to cmphasize that the fole @ '~
lowing comments are strictly my own and do not necessarily reflect \
‘the official position of the National Acronautics and Snace Admims- , e

tratzon in which I hava the honor o serve.

. Question l.. Do WQ have a chancc of beating the Soviets by | ' - L
- putting a laboratory in space, or by a trip arcund the moon, or B, it ' '
© rocket to land on the moon, or b; a vocket to go to the moon and . _
back with a man? Is there any cther space program which p +omises. e T
dramatic results in which we could NE e ; S g '

= Answer:. With their recent Venus shot, the Soviets demon- il T

‘“"rated that they have a rocket at their disnosal which can place . o7 . ¢%0 i

, 000 pounds of payload in orbit. When one considers that our own .7

: 'one-man ‘Mercury space capsule weighs only 32900 ounds.--1t becomes
. readily apparent that the Sovict carricr rocket bhould be _capable of

- launching scveral astronauts' into orolt bnnultancoualy.
- (Such an enlarged multi-man capsule could be considered -
.+ and could serve as a small "labora 'a:o:'y in pace" ). :

- soft-landing a substan‘aial pa.vloac‘a on t"ze moon.' "My
i estimate of the maximum soft-landed net payload weight
“-the Soviet rocket is capable of it about 1400°pounds . ./ °
“{onc-tenth of its low orbit payload). This weight capa~ .
- bility is not au.ff:.ment to include a rocket for the return :
w3+ flinht to earth of a man landed on the moon, But itis. =~ i -
1 o _ ent:rely adequate for a powerful radio transmitter which.'.- e
.07 7 would relay lunar data back to earth and ‘which would be -x.- i i kX
Sy T a.bandoned on the lunar .,u“face aftcr completzon of this" - v
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mission. A similar mission is planned fox oux

W«»’““"‘"’" "Rangor' projoct, which uses an Atlea-Agena 3

boost rockete Tho "semi-hard' landed postion

' of tho Rangoer package weighs 293 pounds, - -
: : La.unchinn is ochoduled for Januaxy 1962,

o, ‘The existing Soviet rocket could furthermore hur
" a 4000 to 5000 pound capsule around the mooa with ensuing re-catry
into the carth atmosphere. This weight allowance raust be considorod
. marginal for a one-man round-the-moon voyagce. Specifically, it .
.. would not suffice to provide the capsule and its occup ant with o Msafa.
% abort and rotura' capability, - a feature which under NASA gwound

-1 rules for pilot safety is considered mandatory fo‘ all manned spaco,
flight missions. One should not overlook the possibility, howcver,
that the Sovicts may substantially facil tato their taskt oy sirasda
| waiving this requircment, ' »

>

W - A rocket about ten times as powerful as the Sovict
' Venus launch rocket is required to 1and a rman on the moon and being
him back to carth. Developmacat of such a supos rocket can be cize

cumveated by orbital rendezvous and refucling of smaller rockeots, bud
the developmeont of this technique by the Sov;c;s would not be hidden
from our eyes and would undoubtedly require sevoral years (oossm-/
as long or oven longer than the development of o la.rgo Gircct=8ight

' - super rocket), : '

Summing up, it is my belief that
' a) we do not have a good chance of beating the Soviots
w0 to 2 manned "laboratory in svace.' Tho Russians’
¢ould place it in orbit this year while we could
establish a {somewhat heavier) laboratory only

L
bp
o]

after the availability of 2 reliable Saturn C-l ‘Walch' )
is in 1964, '
S . b) we have a sporting chance of beating the Sovieta to

a sofi-landing of a radio transmitier station on tha
moon. It is hard to say whether this objective isoa
tacir program, but as far as the launch zocket is
concorned, thoy could do it at any time.” We plan
to do it with the Aﬂas-Agena. B-boostcu '%.:mo" ,)3
" in oarly 1962. L
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/;’;"““W 5 {1965/606). However, tho Sovicta ¢ould conduct
4 . ... around-thoemoon voyago carlior if thoy ava

e e

- - $ecal yoars may run twice as high or moze,
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, €) wo have a sporting chance of sending & 3-mcon

wwl =~ ]

e CXOW aTOund tho moon nhicad of the Sovicis

' ready to waive cortain emorgency safoty fcae

turos and limit the voyage to one man., My
' ostimatc is that they could perform this
simplificd task in 1962 oxr 1963,

" .- - 7 @) wo have an oxcellent chance of beating the .
s Soviets to tho first landing of a crew on the
moon {including return capability, of coursc),
The reason is that a periormance jump by o
- factor 10 over thelr present rockets is neccse

-

¢ .eary to accomplish thic feat. While today wa
do not have such a rocket, it is unlikely that
.-.'the Soviets havo it, Thercfore, ws would not
g have to center the race toward this obvicus nein

goal in space exploration against hopsicess odds

sy favoring the Soviets. With an zll-cut crash

- program I think we could accomplisca thisz
objactive in 1967/68. o
. * .

. Question 2. How much additional would 2 cosi?

o Answer: 1 think 1 should not attempt to answer this
Question beforeo the oxact objectivos and the timo plas for an accole
orated United States space program havo been datermaingd.
Howevor, I can say with somo degree of certainiy that e necassary

funding incroase to mect objoctive d) above would be well ovar

24
81 Billion for FY 62, and that the required incweascs fox supsoquens
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Quoontion 3. Aro wo workmrf 24 hours o day on c.,.ix;t,ne' pro»
grama ? If not, why not? If not, vwill you make .oco‘mcnda..o'ms
tomo a8 to how work can bo speodad up. :

. Anoswort Weo aro not ch-lc.nrr 24 hours a day on existing’
programas, At preacent, work on NAGA's Saturn project procoeds oa
~ basic onadshift basis, with overtime and multiple shift operations
approved in cwxitical "bottleneck' aroas,

During the months of January, Fobruaxy and
March 1961, NASA's George C, Marshall Space Tlight Center,
which has systems managoment for the entire Saturn vehiclo and
dovolops thoe large {irst stage as an inhouse project, has worked an
avorago of 46 hours a wock, This includes all adminisirative an
clorical activitics, In the arcas critical for the Saturan f:-':o_}ccq.
(desiga activitics, aescembly, inspecting, testing), avorage woxrking.
time for the samo period was 47, 7 hours a week,, with {adividuol
poaks up to 54 hours per weeks '

i €5 s

Exporionce indicates that in Researca & Dovelw
opmeont work longoex hours are not conducive to progrcss becauss o
hazards introduced by fatigue, In tho aforementioned critical cxees,
a sccond shift would greatly alleviate the tight schoduling situation.
However, additional funds and personnsl spaces aro rogquired t
& socond shift, and neither are available at thio timoe. In this
help would be most cffective,

Introduction of a third shift cannot bo rocome

« mended for Rescarch & Development work. Industry-wide cxpazie
lonce indicatdd that a two-shift operation with moderats but not
‘excassive overtime produces the best rosulta,

'

i In industrial plants engaged in tho Saturn proe
gram tho situation is approximately the samo. Modoratcly increzsad
funding to permit groator use of premiuvm paid overiimag, prudcn’*.y
applied to raal "bottlenack" aroas; can doﬁmtoly opGed up (ho paoe
gram. '
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Suestion 4.  In building large boosters showld we put ouw
cmphasin on nucloar, chemical or liquxd ;ucl oy & combination’
of thooo throa? ‘

Answor: It {8 the concensus of opinion among moat rocket
mon and reactor oxports that tho futurc of tho nucloar rocka: las Ia
deop=spaca operations {upper o stages of chemicully~boonted rockuts
or nucloax space vchiclos departing from an orbit around the ear g
rather than in launchings {(under nucloar powor) frora tho ground. Ia
addition, thoro can bo little doubt that the basic tochnology of nuclear
,rockets is otill in’its carly infancy, Tho nucloar rocket should thewow
fore bo lookod upon oo a promising means to cxiend and expand the
.8copo of our space operations in the yoars beyond 1967 or 1908. i

/:mould not be considorod as a sovious contonder in tho b:m D005ICY
problom of 1961,
; o

The foregoing commont refors to tha simples
moat atraxghtfo*ward typo of nuclear rocket, ma. the Yheat trancier™

40Uy wa Craaws

or '"blow-down' type, waercby liquid hydrogen is ova porated and

suporhoated in a very hot nuclea. reactor zad subscquendy cpandad
‘rough a nozz,lc.

§
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_ Thore & also a fundamentally different type of

nucloar rocket propulsion system in tho works which i waually

" referrod to as "ion rocket' or “ion propulsion', Ixc.\,, e nuglesy
encrgy is fixrst converted into clocirical power which is then uscd oo
expel "{onized" {i, 6., clectrically charged) pariicles into the vacuus
of outer space at extremely high spceds. The resulting reaction

o
force is the ion rocket's'thrust', It is in the ver y asturc of nuclear

Lioa
ion propulsion systems that they cannot be usoed in the atmosphcere,
While very efficient in propellant economy, they Lro capable only of
very small thrust forces. Therefore they do not qualify '"ooosters®
at all. The future of nuclear ion propulsion lics in itc apslication fc 3
IOWothmst, higheeconomy cruise power for x“tx,*mﬂ" LTV VOYAGS

"As to "chemical or Aq\nd fuel' The Presidentts
question undoubtedly refers to a comparison between Ysolid" aud
"liquid" rocket fuols, both of which mvolvo chown ot Sonctionse

L = m T At the prosent time, our most poworful rociot
boostors {Atlas, firat stage of Titan, first stage o Saturn; azo ail
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~ the burning timo of solid fuel rocksts beyond about 60 saconds, |
. whexreas most liquid fuel boosters have burning tirmesz of 123 soconds
~and moxoe. Thus, a 3-million pound thrust goiid rocker of L8 ceconds

liq\_\i& fuol rockets and all availablo evidenco indicatos that tho Sovicts

aro alao using lquid fucle for tholx ICDM's and space launchings. Thi

largest solid fucl rockots in oxistence today (Nike Zeus boostor, £irst
stage Minuteman, first stage Polaris) aro substantially smaller and

"loso powarfuly Thoro {5 no question in my minhd that, whea it comos

to building vory poworful boostoxr rockot systems, the body of cxpezs

fence availablo today with licquid fucl cyetc...s _greatly oxcocds f.‘.hat
/%:”mtb solid fuel rockots.

Thereo can be no question that largcr and moro |
powerful solid fuel rockets can be built and I do not believe thik

. ~major broakthroughs are required to do so. On the othor hand it "
should not bo ovorlooked that a casing fillad with s0lid mropellant and
a nozzle attachod to it, while entiroly capableo of producing thrust, is

not yet a rocket ship. And although the rcliability record of sclid

. fuel rockot propulsion units, thanks to their simplicity, is improae
" sive and better than that of liquid propulsion units, this doces not a.;mly

to comnpnlete rocket systems, including mid&nca systems, coatsol

eloments, etago soparation, etc.

» Another important pomt is that booster pc“o“u» L
-‘anco ehould not bo mcasured in terms of thrust force alons, bui in

- torms of total impulse; {. 6., the product of thrust iC_/Z‘CO and oporw

ating: time., For a number of reasons it is advanteg
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3 burning tima {s actually not more powerful than = i l/..-»...‘l;;o.. ;c-.md; ‘
» thruet hquid boostor of 120 aeconds ourm‘w S :
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My recommondatxon is to substantially incroano
tha lovel of offort and funding in tha ficid of solid fucl rockais {oy '
:30 ox 50 million dollars fox FY 62) with tho immodiato objuctives ol

e demonstration of tho foaoibility of very laxgoe

"1, B - sogmentod solid {fuel rockets., {FHandling and . REER

shipping of multi-million pound solid fucl
rockets bocome unmanageable unless the
rockets consist of smaller individual seg*‘new""
which can be assembled in building block fashion
at the launching site, )

=... development of simple inspection racthods to

..-—-"‘-‘:"’"""W ‘ moke certain that such buge s0lid fucl wocket

are free of dangorous cracks or voids

« determination of the most suitable oporational
mothods to ship, handle, assemble, choclk and
launch very large solid fuel rockets, This
would involve a sories of papor studio” e
answer quostions such as

a8, Are clistors of smaller solid rockets, oz
: huge, single poursd-in-launche-site solid
fuel rockets, possibly superiox to segmented
rocketa? This question must be analyzed not
- Just from the propuls‘on angle, but from tho

+ " operational} point of view foxr the tolzl spico

. transportation system and its attendan: ground

support equipment.

. - bs Launch pad safety and range safety criteris

‘ e (How is the total operation at Cape Canavonel
= .. - affiected by the presence of loaded raulti

~ million pound solid fuel boosters?)

R R - . ¢ Land vs off-shore v sea launchings of large
solid fuel rockets,

N ~ &s Requirements for manned lauﬁchihgs {How to |

. 8hut tho booster off in case of trouble to pove
mit safe mission abort and crew capsule
racovexry? If this is difficult, what othowr
safoty procodurss should be pA ovxdoa?,y

T




/ . Question 5. " Ara wo m:ddng maximum cffort? Axo wao achisving
/ naceasary rosults? - : S ‘
f ‘ ' N . =
f Anowort © - No, I do not think wo are maldng mozilmuwm efforts

. <o .-
. E -
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In my opinion, tha most viloctiva siops to improve,

our national staturo in tha space ficld, and to cpeed things up wox.ld
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« put all other elements of our national spuee pre

o 6 06 060 06 06 90 8o 0o

identify a fow (thb fower tho bottor) goals in ocur spaca
program as objoctives of highest national priority.

"(For cxample: Leot's land a man on tho raoon in 1967

or 1968.)

identify thoso clements of our pZ‘G"C".t spaca pro
that would qualify as immediate con i
objective. (For example, soft landings of osuitable
instrumentation on the moon to determaing e cavivons
mental conditions man will find therc. ’) o

on the ""back burnezr'.

/' L/IKJ/

«» add anotncr more poworml/\‘ooosx.m to our aciionagd laymes
wvohicle program. The design paramceters of thic booctow

should allow a certain flexibility for desired pwo

“oriontation as more experience lo gathorad,

Example: Develop in addition to what is Leing done today,
a first-stage booster of twica the {otal :mpusg o Seturn®s
first stage, designed to be used {n clusters i needed.

" &e double Saturn's prosently envisioned payload.
- This additional payload capability would be very
helpful for soft instrument landings on the moon,
. for circumlunar flights and for the {inal objective
.7+ of a manned landing on the moon (if a few years
from now the route via orbital rc-{ueling should
turn out to be the more promising one.)

b. assemble a much larger unit by strappiag threo
or four boosters together into a cluster. This
approach would be taken should, 2 fiew years

~henceo, orbital rendezvous and refueling run inlo
difficulties and the "direct route’ foxr tho mauncd

lunar landing thus appoars mowd promisiag,

)
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" With this booster we could A s
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Summing up, I should like to say that in the space
race we are competing with a determined opponent whose peacetime
economy is on a wartime footing, Most of our procedures are designed
for orderly, peacetime conditions. I do not believe that we can win this
race unless we take at least some measures which thus far have been
considered acceptable only in times of a national emergency.

Yours respectfully,

5/

Wernher von Braun



