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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 3900 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 . /v °
“{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 plapned fox oux
_:_,_.___,_,_9;-*-“-""‘"" "Rangor' projoct, which usos an Atlcs-Agena D

Ch: boost rocket. Tho "semi-hard' landed postion
sk * of the Rangoer package weighs 293 pounds,
Launching iz ochoduled for January 1962,

The existing Soviet rocket could furthermorc hus
" a 4000 to 5000 pound capsule around the moon with ¢nsuing re-cntry
.7 into the carth atmosphere. This weight allowance raust be considerod
+* . marginal for a ono-man round-tho-moon voyagc. S'acchzcully, it .
27 would not suffice to provide the capsule and its occupant with o Msafa.
~*. abort and roturn" capability, « a feature which under NASA ground

-1 rules for pilot safety is considered mandatory for ali manned Spaco,
, flight missions. One should not overlook the poasibililty, howavor,
.°f that tho Sovicts may substantially facil tato their task oy simaply

| waiving this requircment, ’ : :

»

Sk A A rocket zbout ten times as powerful as the Eovict

Venus launch rocket is reauired to land a man on the moon and bring
bim back to carth. Deveclopmacat of such a supos rocket can be Cize
‘cumveated by orbital rendczvous and refuceling of smaller rockots, bus
the developmont of this technique by tho Sovicts would not be hiddca
{rom our eyes and would undoubtedly require several years {nom,m-;
as long or aven longer than the development of o largo Gircci=ilight

: supor rockat)

o

Summing up, it {s my belief that

ey

b b s
- vy d

a) we do not have a good chance of oet.tm.g the Sovists
to & manned "laboratory in space. ' Tho Russians’
¢ould place it in orbit this year while we could
establish a (somewhat heavier) laboratory oaly
after the availability of a weliable Saturn C-1 Waich
is in 1964, '

"B} we have a sporting chance of beating the Sovieta to
- a soft-landing of a'radio transmitier station on the
moon. It is hard to say whether this objective iz oa
their program, but as far as the launch rocket is
concorned, thoy could do it at any time.” Wo plan
to do it with the Atlas-Agena B-boom,cu "t:.arro" 'JS
i oarly 1962. e B
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, €) wo have a sporting chance of sending & Z-mcen
crow around the moon ahoad of the Sovicio

& round=-tho-rmoon voyago carliex if thoy ava
ready to waive cortain ecmergency safoty fcae
el turos and limit the voyage to one man. My
ostimate is that they could perfozm tahis
simplificd task in 1962 ox 1963,

- d) wo have an oxcellent chance of beating the .
' Sovicts to tho first landing of a crew on the
moon {including return capability, of coursc).
The reason {s that a periormance jump ov &
. . factor 10 over thelr prosont rocke:s ic neccse
'+ 6ary to accomplish this feat. Whils today wa
do not have such a rocket, it is unlikcly that
.-.'the Soviets havo it, Thercfore, wo would not
y have to enter the race toward this obvicus ncis
' goal in space exploration against hopelesa odas -
favoring the Soviets, With an 2ll-cut craon
program I think we could accomplich this
objactive in 1967/68. '
: h ] .

. Question 2. How much additional would {2 cosi?

_ Answer: I think I should not attempt to znswer is
Question before the oxact objectivos and the timo plos for an accole
orated United States space program haveo been datermainad,

Howevor, I can say with somo degree of certainiy that e necessary
funding incroase to mect objoctive d) above would be well ovar

- $1 Billion for FY 62, and that the required incrcascs fow cub,?oqﬁcn‘-f
" {lecal yoars may run twice as high or mozc, ot b B R K

;e e
i

I_|'
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Ouoation 3. Aro wo working 24 hours a day on existing pro=
gra_'mn? If not, why not? If not, vill you make recommendations
to mo as to how work can bo spcoded up. * '

. Anaswer: Weo aro not working 24 hours & day on oxisting

-~

=3 basic onadshift basis, with ovaertime and multiple chifl operations
spproved in cxitical "bottleneck' aroas,

programas, At prcacnat, worl on NAGA's Saturn project proceeds oa - -

During the montho of January, Februarxy and
Maxrch 1961, NASA's George C, Marshall Space Zlight Center,
which has systems managoment for the entire Saturn vehiclo and
dovolops tho larpge first stage as an inhouse project, has woxked aa
avorago of 46 hours a waocek., This includes all adminfstrative an
clorical activitios, In tho arecas critical for the Satura nroject
(design activitics, assembly, inspecting, testing), avorage working. .
time for the samo period was 47, 7 hours a weel,, with individud
poaks up to 54 hours per week
A
Exporicnce indicates that in Researcin & Dovels
opmont work longex hours are not conducive to progrcss beczuss o
hazards introduced by fatigue, In tho aforementioned critical axeza,
a socond shift would groatly alleviate tho tight schoduling situation.
However, additional funds and personncl spaces aroe roquired to hirc
& socond shift, and neither are available at this time. In this arec2,
help would be most cffective,

Introduction of a third shiff cannot bo racome

-t

" mended for Rescarch & Development work. Industry-wido cxpaiie

_![GI‘}.CO indicataés that a two-shift operation with moderats but not

‘excosaive overtime produces the best resulta,

"

j In industrial plants engaged in tho Saturn pro

. gram tho situation is approximately the samo. Modaorately inc c‘,sad

, funding to permit greatoer use of premivm. p..id. overtimag, prudeantly

" applied to real "bottlenack" aroas; caa definitely opced up tho proe
gram. s . - : e T 0o
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Quecstion 4. In building large boosters should we put cuw

cmphasin on nucleax, chemical or 1iqmd fuel, or a cono'““hon

of thoso threa?

Answor: It is the concensus of opinion among most rocket
mon and reactor exports that tho futurc of the nucloar rocke: lias Ina
deop~spaca opaorations (uppoer stages of chemicually-boonted rockuts
or nucloaxr spaca vchicles depar ting {rom an orbit around the carth) : ;
rathex than in launchings {under nucloar powor) frora tho ground., Ia ..
addition, thoro can bo little doubt that the basic tochnology of nuclear
,Jockets s still in'its ocarly infancy, Tho nucleoar rocket should theroe
foro bo lookod upon a8 a promising means to extend and cxpand the

. 8cope of our space oporations in the yoars beyond 19467 or 19 08. i

,,,.-vanould not be considoroed as a sorious conteador in the big boostcy

.

" moast atraightforward typo of nuclear rocket, viz, the 'heat

problom of 1961,

' '
‘e

The forogoing commont refors to tha simplost and

“.
or '"blow-down' type, whercby liquid hydrogexn is ova 2porated &
suporhoated in a very hot nuclear reactor zad Bub.:cquc..’..lf auded

.rough a. nozzlc.

Thore §6 also a fundamentally different type of
nucloa.r rocket propulsion system in tho works which is vsually
referrod to as "ion rocket! or "ion propulsion’. Here, $hc aucleny
energy is first converted into clocirical power which is then used io
expel "{onized" (i, 0., clectrically charged) pariicles into tho vacuuza
of outer space at extremely high speeds. The resuliing reaction
force is tho ion rocket's'thrust', It is in the very naturc of nuclear

Ciea
ion propulsion systems that they cannot be usoed in the atmos sphera,
While very cfficient in propcllant ecoaomy, thoy Lro capable only of
very small thrust forces. Thereofore they do not quali..y zs '"ooostera™
at all, The future of nuclear ion propulsion lics in its epslication fox
lowsthrust, high-economy cruise powes for mtc‘*ma:.:c'*‘ TV VOYaEGS.
"As to '""chemical or hqmd fuel" The Presideni's
question undoubt edly refers to a comparison betweea “solid" aud
"liquid" rocket fucls, both of which involveo ¢homical r_o:-.ctions. :

"GJ

At tho prosent time, our most powerful rociot -

' b?oators {4tlas, ﬁrat Bta.go of 'I‘i..a,n, first atggo oi Saimm} axs ail

iy

E
-
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liquid fuel rockets and all availablo evidenco indicates that tho Sovicts
. aro alao using lquid fuocls fox tholxr ICDM's and space launchings. TR
) |.7 largest solid fucl rockots in oxistenco today (Nike Zcus boostor, first
stage Minuteman, first stage Polaris) aro substantially smallexr and AT N
: . "loso powarfuly Thoro is no quostion in my mind that, whea {t comoa ' - Pl
to building vory poworful boostor roclkot systemo, the body of cxpare B

fcnce available today with liquid fucl t:yﬁtc...a _greatly excoeda that v -
,,,f'.;—"""mth solid fuel xrockota, g PR

Thero can be no quostion that hrgcr and mora :
.. poweorful solid fuel rockets can be built and I do not believe thik Py,
" ... major broakthroughs are required to do co. On the othor hand it 3
©3" should not bo ovorlooked that a casing fillod with s0lid zropellant and
' a nozzla attachod to it, while entiroly capable of producing thrust, is
not yet a rocket ship. And although tho recliability record of scl
" fuel rocket propulsion units, thanks to their simplicity, is improae
.8ive and better than that of liquid propulsion units, this docs not apply :
e % " to comnvleta rocket systems, including guidance systemc, control T
elomentsa, Btago soparation, etc. ' C

- o Anotheor impoxtant pomt is that booster pe“.o. poeily g SF

7o b .ance nhould not boe mcasured in terms of thrust force alona, bui in PRGN FEag

L7 torms of total impulse; {. 0., the product of thrust force and opere e el
o ating:time. For a number of reasons it is advantzgzous no% 5o e:;te. 5 A e

.- the buraing timo of solid fuel rockeis beyond about 6C saconds, | S

‘- .whereas most liquid fuel boosters have burning times i

JHras and moxro. Thus, a 3-million pound thrust soiid rocke: of L& seconds

“+'. burning tima is actually not more powerful thaw = 1 1/I<uullion neund

thrust hquid boostor of 120 acconda ourmng e L e T Wl
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My rocommeondation 16 to substant{all v increa 1o
tha lovel of offort and funding in the ficld of oolid fucl rocksis {oy
30 ox 50 million dollars for FY 62) with tho immeodiato objuctives o

. I

of"
;e demonstration of the feasibility of very laxgoe : 4

.+ . sogmentod oolid fucl rockets. {(Handling and ) T
shipping of snulti-million pound solid fucl
rockets bocome unmanageable unless the
rockets consist of smaller individual segmonts

_ which can be assembled in buildiag block fashion

P R at the launching site, )

-

: »... development of simplo inspection racthods to e
= maoka certain that such huge solid fucl wockesa }
- aro frec of dangoerous cracks ox voids

« determination of the most suitable oporational

mothods to ship, handle, assemble, chcck and

" launch very large solid fuel xrockets, This
would involve a series of papor studlos &

. ..° . anewor quostions such as

8. Are clusters of smaller so0lid rockets, oz
huge, single pourcd-in-launch-sito solid
fuel rockets, pousibly superior to segmentcd
rockets? This question must be anzalyzad not
Just from the propulsion angle, but frem the a
wir = operationa} point of view for the toicl spoco
transportation system and {ts attendan: ground
support equipment,

. - . bs Launch pad safety and range safety critoa.s _

' - (How is the total operation at Caps Canaven: e

- 2. - afiected by the presence of loaded multie '
million pound solid fuel boosters?)

4 . .+ . e Land vs off-shore vs sca launchinga of large
S L solid fuel rockets.
A e N T .. € Requiremecents for manned launchings {How to
' . 8hut tho booster off in case of trouble to pove
mit safe mission abort and crew capsula
racovery? If this is difficult, whati othewr
.safoty procoduraes should be provided?)

Ay i
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neccasary rosults? - o

/
/ |
/ I

. Anowort® - No, Ido not think wo are maling m:,:;imurn affoxts

In my opinion, tho most ailoct iVn stapn to inaniove,
our natfional staturo in tho space ficld, and to cpeed things up would
be o ‘ . ' : '
- @ identify a fow {tho fower the bottor} goals in cur spaca
. ..". program as objoctives of highest national priority.
‘(For example: Let's land a man on the moon in 1967

or 1968.) '

Sl o idontify thoso elements of our present spaca program
" ' that would qualify as immediate coatributions to this

" e objoctive. (Fox example, soft landings of ouifablc
A ** - instrumentation on the moon to dctermaing the cavirons
e mental conditions man will {ind thorc, ) L

. « put all other eclements of our nationsl Spice progrom
ot on the 'back burner',
| o'l foef
« add another more powor‘ul booster to our national ltunch
_.=z=.vehicle program, The dcaw-x paramciers of thizc boooliow
======""""""" ghould allow a certain flexibility for desired program zov
! " oriontation as more experience {s gatherad,

a first-stage booster of twica the total impulse of Satarinfs

£ Exampla: Develop in addition to what i‘* weing done today,

| “ . first stage, designed to be used in clusters if necded.

|
! '@e double Saturn's presently envisioned payload,
T e “This additional payload capability would be very
Sher T . helpful for soft instrument landings on the moon,
T v for circumlunar flights and for the iinal objeciive
<l “. <. 7 - of a manned landing on the moon {if a few yeazs

; from now the route via orbital rc-fueling should
+ .. turn out to ba the moxre promising one.)

14

assemble a much larger unit by strappiang threo
or four boosters together into a cluster. This
approach would be taken should, 2 few years
.- hence, orbital rendezvous and refueling run into
. . difficultios and the 'direct route" for the mauncd
' lunar Janding thus a.ppoars mowo promisiag,
[ ” . s P - . .

= : . L - +
‘ YT .
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. Question 5. Are we maling maximum ci{fort? Axc we achisving

: -‘ -7 With this booster we could - =

I.l"C.l.l....'l...-.....t..-‘.-r-l.ll..'0!l,.'l.ll!lld.ll.‘l'.'l‘l"‘.."

B e aa
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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,

45/

Wernher von Braun
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