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From: The Ballistic Missiles Panel p R

Subject: Whither Ballistic Missile Systema?

This memo presents a technical analysis of the future of
ballistic miseile systems as 2 component of our retaliatory
capability and is a seguel to the earlier memeo of this Panel
on basic national decisions required in the field of ballistic
missiles.

BASIC ASSUMPTIONS

1. The retention of a retaliatory capability after an
initial Soviet attack with thermonuclear weapons
on the United States is 2 national requirement,

Z, Balligtic missiles must become an in:iispgﬁu;hle
part of such a capability in the future, because of the
increasingiyulnerability of manned bombers.
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3. An ever increasing number and accuracy of offensive
Soviet weapons in the shape of both manned bombers
and ballistic missiles must be anticipated.

4. * The-USSR will seek. to develop an aclive defense against-
ballistic missiles as well as bombers and therefore our
IHHT;E;;‘-’*EE-:‘_E;-"’[:}EEE} missiles must be provided with an inereasing degree
Tt s B ofi b sophistication {counter-counter-measures).
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PRESENT WEAPFPQONS

5. The first generation of ballistic missiles (Thor, Jupiter,
Atlag, Titan, FPolaris (2s a FBEM) | will provide initially
retaliatory weapons of limited effectiveness because:

a. (i) The present liquid-propellant engines in Thor,
Jupiter, Atlas and Titan will not he very reliable
for some time Lo come; they make quick response
difficult; the complexity of these four missiles
is such that substantial degradation of performance
in operational use may be expected;

(ii} Early base installations will be soft and offer
te USSR a small number of targets to neutralize
the missiles;

(iii} Operational cost will be high

tb. The high cost of the Polaris weapon system (which
we cslimate as $20 Lo $30 mi. capital investment
per missile on station if three submarine 5 must
be built fo maintain one on station) malkes a larpge
- build-up of this force very painful for the taxpayer.
The other limitations of this weapon system are
of temporary technical nature:

(i} The complexity of the navigational-puidance
system for the submarine-based Polaris may result
in low accuracy at the start of 10C;

——

{iii} Polaris B with 2 1500 mi. range, predicted

for 1963, may not become operational on planned
date because of technical difficulties; the reaction
tme of Polaris may be initially longer than desired
becavse of communication problems with submarines
on stztion. It should be emphasized, however, that
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even granting these difficulties, the Polaris
sH1l effers ue 2 retalintory weapon system of
superior reliability, which has a high probability of
surviving a surprise attack.

FUTURE TECHNICAL IMPROVEMENTS

Technolopical progress to dale indicates the feasibility of
greatly improved weapon systems from a second generation of
ballistic miasiles.

I. Prepulsion. Within the last few years the progréss in solid
rocket propellants has reached a point where the constructon

of large long-range engines has become feasible. In comparisen
with the present liguid propellant engines the solid propellant
engines are still of rather low performance and therefore itis
necessary to add an exira stage [a lotal of 2 for an IRBM like Polaris,
3 for an ICBM) to accamplish essentially the same mission. The
masxdimum allowable weight of a missile stage is more limited with
solid than with liguid engines, because in the former the propel-
lant is an integral part of the engine, which is also essentially

the air-frame of the missile stage and must be transported as a
loaded unit, The upper limit for rvoad transportability appears to.
be 40-50,000 pounds. A liguid propellant missile is transported
empty and so missile stages weighing loaded over 200,000 Ibs.
are stll transportable {although not oecessarily "mobile"). The
preat advantages of solid propellant engines are their instant
readiness and high reliability, although the latter may not be

fully realized in early versions of solid propellant ballistic
missiles becavse of the introduction of novel engine components,
i.e. thrust vectar control and thrust termination.

In contrast to liguid propellanis which even in advanced pro-
pulsion syslems are comparatively simple chemicals, advanced
solid propellants call for maximum exercise of chemical skill
since complex new compounds must be developed which combine
properiies akin to those of synthefic rubber with several other
properties, the most important of which is the release of maximum
heat on deflagration, Rescarch on such propellants has received
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insufficient support. It would not he wrong to say that a large
chemical corporation invests more chemical research faleat |
in the development of a new type of plastics than we as a Nation
have invesled In research on sclid rocket propellants. A state
of the art has now been attained whickh is not far from full
ulilization of various combinations of fairly common ingredients,
Propellante now available for engine development have specific

thrust of 230-240 sec., which represents a gain of some 50-60 sec.

since 1945. Some further gains will result {rom development

effort on the present level but the results will still be inferior lo

liquid engines. To advance faster and beyond this point, itis

necessary o raise substantially the level of research effort and not

only obtain the maxiswm cffect from the more common materials

but also reach into the chemistry of exolic compourd 6 (such as metal
hydrides, boraines, nitraogen-fluorine compounds). Fu.nds involved

are comparatively small (of the order of $10 mifannum) but skilled persor
nel and pood direclion are essential. The probable result of this
program after two years will be propellants with a specific impulse
gpreater by some 20-30 sec., In the case aof an ICBM this would mean

a gain in payled and structural weight substantially greater tha n

107 or a correspondingly large reduction in take-off weight.

The unattractive features of present LOX-JP liquid engines have
already been mentioned, These disadvantages can be e¢liminated in
the future by further devdlopment effort. For instance, a storable
gystem of liguid propellants (MOMN -UDE'I'B.} has been found by :
Aerojet-General Corp. which permits the use of the same missile lalﬂ‘-'.h.-
same guidance systermn, same turbine-pump assembly for the engine
and gives the same performance to the missile as LOX-TP, after some
relatively modest changes in the rest of the engine and the elimination
af a large number of components, The latter is realizable because
these storable propellants ignite on contact and so eliminate the need
for an electrical ignition system and for many other contrels. Alse,
the generztion of compressed gases for the turbine driving the pumps
becomes much simpler. Thesec propellants can be s'hi_pf'u-'d in drums
and be slored indefinitely in the missile.

II. -&_‘u_idan:u. The doubt about the feasibility of all-inertial
guidance of long range ballistic missiles, which existed in 1954,

* has been eliminated by subsequent developments, Within
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a few yecars all-inertial (that is self-contained in the missile)
guidance will almost surely be good encugh to insure a

CEF of the arder of 1 n,.m. due to puidance alone, which wonld
result in 2 total CEP _  'at ICBM range. At !
the same time, the weight of the puidance packapge will be reduced,
The addition of a single radio link to the ground promises the
reduction of CEP (due 1o guldance alone) to a few tenths of a2 mile,

III. Nose-cone. Lack of scientific data about the reentry of the
nose cone into the atmosphere led to the selection of the heat
sink type of nose conc for Atlas, Titan and Thor. It is now
rather probable that so-called ablation type nose cones will be
satisfactory, even at ICBM range, although much research

and development is still to be done. Such nose cones {if suc-
cessful) can be incorporated into present missiles and will offer
two major advantages: (a) nearly twice as much warhead
weight for the same total weight of the nose cone and (b) faster
terminal velocity and therefore less dispersion due to winds and
less timme for enemy counter measurcs,

IV. Warheads. The hopes expressed in 1954 that yields approach-
ing twill be achieved in a warhead of 1600 lbs. weight

have already been txc:e—cded. A warhead of this wﬂi.g'h‘t. may

have a yield of about | by 1959 and as much as | may be
anticipated for warheads of double the w:jght. An even more
striking progress has been achieved with lighter warheads., The
warhead planned for Polaris is anticipated to have a yield of
about _ _ Yor a weight of - I A warhead of _ iy
J‘#TDPD-EEH! fnr the Minuteman, Thls _is expected to have a yield

of

iQuite generally the lighter warbeads are more costly per
unit yield because prﬂpnrhnnatrly more fissionable material
musl be uvsed, :

FUTURE PROGRAM FOR ICBM

Early Missiles. Two different ICBM's are now under development --
Atlas and Titan., The development of the Atlas is far more 2dvanced
and it ip the only ICBM which offcrs vs the possibility of having

some operational capability in 1960, So much stll remains to be
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done on the Titan project that complelion on schedule in

1961 is not assured. From the technical and eventoally the
operational point of view, however, Titzn will be distincily .
superior. The Alas is a stage-and-a-hald missile, the major 13 -
parl of the engine (without fuel tanks) being jettisoned aflter k i
most of the propellants have been consumed. The engine -
separation hag not been 1iried out in flight and may prove to be
a difficult problem 1o solve. The design of this missile is such
that it can fly a 5500 mile range only if great care is taken to
reduce structurzl weight. The booster engine of Atlas was
originally designed for lower thrus{ and was subseguently
uppraded to 300,000 Ibs. . There is probably little margin for
further upgrading. Atlas has radio-inertial guidance, complex,
costly and difficult operationally. The design of the Atlas

does not allow the carrying of more than ca. 9300 1bs payload
instead of the nose cone and therefore Atlas is not especially
suitable for advanced space missions.

Titan is a true two-stage missile and, although its air
frame design is more rugged than is that of Atlas, it should
easily have the 5500 mile range. It has already been demonstrated
that the rated thrust of the Titan booster engine, 300,000 1bs, can
be increased approximately 30%. It is a more modern engine,
the design of which benefited from some of the experience with
the Atlas engine. T:.um should have the ::n,pa.hxllty of lifting larpe
weiphts instead of the nose cone, because of its air frame
construction. Its all-inertial guidance malkes it suitable for
underground hardened bases. Its least certain and still-to-be
proven design feature is the ignition of the second stage engine in
neAr vacuwm upon scparalion in flight.

Improvements. Titan can be improved in several ways. The
substilution of self-igniting storable propellants for LOX-JP
should gain in operational simplicity, reliability and quick
response time. Due {o the self-igniting property of the proposed
propellants, the slarting of the second stape engine in flight will
become more reliable, The upgriding of the engine 1o higher
performance will permit, if desired, the enlargement of tanks
and therefore either greater payload or longer range. The

substitution of an ablaling nose cone will also allow cither longeor



range with the same warhead or a heavier warhead than the® 1600 |- ;
Ibs now specified. The planned all-inertial guidance is susceptible: /)
to improvemenl in accuracy with no significant changes in the rest Siro L
of the missile,

A brief description of the Atlas given above indicates that
only seme ol these advantages will be pained from an equivalent
program of improvement on that missile,

The Mi_nv.rl:cma.n." The Air Force has made a proposal of the
Minuteman solid propellant ICBM with 1963 as the initial opera-
tional date. It is to be a2 small three stage missile of compara-
tively low cost, installed in inexpensive but dispersed and
hardened launchers, Simple in operation, it will reqguire small
nummbers of operational persconnel, In all these respects the
Minuteman appsars to be a very good advanted version of an
1CBM and should provide us for many years with an effective
retaliatory capability.

The proposed operational date, however, which calls for
another arash program, is rather questionable.

The proposed missile is based on propellants to be available
for engine development either now or very shortly and their
comparatively low thrust has made it necessary 1o accept marginal
designin other respects: (a) the engine casings mmust be made
wvery light and hence introduce problems of reliability; (b} the
_weight 15 just at the limit of road transportability and yel only

~ Pbe warhead can be carried to 5500 mile range, cven upon
assuming that the weight of the all-inertial guidance will be __ -
drastically reduced against present practice; the payload of
1bs should provide bv 1963 a vield of perhaps only . Se] o

{c)} the assumed light weight

guidance might add to unreliability and CEP; the Minuteman
would bardly be a point-target missile. The advantage of this
proposal appezrs to be that the intreduction of the Minuterman
into operational use by 1963 would eliminate the nced for
subsiantial improvernent programs on Atlas and Titan.
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*These data are taken from the December 1957 pr q;:_.-c-:n!,atli{:n Tay
ihe U.5, Alr Faorce,



Allernative Plans. The desirability of either implementing or

replacing our ICBM force with solid propellant missiles cannot be

doubted. There are, however, dliernatives to the Air Force k‘_‘ i
. LT ."d

proposall

Cne alternative plan would be lo focus the immed ate effort
on two cbjectives; (a) Improvements in the Titan (particularly
the storable propellants and the ablating nese cone} which should
result, aboul 18 monthy after the first operational availability
of the Titan, 1o a missile of improved reliability and simplicity, a
missile of essentizlly unlimited range and a payload which will
allow uvse of warheads with up to ____ [yield or of elaborate counter-
counter-measures. (b} Development of high performance solid
propellants, pending which the hardware development of
the Minuteman would be postponed for 12524 months.

This plan should give improved Titans by 1963. The total
Titan force should grow at least through 1965, and concurrently
a gradual replacement of early Titans by the advanced model should
be planned. During this period, the Aflas should be phased
out 2s soon as practicable. Starling in 1965, a Minuteman based
on advancéd propellants could become operational, which could
have 2 heavier and therefore possibly more reliable guidance
system, a heavier payload and therefore more yield lor lower cout
er a considerably reduced tzke-off weight. The total operational
force would eventually consist of Titans; with provision for
complex counter-counter-measures and of more nomer ous
Minutemen., This mixed force may offer considerable operational
advantapes. USSE might be forced to devise its aclive missile
defense as if all our weapons had counter-measure capabilities
of the Titan nose cones. At the same time, it might have to provide
for the large numbers of oer weapons which the low cost of
Minutemen would permit us to deploy.

A second aliernalive plan would be initially to set a more
modest range of 2boutl 4000 miles for the Air Force's Minuteman,
The bases [or this Minuteman could be planned as far North on the
MNorth American continent as possible, which would permit
coverage of many targets. Meanwhile a vigorous developrnent
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of solid propellants should be undertaken, with an objective of
changing the propellants in the engine of the Minuteman by
about 1965 and so extending the range 1o the 5500 miles in the
subsequent missiles.” These could be then deployed throughout
USA. This program for the Minuteman should still be accompanicd
by an improvement program for the Titan, but perhaps with
lower procurement of operational missiles. The end resuolt
would be a mixed force, consisting of Minulemen of short and
long range and of a smaller nurrb er of Titans, Whether the
Minulemen should be in dispersed hardened bases or he a
mobile rail-based force is 2 matier that should be studied

by an organization like W5EG, before a decision is made,
because this problem is of such great importance.

Recommendation. Either of these latter programs is preferable
to that proposed by the Air Force. The program which proposes
to postpone the all-out hardware development work en the
Minutemnan for one to two years, while maximum effort is devoted
to the improvement of solid propellants as well as to other basic
components, appears to offer real advantages.

IRBM's

The currently authorized programs are 10C's of Thor, Jupiter
and Polaris. A land based version of Polaris, to be operational with
a range of 1000-1200 n.m. in 1961 and an IRBM made up of the
two upper stages of the I-.-ii_nut-:_ma.ﬁ'wifh an expected range of 1500 n.m. ,
to be operational later, are being proposed.

LeC. The simultanecus 10C of Jupiter and Thor leads to operational
and technical complexities as well as additional expense. The rnissiles
are sufficiently similar that no advantage accrues from their
simultarfous use. The missiles have so far performed in tests

roughly equally, with Thor showing to some advaniage. Thor is

much closer to guantity production and operational readiness.

We recomunend thzt the land based IREM 10C be made up only of

Thor missiles,

oG
_-"‘:,r"-!"E_t:_sF



=

forradi i Sl ane"es &
~-10= = M iw

Future Program. The resl of the IRBM program is far less
amenable 1o technical analysis because of complex political,
operational and financial factors, Thesc should be studied

carefully by competent groups, composed of the personnel of

the Department of State, Bureau of the Budgel and WS5EG and their re-
ports made use of in policy making decisions. Thus the extent

to which foreign governments and populations are willing to

accepl missile bases on their soil affects the optimum balance
between land based IRBM's and the Fleet Ballistic Missiles,

Another factor which affects the same balance is the relative

costs of these missile systems. The third is the ability of

the two missile systems fo survive a surprise attack. By improving
Thor, it could be deployed further away from USSR borders. Ave
territories available for such a deployment? At about the same time
that an imoproved Thor could be made available, 2 selid pro-

pellant missile of shorter range could also be availzhble. It could

be used either in hard bases or as a mobile systemn. Which is
preferable, or is the deployment of missiles comparatively near

to USSR borders altogether pot advantapgeous for political and
military reasons? These are only some of the problems which
profoundly affect the planning of the futore IRBM retaliatory

force. .

Future of Thor. The present plan for 4 squadrons comprising
sixty Thors at fixed sofl bases in the UK provides a marginal
retaliztory capability, because these missiles can be neutralized by a
mach smaller number of Soviet missiles. The reguirement for a
15 minutes reaction time of:Thors is inadequate in the face of a
well execuled surprise attack. The use of Thor in some other
type of missile system appears to be essential to insure
retaliatory capability. Hhould it be the hard dispersed base
sysiem or a mobile system? The latter, in view of the size 2nd
complexity of a Thor [or a Jupiter) does not scern Teasible,

but the problem deserves study,

A program of :i.rnpru:w—crr;ents on Thor should include the con-
version of its engine to storable self-igniting propellants and the
provision of an ablating nose cone, The latler charnge, when coupled
witl the inlroduction of a lighter warhead than the present _ _eould
‘resulf in the extention of range 1o more than 2000 n.mn, and hence
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permit the deployment of Thor on bases less subject 1o atlack

by Soviet missiles. This program, if vigorously pursued, could
result in operational missile systems by 1960-61, Wil territorics
be available for these hanas?

Land Based Polaris. RKlse in 1960-61 a land based Polaris
missile system could become operational., FPolaris weighs less
than 30,000 Ibs.; because of its solid propellant engine it is
morc adaptable to quick response and requires smaller
operational personnel. Ils initial range of only 1000-1200 n.m.
requires its deployment nearer to Soviet borders. Polaris could
be far more readily adapled 1o the mobile concept than Thor, but
will the result be superior to fixed hardened bases? Is the
cost of developing the land based Polaris commensur ate with the
advantages of its deployment comparatively near lo Soviet
harders? ’

Minuteman IRBM, Somewhat later than Polaris {(1963-65) a2 still

lighter solid propellant IRBM, chtained by using the two upper

stages of the Minuteman, could be made operational. It mighi

have a range of about 1500 n.m. It does nol seem that additional

cosls justily the development of both, the land based Polaris and this [REM
Which should be chosen? The decision depends largely on the required
range as it relates 10 the planned systemn of bases and on the timing
required for the formation of this force.

Fleet BallistHe Missile. The FBM can add greatly after 1960-61

to our IRBM retaliatory capability: But, ss noted earlier, the

cost of this missile system is high and there may be some initial
technical difficulties, If land based IRBM's in guantity are

pelitically acceptable a decision must e made about the optimum

balance bhetween the numbers of these and of the FAM, The factors
involved include the relative costs of the two types of missile systems and
their relative ability to survive surprise attack. . The former probably
favors land based missiles, the latier the submarine system.

If political opposition makes the growth of land based missile force
a practical impossibility,. the Fleet ballistic Missile becomes the
anly means for providing IRBM retzliatory capability. In this cazse
and as an intefim measure of only temporary value, the proposal
of mounting Polaris launchers on the fantails of the existHng carriers
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should be evaluated because of possible large reduction of costs !
and rapid builé-up of aperational force. As a long lerm delerreat’n. ,/
force, submarine based Pclaris has probably no equals if costs T
are disragarded.

Planning of Development. In conclusion a general remark: the

preceding discussion should have revealed a tendency of the

Services to plunge into rigidly fixed hardware development programs,
without due allowanece of time for advanced development. Our
present ballistic missiles suffer from this pelicy, although the
urgency aof the eriginal programs is a justfication for the decisions
taken., We rus, however, make sure that the second generalion
ballistic missiles are good not only by the standards of today,

but also by the standards applicable to their operational dates.

This can be insured only by vigorous development not restricted

by narrow operationzl requirements of planned missile systems.
This development should be directed at the entire missile system
as well as the various missile components. The result will be
weapons which will serve us effectively for longer periods of

time, and 50 conserve our national resources.

1

R. F. Bacher
L. E. Hyland
J. W. MacRae

E., Yoark
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el G. B. Kistakowsky, Chairman

- P e



	03-01
	03-02
	03-03
	03-04
	03-05
	03-06
	03-07
	03-08
	03-09
	03-10
	03-11
	03-12

